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and approaches to management are complicated, but the
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ties to facilitate the best possible care for children with HIV
infection.
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Foreword

Catherine M. Wilfert, M.D.
Professor Emerita, Department of Pediatrics Duke University Medical Center,

and Scientific Director, Elizabeth Glaser Pediatric AIDS Foundation

More than two decades have passed since this devastating
infection was first identified. We have come from a time
when no diagnosis could be made and there was no treat-
ment, to an era when the development of multiple thera-
peutic agents and advances in prevention of HIV infec-
tion are commonplace in the developed world. Foremost
amongst these accomplishments is our ability to prevent
mother to child transmission of HIV infection. Seldom is
it possible to chronicle such advances in knowledge which
materially affect the lives of thousands of people on a daily
basis. All of this speaks to the commitment of scientists and
care providers and the rapid evolution of information and
technology. There is however, a pervasive recurrent theme
of needing to advocate for the health of children infected
and affected by HIV infection.

This textbook provides accessible information at a time
when the developed world has succeeded in dramatically
decreasing the number of children who acquire infection
from their mothers. The need for this information is greater
now than ever before. First, because the evolution of infor-
mation continues at a rapid rate. Second, because the
complexity of treatment requires expertise and access to
the most current information. Third, because the num-
bers of HIV-infected children have decreased in the USA
and the probability that a physician will have cumulative
experience with substantive numbers of these children has
diminished. It is important that pediatricians continue to
be sensitive to the possibility that a child is HIV infected
and be attuned to the specific medical needs and support
systems required.

There is an index to internet sources of information,
convenient summary tables, and eloquent discussions of
antiretroviral drugs conveniently separated from therapeu-
tic decision making. The material is readable, concise, and
thorough.
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I would wish that this information was both access-
ible, in demand, and essential in the parts of the world
where there is so much HIV infection of adults and children.
One must reflect on the fact that as many infants are born
with HIV infection in sub-Saharan Africa every day as were
born in the USA in an entire year prior to the availability
of interventions to prevent mother-to-child transmission.
Progress is being made to bring these effective interven-

tions to the developing world. We would hope we can entice
a new generation of pediatricians, public health authori-
ties, and other providers to devote their lives to address-
ing the problem as effectively in the developing world as
has been done in the developed world. This textbook con-
tributes to the knowledge, and hopefully will provide addi-
tional incentive to take these advances to the entire world
of children.



Preface

Steven L. Zeichner and Jennifer S. Read

This Textbook of Pediatric HIV Care has evolved and
grown considerably from its much shorter predecessor, the
Handbook of Pediatric HIV Care, which was first published
in 1999. This definitive new textbook provides a compre-
hensive clinical reference to the current state of and recom-
mendations for pediatric HIV care. Fully referenced, com-
pletely updated and illustrated in depth, it is hoped this
will become the standard reference for clinicians and other
health-care professionals throughout the world. A much
shorter companion volume, summarizing essential clin-
ical information and guidelines, will also be produced
which will be more suited for the clinician’s pocket and
for use in the busy hospital setting.

While we have focused on the management of pediatric
HIV disease, we believe that effective management requires
a solid understanding of the basic and applied virology,
immunology, and pathophysiology of the disease, so that
the practitioner can thoughtfully and rationally apply the
management information supplied in the other chapters.
This textbook therefore gives in-depth coverage to the sci-
ence behind the disease and uses this standpoint to illumi-
nate and explain clinical management.

The HIV epidemic changes quickly. The authors of the
individual chapters have attempted to include a signifi-
cant amount of new information, including new basic sci-
ence findings, new information concerning the pathogen-
esis of the disease and the opportunistic infections that
affect children with HIV, descriptions of recently approved
drugs and recently developed drugs that may be close to
approval, both for HIV and for HIV-related opportunis-
tic infections, new information concerning the manage-
ment of children infected with HIV, and information con-
cerning the social welfare of children infected with HIV. In
some fields, so much new information has become avail-
able that we included entirely new chapters in the book.
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There are new chapters about the evolutionary biology of
antiretroviral drug resistance and the assessment and
management of antiretroviral drug resistance, the inter-
ruption of mother-to-infant HIV transmission, metabolic
complications of HIV infection and antiretroviral ther-
apy, therapeutic drug monitoring for HIV infection, and
the gynecology of the HIV-infected adolescent. Whilst
HIV vaccines are only in the earliest and experimen-
tal stages of clinical development, we felt it was more
worthwhile to focus on the basic science, virology,
immunology, pathogenesis, and natural history since
this fundamental information will help guide vaccine
developers to future success. We hope that we will be
able to include in a future edition chapters that out-
line the use of prophylactic and therapeutic vaccines

for HIV infection, as they become established in clinical
practice.

While the principal focus of the book is on the manage-
ment of HIV-infected children in the most effective ways
possible, ways that tragically may not lie within the finan-
cial or technical capabilities of the regions most devastat-
ingly affected by the HIV epidemic, we hope that the infor-
mation presented in this book may also prove helpful to
clinicians practicing in resource-poor countries, who may
be able to use the information presented in the book to
develop an approach to pediatric HIV disease management
suited to their local circumstances. Perhaps, as they read
the book, practitioners in resource rich countries can con-
sider the tremendous challenges their colleagues in other
parts of the world face every day.
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Steven L. Zeichner and Jennifer S. Read

Bethesda, MD, USA

Introduction

When we were in training to be pediatricians we diagnosed
and treated some of the first children infected with HIV seen
in our hospitals. We watched as most of them died quickly,
within the first year or two of life, and we saw many of their
parents die too. Over the following few years we witnessed
the wards of our hospitals fill with children infected with
HIV, at least in part because the growing epidemic was not
viewed as a serious threat to the population as a whole,
a threat that needed to be confronted with the determina-
tion and the resources appropriate to the magnitude of that
threat.

As the epidemic expanded we initially had few effective
therapies, either for HIV infection itself or for the oppor-
tunistic infections that complicate the disease. The numb-
ing morbidity and mortality of HIV infection in children
grew; we continued to see our patients and their parents
die. Slowly, we saw more effective treatments for oppor-
tunistic infections and for HIV infection itself come into
use. We saw the development of serological tests to diag-
nose HIV infection, of the first antiretroviral agents and
agents for the prevention and treatment of opportunistic
infections, of more effective antiretroviral agents, of meth-
ods to employ antiviral agents in effective combinations
that can drive the viral load to low levels, of assays to deter-
mine viral load and methods to use the viral load assays
to measure the effectiveness of antiretroviral therapy, of
methods to assess whether a patient’s virus is resistant to
antiretroviral agents and approaches to select optimum
combinations of antiretroviral agents, and of therapeutic

approaches that dramatically decrease the likelihood that
an infected mother will transmit HIV to her newborn.

Now, at least here in the USA and in other rich nations,
effective approaches to treat HIV disease and its complica-
tions, and to prevent transmission, are in widespread use.
Many of our patients are well, our wards are empty, and
we have many fewer new patients. We have seen what hap-
pens when HIV disease in children is not treated, and we
have seen the dramatic benefits that effective therapy for
HIV disease can provide. We organized this book in the
hope that a clear presentation of the management strate-
gies available for HIV disease and its complications will help
healthcare providers offer the most effective management
strategies possible to their patients and that a clear presen-
tation of the pathophysiology of HIV disease in children
will help providers thoughtfully employ those management
strategies.

The first edition of the Handbook of Pediatric HIV Care
was intended mainly as a ready reference for practi-
tioners who were working together with specialists to
care for children with HIV infection. However, both non-
specialists and specialists in the care of children with HIV
infection seemed to find the book helpful. We hope that this
textbook will continue to provide the information that will
help non-specialists collaborate with specialists in caring
for children with HIV infection, to help educate students,
trainees, and others who are new to the pediatric HIV field,
and satisfy the needs of specialists who may find the book
useful as a ready reference.

The World Health Organization estimates that during
2003 close to one million children were infected with HIV

1
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and more than half a million died. These numbers will
almost certainly continue to increase. The knowledge and
technology now exist to prevent most of those infections
and to keep many of the children who are infected alive
and healthy for a long time, but the necessary financial,

societal, and political resources have not been dedicated
toward those goals, so children will continue to be infected
and children will continue to die. We hope that at some not
too distant time we will not need to edit a revised edition
of this book.
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Normal development and physiology of the immune system

Sherilyn Smith, M.D. and Ann J. Melvin, M.D., M.P.H.

Department of Pediatrics, University of Washington, Division of Pediatric Infectious Disease,

Children’s Hospital and Medical Center, Seattle, WA

1.1 Overview

Clinicians involved in the care of children with HIV infec-
tion are faced with the dual challenge of understanding
the effect of HIV on the immune system and applying
this knowledge to patients who, even under normal cir-
cumstances, have an immature and changing immune
response. Understanding the function of the immune sys-
tem and the developmental differences in the immune sys-
tem of children compared with adults will facilitate and
improve patient care. This knowledge will aid in effectively
interpreting laboratory results, help define disease risk, and
improve the understanding of the manifestations and out-
come of HIV infection in children. This chapter provides
a framework for understanding the unique features of the
developing pediatric immune system and how it may affect
the course of HIV infection in children.

The functions of the vertebrate immune system include
discrimination between self and foreign antigens, the
development of a memory response to antigens, recogni-
tion of neoplasms and the elimination of pathogens that
invade the host. The immune system can be divided into
two separate components based on the rapidity and speci-
ficity of the response. The “innate arm” of the immune sys-
tem provides a rapid, non-specific response to pathogens
and provides the first line of defense against invading
microbes. It also acts as a surveillance system and facil-
itates the initiation of the antigen-specific phase of the
immune system. The major components of innate immu-
nity include barriers (both epithelial and mucosal), com-
plement and other opsonins, the spleen, phagocytes (both
of macrophage and neutrophil origins), and NK (natural
killer) cells.

The antigen-specific phase of immunity is directed at
specific antigens or components of the invading microbe
and is a sustained, amplifiable response. The aspects of
this inducible portion of the immune system are the cel-
lular and humoral immune response. The interaction of
these two components serves to control infection and form
long-term immunity against the same or similar organisms.
Intact innate and antigen-specific immunity are necessary
for full protection from pathogenic microbes and the estab-
lishment of long-term immunity induced by vaccinations.
Table 1.1 summarizes the major functions of the innate
and antigen-specific portions of the immune system and
the types of infections that can result from dysfunction of
its components.

1.2 Components and function of the
immune system

1.2.1 Innate immune system

Barriers
The first line of defense against invading microbes is an
intact barrier at both mucosal and epithelial surfaces. The
skin, respiratory, gastrointestinal, and urogenital mucosa
are the main components of this portion of the immune
system. They exclude potential pathogens by forming a
relatively impenetrable barrier between the environment
and the host. Specialized cells (including ciliated respir-
atory epithelia that aid in removal of bacteria and par-
ticulate matter), and localized chemical barriers (such
as stomach acid, the mucus layer in the respiratory and
gastrointestinal tracts, and fatty acids in the skin and
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cerumen) impede entrance of pathogens. Breaches in these
barriers may result in disease caused by normally low viru-
lence organisms such as coagulase negative staphylococ-
cus. In most cases the disruption occurs when foreign bod-
ies such as central venous catheters, endotracheal tubes,
and indwelling urinary catheters and gastrostomy tubes
are placed.

Mucosal immunity
Another component of the innate immune system is a
series of lymphoid tissue aggregates (mucosal-associated
lymphoid tissues), located at sites that interface with the
environment. These lymphoid aggregates (such as Peyer’s
patches in the intestines) provide a mechanism for contin-
uous sampling of the environment, recognition of foreign
antigens, and sites for early initiation of an antigen-specific
response [1, 2]. A specific immunoglobulin, secretory IgA,
is synthesized in the mucosal associated lymphoid tissues
and adds to the local defense in the gastrointestinal and
respiratory tracts.

Opsonins
Opsonins are proteins that bind to the surface of bac-
teria and facilitate phagocytosis. Acute phase reactants
(C-reactive protein, fibronectin, etc.), complement, and
antibody are the major components of this system. Com-
plement is a collection of proteins that are activated by
proteases in a sequential manner. Among its many func-
tions, complement plays an important role in the killing
and clearance of invasive bacteria. There are two major
methods for activating complement: the classical pathway
(antibody binds bacterial antigen which then is complexed
with C1, a component of the complement system), which
begins a series of proteolytic reactions that activates addi-
tional complement components and the alternate path-
way (bacterial antigen directly binds the C3b component
of the complement pathway) which also activates the cas-
cade. Both pathways converge, and result in formation of
a complex that lyses the bacteria. In addition to bacterial
clearance, complement is also involved in some of the clini-
cal signs associated with infection including vasodilatation,
erythema, and induration [3].

Spleen
The spleen is an important part of the innate immune sys-
tem and acts as a filter that efficiently removes opsonized
bacteria. Absence or dysfunction of the spleen predis-
poses to overwhelming infection with encapsulated organ-
isms. The spleen is also an important site of antibody
production.

Macrophages
Macrophages and monocytes are major effector cells of the
innate immune response and are responsible for the killing
and clearance of invading microbes. Macrophages, which
are present in most tissues, migrate to sites of infection and
phagocytose foreign substances. In addition, macrophages
elaborate a large number of cytokines (see below) and
growth factors. The cytokines may either amplify (e.g. IL-
6, TNF-�, IL-1) or dampen (TGF-�) an evolving immune
response [4]. Elaborated growth factors may also have
direct antimicrobial functions (IFN-�, M-CSF) or induce
proliferation and differentiation of nearby T cells.

Neutrophils
Neutrophils are resident blood phagocytes that can adhere
to endothelial cells and then migrate between the endothe-
lial cells to sites of infection. They phagocytose microbes
that are coated with immunoglobulins or complement.
They are particularly important in the host defense
against bacteria and fungi. Neutrophils kill phagocytosed
pathogens via the respiratory burst (generation of reactive
oxygen metabolites) or by degranulation with release of
substances that directly kill pathogens or potentiate the
effects of the respiratory burst.

Natural killer cells
Natural killer (NK) cells are specialized lymphocytes
important in the early recognition of non-self proteins and
are particularly important in the early response to viral
infections. Viruses often down-regulate host major histo-
compatibility complex molecules (see below) on the sur-
face of infected cells. The lack of these molecules causes
the NK cells to recognize them as foreign, making them
targets for lysis.

Dendritic cells
Dendritic cells (DC) are antigen-presenting cells that cap-
ture antigen and present it to lymphocytes. DCs are a com-
plex system of bone-marrow derived cells that develop from
either lymphoid or myeloid precursors. In general, there are
three major DC populations: (a) Langerhans cells, which
reside in tissues and migrate to T-cell areas of lymphoid
organs after antigen uptake, where they are known as inter-
digitating cells; (b) myeloid DCs (also known as interstitial
or dermal DCs), which become germinal center DCs in lym-
phoid follicles; and (c) plasmacytoid DCs which reside in
the T cell areas of lymphoid tissues [5]. Langerhans cells and
myeloid DCs are primarily derived from myeloid progen-
itor cells while plasmacytoid DCs are derived from lym-
phoid progenitors [6].
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In the tissues, DCs are largely immature and function
primarily to take up and process antigen. As they migrate
to lymphoid tissues they undergo a maturation process to
become effective antigen-presenting cells [5]. The different
populations of DCs appear to have different primary func-
tions. Langerhans cells are potent activators of CD8+ cyto-
toxic T cells [7] and promote T helper type 1 (Th1) responses
in CD4+ T cells. Myeloid DCs also promote Th1 responses
and are known as DC1 cells, while plasmacytoid DCs induce
Th2 responses [8] and are thus known as DC2 cells.

Toll-like receptors
Toll-like receptors are a recently described family of
transmembrane proteins that play an important role in the
initiation of the innate immune response. To date, there
have been 10 Toll-like receptors cloned that are designated
TLR1-10. These molecules, first discovered in flies, are con-
served across species and serve as an “early warning sys-
tem” for recognition of microbial antigens. Most studies
have focused on the ability of these proteins to recog-
nize whole bacteria (such as Escherichia coli, Staphylo-
coccus aureus and Mycobacterium tuberculosis) or bacter-
ial products (such as lipopolysaccharide or CpG DNA).
Toll-like receptors also recognize non-bacterial products
such as yeast and respiratory syncytial virus. Activation
of toll-like receptors results in the release of chemokines
and other inflammatory mediators from dendritic cells and
macrophages and modulates the expression of chemokine
receptors on dendritic cells [9]. It is likely that several toll-
like receptors act in concert to recognize foreign mater-
ial and induce intracellular reactions that lead to immune
activation [10].

1.2.2 Antigen-specific immunity

Cell-mediated immunity
T cells
T lymphocytes, or thymus-dependent lymphocytes, are
essential components of the cellular immune system.
These cells mediate delayed-type hypersensitivity reac-
tions, regulate the development of antigen-specific anti-
body responses and provide specific host defense against
a variety of organisms. Distinct sub-populations of T lym-
phocytes that express different cell surface proteins have
been identified through the use of monoclonal antibodies.
As different monoclonal antibodies may recognize similar
cell surface proteins, a system has been developed which
uses a cluster of differentiation (CD) nomenclature [11].
The lymphocyte subsets are identified through the use
of flow cytometry techniques (fluorescent antibody cell

sorting or FACS analysis). A summary of the function of
lymphocytes and commonly used nomenclature is found
in Table 1.2.

T cell receptor complex
T lymphocytes bear antigen-specific T cell receptors (TCR),
which are required for the recognition and binding of for-
eign antigen. TCRs are composed of either alpha (�) and
beta (�) chains or gamma (� ) and delta (�) chains. Each of
the chains has a variable amino-terminal portion involved
in antigen recognition and a carboxy-terminal region that
is constant. As the T lymphocytes mature, rearrangement of
dispersed segments V (variable), D (diversity, �-chain only),
J (joining) and C (constant) of the alpha, beta, gamma and
delta chain genes of the TCR occurs so that these gene seg-
ments are contiguous [12], creating a unique TCR within
each individual T cell with specific capacity to recognize
particular antigens. It is through this gene rearrangement
that the TCR diversity necessary for the recognition of thou-
sands of antigens is developed. The predominant T cell
type in lymphoid organs and in the peripheral circulation
express a TCR with �/� chains (�/� T cells). T cells that
express the �/� TCR chains (�/� T cells) are less abundant
and located primarily in certain mucosal tissues such as
the intestinal epithelium [13].

MHC molecules
Antigen-presenting cells present antigen to T cells in the
form of short peptides complexed with major histocom-
patibility complex (MHC) molecules. These cell surface
molecules were initially identified as the major antigens
involved in the acceptance or rejection of transplanted tis-
sues. Tissue transplanted from a donor whose cells express
different MHC molecules than do the recipient cells will be
recognized as “non-self” and be rejected. Similarly, when
foreign antigens are complexed with MHC molecules, the
complex is recognized as non-self by the TCR and an
immune response is initiated [14]. Class I MHC molecules
are expressed on the surface of most cells and present
endogenous antigens derived from the intracellular com-
partment of the cell (e.g. protein antigens derived from
viruses infecting the host cells). Class II MHC molecules
exist primarily on the cell surface of “professional” antigen-
presenting cells (monocytes, macrophages, dendritic cells,
and B cells) and are able to present proteins which originate
outside or within the cell (e.g. proteins derived from phago-
cytosed bacteria). CD4+ (helper/inducer) T cells prefer-
entially recognize exogenous antigen bound to class II
MHC molecules, and CD8+ (cytotoxic) T cells preferentially
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Table 1.2 Lymphocyte function and phenotype

Lymphocyte type Function
Type of antigen
receptor

Common cell
surface markers

T Lymphocytes
Helper Regulation of the immune response

Development of “memory” response
to antigens

�� T cell receptor CD3+,CD4+,
CD8−

Th1 Cell-mediated Immunity – control of
intracellular pathogens, DTH
response

Activates macrophages via cytokine
elaboration (IFN-� and IL-2)

�� T cell receptor CD3+,CD4+,
CD8−

Th2 Stimulates B lymphocyte
differentiation and proliferation
(humoral immunity)

Elaborates cytokines involved
primarily in the allergic response
(IL-4, IL-5, IL-10)

�� T cell receptor CD3+,CD4+,
CD8−

Cytotoxic Lysis of tumor cells, virus-infected
cells

Stimulates cell-mediated immunity
via cytokine production

�� T cell Receptor CD3+, CD4−,
CD8+

B lymphocytes Production of antigen-specific
immunoglobulins (humoral
immune response)

Immunoglobulin
molecules (IgG,
IgM, IgE, IgA)

Fc receptors,
MHC II molecules
CD20, CD19

Natural killer (NK)
lymphocytes

Lysis of virus-infected cells and
tumor cells lacking MHC class I;
antibody-dependent cellular
cytotoxicity

CD16, CD56

recognize endogenous antigen bound to class I MHC
molecules [15].

Antigen presentation
The initiation of a specific immune response to protein
antigens begins when the TCR on mature T cells recog-
nizes short peptides that have been processed and bound
in a cleft in the MHC molecule of the antigen-presenting cell
(APC). The CD3 molecule with which the TCR is invariably
associated, mediates signal transduction from the TCR to
the interior of the T cell. The TCR/ CD3 complex is essen-
tial for proper antigen recognition. Additional molecules
expressed by T cells, termed accessory molecules, must
also interact with the antigen-presenting cell to insure
an appropriate T cell-mediated response [16]. Two of the
major accessory molecules expressed by T cells are the

CD4 and CD8 molecules. The extracellular portion of these
molecules binds to the invariant regions of the class I or
class II MCH molecules on antigen-presenting cells. Other
molecules including CD28 and members of a class of pro-
teins called integrins act as costimulatory signals for the
induction of an appropriate immune response to vaccines
and certain pathogens. Through TCR-MHC-antigen inter-
action, the T cell is activated, further differentiates and ini-
tiates the process to respond to the foreign protein. There
are surface markers on T cells that change once the T cell
TCR has encountered its specific antigen (cognate anti-
gen) [11]. A subset of the adult peripheral CD4+ T cells
(CD45RA+ CD29low) appear to be naı̈ve cells that have not
encountered specific antigen and form the pool of cells
capable of responding to novel antigens. It is hypothe-
sized that after an initial encounter with antigen, these cells
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develop into memory T cells with an altered phenotype
(CD45RO+ CD29hi) [17]. These memory T cells are capable
of rapid proliferation as well as increased cytokine produc-
tion after rechallenge with a previously encountered anti-
gen, allowing for a more rapid and expanded secondary
host-response.

CD4+ T cells
The majority of peripheral �/� T cells also express CD4 or
CD8 surface antigens. CD4+ T cells are generally referred to
as the helper/inducer subset because of their central role in
the induction and regulation of most aspects of the immune
response. A major function of CD4+ T cells is to provide help
to B cells for the production of antigen-specific antibody.
B cells process internalized antigen and present antigen
fragments bound to self-MHC molecules, thus activating
CD4+ T cells. During the cell to cell interaction between
B cells and CD4+ T cells, there is upregulation of various
membrane molecules which increase the efficiency of the
B cell – T cell interaction [18, 19]. In addition, CD40 ligand
appears on the surface of the activated T cell. The inter-
action between CD40 on the B cell with CD40 ligand on
the CD4+ T cell is essential for a normal humoral immune
response [20]. Through both cell–cell contact and the pro-
duction of cytokines, CD4+ cells are essential for the devel-
opment of a normal antibody response including activat-
ing B-cells into antibody-secreting cells with the ability to
undergo the antibody class switch process (see below). In
addition, CD4+ T cells provide help for the generation of
both the cytotoxic (see below) and suppressor function of
CD8+ T cells. Memory T cells which are able to initiate a
rapid immune response to previously encountered anti-
gens (see above) are CD4+ T cells.

Th1 vs Th2 T cells
There appear to be two functionally distinct subsets of
CD4 cells that are distinguished primarily by their relative
expression of certain cytokines [21]. Th1 cells, which pref-
erentially produce interferon-gamma and IL-2 enhance
cellular immunity and macrophage activity. Th1 cells are
important in the regulation of delayed-type hypersensi-
tivity responses including granuloma formation and the
killing of intracellular pathogens. Th2 cells produce IL-4,
IL-5 and IL-10, and are involved in the regulation of
humoral immunity. These cytokines play an important role
in the development of allergic diseases, as IL-4 is essential
for IgE production and IL-5 induces the proliferation and
differentiation of eosinophils [22, 16]. Whether naı̈ve CD4+

T cells differentiate into Th1 or Th2 cells depends on a vari-
ety of factors including the cytokine milieu, antigen dose
and the nature of the specific antigen.

CD8+ T cells
CD8+ T cells are often referred to as the cytotoxic /
suppressor subset due to their role as cytotoxic T cells as
well as their role in the suppression of various immune
responses [15]. The activation of CD8+ T cells by recog-
nition of antigen bound to class I MHC molecules results
in the generation of antigen-specific cytolytic activity. As
nearly all host cells express class I MHC molecules, these
cytolytic T lymphocytes (CTL) can respond to a viral infec-
tion of most host cells [16]. Through the production of sev-
eral cytokines, particularly IL-2, CD4+ cells provide help
to CD8+ T cells for the development of an effective CTL
response [23].

Cytokines
Cytokines are soluble proteins produced by a variety of
cells that modulate the immune response. The cytokines
express their effects either locally or systematically by inter-
acting with specific membrane receptors expressed by their
target cells. Different cytokines may perform similar func-
tions and affect multiple cell types, and may be functionally
linked, either with synergistic or opposing effects. Cytokine
functions include: (a) the regulation of lymphocyte growth
and differentiation; (b) mediation of inflammation; and
(c) the regulation of hematopoesis. Cytokines affecting T
cells include the interleukins (IL), interferons, growth fac-
tors, and tumor necrosis factor (TNF) [16] (Table 1.3).

Chemokines
Chemokines are a relatively recently discovered family
of cytokines whose primary role is regulation of chemo-
taxis [24]. There are over 40 chemokines grouped into four
families. The largest families are comprised of the alpha
and beta chemokines. Beta chemokines have two adja-
cent cysteine residues (CC) and alpha chemokines have
one amino acid separating the first two cysteine residues
(CXC). Chemokines appear to be produced by almost all cell
types, particularly in response to inflammation. Proinflam-
matory cytokines such as interleukin 1 and TNF alpha [25],
lymphokines such as IFN gamma and IL-4 [26], as well as
bacterial LPS and viral infection can stimulate chemokine
production.

Chemokines bind to specific receptors on the target
cells. Most chemokine receptors bind more than one
chemokine, however CC chemokine receptors bind only
CC chemokines and CXC receptors only CXC chemokines.
Different types of leucocytes express different chemokine
receptors. Some receptors are restricted to specific cell
types, while others are widely expressed (Table 1.4).

Chemokines play an important role in inflammatory dis-
ease. The type of inflammatory cells infiltrating the area
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Table 1.3 Selected cytokines, cell source and principal effects

Cytokine Cell source Target cell/principal effects

IL-2 T cells T cells: proliferation and differentiation; activation
of CTL and macrophages

IL-3 T cells, stem cells Cell colony stimulating factor
IL-4 T cells T/B cells: B cell growth factor, isotype selection
IL-6 T/B cells B cells/hepatocytes: B cell differentiation, acute

phase reactant production
IL-8 Monocytes Granulocytes, basophils, T cells: chemotaxis,

superoxide release, granule release
IL-12 Monocytes T cells: induction of Th1 cells
IFN-gamma T cells, NK cells Leukocytes, macrophages: MHC induction,

macrophage activation and cytokine synthesis
TNF-alpha Macrophages,

mast cells,
lymphocytes

Macrophages, granulocytes: activation of
monocytes, granulocytes, increase adhesion
molecules, pyrexia, cachexia, acute phase
reactant production

IL – interleukin; IFN – interferon; TNF – tumor necrosis factor; CTL – cytolytic T lymphocytes;
MHC – major histocompatibility complex.

Table 1.4 Selected chemokines, their receptors and target cells

Chemokine Receptor Target cell

MIP-1alpha CCR1–7 Eosinophils, monocytes, activated T cells, dendritic
cells, NK cells

MIP-1beta CCR1–7 Monocytes, activated T cells, dendritic cells, NK cells
RANTES CCR1–7 Eosinophils, basophils, monocytes, activated T cells,

dendritic cells, NK cells
Fractalkine CX3CR1 Monocytes, activated T cells, NK cells
SDF-1 CXCR4 Monocytes, resting T cells, dendritic cells
MIG CXCR3 Activated T cells, NK cells
IL-8 CXCR1 and 2 Neutrophils
IP-10 CXCR3 Activated T cells
MCP-1 CCR2 and 5 Monocytes, activated T cells, dendritic cells, NK cells
Eotaxin-1 CCR1–3 Eosinophils, basophils

MIP – macrophage inflammatory protein; SDF – stromal-cell derived factor;
MIG – monokine induced by interferon gamma; IL – interleukin; IP – interferon inducible
protein; MCP – monocyte chemoattractant protein. Adapted from Luster (1998) [24].

of inflammation is determined partly by the subgroup of
chemokines expressed by the affected tissue. For example,
the concentration of the chemokine IL-8 is increased in
alveolar fluid from patients with pneumonia, resulting in
an influx of neutrophils [27]. In contrast, in viral meningitis,
the concentration of chemokines IP-10 and MCP-1 in the
cerebrospiral fluid (CSF) is increased, recruiting monocytes
and lymphocytes [28]. The chemokine system provides an

important link between the innate and adaptive immune
systems. Dendritic cells pick up foreign antigen in the tis-
sues to carry to regional lymph nodes where naı̈ve B and
T cells are activated. The activated cells then traffic back
to sites of inflammation. The chemokine system regulates
this dendritic cell and lymphocyte trafficking – bringing
the antigen-loaded dendritic cells and naı̈ve lymphocytes
together to generate the adaptive immune response and
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then delivering the adaptive effector response to sites of
inflammation and infection [9].

Humoral immunity
Immunoglobulins
Immunoglobulins (antibodies) are a group of proteins
that bind antigen with high affinity and specificity. An
immunoglobulin molecule is made up of 2 heavy and 2 light
chains, aligned in parallel, and covalently linked by disul-
fide bonds (IgM is a pentamer of the basic immunoglobu-
lin molecule). The heavy and light chains have both vari-
able (V) and constant regions. The variable regions of the 2
chains (VH and VL) form the antigen-binding region of the
immunoglobulin. During B cell development, rearrange-
ment of the genes encoding these regions within individual
B cells results in the production of a unique antibody with
the potential for recognition of one of greater than 1012 anti-
gens, imparting enormous diversity and specificity to the
humoral immune response [29, 30]. The constant region
of the heavy chain determines the antibody isotype: IgG,
IgM, IgA, IgE, and IgD. Functions of the immunoglobulin
isotypes include: (a) opsonization or binding to a microbe
or particle to facilitate phagocytosis or killing (IgM, IgG, IgA,
IgE); (b) complement fixation, which involves activation of
the complement cascade via the classical pathway (IgM,
IgG); (c) direct inactivation of some toxins or viruses (IgG,
IgM, IgA); (d) enhanced antigen clearance via the reticu-
loendothelial system (IgG, IgM); and (e) release of chemi-
cal mediators following binding of antibody receptor (IgG,
IgE).

B cells
B cells bind antigen via the variable regions of the
immunoglobulins that are expressed on the cell surface.
Naı̈ve B cells express both IgD and IgM on the cell surface
prior to encountering their cognate antigen (the antigen
specifically recognized by the immunoglobulin receptor).
The surface immunoglobulin is associated with two other
proteins, Ig-� and Ig-�, and this complex forms the func-
tional signaling pathway (similar to the TCR/CD3 com-
plex on T cells) [31]. Most B cells require T cell help to
become fully activated. T cell help is provided by cytokines
secreted by the T cell and direct contact with the T cell that
allows interaction of B and T cell costimulatory molecules
like CD40 ligand and CD40. Following antigen binding,
B cells may terminally differentiate into a plasma cell,
which is capable of producing large amounts of specific
immunoglobulin after either the initial or a second
encounter with its cognate antigen [29].

The primary immune response
The first time the immune system encounters an antigen,
few cells specifically recognize the antigen, thus the pri-
mary immune response is relatively slow and produces rel-
atively low affinity antibodies [29]. The antigen is endocy-
tosed and processed by an APC (monocyte, macrophage or
dendritic cell, usually not B cells), and then it is presented to
an antigen-specific T cell. The T cell must then contact and
activate B cells specific for the antigen/TCR complex. The
B cells then proliferate or differentiate into plasma cells.
The antibody produced during this phase of the immune
response is typically IgM and has relatively low binding
affinity for the antigen. Further refinement of the gene
segments encoding the antigen-binding domain of the
antibody molecule occurs through a process of somatic
hypermutation. B cells expressing antibody with higher
affinity for antigen are selected for activation and differenti-
ation. While most B-lymphocytes differentiate into plasma
cells, the remainder proliferate in a clonal manner and then
revert to memory B cells.

The secondary immune response
When the B cell re-encounters its cognate antigen, the anti-
gen is endocytosed by the memory B cells and loaded onto
MHC class II molecules. The peptide is presented on the
surface of the B cell by the MHC molecule to CD4 cells
that then activate the B cell. The B cells proliferate and
undergo further differentiation, including class switching
(DNA rearrangement that results in different heavy chain
isotypes linked to variable regions). The B cells then are
capable of production of different types of high-affinity
antigen-specific immunoglobulins – IgG, IgE, or IgA, the
specific isotype being influenced by T cell cytokines (e.g.
IL4 favors IgE production). The process of clonal prolifera-
tion and plasma cell differentiation occurs in an amplified
or accelerated manner which results in a rapid production
of large amounts of high-affinity antibodies each time the
antigen is encountered [19, 30].

1.3 Development and maturation of the
immune system

Both the innate and adaptive immune systems are less effi-
cient in infants compared with adults. Mucosal barriers
are less effective, particularly in premature infants, placing
them at risk for systemic disease from colonizing organ-
isms. Immunoglobulin levels are lower in infants and young
children. In addition, the specific immune response is
decreased due in part to less effective antigen presentation
by dendritic cells and decreased cytokine production by
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neonatal lymphocytes. Most aspects of the immune system
mature with age such that adult-level immune responses
are achieved within the first few years of life. The major
developmental differences that exist between the adult
and neonatal/infant immune systems are summarized in
Table 1.1. The immaturity of the infant immune system
affects the ability of HIV-infected neonates to control HIV
replication and places them at higher risk for opportunistic
infections.

1.3.1 Innate immunity

Epithelial barriers/mucosal defenses
The epidermis increases in cell layers and thickness
throughout gestation and at term, infant skin is similar to
adult skin except that it is thinner. Secretory IgA is unde-
tectable at birth, but is present in various secretions by
2 weeks of age and reaches adult levels by 6–8 years of
age. The rate of increase of IgA levels parallels the inten-
sity of antigen exposure [32]. Decreased levels of secretory
IgA may allow for greater adherence of pathogenic bacteria
to mucosal epithelium.

Complement
Complement synthesis begins early in gestation (6–14
weeks) and by birth the levels and biologic activity of some
portions of the complement cascade are equivalent to adult
levels. However, some elements of the alternative path-
way (C8, C9) are decreased to <20% of adult levels, which
may contribute to the age-related susceptibility of young
infants to infection with organisms such as N. meningitidis
[32]. Additionally, infants have decreased levels of C3b that
may contribute to increased susceptibility to encapsulated
organisms [33, 34].

Phagocytes
Macrophages and monocytes are derived from a com-
mon stem cell. The yolk sac is the first site of macrophage
development followed by the fetal liver and then the bone
marrow after birth. From the bone marrow, mature blood
monocytes migrate to the peripheral blood. The mono-
cytes circulate for 1–4 days and then can migrate into tis-
sue where they further differentiate to become resident
tissue macrophages. The number of monocytes circulat-
ing in the peripheral blood varies, reflecting both egress
of cells into tissues, margination of cells along endothe-
lial surfaces and new cells migrating from the bone mar-
row. Tissue macrophages have a long half-life ranging from
60 days to many years; this cell type is believed to be termin-
ally differentiated.

The absolute number of monocytes is higher in neonates
than in adults. The number decreases from early in the
neonatal period and reaches adult levels by early child-
hood. Tissue macrophages from infants may not kill cer-
tain pathogens as well as adult macrophages and there are
modest differences in the ability of neonatal macrophages
to generate reactive oxygen intermediates following phago-
cytosis [35].

Monocyte function is primed by a number of lym-
phokines that are released by activated T cells. Neona-
tal monocytes are less able to support and respond to
IFN-� production by NK and T lymphocytes than adult
monocytes, which further diminishes the ability of neona-
tal T cells and T lymphocytes to produce these molecules
[36]. Augmenting this deficit, the production of some
cytokines and growth factors (TNF-�, IL-8, IL-6, and G-
CSF) from neonatal monocytes/macrophages is reduced
[32, 36]. The most striking developmental difference of
immature macrophages is decreased chemotaxis to sites
of inflammation or infection. Following dermal abrasion
there is delayed influx of neonatal monocytes compared
with adults, and this difference persists until approximately
6–10 years of age [37].

Neutrophils
Neutrophils arise from stem cells in the bone marrow
and differentiate into granulocytes. The development of
neutrophils within the bone marrow is highly depend-
ent upon various cytokines and growth factors includ-
ing granulocyte-colony stimulating factor (G-CSF). Mature
neutrophils can be detected as early as 14–16 weeks gesta-
tion and the number increases throughout gestation. The
blood neutrophil pool is divided into marginated and cir-
culatory components of approximately the same size. In
adults, the maturation of neutrophils from stem cells to
mature neutrophils takes approximately 9–11 days but can
be accelerated by stress or infection.

There is a sharp rise in the number of neutrophils in the
peripheral circulation immediately after birth, but the abil-
ity to further expand the neutrophil storage pool is limited
in neonates [38]. This state may contribute to the inability of
infants to increase the number of circulating, mature neu-
trophils in response to infection. Similar to neonatal mono-
cytes, chemotaxis of neonatal neutrophils to sites of infec-
tion is decreased when compared with adults. This deficit
is multifactorial, reflecting decreased ability to adhere
to vascular endothelium, decreased cytokine production
by monocytes, and additional incompletely defined defi-
ciency to move toward chemotactic stimuli [36]. Neutrophil
chemotaxis reaches adult competence by 2 years of age
[38–42].
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Natural killer cells
NK cells make up a significant portion of the lymphocytes
in the neonatal liver and can be detected as early as 6 weeks
gestation. Neonatal NK cells have reduced cytolytic activ-
ity (approximately 50% that of adults) and do not reach
adult levels until approximately 9–12 months of age. There
is also decreased antibody-dependent cell-mediated cyto-
toxicity (ADCC). Diminished direct cytolytic activity and
ADCC against members of the herpes virus family may con-
tribute to increased susceptibility and infection by herpes
simplex virus and cytomegalovirus [32, 43].

Dendritic cells
The reduced ability of neonatal T and B cells to respond
to antigens (discussed below) may be due in part to the
reduced ability of neonatal dendritic cells to present anti-
gen [44]. Cord blood dendritic cells express fewer MHC and
ICAM-1 molecules and are less effective than adult den-
dritic cells at supporting proliferation of T cells in response
to antigenic stimulation [44]. Studies in newborn mice have
also demonstrated a defect in the ability of dendritic cells
to present specific antigen to T cells which improves with
age [45].

1.3.2 Antigen-specific immunity

Cell-mediated immune response
Thymic development
The thymus, which originates from the ventral portions
of the third and fourth pharyngeal pouches, descends to
its position in the anterior mediastinum between 7–10
weeks gestation. By 10–14 weeks of gestation, the thymus
is highly organized and the emigration of mature T cells to
the periphery has been established. The thymus is com-
partmentalized into a cortex, containing immature T-cells,
and a medulla into which T cells migrate as they mature.
The thymic stromal cells are important for thymic lym-
phocyte maturation as they play a role in the differentia-
tion, development and selection of T cells [46]. The proper
development of T cells bearing the �� TCR is absolutely
dependent on an intact thymus, while some T cells bear-
ing the��TCR undergo thymus-independent development
and maturation [32, 47].

T cell phenotype
Neonatal T cells bear the phenotype of naı̈ve adult T cells
(CD45RA+ CD29low) consistent with the limited exposure
of the neonate to foreign antigens [48]. The percentage of
circulating neonatal T cells of this phenotype is approxi-
mately 90%, while the percent in the adult circulation is
60% [17]. This phenotypic difference is significant because

memory T cells (CD45RO+, CD29hi), are able to migrate
to sites of inflammation, are less dependent on costimu-
latory molecules for proper activation, proliferate more
rapidly and produce cytokines more efficiently [49]. These
attributes allow for a rapidly expanded T cell response
with antigenic rechallenge. As the initial encounter with
a novel antigen leads to a less robust response, neonates
may experience a delayed T cell dependent immune
response.

T cell numbers
The number of circulating T cells increases from mid-
gestation until approximately 6 months of age, with a
median CD4+ cell count at 6 months of approximately
3000 cells/�L3. This peak is followed by a gradual decline
throughout childhood until adult levels, approximately
1000 cells/�L3, are reached by late childhood. The changes
in CD4% are less dramatic, declining from approximately
50% to 40% between infancy and adulthood. The ratio of
CD4+ to CD8+ T cells also changes throughout childhood
and the adult ratio of 2:1 is reached at approximately 4 years
of age (Figure 1.1) [50].

Cytokine production
The production of some cytokines including TNF-�

and GM-CSF is modestly reduced in neonates, while
others, critical for a rapid integrated immune response, are
markedly decreased in neonates including IFN-� , IL-3, IL-
4, IL-5, and IL-12 [51]. The reduction in cytokine produc-
tion by neonatal T cells is not global, as IL-2 and TNF-�

are produced at near adult levels [52–55]. When stimulated
under normal conditions, neonatal CD4+ T cells prefer-
entially develop a Th2 phenotype [56]. However, provision
of increased CD28 costimulation results in the production
of high levels of Th1 cytokines suggesting that the defect
in neonatal T-cells is not intrinsic, but related to the con-
ditions of activation [56]. Additionally, experimental evi-
dence suggests that administration of adult levels of IL-12
can induce an adult-type Th1 response in neonatal animals
[57]. The ability to efficiently synthesize cytokines increases
with age with TNF-� production normalizing within the
first few months of life and IFN-� and IL-12 production by
1 year of age [32, 51].

T cell help for antibody production
T cells from young infants and neonates are less able than
those from adults to provide the necessary help to B cells
for activation in most cases. This most likely reflects the
naı̈ve phenotype of T cells, reduced cytokine production,
particularly Th1 cytokines, and reduced expression



The immune system 15

7000

6000

5000

4000

3000

2000

1000

0
0 1 2 3 4

Age, years

97th
95th

90th

75th

50th
25th
10th
5th
3rd

97th
95th

90th

75th

50th

25th

10th

5th
3rd

97th
95th

90th

75th

50th

25th

10th
5th
3rd

97th

95th

90th

75th

50th

25th
10th
5th
3rd

97th

95th

90th

75th

50th

25th

10th
5th
3rd

97th
95th
90th

75th

50th

25th

10th
5th
3rd

C
D

4 
co

un
t /

 µ
L

C
D

8 
co

un
t /

 µ
L

A
bs

ol
ut

e 
ly

m
ph

oc
yt

e 
co

un
t /

 µ
L

80

70

60

50

40

30

20

10

0
0 1 2 3 4

Age, years

C
D

4 
pe

rc
en

ta
ge

5

4

3

2

1

0
0 1 2 3 4

Age, years

C
D

4 
/ C

D
8 

ra
tio

4000

3000

2000

1000

0
0 1 2 3 4

Age, years

50

40

30

20

10

0 1 2 3 4
0

Age, years

C
D

8 
pe

rc
en

ta
ge

14 000

12 000

10 000

8000

6000

4000

2000

0
0 1 2 3 4

Age, years

Figure 1.1. Lymphocyte parameters as a function of age. The panels show percentile values for the CD4+ and CD8+ lymphocyte counts

and percentages, the CD4+/CD8+ lymphocyte ratio, and the absolute lymphocyte count during the first 4 years of life. Figure modified

from reference [66].

of certain costimulatory molecules like CD40 ligand
[58]. The practical implications of diminished T cell
help for antibody production are delayed responses to
certain infections and immunizations compared with
adults.

DTH
Delayed type hypersensitivity (DTH) is a method to test the
integration of the T lymphocyte with antigen-presenting
cells in vivo. At birth, there is no detectable DTH to Candida
or tetanus toxoid. The absent DTH response is not solely
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Table 1.5 Levels of immunoglobulins in normal subjects by age

IgG IgM IgA

% of adult % of adult mg/dl % of adult mg/dl % of adultTotal immunoglobulins

Age mg/dl level mg/dl level level level

Newborn 1044 ± 201 67 ± 13 1031 ± 200 89 ± 17 11 ± 5 11 ± 5 2 ± 3 1 ± 2
1–3 mo 481 ± 127 31 ± 9 430 ± 119 37 ± 10 30 ± 11 30 ± 11 21 ± 13 11 ± 7
4–6 mo 498 ± 204 32 ± 13 427 ± 186 37 ± 16 43 ± 17 43 ± 17 28 ± 18 14 ± 9
7–12 mo 752 ± 242 48 ± 15 661 ± 219 58 ± 19 54 ± 23 55 ± 23 37 ± 18 19 ± 9
13–24 mo 870 ± 258 56 ± 16 762 ± 209 66 ± 18 58 ± 23 59 ± 23 50 ± 24 25 ± 12
25–36 mo 1024 ± 205 65 ± 14 892 ± 183 77 ± 16 61 ± 19 62 ± 19 71 ± 37 36 ± 19
3–5 years 1078 ± 245 69 ± 17 929 ± 228 80 ± 20 56 ± 18 57 ± 18 93 ± 27 47 ± 14
6–8 years 1112 ± 293 71 ± 20 923 ± 256 80 ± 22 65 ± 25 66 ± 25 124 ± 45 62 ± 23
9–11 years 1334 ± 254 85 ± 17 1124 ± 235 97 ± 20 79 ± 33 80 ± 33 131 ± 60 66 ± 30
12–16 years 1153 ± 169 74 ± 12 946 ± 124 82 ± 11 59 ± 20 60 ± 20 148 ± 63 74 ± 32
Adult 1457 ± 353 100 ± 24 1158 ± 100 100 ± 26 99 ± 27 100 ± 27 200 ± 61 100 ± 31

Mean values ± one standard deviation – normal levels may vary at different reference laboratories.
Modified with permission from Pediatrics, 37: (1966), 715–27.

due to naı̈ve T cells, because a normal DTH response cannot
be reconstituted with memory cells. Other factors includ-
ing defective monocyte chemotaxis or decreased numbers
of efficient antigen-presenting cells (dendritic cells) com-
pound the defect. The ability to reliably mount a delayed
type hypersensitivity response is present after 1–2 years of
age [59, 60].

Cytotoxic T lymphocytes (CTL)
While in vitro studies have demonstrated that neonatal
T cells are capable of developing into CTL effector cells,
the incidence of CTL development and the magnitude of
CTL activity are decreased during most natural infections
in infants compared with adults. Studies in vaccine trials
and from HIV-exposed infants suggest that CTL activity
matures within the first year of life [51].

Humoral immune response
Development
Pluripotent stem cells are the primitive precursors of lym-
phocytes and are found in the yolk sac early in gesta-
tion. Early B cell precursors are found in the fetal liver by
7 weeks gestation and stem cells migrate to the bone mar-
row where they continue to differentiate into B cell precur-
sors by 8–10 weeks gestation. The fetal immune system can
mount a humoral immune response by 6–7 months ges-
tation, though the functional capacity of this arm of the
immune response does not reach adult competence until
after 2 years of age. B cell maturation continues in the bone

marrow throughout life, although only a small fraction of B
lymphocytes leave the bone marrow and circulate in the
peripheral blood. There is an ongoing process to elimi-
nate any B cells with non-functional immunoglobulins or
immunoglobulins that are self-reactive [29, 30, 61].

Immunoglobulins
Neonatal B cells appear to have a similar degree of Ig diver-
sity as adult B cells although there are some heavy-chain
variable regions that are expressed in adults that do not
appear in the neonatal repertoire. Neonatal B cells have
also been shown to undergo somatic mutation at the same
rate as adult B cells [62, 63]. There is a gradual rise in
the serum concentrations of immunoglobulins with age
(Table 1.5) although the repertoire of IgG, especially IgG2a
does not achieve an adult phenotype until after 6–12
months of age [51].

B cells
The phenotype of neonatal B cells, including expression
of surface markers (CD5+) may reflect persistence of cells
involved in regulation of the developing immune system.
These CD5+ cells are self-renewing, in contrast to conven-
tional B cells that must be replenished from the bone mar-
row, and often produce antibodies against self-antigens.
Additionally, some neonatal B cells express IgA and IgG on
the cell surface in addition to IgM and IgD, the typical pat-
tern of adult B cells. The mechanism and significance of this
observation is not known. In most in vitro assay systems,
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neonatal B cells differentiate into plasma cells that secrete
IgM, but not into plasma cells that secrete IgA or IgG. As
fetal B cells can be driven to efficiently class switch and
make IgG and IgA when provided with T cell help (CD40
ligand) and the appropriate cytokines, the limitation in the
capacity of neonatal B cells to produce these isotypes most
likely reflects the lack of appropriate T cell help to B cells
(discussed above), rather than an inability of B cells to class
switch [64, 65].

B cell response to specific antigens
In general, responses to antigens that need T cell help
mature faster than the responses that occur independent
of T cells. Infection or immunization of neonates with pro-
tein antigens (T cell dependent response) generally results
in a protective immune response. Infants immunized with
tetanus, diphtheria, polio vaccines are protected against
infection. Although the response of neonates may not be as
rapid or robust as older children, there appears to be rapid
maturation of the thymus-dependent phase of the immune
response, in many cases by 2 months of age. The magnitude
and persistence of IgG antibody responses to protein anti-
gens approaches adult levels after 1 year of age [51]. While T
cell dependent immunity rapidly matures postnatally, the
response to polysaccharide antigens such as those from H.
influenzae or S. pneumoniae (T cell independent antigens)
does not fully mature until 2–3 years of age. The reasons
for this delay may include reduced levels of complement
receptors on infant B cells, low complement activity (C3d),
reduced IgG2a production and immaturity of the splenic
marginal zone [51]. These differences help explain the age-
specific risk for development of invasive disease with these
bacteria.

1.4 Summary

Each component of the immune system matures from con-
ception to adulthood. Some of the components function at
adult levels at the time of birth, while others do not fully
mature until late childhood. Many factors contribute to the
observed immaturity of the developing immune system,
including an inability to mount an appropriate antibody
response to vaccines, slower institution of antigen-specific
immunity, lower levels of some immune-activating sub-
stances, and no previous exposure to certain antigens. An
awareness of the developmental differences that exist in
the various components of the immune system in normal
children is key to the understanding of the natural course
of HIV infection in children.
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HIV basic virology for clinicians
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2.1 Introduction

The molecular details of the HIV replication cycle largely
determine the pathogenesis of the diseases caused by HIV
and constrain the possible therapeutic strategies. Optimal
diagnosis, assessment, and treatment of HIV infection in
children thus require knowledge of the viral replication
cycle, the viral targets affected by the antiretroviral agents,
and the components of the virus detected by the tests used
to manage the disease.

2.2 Classification and origin of HIV

HIV-1 is a member of the Lentivirus genus of retroviruses
(reviewed in [1]). The virus is believed to have entered the
human population in Africa about 70 years ago [2], prob-
ably as humans hunted and butchered chimpanzees for
“bush meat” [3]. The animal virus most closely related
to HIV-1, a simian immunodeficiency virus (SIV) desig-
nated SIVCPZ, is found in chimpanzees, and certain chim-
panzee populations continue to harbor large numbers of
retroviruses [4]. HIV-2, a less pathogenic relative of HIV-1,
infects some human populations in western Africa, with a
relatively small number of cases in other parts of the world
[5]. HIV-2 is believed to derive from an immunodeficiency
virus that infects monkeys. The closest relative to HIV-2
is a simian immunodeficiency virus, SIVSMM, with SMM
denoting sooty mangabey monkey. HIV-2 has some bio-
logical properties that distinguish it from HIV-1, and the
disease caused by HIV-2 differs from the disease caused
by HIV-1. Untreated, HIV-2 disease is generally a much less
fulminant disorder than the disease caused by HIV-1. Some

serological and molecular tests for HIV-1 do not detect
HIV-2 well, unless they are specially modified. The HIV-2
reverse transcriptase is not inhibited by the non-nucleoside
reverse transcriptase inhibitors effective against HIV-1. The
material in this book generally refers to HIV-1, unless oth-
erwise noted, and HIV-1 will usually be referred to simply
as HIV.

Lentiviruses that infect other animals include equine
infectious anemia virus, bovine immunodeficiency virus,
feline immunodeficiency virus, and visna virus of sheep.
Other retroviruses that infect humans include human
T cell leukemia virus 1 (HTLV-1), the infectious agent
implicated in adult acute T cell leukemia/lymphoma,
HTLV-1-associated myelopathy/tropical spastic parapare-
sis (HAM/TSP), and other diseases.

HIV-1 has been phylogenetically divided, using genomic
sequence analysis, into several different clades or sub-
types, designated A, B, C, D, E, F, G, H, J, and K [1, 6],
and three groups, the M (main) group, which includes
most of the clades, and the O (outlier) and N (non-M,
non-O) groups. Certain clades predominate in certain geo-
graphical areas. For example, clade B predominates over-
whelmingly in North America, and represents the major
subtype in Europe and Australia. Clade A, which has the
most heterogeneity, predominates in West Africa, while
clade D is the major subtype in Central Africa, and clade
C is principally found in southern and eastern Africa and
the Indian Subcontinent. Clade E is a major subtype in
Thailand and the surrounding area. Some recombinant
viruses exist; clade E may be an example of a recombinant
virus. While the genetic variation among HIV-1 subtypes
may hold greatest interest as a tool to study viral evolution
and epidemiology, there are also some important clinical

20
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implications, particularly for diagnosis and vaccine devel-
opment. Some serologic and molecular assays optimized
to detect and quantify virus of one clade, for example the
clade B that predominates in North America, may not per-
form optimally when used to detect other clades. Immuno-
logic responses aimed at virus of one clade may not affect
virus of other clades, making the development of vaccines
capable of inducing effective immunity to many clades a
challenge.

2.3 HIV virion structure

HIV shares a common structure with other retroviruses
(Figure 2.1) (reviewed in [7]). Table 2.1 lists the proteins
of HIV, the genes that encode the proteins, the function
of the proteins, and whether the proteins have been the
target of antiretroviral drug development. The virion cap-
sid, composed of the viral capsid (CA or p24) protein,
encloses two copies of the RNA that comprises the viral
genome, together with two copies of the viral reverse tran-
scriptase (RT or p66/p51). Within the capsid, copies of
the viral nucleocapsid (NC or p7) protein are complexed
with the viral genomic RNA, via sequence-specific inter-
actions between two CCHC zinc finger domains in NC
and a specific “packaging signal” (also known as a � -
site or encapsidation element) (see below), composed of
a particular three-dimensional structure in the viral RNA,
and through non-specific charge interactions between the
negatively charged RNA and region of positively charged
basic amino acid residues in NC. Also within the cap-
sid lie copies of the viral integrase (IN or p31) protein
and copies of the viral protease (PR or p11), which also
exists in other regions of the viral core. The RT, PR, and
IN proteins of the viral core are derived from the gag-
pol preprotein precursor (Pr160), which is cleaved into its
functional subunits by the viral protease (see below). The
other core proteins are derived from the Gag preprotein
(Pr55).

The outer region of the viral core includes the HIV matrix
(MA or p17) protein. MA lies on the interior face of the
virion envelope, and is tethered to the interior side of the
envelope through a myristic acid lipid moiety that is cova-
lently attached to a glycine at the N-terminal of MA, and by
hydrophobic interactions.

The virion envelope is a lipid bilayer, derived from the
plasma membrane of the host cell that produced the
virion. Anchored into the lipid bilayer and extending out
into extracellular space are the gp41 transmembrane por-
tion of the viral envelope (or Env) glycoprotein (TM or
gp41). TM associates non-covalently with the surface gp120

Figure 2.1. A schematic diagram of the HIV virion. Individual viral

proteins and their functions are described in detail in the text.

envelope (Env) glycoprotein (SU or gp120); the envelope
glycoproteins gp120 and gp41 are processed by cellular
proteases from a precursor, gp160, and are highly glyco-
sylated. The gp120 and gp41 remain non-covalently asso-
ciated with each other after processing from the gp160
precursor. The envelope glycoproteins gp120+gp41 asso-
ciate with each other as trimers on the outer surface
of the virion. The envelope glycoproteins mediate viral
entry and syncytium formation. The gp120 glycoprotein
has both constant (C) regions, in which the amino acid
sequence remains relatively constant from virus to virus,
and variable (V) regions, in which the amino acid sequence
shows greater variability. One of the variable regions, vari-
able region 3 (also known as the V3 loop), can elicit
a strong humoral immune response from the host, but
these antibodies are generally ineffectual in controlling the
infection.

The virion also contains several macromolecules derived
from the host cell, which are incorporated into the virion
during virion assembly and budding [8]. Some of these
macromolecules play crucial roles in the viral replication
cycle. The viral capsid contains cellular lysine transfer RNA
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Table 2.1 HIV viral genes and gene products: existing and potential targets for antiretroviral agents

Viral protein Gene Function Inhibitors

P16 (MA) gag Matrix protein; lies beneath envelope;
targeted to membrane via myristoylation;
recruits envelope into virion; aids in PI
localization to nucleus

Nuclear localization site inhibitors;
myristoylation inhibitors; transdominant
negative gag mutants

p24 (CA) gag Capsid protein; viral core

p9 (NC) gag Nucleocapsid protein; interacts with viral RNA
via zinc fingers

Zinc chelators

p6 (NC) gag

Protease (PR) pol Cleaves gag (Pr55) and gag-pol (Pr160)
precursor proteins during virion maturation

Protease inhibitors

Reverse
Transcriptase
(RT)

pol Catalyzes synthesis of viral cDNA from viral
genomic RNA

Nucleoside analogue reverse transcriptase
inhibitors (NRTIs); nucleotide analogue reverse
transcriptase inhibitors (tenofovir);
non-nucleoside analogue reverse transcriptase
inhibitors (NNRTIs)

Integrase (IN) pol Catalyzes integration of viral cDNA into host
cell genomic DNA to create provirus

Integrase inhibitors

gp120 env Mediate interaction of virus with CD4 and
chemokine co-receptors. Initial steps of viral
binding and entry.

Chemokine co-receptor inhibitors (e.g.
Schering C and D); binding inhibitors (soluble
CD4)

gp41 env Integral membrane envelope glycoprotein;
contains fusion domain mediating virion
envelope-host cell plasma membrane fusion

Fusion inhibitors (e.g enfuvirtide T-20)

Tat tat Transactivates viral gene expression; binds to
TAR structure in nascent viral RNA and
cellular kinase leading phosphorylation of
celluar RNA polymerase II, increasing
processivity

Kinase inhibitors (cellular enzyme); small
molecule inhibitors; Tat-TAR interaction
blockers; TAR decoys; antisense oligo
nucleotides; ribozymes, small interfering RNAs

Rev rev Mediates nuclear export of singly spliced and
unspliced viral RNAs

small molecule inhibitors, inhibitors of
Rev-RRE binding (aminoglycosides); RRE
decoys; transdominant Rev; antisense
oligonucleotides; ribozymes; inhibitors of
nuclear export, small interfering RNAs

Vif vif Viral infectivity factor

Vpu vpu gp160/CD4 complex degradation; CD4
downregulation; virus release

Vpr vpr Cell cycle arrest; transactivation; ?PIC entry
into nucleus

Nef nef CD4 downregulation; stimulates cellular
signal transduction pathways

Targets of drugs with current clinical utility (licensed drugs and drugs in advanced clinical development) are shown in
bold.
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Figure 2.2. A schematic diagram of the HIV replication cycle. The features of the viral life cycle are described in detail in the text.

(tRNA-lys), which serves as the primer for reverse tran-
scription by the viral RT from the viral RNA. The virus
contains several host cell proteins, either within the inter-
ior of the virion or embedded in the viral envelope.
Cyclophilin A physically interacts with one of the viral
gag proteins, CA, and appears to be required for viral
infectivity. Other cellular proteins that are incorporated
into the virion include Class I and Class II HLA histo-
compatibility antigens, and the cell adhesion molecules
LFA-1 and ICAM-1. The lipid bilayer of the viral envel-
ope is derived from the host cell plasma membrane,
but the lipids are not completely representative of the
plasma membrane because certain lipids appear to be

preferentially included and others excluded during virion
formation.

2.4 The HIV life cycle

2.4.1 Viral entry into the host cell

Figure 2.2 schematically depicts the HIV life cycle. Infec-
tion begins when the virion envelope glycoprotein gp120
binds the viral receptor, the CD4 molecule on the surface
of the future host cell (reviewed in [9, 10]). CD4 binding
triggers a conformational change in gp120, which facili-
tates gp120’s interaction with a viral co-receptor, generally
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proteins named CXCR4 or CCR5. Co-receptor binding trig-
gers a further conformational change in gp41, the viral
envelope glycoprotein that is anchored in the viral envelope
and is non-covalently associated with gp120. The change in
gp41 leads to the insertion of an amino-terminal domain of
gp41, the “fusion peptide,” into the future host cell’s plasma
membrane, and to the formation of a specialized structure
in gp41, the “six-helix bundle”, a hairpin-like structure in
gp41, which leads to the close apposition and then fusion
of the viral envelope and host cell plasma membrane,
releasing the viral capsid into the cytoplasm [11]. This viral
envelope–host cell plasma membrane fusion process is
similar to the process used by some other viruses, includ-
ing the well-characterized membrane fusion process used
by influenza viruses [10]. The newly developed antiretrovi-
ral agent enfuvirtide (T-20, Fuzeon), a peptide composed
of 36 amino acids, and related peptides in earlier stages
of development (e.g. T-1249) are homologs of part of gp41
[12]. T-20 binds to one of the helices of gp41, instead of the
other native gp41 helix, preventing gp41 from undergoing
the conformational change and forming the structures that
lead to viral envelope–host cell membrane fusion. Some
small molecule fusion inhibitors are also under develop-
ment. Early attempts to block virus binding employed a sol-
uble version of the CD4 viral receptor, with the hope that the
soluble CD4 would bind the viral gp120 envelope protein,
making it impossible for the virus to bind CD4 on potential
host cells. While soluble CD4 can block HIV infection in
vitro, it was not effective clinically. Decreasing the expres-
sion of CD4 on the surface of cells that would normally
support efficient viral replication through, for example, tar-
geting the CD4 messenger RNA for accelerated destruction
by interactions with small interfering RNAs (siRNA) can
also block in vitro infection [13], but the clinical utility of
such approaches, if any, lies far in the future. Cyanonvirin, a
small protein derived from a cyanobacterium, can inhibit
HIV binding and infection [14]. As a protein, it probably
has little utility as a systemic therapeutic agent, but there is
some interest in developing it for use as a topical virucide
to prevent HIV sexual transmission.

HIV can be distinguished by its tropism for different types
of host cells (see also Chapter 5), with virus classified as
macrophage-tropic (M-tropic) and T cell-tropic (T-tropic).
The co-receptor that the viruses use determines the abil-
ity of the virus to infect the different cell types. M-tropic
strains can infect macrophages, monocytes, and primary T
cells, but are unable to infect CD4+ T cell lines (reviewed in
[15]). M-tropic viruses use CCR5 as their co-receptor and so
are termed R5 viruses. T-tropic viruses infect CD4+ T cells,
but not macrophages and monocytes. T-tropic viruses use
CXCR4 as their co-receptor and so are termed X4 viruses.

Some dual tropic (R5X4) viruses also exist. Certain V-
region envelope sequences are associated with viral strains
that are M-tropic or T-tropic; the interactions of the V
regions with the chemokine co-receptors probably mediate
these differences in viral tropism. Most patients are usually
initially infected with R5 viruses. Later in the disease, often
as the amount of circulating virus increases and the CD4+

lymphocyte count declines, the predominant circulating
virus undergoes a shift to X4 virus (see Chapter 5 for fur-
ther details).

The viral coreceptors act, in their native capacity, as
chemokine G protein-coupled receptors. As chemokine
receptors, they transmit signals from the chemokines into
the cell and modify the behavior of the cells via signal trans-
duction pathways, leading to a variety of cellular responses,
including cellular activation and chemotaxis, recruiting
white blood cells to areas of injury and inflammation.

Chemokines named RANTES, MIP1-�, and MIP1-� bind
CCR5, the co-receptor for M-tropic HIV-1 strains. They
are termed �-chemokines, or C-C chemokines, for the
juxtaposed cysteine residues near their amino termi-
nal end. A chemokine named stromal derived factor 1
(SDF-1) is the native ligand for CXCR4. It is a �- or C-X-C
chemokine, named for the cystein-X-cysteine residues near
the amino-terminal end of the protein. Several other recep-
tors for chemokines can also serve as HIV co-receptors.
These other co-receptors include ones named APJ, BOB
(or GPR15), Bonzo (or STRL33), CCR2b, CCR3, and CCR8.
The pathogenic significance of many of these co-receptors
is unclear, but they may mediate entry of HIV into cells that
do not express high levels of the other co-receptors, such
as certain cells in the central nervous system (CNS), which
may affect the pathogenesis of HIV disease in the CNS.
Chemokine co-receptors were first discovered through
molecular biological techniques in which potential genes
encoding the co-receptors were provided to cells lacking
the co-receptors and the genes that led to the expres-
sion of the co-receptor and enabled fusion to occur were
subsequently identified and sequenced [16]. CXCR4 (also
termed “fusin”) was the first co-receptor identified, and
the identification of other co-receptors quickly followed
[17, 18]. An important hint that chemokine co-receptors
were involved in HIV binding and entry came with the
observation that high concentrations of chemokines, such
as those secreted by CD8+ cytotoxic T cells, can inhibit
infection in vitro, presumably by competing with HIV for
binding to the co-receptor or by causing the potential
host cells to down-regulate the amount of CCR5 on their
surfaces [19].

Much recent drug development effort has focused
on these chemokine co-receptors. Some small molecule
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competitive inhibitors for chemokine receptor binding
inhibit viral replication in vitro and are currently being
used in early stage human trials, with some preliminary
indications of clinical activity. Small molecule inhibitors
generally target only one of the co-receptors. Examples
of these small molecule co-receptor inhibitors in devel-
opment include AMD-3100, which targets CXCR4, and
Schering-C and Schering-D, which target CCR5 [20]. Inter-
estingly, when the Schering-C and -D compounds were
used in patients, no significant shift in the co-receptor used
by the patients’ virus, for example from CCR5 to CXCR4,
was observed. Such a shift is a theoretical concern for this
kind of inhibitor because if the virus rapidly shifted co-
receptor usage, the utility of the drug would be limited, and
because X4 viruses have been associated with increased
pathogenicity (see Chapters 3 and 5). There were some indi-
cations of a shift from CXCR4 to CCR5 co-receptor usage in
patients treated with AMD-3100.

Some naturally occurring mutations in the viral co-
receptors illustrate their key role for viral replication. Indi-
viduals with mutations in their co-receptor genes are
less likely to become infected with HIV and HIV-infected
patients with certain co-receptor mutations tend to have
slower disease progression. Some of the HIV-infected
patients known as “long-term non-progressors” have co-
receptor mutations. For example, some of these long-term
non-progressors are heterozygous or homozygous for a 32
base pair deletion in the CCR5 gene (�32CCR5) [21, 22].
The �32CCR5 does not localize to the cell membrane, so
it cannot function as a co-receptor for HIV entry. Cells
with the �32CCR5, however, are not resistant to infec-
tion with T-tropic viruses, since they use the CXCR4 co-
receptor. The observation that persons homozygous for
the �32CCR5 mutation are highly resistant to initial infec-
tion supports the model that M-tropic viruses using CCR5
as their co-receptor may be the primary mediators of HIV
transmission. Interestingly, individuals with the mutation
exhibit no discernible deleterious phenotype. Mutations in
the promoter of the CCR5 genes that decrease expression
are also seen in long-term non-progressors [23] (see also
Chapter 5).

2.4.2 Reverse transcription

After entry, the viral capsid undergoes an incompletely
characterized “uncoating” process, releasing the RNA
genome, associated with proteins and the tRNA that
will prime reverse transcription, into the cytoplasm. RT,
encoded by the pol gene, catalyzes reverse transcription,
the process through which a cDNA copy of the viral genome
is produced, prior to the transit of the viral cDNA to

the nucleus and integration of the cDNA into the host
genome as a provirus (Figure 2.2). RT consists of two sub-
units p51 and p66, the catalytic subunit, which dimerize
to form the functional enzyme. Many effective, licensed
drugs target RT, including the nucleoside (or for tenofovir,
nucleotide) reverse transcriptase inhibitors (NRTIs), and
the non-nucleoside reverse transcriptase inhibitors (NNR-
TIs). (The process of reverse transcription, the structure
and enzymology of RT, and the mechanisms of action of
RT inhibitors are described in greater detail in Chapter 21.)

The HIV RNA genome begins at the 5′ end with a
sequence termed the “R” (for repeat) region, followed by
the U5 (5′ unique) region, the sequences encoding the
viral proteins and, at the 3′ end, the U3 (3′ unique) region
and another copy of the R region (Figure 2.3) (reviewed in
[24]). Using a cellular lysine tRNA molecule carried within
the capsid as a primer, the HIV RT synthesizes a minus
strand DNA molecule complementary to the plus sense
RNA template [25]. Synthesis begins in the 3′ end of the U5
region. When RT reaches the 5′ end of the RNA template,
it stops, having produced a short DNA known as “minus
strand strong-stop” cDNA. RT’s RNase H activity partially
degrades the original RNA template, releasing the minus
strand strong-stop cDNA. This minus strand strong-stop
cDNA then moves to the 3′ end of the viral RNA, where
it hybridizes to the complementary R region in the LTR,
and RT continues the synthesis of the rest of the minus
strand cDNA. Then, through a complicated process that
involves strand transfers, and a switch in templates from
the genomic RNA to newly synthesized cDNA, RT com-
pletes the synthesis of the cDNA. The finished double-
stranded cDNA version of the viral genome has two long
terminal repeats (LTRs) at either end of the genome. Each
LTR consists of the repeated versions of the U3, R, and U5
regions (Figure 2.3).

Reverse transcription constitutes one of the defining fea-
tures of the retroviridae. RT catalyzes an essential step in
the retroviral life cycle and so has been a target for drug
development since HIV was first identified. Originally pro-
duced as antineoplastic agents, the NRTIs were the earliest
drugs for HIV. Following uptake by the cells, NRTIs are con-
verted to the active triphosphate form by cellular kinases
and the triphosphate-NRTIs can then compete with native
nucleotide triphosphates for use by RT. When RT incor-
porates the NRTIs into the cDNA, no further nucleotides
can be incorporated into the lengthening cDNA, causing
a prematurely truncated cDNA. The NRTIs stop the grow-
ing cDNA chain because, in the NRTIs, the ribose 3′-OH is
replaced by another group incapable of forming a covalent
bond with the next nucleotide (Figure 2.4). These drugs
are therefore termed “chain terminators.” In the case of



26 S. L. Zeichner

Figure 2.3. The genomic organization of HIV. The top of the figure shows the organization of the viral genomic RNA. The middle of the

figure shows the HIV provirus, with the reading frames of the different HIV genes identified. The lower portion of the figure shows the

location of selected HIV transcription regulatory sites, including both selected sites active in the HIV LTR (NF-kB, Sp1, and TATA), and the

TAR site as it exists in the newly transcribed viral RNA.

zidovudine (ZDV or AZT) the 3′-OH is replaced by an azido
group. In the case of dideoxyinosine (didanosine, ddI),
dideoxycytosine (zalcitabine, ddC), and stavudine (d4T),
the 3′-OH group is replaced by a hydrogen. In 3′ thiacyti-
dine (lamivudine, 3TC), the 3′ carbon or the ribose ring is
replaced by a sulfur atom, with a single hydrogen in place
of the hydroxyl group. Tenofovir has slightly different prop-
erties. It is a monophosphate analogue of adenosine. As an
analogue of the monophosphate, it bypasses the first phos-
phorylation step catalyzed by cellular kinases. The kinase
activity is decreased in resting cells, so tenofovir may have
certain advantages for blocking HIV replication in these
cells.

The other class of RT inhibitors is the non-nucleoside
RT inhibitors (NNRTIs). There are currently three licensed
NNRTIs, efavirenz, nevirapine, and delavirdine, and more
are under active development. NNRTIs act via a mech-
anism distinct from that of the NRTIs. NNRTIs bind a

hydrophobic pocket near the active site of the enzyme
in the p66 subunit of RT, inhibiting RT. (The process of
reverse transcription, the detailed mechanism of action of
the NNRTIs and the mutations that confer resistance to the
NNRTIs are discussed in more detail in chapter 21.)

RT is an enzyme with “low fidelity.” It inserts the wrong
base (termed “misincorporation”) in the growing cDNA
chain every 1 per 1700 to 1 per 4000 bases. In the presence
of suboptimal drug concentrations, viral replication can
continue. With continued viral replication, some mutant
virus will be produced due to misincorporation, and some
of the mutations can confer resistance against antiretrovi-
ral drugs (see Chapter 21). Because of the very high rates
of viral replication and the large amounts of virus seen in
infected patients (see Chapter 5), resistance can emerge
rapidly, particularly for drugs for which only a single base
change in the viral genome confers very high-level resist-
ance, such as lamivudine or the currently available NNRTIs.
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Figure 2.4. The mechanism of action of the nucleoside analogue

HIV reverse transcriptase inhibitors. Chain termination occurs

when another deoxynucleoside triphosphate cannot add on to

the growing viral cDNA.

In fact, due to the high mutation rates and the very large
amount of replicating virus, patients may have at least some
small amounts of mutant virus present even before begin-
ning to take an antiretroviral agent (see also Chapter 5) The
concurrent use of combinations of multiple antiretrovirals
that each requires a distinct set of mutations for resistance
maximizes the effectiveness of therapy and makes it much
less likely that a patient will develop resistant virus.

2.4.3 Nuclear localization and entry

Some retroviruses, such as murine leukemia virus, can
only infect dividing cells. HIV, however, can infect both
rapidly dividing cells and such terminally differentiated
cells as macrophages, and quiescent (non-dividing) CD4+

T cells. The quiescent CD4+ T cells may make up a large
fraction of the cells in a patient infected by HIV and HIV’s

ability to infect these quiescent cells may help account for
its pathogenicity. HIV’s ability to infect these cells depends
on its ability to transport the viral cDNA and associated
viral proteins to the nucleus, and to enter the nucleus. After
reverse transcription, the newly synthesized cDNA exists
in close association with several viral proteins, including
IN, RT, MA, and NC, the viral accessory protein Vpr, and
host cell proteins Ku, INI 1, and HMGa1 (or HMG I(Y)),
to form the pre-integration complex (PIC) [26–28]. Some
of the components of the PIC, such as IN, which catalyzes
integration, are clearly essential for the later steps in the
viral replication cycle. Others, such as the cellular proteins,
may not be essential, but increase the efficiency of the later
steps. Following reverse transcription, the cellular micro-
tubule and dynein machinery transports the PIC to the
periphery of the nucleus, probably with help from Vpr [29].

Once transported to the vicinity of the nucleus, the PIC
interacts with the nuclear membrane, an interaction medi-
ated at least partly by Vpr docking with a host cell nucleo-
porin protein, hCG1 [30], leading to the entry of the PIC
into the nucleus.

2.4.4 Integration

After the PIC has entered the nucleus, the HIV cDNA
integrates into the host cell genomic DNA in a fashion that
is not strictly sequence-specific, but may preferentially tar-
get regions of the host cell chromosomes that hold genes
that are actively being expressed [31]. Soon after reverse
transcription, IN first generates a preintegration form of
the viral cDNA by removing two or three bases to leave a
recessed 3′ end. Later, in the nucleus, IN cuts the cellular
genomic DNA leaving 5′ overhanging ends. The enzyme
joins the ends of the cDNA and the cellular DNA, in a pro-
cess called strand transfer, with IN and cellular enzymes
filling in the gaps, leaving the integrated provirus flanked
by 5 bp direct repeats derived from the cellular genomic
DNA and the dinucleotides TG at the 5′ end and CA at the
3′ end [32, 33].

The other proteins in the PIC help facilitate integra-
tion. For example, one form of the NC protein, the p9
form, enhances the integration in an in vitro model of HIV
integration, perhaps by directing the IN protein away from
inappropriate sites on the HIV cDNA [34], suggesting that
correct and efficient integration of the HIV cDNA must be
carefully directed for optimum integration efficiency.

Since integration and formation of the provirus is an
essential feature of the retroviral life cycle and since IN is
an essential enzyme in HIV replication [35], IN is a very
attractive target for drug development [36, 37]. The tar-
get is a challenging one, though, because integration is a
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Figure 2.5. Phases of HIV gene expression. Initially, only small

amounts of transcription occur and only small quantities of short,

multiply spliced viral messages encoding the viral regulatory

genes Tat and Rev and the accessory gene Nef are exported to the

cytoplasm. When the HIV promoter is activated, more messages

are produced and sufficient Tat protein returns to the nucleus to

produce a large increase in viral gene expression. Later, when

sufficient quantities of Rev are present in the nucleus, the longer

singly spliced and unspliced messages encoding the viral

structural proteins and comprising the viral genomic RNA are

exported to the cytoplasm.

single event that must be completely inhibited for a drug
to be judged effective. Nevertheless, several IN inhibitors
are in development, including the promising diketo acid
class of IN inhibitors, which inhibit strand transfer [38, 39],
and which are currently in early stage clinical trials.

2.4.5 Control of viral gene expression

After integration into the host cell’s genomic DNA, the HIV
provirus behaves, in many ways, as an activatable host
cell gene [40]. It can either remain relatively quiescent,
directing the production of few transcripts, without rapid

progression to a fully productive infection, or it can begin
to generate a larger quantity of viral RNAs that lead to the
completion of a productive viral replication cycle. Some
of the factors controlling the switch between latency and
lytic infection have been described. In vitro, treatment of
infected cells with agents that profoundly activate host cell
signal transduction pathways, such as phorbol esters, or
that alter histone acetylation, such as butyrate [41, 42], or
with certain cytokines, such as IL-2, can kindle the com-
pletion of a lytic infection cycle in latently infected cells
via effects on common signaling pathways often acting
through NF-kB [43] (see below). However, the detailed pro-
cesses that determine the switch between latent and lytic
infection in an infected patient remain obscure. The main-
tenance of latency is clearly an important feature of HIV
pathogenesis; the continued presence of large reservoirs of
latently infected cells, some in so-called sanctuary sites, is
one of the major barriers frustrating the development of a
cure for HIV infection (see Chapter 5).

During the progression through the lytic infection cycle,
HIV regulates its gene expression at transcriptional and
post-transcriptional levels in a tightly controlled, tem-
porally dependent pattern consisting of three phases
(Figure 2.5). In the initial phase, only low levels of full-
length transcripts are produced because the transcription
complex that assembles on the LTR, the HIV promoter,
leads the cellular RNA polymerase II to transcribe the HIV
RNAs in a highly non-processive fashion: few full length
transcripts are produced. The few full length transcripts
that are produced are retained in the nucleus until they
undergo several splicing reactions and are then exported
to the cytoplasm. These short transcripts encode only the
viral regulatory proteins, notably Tat. In the second phase,
the viral regulatory protein Tat, together with cellular fac-
tors, transactivates the transcription of the viral genes, lead-
ing to a dramatic increase in viral gene expression. In the
third phase, another viral regulatory protein, Rev, medi-
ates the export from the nucleus of unspliced and singly
spliced RNAs, which encode the viral structural proteins.
The full length, unspliced RNAs also constitute the viral
genomic RNAs that will be incorporated in the progeny
virions.

Regulation of transcription from the HIV LTR by cellular
factors
After proviral integration, the initial production of viral
mRNAs is mediated by the cellular transcriptional machin-
ery. The 5′ LTR of the HIV provirus constitutes the viral
promoter. It contains several regulatory sites homologous
to the regulatory sites in cellular promoters (Figure 2.4)
[40, 44]. Some of these sites play a significant role in
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regulating the basal level of HIV expression in lympho-
cytic cells [45], while others may modulate expression in
different cell types [46]. Some of the regulatory sequences,
while homologous to well-known sequences in some cel-
lular genes, may have a less significant effect on HIV
gene expression. The regulatory sequences that are criti-
cal for fully functional HIV gene expression are the TATA
and Sp1 sequences [47–49]. Mutation or deletion of these
sequences markedly decreases basal viral gene expression
and can cripple viral replication. Mutation or deletion of
the NF-�B sequences decreases the basal level of expres-
sion and abolishes the ability of the viral promoter to
respond to stimulatory signals, such as treatment of the
host cell with inflammatory cytokines or phorbol esters.
Viruses with mutations in these sequences have substan-
tially reduced replication. The TATA sequence lies just
5′ of the transcription initiation site. The TATA element
serves as site of assembly for the transcription machin-
ery, including various transcription factors and RNA poly-
merase II, the enzyme that catalyzes the synthesis of the
viral RNA from the integrated proviral cDNA template.
Three Sp1 sites lie just upstream from the TATA sequence
and, like TATA, are required for wild-type levels of viral gene
expression.

HIV clearly requires that the correct, wild-type amounts
of all its RNAs be expressed for effective viral replication
to proceed. When one or another viral RNA species are tar-
geted for destruction, for example by short interfering RNAs
(siRNAs), short double-stranded RNAs that lead the cell
to destroy RNAs with homologous sequences, HIV repli-
cation is diminished [13]. HIV replication is also inhibited
when HIV RNAs are targeted in other ways, for example by
ribozymes, RNAs which have enzymatic activity and can
cleave target RNAs in a sequence-specific fashion [50], or
by antisense oligonucleotides, oligonucleotides which are
complementary to the targeted RNA and can specifically
base pair with the sequence [51]. However, most of these
strategies have only been effectively demonstrated in vitro.
They all require that the RNAs be introduced into the host
cell, either by treating the cell with an agent that causes the
RNAs (or a plasmid that can cause the cell to produce the
RNAs) to be taken up into the cell, or by genetically altering
the cell so that it produces the RNA. Using a gene therapy
approach to genetically altering cells such that they pro-
duce such RNAs can render the cells resistant to infection,
a strategy sometimes termed “intracellular immunization.”
However, with increased concerns surfacing about gene
therapy there has been somewhat less recent interest in
such approaches to antiretroviral therapy and the general
clinical applicability of such approaches, if they ever arrive,
probably lies far in the future.

The NF-�B sites in the HIV LTR respond to a wide variety
of signals, leading to increased viral gene expression. The
signals can include cytokines that activate T cells, such as
TNF-� or IL-1. The transcription factor NF-�B is typically
a dimer consisting of two subunits, p50 and p65. NF-�B
exists in the cytoplasm in a complex with its inhibitor, I�B
[52]. I�B acts to retain NF-�B in the cytoplasm, preventing
its transit to the nucleus and so preventing it from acting as
a transcription factor, for example mediating an increase
in transcription from the HIV LTR. Many stimuli, such as
cytokines and growth factors, can induce the phosphory-
lation of I�B, which leads to its dissociation from NF-�B,
which is then free to enter the nucleus where it can bind
to its target sequences, stimulating transcription of genes
whose promoters contain those sequences, including the
HIV LTR.

Sequences 5′ to the TATA, Sp1, and NF-�B sites can
affect HIV gene expression, but their exact function is less
clear because they do not make as dramatic a contribution
to expression from the HIV LTR. However, some of these
sequences at the 5′ end of the LTR are critically important
for maximal LTR expression in certain nonlymphocytic cell
types [53].

Sequence-specific cellular DNA binding proteins play
a key role in regulating expression from the integrated
provirus, but expression is also influenced by other factors.
One of the more important factors influencing HIV gene
expression appears to be chromatin structure. The loca-
tion and acetylation state of the histones that organize the
DNA into chromatin also play an important part in regulat-
ing expression from the integrated provirus [54, 55]. Alter-
ing the state of histone acetylation, either non-specifically
or through specific histone deacetylase inhibitors [42] can
greatly increase expression from the HIV LTR. Histone
acetylation has important effects on both the basal pro-
moter [55] and in Tat-mediated transcription from the
LTR [56].

Regulation of transcription by Tat
Transcription from the LTR initially leads to the appearance
of short (2 kb) RNA transcripts. These short transcripts are
the product of multiple splicing reactions acting upon the
full-length transcribed HIV RNA because, in the absence of
Rev (see below), the full-length transcripts cannot leave the
nucleus. The short transcripts encode three viral gene prod-
ucts, Tat, Rev, and Nef. Tat produces a dramatic increase
in expression from the HIV LTR. Rev regulates HIV gene
expression post-transcriptionally, by controlling the export
of HIV RNA from the nucleus. Nef has a variety of effects on
the virus and the host cell (see below).
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Figure 2.6. TAR, Tat, and associated cellular factors. Tat binds to

the ‘bulge’ region of the stem-loop-bulge structure in the TAR

RNA. The cellular protein cyclin T interacts with Tat and with the

TAR loop region. The cellular kinase cdk9 interacts with cyclin T

and then goes on to phosphorylate the C-terminal domain of

RNA polymerase II, greatly increasing the processivity of the

polymerase, causing a large increase in the expression of the

viral RNAs.

Tat acts mainly by binding to a distinctive stem-
loop-bulge RNA secondary structure, termed the trans-
activation responsive (TAR) region, in newly transcribed
HIV RNAs (Figures 2.3 and 2.6), and, by recruiting cellu-
lar factors, causes a change in the characteristics of the
cellular RNA polymerase II that transcribes the viral RNAs
from the HIV proviral template [57, 58]. In the absence of
Tat, RNA polymerase II stalls soon after beginning tran-
scription, producing extremely short transcripts that con-
sist of little more than the TAR region. A small number of
complete transcripts are made and are spliced down to
the small 2 kb size, exported from the nucleus, and trans-
lated into protein, including Tat, which can return to the
nucleus (Figure 2.5). If the transcription from the LTR is
sufficiently active, for example if the cell has been exposed
to inflammatory cytokines, there will be enough tran-
scription for Tat and the TAR-containing transcript to be

present simultaneously. With both Tat and TAR-containing
RNAs present, Tat binds to the bulge in TAR [59], and
then recruits a complex of additional cellular factors called
P-TEFb (or TAK, Tat-associated kinase), consisting of the
cellular protein kinase CDK9 (also known as PITALRE) and
cyclin T [60–62] (Figure 2.6). Cyclin T binds to the TAR loop
structure and CDK9 binds to cyclin T. The CDK9 recruited
into the complex by Tat can then phosphorylate the
C-terminal domain of the RNA polymerase II that is in the
transcription complex assembled on the LTR. Phosphory-
lation of RNA polymerase II makes the enzyme much more
processive [63]. Instead of the extremely short, stalled tran-
scripts, the enzyme continues down the length of the provi-
ral template, catalyzing the production of full-length viral
RNA. In some circumstances, cyclin T1 appears to interact
directly with the LTR through Sp1, leading to an increase
in expression from the HIV LTR [64], an activity that may
contribute to basal, non-Tat-stimulated LTR-mediated
transcription.

Tat has principally been considered a gene product that is
produced within a cell and acts within that same cell, but Tat
can be secreted from infected cells and taken up into cells
when present in the extracellular environment. Secreted
and extracellular Tat, acting in a paracrine fashion, can have
a variety of effects upon cells [65–67], some of which may
make a significant contribution to the pathogenesis of HIV
disease.

Inhibition of Tat activity is another potential target for
drug development. Tat is essential for efficient viral repli-
cation. An early small molecule Tat inhibitor proved clini-
cally useless, but interest in Tat as a drug development
target continues. Instead of targeting Tat itself, another
approach could involve the development of small molecule
inhibitors that block the interaction of Tat and TAR [68].
In vitro experiments have shown that inhibitors directed
at cdk9 can block Tat activity and inhibit viral replication
[69]. Such strategies aimed at the cellular functions essen-
tial for viral replication remain intriguing potential thera-
peutic targets that have not yet been exploited clinically,
but the inhibition of cdk9 represents an interesting exam-
ple of the approach. Although targeting cellular functions
may be difficult because it may be hard to develop an
inhibitor against important cellular functions that would
have an acceptable therapeutic index and toxicity profile,
targeting cellular functions may have some advantages. For
example, evolution so as to no longer require an important
cellular partner may represent a more formidable evolu-
tionary barrier for the virus than simply acquiring a single
mutation that changes one amino acid to another that pre-
vents a small molecule inhibitor from effectively blocking
the active site of a viral enzyme. Approaches to targeting
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Tat itself have included “TAR decoys,” RNA structures that
mimic TAR and bind Tat, making Tat unavailable to the TAR
in the viral messages, antisense oligonucleotides, which
interfere with the formation of the TAR structure, siRNA
(see above), and ribozymes, but these approaches would
probably involve gene therapy.

Post-transcriptional regulation of gene
expression by Rev
After Tat increases viral gene expression, the long tran-
scripts are subsequently processed into three distinct HIV
mRNA species: unspliced, singly spliced, and multiply
spliced messages with sizes of 9 kb, 4 kb, and 2 kb (Figure
2.5). As noted above, the 2 kb messages encode the viral
regulatory genes, whereas the longer messages encode the
viral structural genes and constitute the viral genomic RNA.
Rev controls the switch from the early pattern of viral gene
expression in which the multiply spliced 2 kb messages
are expressed to the late pattern of viral gene expression in
which the longer messages are expressed (reviewed in [70]).
Rev regulates this switch at a post-transcriptional level [71–
73]. These broadly characterized classes of messages can be
further subdivided into many additional message species
because the virus makes use of many alternative splice sites
that give rise to many species of viral messages [1, 74].

Transcription from the integrated HIV provirus produces
a full length HIV RNA. The HIV RNA is subject to com-
plicated splicing reactions. If the introns are not spliced
out of the RNA, the messages are not readily exported
from the nucleus and the 4 kb and 9 kb singly spliced and
unspliced messages tend to be retained within the nucleus.
Rev enables the export of these singly spliced and unspliced
messages from the nucleus. The HIV RNA contains a 250-
bp region within the envelope coding sequence that can
form a complicated stem-loop secondary structure called
the Rev-responsive element or RRE. Rev binds a “bubble”
of unpaired RNA in the middle of the RRE. Multiple copies
of Rev (as many as eight) bind to the RRE in a cooperative
fashion, and when the RRE binds sufficient quantities of
Rev, Rev and the longer unspliced messages bound to Rev
leave the nucleus. In the absence of Rev, the longer mes-
sages are retained within the nucleus, and are subjected to
the splicing reactions that produce the short messages.

Rev has two regions, one that determines nuclear local-
ization and binds RNA via an arginine-rich domain, and
another region that mediates nuclear export of Rev and the
HIV RNA bound to Rev [75–77] (Figure 2.7). Rev-mediated
export of the viral RNAs begins with the binding of multiple
Revs to the viral RNA RRE. Rev, with the bound HIV RNA,
binds to a cellular protein called CRM1, and the CRM1 in
the complex binds in turn to another cellular protein, Ran, a

Figure 2.7. Rev and the export of HIV RNA from the host cell

nucleus. Singly spliced and unspliced HIV RNAs are exported

from the host cell nucleus via a specialized host cell nuclear pore

apparatus, after Rev binds to the RRE sequence in the HIV RNA.

See text for details.

small GTPase, but only when Ran has bound GTP (this form
is called Ran-GTP) [78, 79]. This complex interacts with the
nuclear pore and is translocated into the cytoplasm. In the
cytoplasm two proteins, Ran GTPase activating protein 1
(Ran GAP1) and Ran binding protein 1 (Ran BP1) leads to
the hydrolysis of the GTP bound to Ran, which in turn leads
to the dissociation of the complex bound to the HIV RNA,
freeing the long HIV RNA for translation or incorporation
into virions as viral genomic RNA [80]. The transport out
of the nucleus is thus driven by the high energy phosphate
bond in the GTP bound to Ran. After discharging its bound
HIV RNA, Rev re-enters the nucleus by binding to a cellu-
lar protein called importin-� via Rev’s nuclear localization
signal [81]. Importin-� interacts with the nuclear pores,
resulting in the translocation of Rev bound to importin-
� back into the nucleus. In the nucleus, Rev is freed from
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importin-� via another interaction with RanGTP, allowing
Rev to bind new molecules of the HIV RNA to start the
cycle again. In a sense, Rev and the attached HIV RNAs are
exported out of the nucleus down a RanGTP gradient.

Rev is clearly essential for HIV replication. It is an invit-
ing, but as yet relatively unexploited target for antiretrovi-
ral drug development. Some small molecules have been
shown to inhibit Rev activity in vitro, including small
molecules, such as certain aminoglycoside derivatives, that
inhibit the interaction of Rev and the RRE [82]. No small
molecule inhibitors of Rev function have yet entered clin-
ical development, and targeting the general features of
nuclear export and splicing would likely prove quite toxic to
uninfected cells, since they also rely on the nuclear import
and export apparatus to move macromolecules into and
out of the nucleus. Some Rev mutants have been devel-
oped that can inhibit Rev function even when present
together in a cell with a wild-type version of Rev. When
introduced into a cell, these “transdominant negative” Rev
mutants inhibit Rev activity and block viral replication [71,
76]. Transdominant negative Rev mutants may constitute
another approach to the development of an intracellular
immunization strategy to block HIV replication, but suffer
from the same potential problems as other gene therapy
strategies aimed at inhibiting HIV replication. A small clini-
cal trial showed that inclusion of a transdominant negative
Rev mutant in CD4+ lymphocytes given to HIV-infected
patients prolonged the survival of the lymphocytes [83],
but further work has not been reported.

2.5 Translation of structural (late) viral messages
and post-translational modification of the late
viral proteins

After Rev directs the change from the early pattern of viral
gene expression to the late pattern of viral gene expres-
sion with the production of the long singly spliced and
unspliced RNAs, the messages that encode the viral struc-
tural and enzymatic proteins become available in the cyto-
plasm (Figure 2.5). A Gag preprotein, Pr55, and a Gag-Pol
fusion preprotein, Pr160, are translated from the full-length
9 kb RNA. Certain transdominant negative gag mutants
have been identified.

The structural components of the viral capsid, p16 (MA),
p24 (CA), p9 (NC), and p6 (NC) are first translated in the
form of the Pr55 preprotein, which is subsequently cleaved
by the viral protease to form the four proteins during virion
maturation. The Gag-Pol fusion protein is also cleaved dur-
ing virion maturation to form the products of the pol gene:
RT, IN, and PR.

HIV uses translational mechanisms to regulate the rela-
tive amounts of gag- and pol-derived protein production. In
the HIV virion, there are more gag-derived structural pro-
teins than there are pol-derived enzymatic proteins. The
virus must modulate translation from the same RNAs so as
to produce the optimal ratio of the different protein species.
The full-length 9 kb RNA contains two translational read-
ing frames. One reading frame encodes the Pr55 prepro-
tein for the gag-derived proteins. A second reading frame,
which overlaps the Pr55 reading frame by 200 bp, encodes
the Gag-Pol preprotein, Pr160, the precursor for the pol-
derived proteins. Translation from the first reading frame
is more efficient than translation from the second. The
ribosome must shift reading frames for the second read-
ing frame to be translated, a shift that occurs at a UUUU-
UUA tract in the viral RNA, to ensure the production of the
correct ratio of the Gag and Gag-Pol preproteins.

The 4 kb RNA encodes the envelope preprotein gp160
and the HIV accessory proteins Vpr, Vpu, and Vif. gp160
is translated in the rough endoplasmic reticulum (RER).
gp160 is glycosylated and transits through the Golgi com-
plex, and is cleaved by cellular proteases of the furin family
to form gp41, which remains anchored in the membrane,
and gp120, which remains noncovalently associated with
gp41 [84, 85]. The pattern of glycosylation may help to influ-
ence coreceptor usage by the virus [86]. From the Golgi,
gp120/gp41 moves to the external cell surface, anchored
in the host cell plasma membrane, where it awaits virion
assembly and budding. Envelope protein processing is
another critical step in the viral life cycle. If gp160 pro-
teolytic processing is blocked, no infectious virus is pro-
duced. While blocking cellular proteases may be an attract-
ive target, producing a drug with an acceptable therapeutic
index may be difficult given the widespread involvement of
the furin family of proteases in normal cellular physiology.

The glycosylation of the viral envelope glycoprotein also
appears to be essential for viral pathogenicity, although
perhaps not for viral replication in vitro. Critical, conserved
sites, such as the receptor binding sites in the glycosy-
lated proteins, appear to be masked in some way from the
host immune response [85]. When the glycosylation sites
in the envelope protein are deleted, the envelope glyco-
proteins become much more immunogenic, and in simian
immunodeficiency virus (SIV) monkey models, infection
with virus having deleted glycosylation sites produces a
much less pathogenic infection, probably because of the
more effective immune response the host can mount
against the virus lacking a protective cloud of sugar residues
guarding critical conserved immunogenic sites in the enve-
lope protein [87, 88]. This requirement for intact glycosy-
lation sites may have interesting implications for vaccine
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development, but therapeutic strategies involving the inhi-
bition of glycosylation are probably not feasible because
they would inhibit glycosylation of cellular proteins, a func-
tion critical for the function of many proteins.

In cells expressing CD4, gp160 and CD4 can become
non-covalently associated within the RER during transla-
tion and processing, preventing the appearance of gp120
and gp41 at the surface. There is also evidence that
these gp160/CD4 complexes cause cytopathic effects that
range from disruption of normal ER function to inter-
ruption of normal nuclear transport. The viral accessory
protein Vpu interacts with CD4 in the gp160/CD4 com-
plex and induces its degradation via ubiquitination and
proteosome-mediated proteolysis, a specialized degrada-
tion process that involves tagging a protein for destruction
by the proteosome apparatus with ubiquitin [89]. Gp160 is
thus freed from the complex and can be processed into
functional envelope glycoproteins. This Vpu-stimulated
degradation also results in the downregulation of CD4 at
the host cell surface, which may prevent superinfection of
the host cell [90].

2.5.1 Virion assembly, budding, and maturation

Assembly of immature virions occurs at the interior face of
the host cell’s plasma membrane, where the Gag and Gag-
Pol preproteins assemble beneath the envelope glycopro-
teins [91]. Following translation, Gag preproteins are myris-
toylated on glycine residues at their amino terminal ends:
a fatty acid, myristic acid targets the myristoylated to the
plasma membrane. Other, somewhat less well-described
features of the preprotein amino acid sequence direct the
protein to the plasma membrane, as opposed to other
membranous organelles [92]. Myristoylation inhibitors
have been shown to inhibit HIV replication, but are toxic
to cells because many cellular membrane proteins are
also myristoylated. A membrane binding domain near
the myristoylation domain also contributes to membrane
binding. The Gag preprotein does not bind randomly to
the plasma membrane. Instead, the preprotein preferen-
tially inserts into cholesterol-rich microdomains or “rafts”
in the plasma membrane. The preproteins may individ-
ually insert into small rafts that subsequently assemble
into larger domains that eventually grow to become the
sites where new virions bud out of the host cell mem-
brane [93, 94]. Virion budding through lipid rafts may
represent a mechanism through which the viral envelope
acquires characteristics distinct from its parental plasma
membrane source, including differences in lipid composi-
tion and the selective inclusion and exclusion of host cell
membrane proteins from the virion envelope. Agents that

deplete cholesterol from the plasma membrane, includ-
ing approved agents like simvastatin, decrease virion pro-
duction [93], but cholesterol is an obligatory component
of many membranes and serves other important func-
tions, and lipid rafts have other important roles in cellular
physiology. Inhibiting cholesterol synthesis to the extent
necessary to decrease viral production may well produce
unacceptable toxicities.

The simple association of Gag with the host cell plasma
membrane and insertion of the myristic acid into the lipid
rafts in the host cell plasma membrane is not sufficient
to drive the formation of a functional virion. Many, per-
haps about 1500, Gag molecules must assemble together
so that a functional viral core can eventually be formed. A
cellular protein called HP68, which normally functions as
an inhibitor of the interferon-inducible RNAse L, plays an
important part in assembling together the Gag molecules
and in promoting the formation of a functional viral core
[95].

Other aspects of virion assembly are also mediated by
CA. CA contains a domain that enables Gag to form mul-
timers [96], another that functions in the condensation
of the viral core, and another that binds the host protein
cyclophilin A, which functions as a prolyl isomerase for
host cell proteins [97]. Mutations in the multimerization
domain or the domain involved in core condensation pro-
duce virions with defective morphology. The interaction
with cyclophilin A also appears essential for the formation
of fully infectious virus, perhaps by ensuring that the CA is
optimally folded in the correct tertiary structure within the
virion after the Gag precursor is proteolytically processed
[98].

The viral RNA genome is recruited to the site of virion for-
mation and packaged into virions by interactions with the
Pr55 Gag preprotein [99]. The p9 (NC) region of this prepro-
tein contains the two zinc-finger amino acid motifs (cys-
X2-cys-X4-his-X4-cys, where X is any amino acid). These are
characterized as CCHC zinc fingers, which are structurally
distinct from many cellular zinc finger domains, which
also mediate binding of some proteins to nucleic acids, for
example binding by transcription factors. The full-length
genomic RNA contains a packaging signal sequence (or �

site) at the 5′ end of the molecule with a distinctive sec-
ondary structure, which is necessary for RNA packaging.
The sequence is spliced out of the short and intermediate
length viral RNAs, preventing them from being packaged
into virions. The mechanisms through which viral RNAs are
recruited to and packaged into nascent virions is another
target for antiretroviral drug development, some of which
are in early stages of development. These compounds are
zinc chelators, or zinc ejectors. They remove the zinc from
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the zinc finger or NC, which disrupts the structure of the
protein, making it unable to bind the HIV RNA, thus block-
ing the formation of infectious virions [100, 101]. The com-
pounds can selectively target the retroviral zinc fingers,
with little effect on the cellular zinc finger. NC may also
play a part in Gag multimerization.

HIV, like other enveloped viruses, requires that the
progeny virion bud out from the host cell plasma mem-
brane. While the proteins of HIV are essential for budding,
the virus has apparently pirated a cellular pathway, the one
used to form the multivesicular body (MVB), a late endo-
somal compartment [102]. The virus makes use of several
of the components of the MVB formation pathway, such
as the cellular protein Tsg101, to promote the budding of
the progeny virions. The eventual budding from the plasma
membrane is aided by an interaction between Gag (the p6
protein) and Tsg101 [103, 104]. Mutant versions of Tsg101
can inhibit virion assembly and so decrease viral replica-
tion. p6 is also responsible for recruiting the HIV accessory
protein Vpr (see below) for incorporation into new viri-
ons. The MA Gag protein has additional functions in virion
assembly. Certain point mutations or small deletions in the
molecule prevent Env from correctly associating with the
assembling viral proteins and being incorporated into bud-
ding virions, implying that gp41, the envelope transmem-
brane subunit, and MA interact in some specific fashion
that promotes Env incorporation into the virion [105].

After budding, the newly formed virion must undergo a
process of maturation involving the proteolytic processing
of the precursor proteins within the viral particle catalyzed
by the viral protease. Virions that have not undergone
maturation via proteolytic processing are not infectious.
During maturation, the viral protease, a derivative of the
Gag-Pol preprotein, cleaves Pr55 (Gag) and Pr160 (Gag-Pol)
proteins, releasing the capsid structural proteins and enzy-
matic pol-derived proteins to produce the final versions of
the proteins that make up the mature virion.

The function of the viral protease is essential for the pro-
duction of viable, infectious viral particles and has there-
fore become a favored target for drug development. HIV
protease inhibitors (PIs) have proved to be a remarkably
effective class of antiretrovirals, providing a key compo-
nent in many highly active antiretroviral therapy regimens.
Resistance to the PIs can develop and is described in more
detail, along with detailed descriptions of the mechanisms
of action of the PIs, in Chapter 21.

2.5.2 HIV accessory proteins

The HIV accessory proteins, Nef, Vpu, Vif, and Vpr, have
important functions in the viral life cycle and can serve
to enhance viral pathogenesis. In vitro, mutations in the

accessory genes do not completely preclude viral replica-
tion but, in vivo, the importance of accessory proteins can
be critical.

Vpu enhances virus production by downregulating the
HIV receptor, CD4, post-translationally, by binding the
cytoplasmic tail of CD4 while CD4 is in the endoplasmic
reticulum (ER) [106]. This prevents Env from being trapped
in the ER in a complex with CD4. Vpu also enhances virion
release via a mechanism that is not well understood [107].

Vif (for virion infectivity factor) appears to be required
in certain cell types, but not others, during the late stages
of infection to insure the production of infectious virus. Vif
is packaged into virions [108]. Some lymphocytes have an
innate antiretroviral activity that can act in a dominant neg-
ative fashion leading to the production of non-infectious
virus. Vif acts to suppress this innate antiretroviral activ-
ity. This antiretroviral activity results from a cellular gene,
APOBEC 3G (or CEM15), which inhibits the production of
infectious virus lacking Vif, but has no effect on the pro-
duction of infectious virus that has fully effective Vif [109].
APOBEC 3G inhibits the replication of HIV and other retro-
viruses by deaminating cytosine to uracil in viral minus
strand cDNA. This causes plus strand cDNA permutation
of guanosine to adenine, which inhibits HIV replication.
The cellular protein HP68, which functions in HIV capsid
assembly and maturation (see above) also forms a complex
with Gag and Vif [95].

Vpr has several functions, in addition to its activity in
localizing the PIC to the nucleus and mediating nuclear
import of the PIC (see above), which contributes to HIV’s
ability to infect non-dividing and differentiated cells [110].
Vpr is incorporated in large amounts into virions. Vpr
has a modest ability to increase HIV gene expression and
alters the expression of some cellular genes, acting mainly
through interactions with a cellular transcriptional co-
activator CBP/p300 [111], and also perhaps more indirectly
via its effects on the cell cycle of the host cell. Cells nor-
mally progress through the G1 (first gap), S (DNA synthe-
sis), G2 (second gap), and M (mitotic) phases. Vpr alters
the progression of the host cell through the cell cycle, caus-
ing the host cell cycle to arrest at the G2 phase [112]. Vpr
inhibits the activity of a p34cdc2-cyclin B kinase complex,
which is required for the cell cycle to progress through G2

to M. By arresting the host cells in the G2 phase, Vpr may
increase virion production, perhaps by making more pre-
cursors available for production of the virions. The HIV LTR
may be more active in G2, and so G2 arrest may contribute
to Vpr’s ability to increase HIV gene expression. Vpr has
apoptotic activity, via the mitochondria-dependent path-
way. The significance of this for viral replication is unclear.

Nef has several activities during viral replication and
is incorporated into virions. While not required for viral
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replication in vitro, Nef is clearly required for the virus to
be fully pathogenic, both in SIV monkey models and in
humans [113]. Some human cohorts infected with Nef-
deleted virus have been described, and they appear to
have decelerated disease progression [114]. Some investi-
gators have proposed that Nef-deleted viruses might con-
stitute potential HIV live virus vaccines, but the utility of
this approach seems low, since Nef-deleted virus is clearly
pathogenic over long periods of time and since Nef-deleted
SIV is pathogenic for newborn monkeys [115]. Nef aug-
ments the infectivity of HIV virions, induces downregula-
tion of cell surface CD4 molecules [116] by targeting CD4 for
incorporation into endosomes through interactions with
a cellular protein, �-COP [117], and interacts with cellu-
lar signal transduction pathways [118]. Nef also decreases
the surface expression of cellular MHC Class 1 molecule
by increasing endocytosis [119], which may decrease the
chance that an infected cell will be attacked by the host
immune system [120].

2.6 Conclusions

Since the discovery of HIV 20 years ago, a notable amount
of basic virological information has been obtained. This
information has yielded a profound understanding of the
pathogenetic strategies of the virus and has led to the devel-
opment of remarkably effective antiviral agents, agents that
have converted a uniformly fatal disease into a chronic,
though sometimes difficult-to-manage one. The antiviral
agents can block the transmission of HIV from mother to
infant, offering the possibility of saving millions of babies
from HIV infection. A thorough understanding of the basic
features of the HIV life cycle and the mechanisms of action
of the antiretroviral will allow the clinician to better under-
stand the pathogenesis of HIV disease in children and
employ the available antiretroviral therapies more ration-
ally and effectively.
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The immunology of pediatric HIV disease

Elizabeth J. McFarland, M.D.
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HIV-1 infection leads to profound immune dysfunction,
resulting in the clinical manifestations of acquired immun-
odeficiency syndrome (AIDS). The damage that HIV-1 does
to the immune system results from the direct, harmful
effects that occur when HIV-1 infects a cell, the effects
that virions and parts of virions have on cells that do not
become infected, and the chronic cell activation that results
from infection and the host’s response to infection. Abnor-
mal function of HIV-1-affected cells can then lead to dys-
function of other cell types, since the immune system is
a highly interconnected system. The main target cells of
HIV-1 include cells that are critical in the immune control
of the virus, impairing the ability of the host to mount an
effective immune response.

3.1 Immunopathogenesis

3.1.1 Primary infection

The majority of adult and adolescent HIV-1 infections are
the result of exposure of HIV-1 to mucosal surfaces. This
is likely true also for mother-to-child transmission that
occurs peripartum and during breastfeeding. Studies of
macaques inoculated intravaginally with simian immun-
odeficiency virus, an animal model for HIV-1, demonstrate
the events of primary infection [1]. Dendritic cells, resident
in the mucosa, transport HIV-1 to regional lymph nodes
within 48 hours of exposure. Within the lymph node, CD4+

T cells become infected through interactions with dendritic
cell-associated HIV-1. Subsequently, large numbers of new
virions are produced, and infected T cells and free virus
can be found in the peripheral blood and in lymph tissue

throughout the body approximately 4–11 days after infec-
tion.

In adults, and presumably adolescents, the levels of HIV-
1 found in the circulation increase rapidly over the first
weeks of infection, but then decline dramatically and reach
a stable set point at approximately 6 months after infection.
The appearance of HIV-1-specific cytotoxic T lymphocytes
(CTL) in the peripheral blood is temporally correlated
with the initial decline in plasma HIV-1 and may occur as
early as 6 weeks after infection (reviewed in [2]). Cytotoxic
T-lymphocyte responses appear prior to the detection
of neutralizing antibody, suggesting that cell-mediated
responses likely are the key immune activities leading to
suppression of the initial high levels of viremia. Animal
studies using treatments that deplete CD8+ T cells have
demonstrated a correlation between the presence of CD8+

cells and increased suppression of viremia [3, 4]. Anti-
body responses capable of neutralizing virus and antibody-
dependent cellular cytotoxicity (ADCC) appear later.

Innate immune responses also contribute to control of
plasma HIV-1 levels. CD8+ T cells produce soluble factors
that suppress HIV-1 replication in a non-MCH-restricted
manner [5]. This response does not require prior expo-
sure to generate the response. A major component of these
soluble factors are �-chemokines (RANTES, macrophage
inflammatory protein-1) that compete with HIV-1 for bind-
ing to co-receptors on monocytes and therefore restrict
HIV-1 cell entry [6]. Recently, the alpha-defensins 1, 2, and
3, produced by CD8+ T cells, have been determined to be
another important component of the soluble antiviral fac-
tors [7].

The immunologic events of perinatal primary infec-
tion are less well understood and may differ from those

40
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occurring during primary infection in adults. Most infants
reach peak viremia at 1–2 months of life but, unlike adults,
have only minimal declines in plasma virus over the next
several months [8]. Some children with rapid disease pro-
gression have no decrease in viral load over the first year of
life. Children with slow progression generally have a decline
in the number of viral copies/mL but usually not more than
0.5–1 log10.

A number of explanations for the absence of a signifi-
cant decline in viral load in some vertically infected infants
have been proposed. Among these is the possibility that
the infant’s immature immune system fails to mount an
effective response in the newborn period. Studies have
demonstrated a delay in the appearance of HIV-1-specific
CTL in perinatally infected infants, with responses infre-
quently detected prior to 6 months of life [9, 10]. Chil-
dren who have survived to age 2 years, have HIV-1-specific
CTL frequencies comparable with those observed in adults
[11]. The ADCC responses in infants are also less vigor-
ous [12]. Despite the relative deficiency of some HIV-1-
specific immune responses, peripheral blood cells from
some infected infants under 6 months of age will sup-
press the growth of HIV-1 during in vitro culture [13]. This
response may be production of the HIV-1-suppressive sol-
uble factors discussed above. Infants with this activity were
more likely to have slow progression [13].

Another possible explanation for relatively high viral
loads following vertical infection is transmission of virus
that has mutated to escape the maternal immune response.
Since the infant shares one half of its HLA alleles in com-
mon with the mother, virus that has adapted to the mother’s
immune response may have fewer epitopes that can be rec-
ognized in the context of the infant’s HLA type. Transmis-
sion of this type of escape mutant has been observed [14].
The observation that virus from infants with rapid progres-
sion develop fewer new mutations over time also suggests
that there is less immune pressure on viral replication in
the rapid progressor [15, 16].

3.1.2 Chronic/progressive infection/non-progressive
infection

Despite the presence of HIV-1-specific immune responses,
HIV-1 continues to replicate, damaging the immune sys-
tem and leading to the immune abnormalities described
below. Lymph nodes during the clinical latency period
harbor actively replicating HIV-1 and large quantities of
antibody-virus complexes bound to follicular dendritic
cells (FDC) in the germinal centers [17]. In vitro studies
show that virus bound by the FDCs is highly infectious for

Table 3.1 Mechanisms used by HIV-1 to evade

immune responses

Mutations no longer recognized by cytotoxic T
lymphocytes (CTL escape mutations)

Mutations no longer recognized by neutralizing
antibodies (neutralizing antibody escape mutations)

Inherent resistance to neutralization
Downregulation of MCH class I expression (mediated

by viral gene products, e.g. Nef, acting within the
infected cell)

Preferential infection and destruction of HIV-1-specific
CD4+ T lymphocytes

Dysregulation of cytokine production (IL-2, IFN-� ,
IL-12, IL-10)

CD4+ T cells [18]. In advanced HIV-1 infection, lymph node
architecture becomes grossly abnormal, with complete loss
of the normal germinal center organization. Ongoing viral
replication results in generalized immune activation with
higher levels of programmed cell death and T cell turnover.
There may also be impairment of ability of the thymus
to generate new T cells. Eventually the immune system
becomes unable to respond to infectious pathogens.

HIV-1 infected adults and children can maintain
detectable cytotoxic T cell-mediated immune responses
and HIV-1-specific antibody into advanced stages of
disease. However, HIV-1-specific lymphoproliferative
responses are notably low or absent during chronic, pro-
gressive HIV-1 infection. This may be an indication of rel-
ative deficiency of CD4+ helper T cell responses (reviewed
in [2]). Lack of T cell help may lead to defective effector cell
function. High levels of viremia are associated with sup-
pression of HIV-1-specific T cell proliferation by mecha-
nisms that are yet unknown [19]. In addition, CD4+ T cells
that are HIV-1-specific are preferentially infected by HIV-1
[20]. Thus, HIV-1 may directly delete some of the T cells
required for generating an immune response against it.

HIV-1 may use other mechanisms to evade the immune
response (Table 3.1). HIV-1 produces mutant virus at a
very high rate, allowing the outgrowth of virus with vari-
ant epitopes that fail to be presented by MHC class I and
thereby escape recognition by CTL (reviewed in [2]). HIV-1-
specific CTL have phenotypes that differ from the pheno-
type of CTL responding to some other chronic viral infec-
tions, raising the possibility that the HIV-1-specific CTL are
not fully functional as mature effectors [21–23]. One virus
protein, Nef, downregulates expression of MHC class I on
HIV-1 infected cells [24]. Expression of MHC class I is criti-
cal for CTL recognition and killing of infected cells. HIV-1 is
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resistant to antibody-mediated neutralization due to inher-
ent characteristics of the HIV-1 envelope protein (reviewed
in [25]).

A small number of HIV-1 infected adults and chil-
dren have no evidence of disease progression for 10 or
more years, with generally low levels of HIV-1 in plasma.
This course has been termed long-term non-progression
(LTNP). Genetic and viral phenotype factors have been
associated with LTNP. Some patients have had Nef-deleted
mutant virus which may result in a less pathogenic virus
[26]. Mutations in cellular molecules that are important
in the viral life cycle are associated with slower dis-
ease progression (reviewed in [27]). Some HLA alleles
are also associated with slower progression [27]. Patients
with LTNP are more likely to have HIV-1-specific lym-
phoproliferative responses as well as a high frequency of
HIV-1-specific CTLs [2]. Other qualitative aspects of their
immune response may help maintain better virologic con-
trol. Studies of the immune response in the persons with
LTNP raise the possibility that interventions that enhance
the natural HIV-1-specific immune response might render
it more effective and delay disease progression.

3.1.3 Effects of antiretroviral therapy

The possibility that the immune response can be improved
by therapeutic intervention has been supported in trials of
treatment during acute infection of adults. In a small study,
patients initiating HIV-1 treatment in the first weeks after
infection had markedly higher HIV-1-specific lymphocyte
proliferative responses than patients not initiating treat-
ment [28]. Among eight individuals thus treated who have
subsequently interrupted antiretroviral therapy in a con-
trolled fashion, five have maintained viral control off treat-
ment over a period of months and appear to have viral
set-points that are lower than would be expected based on
untreated historical controls. Although the cohort is small
and further controlled studies in larger numbers of subjects
are needed before firm conclusions are possible, these data
are encouraging in that it may be possible to remodel the
immune response.

It is unclear whether this scenario will apply to infants
receiving early treatment. Infants on antiretroviral treat-
ment with successful viral suppression before 3 months
of life do not maintain detectable HIV-1-specific immune
responses [10, 29]. Neither HIV-1-specific cell mediated,
nor HIV-1 antibody responses, are detected when tested
at age 12–15 months. Normal responses to other anti-
gens are found. The infants can generate an HIV-1-
specific response, as interruptions of treatment result in
rapid appearance of HIV-1-specific antibodies [30]. Infants
beginning antiretroviral therapy after 3–6 months have

higher levels of HIV-1-specific CD8+ T cell responses and
maintain HIV-1 antibodies (10). Studies of infants who
began antiretroviral therapy during acute infection and
then subsequently stopped antiretroviral therapy have not
been performed.

3.2 Immune abnormalities associated with
HIV-1 infection

Both cell-mediated and humoral immune functions are
affected during HIV-1 infection, placing patients at risk
for a wide variety of pathogens (Table 3.2). (For a descrip-
tion of the normal development of the immune system see
Chapter 1).

3.2.1 Cell-mediated immunity

Cell-mediated immunity primarily defends against intra-
cellular pathogens, notably viral infections, and malignan-
cies. Abnormal cell-mediated immunity in HIV-1-infected
children leads to more severe or recurrent disease from
pathogens such as varicella zoster virus, herpes simplex
virus, cytomegalovirus (CMV), Mycobacterium species, and
Salmonella species. Likewise, lymphomas and certain soft
tissue malignancies are also more common in HIV-1-
infected children. Abnormal cellular immune function also
contributes to abnormal humoral immunity.

3.2.2 Defects in helper T-lymphocyte cell function

The hallmark of HIV-1 disease is a decline in the abso-
lute number and percent of helper T lymphocytes (CD4+ T
lymphocytes). The CD4 protein found on the surface of
helper T lymphocytes is used by HIV-1 as a co-receptor for
entry into the cells. As a result, helper T lymphocytes are a
main target of HIV-1 infection. It is likely that both direct
cytopathic and indirect effects of HIV-1 contribute to the
abnormalities in CD4+ T lymphocyte function and num-
ber. As the number of CD4+ T lymphocytes declines, the
risk of opportunistic infections increases (see Chapters 4
and 5).

Preceding the decline in the absolute number of CD4+ T
lymphocytes, alterations in the helper T lymphocyte func-
tion are observed. A commonly used laboratory marker
of abnormal T-helper cell function is cell proliferation in
response to stimulation. Lymphocytes from asymptomatic,
HIV-1-infected children have reduced proliferation to com-
mon antigenic stimulants (tetanus, diphtheria, Candida)
after the age of 2 years or sooner in symptomatic children
[31]. As the immunodeficiency of HIV-1 disease progresses,
reduced proliferative responses to specific antigens are
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Table 3.2 Immunologic abnormalities associated with HIV-1 infection

Cellular
Decreased delayed-type hypersensitivity skin reaction
T-Lymphocytes

Decreased absolute numbers of CD4 positive (helper) T lymphocytes
Increased relative numbers of CD8 positive (killer/suppressor) T lymphocytes
Decreased CD4/CD8 ratio
Decreased numbers of cells with naı̈ve phenotype (CD45RA+/CD62L+)
Increased % cells with memory phenotype (CD45RO+)
Increased % CD8+ cells with diminished proliferative capacity (CD28−; CD95+)
Increased CD8+ T cells with activated phenotype (CD38+/HLA-DR+)
Decreased proliferative responses to antigen and mitogens
Altered cytokine production (see below)

Natural Killer (NK) cells
Decreased number of NK cells (CD16+/CD56+)
Decreased cytotoxic activity

Antigen Presenting Cells (monocytes and dendritic cells)
Decreased stimulation of T cell proliferative response to antigen
Decreased HLA-DR expression
Altered cytokine production

Phagocytes
Monocytes

Decreased clearance of RBC
Decreased Fc receptor expression
Decreased chemotaxis
Decreased intracellular killing
Decreased superanion production

Polymorphonuclear cells
Neutropenia
Increased or decreased chemotaxis
Decreased staphylococcus killing
Increased or decreased phagocytosis
Altered surface adhesion proteins and receptors

Humoral

B lymphocytes
Decreased number of antigen-responsive B cells (CD23+/CD62L+; CD21hi)
Polyclonal activation of B cells
Increased spontaneous immunoglobulin secretion from B cells
Decreased immunoglobulin secretion after stimulation of B cells
Increased IgG, IgA, IgM

Specific antibody responses
Decreased antibody response to immunization: hepatitis B, HIB conjugate, measles, influenza
Declining antibody titers to prior immunization: diphtheria, tetanus, Candida, measles

Cytokines

Decreased production of IL-2, IFN-�

Decreased production of IL-12
Decreased IFN-�

Increased production of IL-1�, IL-6, and TNF-�

Increased production of IL-10, transforming growth factor-�

NK – natural killer; RBC – red blood cells.
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followed by decreased responses to allo-antigens and, then
eventually, diminished responses to mitogens (stimulants
which activate all T cells regardless of antigenic specificity)
[32].

In HIV-1 disease, helper T lymphocytes also have an
abnormal pattern of cytokine secretion (reviewed in [33]).
The most prominent defect detected in both adults and
children is a decreased post-stimulation production of
IL-2 and IFN-� [34]. Since IL-2 and IFN-� are important
in promoting cell-mediated immune responses, deficient
production may contribute to defects in cell-mediated
function.

The delayed-type hypersensitivity (DTH) response deter-
mined by intradermal skin testing provides a global assess-
ment of cellular immune function. Patients with advanced
disease have poor DTH responses to memory antigens
such as tetanus, Candida, mumps, and others [35]. Con-
sequently, skin testing for Mycobacterium tuberculosis may
be unreliable in a patient who has lost DTH responses.

Changes in the phenotype of CD4+ T lymphocytes also
occur with HIV-1 infection. The pattern of cell surface pro-
tein expression defines lymphocyte phenotype, and phe-
notype correlates with function. Phenotypic changes can
therefore be monitored by determining changes in cell
surface protein expression. The most notable phenotypic
change is an increase in the proportion of memory CD4+

T lymphocytes (CD45RO+) relative to naı̈ve CD4+ T lym-
phocytes (CD45RA+CD62L+) [36, 37]. However, due to the
overall decline in CD4+ T lymphocyte numbers, the abso-
lute number of both naı̈ve and memory CD4+ T lym-
phocytes is lower in HIV-1-infected children. The relative
increase in memory cells may be the result of stimulation
by chronic exposure to HIV-1 or to inability of the thy-
mus to generate naı̈ve cells. Loss of naı̈ve cells may com-
promise the ability of the immune system to handle new
pathogens.

3.2.3 Defects in cytotoxic/suppressor T lymphocyte
cell function

Cytotoxic/suppressor T lymphocytes mediate direct cyto-
toxic activity against pathogen-infected and malignant
cells and release soluble factors which inhibit the growth of
some pathogens. CD8+ T lymphocytes may play a role in
down-regulating the immune response after an infection
has been controlled as well.

During acute infection, a large increase in the number of
CD8+ T lymphocytes occurs, probably the result of a vigor-
ous CD8-mediated primary immune response to HIV-1.
Large expansions of particular CD8+ T cell clones with
HIV-1-specificity are identified in acute and chronic

infection [38–40]. Subsequently, the absolute number and
percent of CD8+ T lymphocytes may remain high, partic-
ularly in symptomatic patients. The increased number of
CD8+ T lymphocytes can result in a decreased CD4/CD8
ratio (normally > 1), even before significant declines in
CD4+ T cell number occurs. In advanced disease, the abso-
lute number of CD8+ T lymphocytes may decline as a result
of lymphopenia. The majority of cells accounting for the
increase in CD8+ cells are activated (CD38+, HLA-DR+),
memory cells (CD45RO+) [41, 42]. A higher proportion of
CD8+ T cells in HIV-1 infected people have phenotypic
markers of decreased proliferative potential and increased
programmed cell death [43–46].

3.2.4 Defects in natural killer lymphocyte cell function

Natural killer (NK) cells are responsible for an early antigen-
independent cytolytic response against infected or malig-
nant cells (see Chapter 1). During HIV-1 infection, the num-
ber of NK cells is lower than in healthy controls and declines
with disease progression [47–49]. Early in HIV-1 infection in
both children and adults, laboratory tests reveal decreased
NK lytic activity and decreased production of IFN-� [48,
50, 51]. Exogenous cytokines (IL-2, IL-12, IL-15) can restore
these NK cell functions in vitro, suggesting that an altered
cytokine milieu may account in part for abnormal function
and that the defect might be reversed with immune-based
therapies [52].

3.2.5 Defects in antigen-presenting cell function

Antigen-presenting cells (APC), including monocytes,
macrophages, and dendritic cells, present antigens in the
context of either MHC class I or class II antigens to lym-
phocytes so that those lymphocytes can mount an immune
response against the antigen (see Chapter 1). The mode of
presentation and the type of cytokines produced by the APC
at the time of interaction with lymphocytes are believed to
determine the type of immune response generated. Mono-
cytes express CD4 and the co-receptors used by HIV-1 and
can be directly infected with HIV-1, resulting in abnor-
mal function and dissemination of the infection. Dendritic
cells express DC-sign, a surface molecule that binds HIV-1
and the association of HIV-1 with dendritic cells facilitates
infection of CD4+ T cells [53, 54]. The number of dendritic
cells in peripheral blood is decreased in acute and chronic
HIV-1 infection in adults [55–57]. Dendritic cells and mono-
cytes from HIV-1-infected patients have a decreased capa-
city to induce proliferation of T lymphocytes [58, 59].



The immunology of pediatric HIV 45

HIV-1 infection results in abnormal cytokine secretion
from monocytes and dendritic cells. Interleukin-12 is a
cytokine produced by antigen-presenting cells that pro-
mote cellular immune responses. The regulatory pathways
for production of IL-12 are altered during HIV-1 infection
and the levels of IL-12 produced are low (reviewed in [60]).
HIV-1 infection of monocytes in vitro, and presumably in
vivo, results in decreased IL-12 production in the infected
cells [61]. Moreover, the effects of HIV-1 infection on other
cytokines and co-receptors involved in the regulation of IL-
12 production result in decreased IL-12 production from
cells that are not directly infected with HIV-1 [62–67]. Since
IL-12 promotes cellular immunity, decreased production
may contribute to defective cell-mediated immunity dur-
ing HIV-1 infection [68, 69]. HIV-1 infected adults have
decreased production of interferon-� (IFN-�) from den-
dritic cells [55, 70]. Interferon-� is an important component
of the innate immune response to pathogens. Increased
tumor necrosis factor (TNF)-� serum levels and TNF-� pro-
duction have been observed in serum, PBMC, brain, and
monocytes infected in vitro [71]. Increased serum levels of
TNF-� and -� may contribute to wasting disease. Although
the correlation with wasting is less clear, high levels do
correlate with progressive encephalopathy. HIV-1 patients
also have increased plasma levels of pro-inflammatory
cytokines (IL-1�, IL-6) and anti-inflammatory cytokines
(IL-10, transforming growth factor-�) (reviewed in [33,
71]). Some of these cytokines can enhance HIV-1 repli-
cation. The dysregulation of cytokine production is also
likely to impair the development of normal immune
responses.

3.2.6 Defects in phagocyte cell function

Phagocytes engulf and kill extracellular pathogens (i.e. bac-
teria and fungi), generate granulomas, and localize infec-
tion. Defects in mononuclear phagocyte and polymor-
phonuclear leukocyte (PMN) function observed during
HIV-1 infection include decreased chemotaxis, diminished
intracellular killing, and decreased superanion radical pro-
duction; these defects may contribute to poor granuloma
formation observed in HIV-1-infected people [59].

PMNs defend against bacterial and fungal pathogens.
Patients with advanced disease often have neutropenia
resulting from drug toxicity and the effects of HIV-1 dis-
ease. HIV-1-infected patients may also have defects in PMN
function such as decreased phagocytosis, decreased bac-
tericidal activity, altered superoxide production, altered
chemotaxis, and altered surface adhesion molecules and
activation receptors [72–74].

Humoral immunity
Abnormal humoral immunity is observed in HIV-1-
infected adults and children, but has more significant clin-
ical effects among HIV-1-infected children. Even at early
stages of HIV-1 disease, children have increased rates of
minor and invasive bacterial infections. A likely explana-
tion is that HIV-1 has destroyed the ability to produce anti-
bodies against new antigens before the child is exposed
to many important pathogens. By contrast, an HIV-1-
infected adult may have generated memory B cells to many
pathogens prior to HIV-1 infection. These memory cells of
adults can then produce protective antibody against many
important pathogens upon repeat exposure, at least dur-
ing the early stages of HIV-1 disease. Hyperglobulinemia
is a notable feature of the disease, particularly in many
pediatric HIV-1 patients. Hypoglobulinemia can be seen
in some pediatric and adult HIV-1 patients.

3.2.7 Defects in B lymphocyte function

B lymphocytes are not infected by HIV-1 but have signifi-
cantly abnormal function during HIV-1 infection, probably
because of direct effects of HIV-1 gp120, altered cytokine
levels, and impaired CD4+ T cell mediated immunity. A
minority of patients will have hypogammaglobulinemia,
usually associated with advanced disease [75]. The more
common abnormality is a relatively non-specific poly-
clonal activation of B lymphocytes, which is observed soon
after HIV-1 infection, resulting in hypergammaglobuline-
mia [76]. Elevated IgG, particularly IgG1 and IgG2 sub-
classes, is observed by the age of 6 months in the many HIV-
1-infected infants (Table 3.3) [77]. Elevated IgA and IgM are
also observed, particularly among infants with rapidly pro-
gressive disease [77]. Tests of B lymphocytes in vitro reveal
increased spontaneous immunoglobulin (Ig) production
and cell proliferation, but decreased specific Ig production
and cell proliferation in response to stimulation with recall
antigens or mitogens specific for B lymphocytes [76]. The
majority of the cells produce polyclonal low affinity anti-
body not directed against a discernible pathogen, although
some of the cells (20–40%) make HIV-1-specific antibody
[78]. This HIV-1-specific antibody often does not effectively
neutralize the HIV-1 found in the plasma contemporane-
ously although it may neutralize HIV-1 isolated from early
times in the infection. There is evidence that gp120 acts
as a superantigen for subsets of B lymphocytes that bear
a particular variable heavy chain type, resulting in over-
stimulation of these cells [79]. Increased levels of IL-10 and
IL-15 have also been associated with hypergammaglobu-
linemia [80, 81].
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Table 3.3 Serum immunoglobulin levels (median and upper 95% confidence limit) in uninfected,

asymptomatic, and symptomatic HIV-1-infected children

Children

Age (months) Uninfected Asymptomatic Symptomatic

IgG (mg/dl) 0–1 554 + 757 836 + 1091 952 + 1122
1–6 437 + 630 551 + 657 1360 + 1514
7–12 565 + 711 615 + 918 1893 + 2422

13–24 725 + 998 774 + 1120 2125 + 2855
IgA (mg/dl) 0–1 16 + 30 16 + 27 54 + 69

1–6 24 +32 27 + 39 74 + 98
7–12 27 + 68 26 + 42 141 + 191

13–24 42 + 69 45 + 89 149 + 188
IgM (mg/dl) 0–1 47 + 78 47 + 77 103 + 152

1–6 59 + 89 85 + 109 134 + 159
7–12 79 +104 108 + 134 167 + 183

13–24 105 + 130 120 + 177 149 + 191

Modified from [77].

3.2.8 Defects in specific antibody production

Despite hypergammaglobulinemia, HIV-1-infected chil-
dren have functional hypogammaglobulinemia because
of diminished ability to produce specific antibody in
response to both new and recall soluble antigens. Anti-
body responses are decreased to both T-independent and
T-dependent antigens. In studies of recall responses to
tetanus, diphtheria, and Candida, asymptomatic children
< 2 years of age had antibody responses similar to unin-
fected children [31]. After 2 years of age, untreated HIV-
1-infected children had decreased antibody responses to
these antigens, even with normal CD4+ T lymphocyte num-
bers [31]. Responses to hepatitis B, measles, influenza,
and Haemophilus influenzae type B vaccines are decreased
in untreated HIV-1-infected infants [82–85]. Disease pro-
gression is associated with a decline in B lymphocyte
numbers with a preferential loss of B lymphocytes which
respond to antigen (CD23+/CD62L+; CD21low), perhaps
leading to decreased production of antigen-specific anti-
body [86, 87]. The soluble gp120 and presumably HIV infec-
tion of CD4+ T cells impairs T cell help for specific B cell
responses [88].

3.2.9 Surrogate markers for disease progression: CD4+

T lymphocyte values

Surrogate markers that predict the risk of disease progres-
sion before the onset of clinical symptoms are essential for
optimal management. Plasma viral RNA quantitation and

CD4+ T lymphocyte numbers and percentages have proved
to be important and independent markers for progression
and response to therapy. CD4+ T lymphocyte numbers are
the most useful predictor of the risk of opportunistic infec-
tions and are used to make recommendations for the initi-
ation of prophylactic therapy.

3.2.10 Technique for CD4+ T lymphocyte number and
percentage determinations

The standard technique for determining CD4+ T lympho-
cyte number is cell surface marker (i.e. surface protein)
analysis performed by flow cytometry, with a concur-
rent complete blood count (CBC) determined by stan-
dard hematology techniques [89]. Peripheral blood cells
are incubated with antibodies specific for cell surface pro-
teins that identify the cells of interest. The monoclonal
antibodies are conjugated to fluorescent molecules which
produce a fluorescent emission of a particular wavelength
upon excitation by the light source in the flow cytometer.
In the case of CD4+ T cell determinations, the fraction of
total lymphocytes that express both cell surface markers
CD3 (a protein in the T cell receptor, a marker shared by all
T cells) and CD4 (marker of helper T cells) is determined.
This value is frequently reported as the percentage of the
lymphocytes that are CD4+ (percent CD4+ T cells). Abso-
lute CD4+ T lymphocyte counts are determined by multi-
plying the percentage of CD3+/CD4+ lymphocytes by the
absolute lymphocyte count determined from the white



The immunology of pediatric HIV 47

blood cell count (WBC) from the concurrent CBC results:

Absolute CD4+ T lymphocyte count
= absolute lymphocyte count

×%CD3+/CD4+ lymphocytes
= WBC × %lymphocytes
×%CD3+/CD4+ lymphocytes.

In order to standardize CD4+ T lymphocyte determina-
tions, the US Public Health Service has published detailed
guidelines for laboratories performing the test [89]. Single
platform analysis is an alternative flow cytometric method
developed recently that allows direct measurement of the
absolute CD4+ T cell count without a separate CBC meas-
urement [90].

Many laboratories determine CD4+ T lymphocyte num-
bers in the context of a larger panel of cell surface
markers, often including killer/suppressor T lymphocytes
(C3+/CD8+ lymphocytes) and B lymphocytes (CD19+ lym-
phocytes). This permits calculation of the CD4/CD8 ratio.
This ratio has been used as an early marker of immunologic
abnormality and was once one of the key indicators used
to diagnose AIDS, but is now used less frequently in clinical
practice.

A number of biologic and analytic factors can introduce
variability into CD4+ T lymphocyte test results. The proce-
dure involves calculation of the absolute count based on
three separate measurements (the total WBC, percent lym-
phocytes, and percent CD4 lymphocytes), each of which
can introduce a source of error [91]. Biologic sources of vari-
ability include diurnal variation, acute illness, immuniza-
tions, and drug therapy, particularly corticosteroids [91–
94]. The CD4+ T lymphocyte values will vary with the time
of day with the lowest values at noon and a peak in the
evening. Between 8:00 am and 4:00 pm, the usual clinic
hours, an average 19% increase in the CD4+ T lymphocyte
count can occur in HIV-1 infected adults [91]. It is best
to obtain specimens for CD4+ T lymphocyte determina-
tions on an individual at a consistent time of day. Acute
illnesses and immunizations may increase or decrease the
total WBC as well as cause transient changes in the percent
CD4+ T lymphocytes. Likewise, corticosteroid therapy is
associated with decreases in absolute CD4+ T lymphocyte
counts, particularly after acute administration (transient
decreases from 900/mm3 to 300/mm3 in adults) [93, 94].
Even without the presence of one of the above conditions,
stable patients on average may have a ± 22% change in
absolute CD4+ T cell counts between specimens [92]. CD4+

T cell percentage values fluctuate less than absolute counts
primarily because variations in total white cell count result
in changes in absolute counts but do not affect the percent-
age values [95]. In view of this variability, CD4+ T lympho-

cyte values which differ substantially from previous values
should be evaluated critically especially if obtained during
acute illnesses or soon after immunizations.

3.2.11 Interpretation of CD4+ T lymphocyte values

Interpretation of CD4+ T lymphocyte numbers in chil-
dren requires recognition that the normal number of cells
declines with age over the first 6 years of life (see Chapter 1).
Normal values for each age have been determined and
are used when evaluating CD4+ T lymphocyte numbers
in infants and children (see Chapter 1, Figure 1.1). The age-
related change is particularly marked for absolute CD4+ T
lymphocyte counts; % CD4+ T lymphocyte values change
less with age [95].

Routine monitoring of CD4+ T lymphocyte number and
percentage is critical to optimal clinical management of
HIV-1-infected infants and children as described in more
detail in Chapter 9. Pediatric guidelines recommend mon-
itoring both percentage and absolute CD4+ T lymphocyte
counts and determining disease staging based on the low-
est of the two values. Due to the potential variation in CD4+

T lymphocyte values (see above), major therapeutic decis-
ions, such as changing antiretroviral therapy or initiating
prophylaxis, should only be made after the changes have
been confirmed with repeat testing and other sources of
variability have been ruled out. A sustained decrease of
50% in the absolute CD4+ T cell count or percentage is
accepted as significant evidence of disease progression.
Smaller changes that are found repeatedly can also be sig-
nificant if a consistent trend is observed.

3.2.12 Evaluating prognosis and response to therapy
using CD4+ T lymphocyte values

HIV-1 infection in children is associated with a progressive
decline in CD4+ T lymphocyte values greater than the nor-
mal physiologic decline [77, 96]. Cross-sectional and lon-
gitudinal studies using healthy controls demonstrate sig-
nificant decreases in CD4+ T lymphocyte numbers from as
early an age as 2 months (Figure 3.1) [96]. These early differ-
ences primarily reflect the declines among symptomatic,
rapidly progressing children (Table 3.4) [77]. However, by
age 13–24 months, CD4+ T lymphocyte values are signifi-
cantly lower among asymptomatic children compared with
uninfected age-matched infants as well (Table 3.4) [77].

CD4+ T lymphocyte numbers and percents and the rate
of decline of CD4+ T lymphocyte numbers are useful mark-
ers of prognosis in HIV-1-infected children and adults. The
staging system for children<13 years published by the Cen-
ters for Disease Control (CDC) in 1994 incorporates both
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Table 3.4 CD4+ and CD8+ T lymphocyte numbers (mean ± standard deviation) in uninfected,

asymptomatic and symptomatic HIV-1-infected children

Children

Age (months) Uninfected Asymptomatic Symptomatic

CD4+ lymphocytes 0–1 2900 ± 1541 2580 ± 1501 2317 ± 1317
(cells/�L) 1–6 3278 ± 1401 3482 ± 1234 1706 ± 1215

7–12 3051 ± 1285 2769 ± 1326 1951 ± 882
13–24 2584 ± 1105 2030 ± 1481 1680 ± 1089

CD8+ lymphocytes 0–1 1418 ± 791 1404 ± 974 1499 ± 1046
(cells/�L) 1–6 1626 ± 985 1457 ± 709 1613 ± 958

7–12 514 ± 300 394 ± 334 523 ± 266
13–24 1374 ± 663 1902 ± 844 2242 ± 1290

Modified from [77].
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Figure 3.1. CD4+ T lymphocyte numbers for HIV-1-infected infants during the first year of life. Mean and 95% confidence interval for

CD4+ T lymphocytes (cells/�L) by HIV-1 status for infants born to HIV-1-infected mothers and followed prospectively. The solid circles

represent 31 HIV-1-infected children; the open triangles represent 28 HIV-1-negative (seroreverting) children. The data are represented

as the means ± standard errors. For all data comparisons beyond 45 days, a p value of at least 0.05 exists. Reprinted with permission from

Shearer et al. Ann. N. Y. Acad. Sci. 693 (1993), 35–51, [96].

CD4+ T lymphocyte values and clinical symptoms (see
Chapter 5, Table 5.3) [97]. Baseline CD4+ T lymphocyte
values and changes with therapy are useful in predicting
the risk of disease progression independent of the predic-
tive value of quantitative plasma viral RNA [98–100]. For
example, patients with ≥ 1000 cell/mL3 at age < 12 mo and
≥ 500 at age 12–30 mo are less likely to progress (Figure 3.2)
[98].

As described more extensively in Chapter 5, the clini-
cal presentation of HIV-1 infection in infants with verti-
cally acquired disease is bimodal with approximately 30%
of infants having rapid progression. Infants with rapid
progression often have a lymphocyte phenotype which
suggests defective thymus function (markedly decreased
CD4+ and CD8+ T lymphocytes and CD5+ B lympho-
cytes) [101]. They may have precipitous declines in CD4+
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(a) (b)

Figure 3.2. Prognostic threshold effects for CD4+ T lymphocyte counts correspond to Centers for Disease Control immunologic

categories. Kaplan–Meier estimates of disease progression-free survival utilizing baseline CD4+ T lymphocyte counts. Figure 3.2a depicts

infants between 3 and 12 months of age at study entry while Figure 3.2b depicts infants between 12 and 30 months. Approximate quartiles

were established for baseline CD4+ T cell counts as represented at the bottom of each figure. Reprinted with permission from Palumbo

et al. J. Am. Med. Assoc. 279 (1998), 756–61 [98].

T lymphocyte number such that within a 3-month inter-
val their CD4+ T lymphocyte number can decline into the
range associated with an increased risk of Pneumocystis
carinii pneumonia [102]. Infants and children with slow
progression have gradual declines in CD4+ T lymphocyte
values.

One of the most important uses of CD4+ T lympho-
cyte determinations has been predicting the risk of spe-
cific opportunistic infections. Risk-benefit ratios for pro-
phylaxis of a particular opportunistic infection can then
be determined and recommendations for when to initi-
ate such therapy made. Prophylaxis strategies for pediatric
HIV-1 patients are described in Chapter 11 .

3.3 Immune restoration after highly active
antiretroviral therapy

The immunologic abnormalities described above are asso-
ciated with untreated, progressive HIV-1 infection. Suc-
cessful treatment with highly active antiretroviral therapy
(HAART) results in reversal of most of the clinical and
many of the immunologic signs of disease progression
(reviewed in [103, 104]). Patients receiving effective treat-
ment have a lower incidence of opportunistic infections,
resolution of HIV-1-related dysfunction of primary organs
(i.e. encephalopathy), and improved growth.

The clinical improvements are correlated with increases
in CD4+ T cell percentage and absolute cell count. During

the first 4–8 weeks after initiating HAART, there are rapid
increases in the number of CD4+ T lymphocytes as well
as increases in the number of B lymphocytes (Figure 3.3)
[105, 106]. The number and percentage of CD4+ T lym-
phocytes continues to increase over the following 12–18
months. The rapid increases observed early after starting
treatment suggests that the initial increases are the result
of redistribution of cells that had been sequestered in lym-
phoid tissue (reviewed in [104]). Phenotypic analysis sup-
ports this explanation, as in older children and adults, the
increase in CD4+ T cells is largely accounted for by cells
with memory phenotype [105]. Younger children have an
early increase in naı̈ve cells as well as memory cells, sug-
gesting they may mobilize naı̈ve cells from the thymus ear-
lier after initiation of treatment than older children [105,
107–109]. After the initial rise, the continued increases in
CD4+ T cells are almost entirely accounted for by cells with
naı̈ve phenotype [105, 106, 110]. Most likely these cells are
newly derived from the thymus, although the contribution
of proliferation of naı̈ve cells in the peripheral pool cannot
be excluded [111, 112].

The predominance of naı̈ve cells after treatment would
be expected to allow the generation of responses to new
antigens. However, it may also predict that spontaneous
reconstitution of responses to recall antigens may not
occur. Functional assessments of immune responses have
been consistent with this concept. The number of chil-
dren with delayed type hypersensitivity (DTH) responses
to antigens (e.g. Candida) increases after 12–18 months of
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Figure 3.3. Changes in lymphocyte populations after highly active antiretroviral therapy. Median change from entry values of CD8+ T cell

(dotted line), CD4+ T cells (dotted-dashed line), B cells (solid line), and NK cells (dashed line) over the course of 24 weeks. Values shown

as cells/�L. A statistically significant (P< 0.05) change from baseline is identified with an asterisk. Reprinted with permission from

Sleasman et al. J. Pediat. 134 (1999), 597–606 [105].

treatment [113]. Likewise, following HAART, lymphopro-
liferative responses often increase for antigens to which
re-exposure is likely to occur (i.e. Candida, CMV, Mycobac-
terium avium) [106, 107, 113–115]. By contrast, prolifer-
ative responses to antigens that are not common in the
environment, such as tetanus, are less likely to increase
with HAART alone [106]. However, preliminary studies indi-
cate that responses to uncommon antigens can be gener-
ated through boosting or reimmunization [106, 116]. Fur-
ther studies of the response to re-immunization in children
receiving HAART with a number of the usual childhood
vaccines are underway. Adults treated with HAART have
decreases in quantitative IgG, IgM, and IgA levels, which
are normally elevated during HIV-1 infection, indicating
improvements toward a more normal B lymphocyte func-
tion [117, 118]. However, not all patients achieve normal
levels of immunoglobulins, despite increases in CD4+ T
cell parameters and HIV-1 suppression [119]. Studies of the
effect of HAART on hypergammaglobulinemia in children
are few.

The number of CD8+ lymphocytes increases transiently
in the first 8 weeks, but then returns to baseline by 12 weeks
(Figure 3.3) [105]. The percentage of CD8+ T cells declines
as the relative number of CD4+ T cells increases and the

CD4/CD8 ratio normalizes. There are significant changes
in phenotype with approximately 40% decrease in the num-
ber of cells with cell surface markers for activation and pro-
grammed cell death and a modest increase in the number of
CD8+ T cells with naı̈ve phenotype [120]. There is a decline
in the frequency of CD8+ T cells with HIV-1 specificity [121].
This is likely an adaptation to the decline in viral antigen
levels as virus replication is suppressed.

In many children, HAART is associated with effective
suppression of plasma HIV-1 RNA to levels that are low
or below the limits of detection. However, a substantial
number of children will not have durable suppression of
viral load, and plasma HIV-1 RNA levels return to near-
pretreatment levels [106, 109, 122–124]. Many of these
children will have increased CD4+ T cell counts in the
face of ongoing viremia. The proportional increases in
CD4+ T cell counts may be as great in these so-called
virologic non-responders/immunologic responders as in
those children who achieve complete viral suppression
[122]. Children with ongoing viremia still derive clini-
cal benefit from HAART if their CD4+ T cell counts are
increased [124, 125]. The explanation for the ability of
the immune system to be at least partially restored in the
face of continued high level viral replication is not fully
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understood. Some evidence points to decreased viral fit-
ness or a switch of virus strain to a less pathogenic pheno-
type [126–129].

The ability to achieve clinically significant immune
restoration appears to be limited by nadir CD4+ T cell
counts in adults. Adults with very low CD4+ lymphocyte
counts, particularly prolonged, are less likely to show evi-
dence of immune restoration following HAART. This lim-
itation is less apparent for HIV-1-infected children. Even
children who have initiated treatment with profoundly sup-
pressed CD4+ T cell counts commonly have had increases
to the normal range [108, 113, 126, 130]. Studies comparing
children initiating treatment with CD4+ T cell numbers cor-
responding to CDC category 2 or 3, found that by 18 months,
the CD4+ T cell numbers and percentages achieved were
comparable in both groups. In these pediatric patients, the
slope of increase was greater among children beginning
treatment at lower CD4+ T cell values (Figure 3.4) [113].
It is likely that increased thymic function in children con-
tributes to the greater capacity for restoration of T lympho-
cytes [109, 111, 126]. The lowered incidence of opportunis-
tic infections in these children indicates that the cells are
adequate to prevent these infections. Studies to compare
immune responses to recall and new antigens between chil-
dren initiating HAART at high versus low CD4 counts are in
progress.

The question of whether the immune system can be
restored to a completely normal state after HIV-1 dis-
ease has progressed to the point of significant immun-
odeficiency has occurred remains debatable. It appears
that subtle abnormalities persist. The levels of cell acti-
vation decrease but remain above normal. The distri-
bution of different T cell receptors may not completely
normalize, a possible indication of limited diversity in
the T cell population or the persistence of expanded
clones [131, 132]. The production of some cytokines
remains abnormal [133, 134]. Treatment with a variety of
immunologically active agents, such as IL-2, has been pro-
posed as possible interventions to correct these persist-
ent abnormalities. Additional research is needed to deter-
mine whether the continuing immune system abnormal-
ities will translate into altered clinical course in the long
term.

3.4 Prophylactic HIV-1 vaccination

A prophylactic HIV-1 vaccine is critically needed. As dis-
cussed in Chapter 6, new HIV-1 infections continue to
occur throughout the world. Although mother-to-child-
transmission has been reduced to under 2% in resource-

(a)

(b)

Figure 3.4. Changes in CD4+ T cells depend on baseline values.

Changes (mean, SD) in CD4+ T cell counts (a) and CD4+ T cell

percentages (b) in patients in CDC category 2 (filled circles) and

patients in CDC category 3 (open circles) during 18 months of

stavudine, lamivudine, and indinavir treatment. Reprinted with

permission from [113].

rich countries, transmission rates may be as high as 30–
40% in developing countries because there are many
obstacles to implementation of effective interventions to
prevent mother-to-child transmission. Even when peri-
natal interventions are available, many infants continue
to be infected through breastfeeding because formula
feeding is not possible in many resource-poor areas. An
effective vaccine would have a major impact on public
health.

The correlates of immune protection from infection with
HIV-1 are unknown. In animal models using SIV, steriliz-
ing protection (the absence of any evidence of infection)
has been difficult to achieve. High titer neutralizing anti-
body with activity against the challenge strain can provide
sterilizing immunity by active or passive immunization in
macaques [135–139]. However, challenges with virus het-
erologous to the strain on which the candidate vaccine was
designed result in infection [139]. Unfortunately, identify-
ing vaccine candidates that induce high titers of neutraliz-
ing antibodies required for protection has proven difficult
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(reviewed in [25, 140]). Although some vaccine strategies
used in human trials have generated neutralizing antibody
for laboratory strains of virus, no candidate vaccines tested
to date have succeeded in generating high titer neutralizing
antibody for primary HIV-1 isolates [141–143]. Additional
challenges to vaccine design are the inherent heterogen-
eity and structural resistance to neutralization of the HIV-1
envelope protein [25].

More recently, investigation has focused on induction
of HIV-1-specific CTL by candidate vaccines. As discussed
earlier in this chapter, HIV-1-specific CTL can suppress
viral replication. Vaccines have been designed specifi-
cally to induce cell-mediated immunity. The most com-
mon strategies use naked DNA vaccines and/or live vec-
tor vaccines made by inserting a portion of the HIV-1
genome into attenuated viruses that do not cause dis-
ease in humans. These vaccines are being tested alone
or in a prime-boost series using various combinations of
DNA vaccines, vector vaccines, and protein subunit vac-
cines [140]. A number have been tested in animal mod-
els where it is possible to administer challenge virus after
immunization. Vaccines that induce cell-mediated immu-
nity in the absence of neutralizing antibody have failed to
provide sterilizing immunity in these animal models. How-
ever, when vigorous virus-specific CTL have been induced
prior to challenge with large doses of pathogenic virus, the
levels of plasma virus and disease progression have been
markedly reduced [144–146]. Although sterilizing immu-
nity might be the ultimate goal, a vaccine that could
delay disease progression by years or lower viral load and
thereby reduce transmission to other contacts would be
highly beneficial. It is not yet known whether the results
observed in trials with animals will correlate with efficacy in
humans.

Several HIV-1 vaccine candidates have completed Phase
I and II clinical trials [25, 140]. A protein subunit vaccine
did not demonstrate efficacy in a phase III trial. A phase III
trial of a recombinant canarypox virus vector with protein
subunit boost is underway. HIV-1 envelope protein sub-
unit vaccines have been tested in infants born to HIV-1-
infected mothers and found to be immunogenic [147–149].
Since rates of transmission are so high in some countries,
a vaccine with only modest efficacy could still have impor-
tant effects on incidence of infection in regions with ram-
pant epidemics. Although much effort has been focused
on HIV-1 vaccine development, the clinical development
of effective vaccines is still at an early stage. Unfortunately,
HIV-1 vaccines have no current, generally available role in
prophylaxis against HIV-1 infection or the management of
HIV-1-infected patients.

3.5 Summary

Progressive HIV-1 disease results in cell-mediated and
humoral immune defects affecting both the numbers and
functions of immune cells. The onset of the immune dys-
function is usually gradual except in infants with rapid
progression. The insidious deterioration of immune func-
tion leads to increased susceptibility to a wide variety of
pathogens and an increased risk of malignancy. The salient
feature of the immunodeficiency is reduction in the num-
ber of CD4+ T lymphocyte numbers and in the fraction
of lymphocytes that are CD4+ T cells. CD4+ T cell counts
are useful prognostic markers, which predict risk of pro-
gression, risk of particular opportunistic infections, and
clinical response to therapy. CD4+ T cell counts should be
used in conjunction with plasma viral copy number and
clinical manifestations for optimal management of HIV-1
disease. Highly active antiretroviral therapy is associated
with improvement in many of the immunologic abnor-
malities that occur in progressive HIV-1 infection. Strate-
gies that alter HIV-1-specific immunity are areas of active
investigation with the hope that long-term outcome can be
improved if immune defenses can be enhanced.
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The clinical virology of pediatric HIV disease

Paul Palumbo, M.D.

Departments of Pediatrics and of Biochemistry and Molecular Biology, UMDNJ-New Jersey Medical School, Newark, NJ

The advent of potent antiretroviral therapy and effect-
ive prophylaxis for opportunistic infections has created a
clear need for early diagnosis of HIV infection in pediatric
patients and for methods of monitoring disease course and
response to therapy. The field has undergone substantial
progress within the past decade and innovations continue
to emerge. Diagnostic issues will be addressed initially in
this chapter, followed by virologic approaches for monitor-
ing disease course and response to therapy.

4.1 Virologic assays for the diagnosis
of pediatric HIV infection

4.1.1 Serology

Reports of the isolation of a human immunodeficiency
virus (LAV; HTLV-III; later to be known as HIV-1) in 1984
[1–4] were quickly followed by the development of enzyme
immunoassays (EIAs) capable of detecting a human anti-
body response to infection [5, 6]. It soon became clear
that reactive EIAs required confirmation by Western blot
to verify that the EIA-detected immune response was HIV-
specific. While confirmation is essential for all EIA-reactive
specimens, it is particularly important in low-risk popu-
lations where the positive predictive value of EIA is rel-
atively low [7–10]. This issue has recently resurfaced in
the context of rapid antibody tests, which can provide test
results soon after the specimen is obtained at the same
visit [11]. These rapid diagnostic tests can be performed
in 10–30 minutes, an appealing feature for relatively non-
compliant populations and for pregnant women at labor
and delivery with an unknown HIV infection status. These

rapid assays have similar performance characteristics as
the standard EIA and thus have a troublesome false pos-
itive rate, which varies with the prevalence of HIV infec-
tion. Overall, the false positive rate has been estimated by
the CDC as 0.4% of all persons tested and as high as 18%
of all initial reactive results, particularly in low-prevalence
populations. The United States (U.S.) Public Health Service
recommends the consideration of this alternative rapid
diagnostic approach, i.e. rapid screening with reporting of
results during the same clinic visit, followed by confirma-
tory assays in the event of reactive assays [11]. Currently,
there are two rapid tests licensed by the FDA (Murex Single
Use Diagnostic System (SUDS) HIV-1 test, Abbott Labo-
ratories, Inc., Abbott Park, ILL; and OraQuick Rapid HIV-
1 Antibody Test, OraSure Technologies, Inc., Bethlehem,
PA). The former requires an on-site laboratory while the
latter is a self-contained system that can be performed
at the bedside or in the clinic. There are many additional
rapid tests and assay formats which can be performed with
relative ease but which have not yet received U.S. regula-
tory approval. A possible future approach is the confirma-
tion of rapid test results with a second rapid test, allow-
ing same visit results and decision-making with the high
sensitivity, specificity, and predictive value of the standard
EIA/Western blot approach [12]. Clinical trials evaluating
rapid tests during labor and delivery are underway.

The serologic diagnostic approach remains the method
of choice for adults and children over 2 years of age,
but its utility is critically compromised in young infants
due to transplacental passage of HIV antibody from their
HIV-infected mothers. Virtually all newborns and infants
of such mothers will test positive for HIV antibody,
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regardless of whether the virus was actually transmitted.
Relatively rare exceptions include hypo- or agammaglobu-
linemia and extreme prematurity (the majority of antibody
is transferred during the third trimester). Early in the HIV
pandemic, clinicians caring for HIV-exposed infants were
limited to following the loss or persistence of antibody over
a period as long as 18 months before being able to establish
infection status. As with many other perinatal infections,
detection of infant IgM antibodies has not proven feas-
ible, while the use of IgA-specific antibody assays are most
sensitive after 6 months of age and have not gained wide
acceptance[13–18]. Serological assays for diagnosis of HIV
infection are discussed in more detail in Chapter 7.

4.1.2 Viral detection

The mainstays of diagnosis during the first 18 months of
life are direct virologic detection assays, specifically poly-
merase chain reaction (PCR), viral culture, and viral p24
antigen detection. While all of these assays have targeted
applications, HIV DNA PCR performed on peripheral blood
mononuclear cells has become the most widely used due
to considerations such as accuracy, cost, and performance
time.

Viral culture
In vitro cultivation of HIV from peripheral blood cells was
one of the earliest viral detection assays developed and
applied to diagnosis in infancy [19–22]. In this approach,
peripheral blood mononuclear cells are co-cultivated with
an equal number of peripheral blood mononuclear cells
(PBMCs) from an uninfected donor. All cells are first stimu-
lated by cultivation with phytohemaglutinin (PHA) to
ensure optimum conditions for viral replication. Ideally,
five million PBMCs from both patient and donor are co-
cultivated for 2–4 weeks in the presence of IL-2. Super-
natant from the culture is collected periodically and tested
for p24 antigen (see below); p24 detection on two sequential
samplings defines a positive result. Fortunately for pedi-
atric applications, the use of fewer cells (1–2 million) has
proven reliable for diagnosis in infancy [19]. The majority of
positive specimens will be detected within a 7–14 day incu-
bation period, while declaring a culture negative requires
3–4 weeks of total sampling. Culture can also be performed
in a quantitative format using serial dilution of PBMCs.

p24 antigen detection
p24 antigen is a protein from the HIV core that can be
detected in clinical specimens using a commercially avail-
able EIA format. Classically, antibody to p24 antigen is

affixed to a solid phase – either a bead or the wells of a plastic
microtiter plate. The latter is incubated with a small volume
of the patient specimen, usually plasma or serum. If p24
antigen is present in the specimen, an antigen–antibody
complex forms, capturing the p24 antigen on the solid
phase. Following extensive washing, the antigen–antibody
complex can be detected by a second, enzyme-labeled, p24
antigen-specific antibody. While this assay is straightfor-
ward and rapid, it has two shortcomings for early pediatric
diagnosis: (1) false positives can occur in the first month of
life, most probably due to passive transfer of maternal p24
antigen across the placenta without actual infection; and
(2) antigen complexed with HIV antibody in the specimen is
not detectable with this technique. This is especially prob-
lematic in infancy where there is antibody excess due to
maternal antibody. This problem can be circumvented by
immune complex dissociation prior to p24 antigen detec-
tion, which can be accomplished by acid treatment or boil-
ing [23–26] and sensitivity can be enhanced by combination
with signal amplification [27, 28]. Currently, there is con-
siderable interest in p24 antigen assays in resource-poor
settings for both diagnosis and disease monitoring because
it costs less and is simpler to perform than other measures
of viral load, but definitive studies assessing the utility of
p24 assays in such settings have not been completed.

HIV DNA polymerase chain reaction
HIV DNA polymerase chain reaction (PCR) to detect HIV
provirus within peripheral blood mononuclear cells was
developed in the late 1980s and has been used extensively
for pediatric diagnosis [29]. The PCR process enzymatically
copies a targeted gene fragment billions of times, mak-
ing small amounts of HIV DNA easily detectable. “Primer
pairs” – small, synthesized pieces of DNA about 20
nucleotides long – are designed to hybridize specifically to
selected regions of the viral target gene and not to other viral
or cellular genes. In the assay, the primers are allowed to
bind to the target DNA, initiating the synthesis of a copy of
the DNA by DNA polymerase. This process is repeated 30–
35 times with the newly synthesized DNA copies serving, in
turn, as templates for the next round of synthesis, produc-
ing an exponential amplification of the target DNA within
hours. Diagnostic PCR assays are optimized for extreme
sensitivity, and can detect 1–10 viral targets/sample. False
positives that can result from specimen contamination
with PCR product are a concern. Laboratory procedures
and quality controlled commercial reagent kits have been
developed which greatly reduce false positive results [30].

The use of blood collected from a heel-stick proce-
dure onto dried filter paper (Guthrie cards) for newborn
diagnosis by means of DNA PCR has been studied and
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validated [31–35]. This approach has appeal for studies
conducted in technically challenging environments and
may be employed for routine infant screening in the future.

Studies have shown that virus culture and DNA PCR
are sensitive and specific [36–38]. The diagnosis of HIV
infection in the newborn is discussed in more detail in
Chapter 7.

DNA PCR assays were initially developed to detect the
prevalent HIV strains (clade B) present in the USA. In recog-
nition of the multiple clades encountered throughout the
world, diagnostic PCR kits have been developed incorpo-
rating primers that can recognize and bind to target DNAs
from essentially all HIV clades. This holds true for disease
monitoring HIV RNA quantitation kits (both PCR and other
non-PCR-based methodologies such as branched DNA and
nucleic acid sequence-based amplification assays – see
below). While these disease-monitoring assays are not mar-
keted with performance characteristics, sensitivity, and
specificity, optimized for diagnostic use, the assays have
been employed for the diagnosis of HIV infection in new-
borns and infants in some settings due to their widespread
availability.

4.2 Viral assays for monitoring HIV infection

4.2.1 HIV RNA quantitation

The introduction of assays capable of accurately quanti-
tating RNA within plasma virions has greatly enhanced
the clinician’s ability to predict the course of infection and
response to therapy. These assays were developed and sub-
sequently introduced in the early 1990s and have since been
validated in the clinical setting. The first of these assays was
reverse transcription-polymerase chain reaction (RT-PCR)
which is commercially available as the Roche Amplicor
HIV-1 Monitor® and Amplicor HIV-1 Monitor Ultrasen-
sitive® assays. In these assays reverse transcription of viral
RNA into a DNA copy is followed by DNA amplification
by means of PCR. An internal control is co-amplified for
quantitative purposes. The regular Amplicor HIV-1 Moni-
tor assay has been in use most extensively and has a lower
limit of quantitation of 400 viral copies/mL of plasma. More
recently, Roche has introduced the Ultrasensitive assay,
with a lower quantitation limit of 20–100 copies/mL.

A second assay known as NASBA® (nucleic acid
sequence-based amplification) also amplifies target RNA
and is commercially available through Organon-Teknika.
NASBA is an isothermal amplification reaction which
employs three enzymes: reverse transcriptase, RNAse H,
and T7 DNA polymerase. It also utilizes internal controls

Table 4.1 Quantitative HIV RNA assays

Dynamic Quantitation
Assay Version range limit

RT-PCR Amplicor HIV-
1Monitor

102.6–105.9 400

(Roche) Amplicor HIV-
1Monitor
Ultrasensitive

101.7–105.0 50

NASBA HIV-1 RNA QT 102.6–107.6 400
(Organon-

Teknika)
NucliSens 101.9–107.6 80

Branched
DNA

Version 1 104.0–106.2 10,000

(Chiron/
Bayer)

Version 2 102.6–106.2 400

Version 3 101.7–?? 50

All units are copies/ml.

as quantitation standards, and has a lower limit of quan-
titation of 1000 copies/mL. A second generation assay –
NucliSens® – can quantitate as little as 80–400 copies/mL
of plasma, depending on the sample input.

The third commercially available, quantitative assay is
the branched DNA assay manufactured by Chiron/Bayer.
This assay uses a somewhat different technique than the
previous two assays: it amplifies the signal created follow-
ing capture of viral RNA by nucleic acid hybridization. It
is technically the easiest assay to perform, resulting in the
highest reproducibility. Unfortunately, the standard assay
requires 1 mL of plasma, which makes its use impractical
for pediatrics. The initial version of the assay had a quan-
titation limit of 10000 copies/mL, but newer versions have
a lower detection limit of 200 copies/mL.

All of the assays have been extensively tested and vali-
dated (see Table 4.1), but there is some sample-to-sample
variation in the assays. Samples must show at least a 3-fold
(0.5 log10) difference for this to be considered significant.
For example, two samples from a child drawn 1 month apart
are reported as 40 000 and 100 000 copies/mL. These two
results are not significantly different from each other since
they do not differ by 3-fold. In addition to this perform-
ance feature, clinicians should be aware that intercurrent
infections and immunizations can activate viral replication
and raise RNA levels briefly [39–44]. As with many labora-
tory tests, clinical decisions should prudently be based on
reproducibility between sequential specimens over time
and on a composite of clinical and laboratory observations.
It would be clinically unwise to make a major change in
management on the basis of a single viral load assay.



62 P. Palumbo

4.2.2 Kinetics of viral replication

The advent of accurate quantitative RNA assays in combi-
nation with potent antiretroviral agents allowed the delin-
eation of viral replication kinetics. Two groups simulta-
neously reported that the average virion generation time
was estimated to be 2.6 days, that plasma virions possess
a half life of 6 hours, and that about 10 billion viral parti-
cles are produced within an untreated HIV-infected per-
son each day [45, 46]. These rapid kinetics in combina-
tion with the tendency of the HIV reverse transcriptase
enzyme to introduce mutations when it copies the HIV
genome implies that the mutation rate is extraordinarily
high: a virus with a mutation at each nucleic acid base
within the HIV genome could theoretically be produced
within an infected patient each day. These findings argue
that antiretroviral drug regimens should produce complete
suppression of viral replication to avoid the rapid selection
of drug-resistant mutant virus.

In the heady early days following the introduction of
HIV protease inhibitors, some postulated that relatively
short periods of antiretroviral therapy would be sufficient to
eradicate infection. This enthusiasm has been tempered
somewhat with the demonstration of long-lived cellular
reservoirs in the setting of relatively long-term suppres-
sion of plasma virus [46–49]. Individuals in whom plasma
virus is non-detectable for years have remained positive
for proviral DNA within circulating mononuclear cells and
for culturable virus [47, 49–51]. These studies have demon-
strated that quiescent memory CD4+ T lymphocytes are the
hosts for persistent proviral genomes and their frequency
is quite low (1 in 1–10 million cells). While difficult to mea-
sure, the calculated decay rates for this cellular reservoir
are very slow, with elimination times measured in decades
or life times. Treatment methods for eliminating virus from
these long-lived reservoirs will almost certainly be neces-
sary if eradication of infection is to be achieved.

4.2.3 Predictive value of quantitative plasma
viral RNA

Extensive data have accumulated concerning the predic-
tive value of quantitative plasma RNA for adults with HIV
infection – as a prognostic indicator using initial base-
line values and after a period of therapy. Some of the
earliest and most comprehensive data were generated by
Mellors and his colleagues from subsets of the Multi-
center AIDS Cohort Study (MACS), which includes data
from subjects spanning more than a decade of clinical
and laboratory observation [52]. Among 180 men in the
Pittsburgh MACS cohort, a 36% reduction in mortality

Table 4.2 Clinical predictive value of plasma RNA concentration –

adult cohort series

Study (# of subjects) Risk reduction (C.I.) Reference

ACTG 175 (366) 83% (68–92)* [82]
ACTG 241 (198) 56% (8–79)* [83]
MACS (180) 36% (25–45)** [52]
Hopkins IDU (522) 17% (11–22)*** [84]

*Risk reduction for AIDS or death (ACTG 175 and 241: per
log decrease);
**for death (MACS: per 3-fold decrease); or ***AIDS
(Hopkins: per 3-fold decrease)

risk was observed for every 3-fold reduction in plasma
RNA at study enrollment. The strong independent clin-
ical predictive value of plasma RNA at baseline has sub-
sequently been confirmed in the entire MACS cohort
and in numerous other epidemiologic and clinical trials
(Table 4.2). Plasma RNA determinations, however, cannot
entirely predict the clinical outcome; other variables also
have significant independent predictive value. Among such
factors are the CD4+ lymphocyte count and viral pheno-
typic properties, including antiretroviral resistance carried
by the virus and the propensity of infected cells to form
syncytia [53, 54].

Several large pediatric studies have documented sig-
nificant differences in the natural history of plasma RNA
levels compared with adults [55–58] (Figure 4.1). Adults
with acute HIV infection have high viral loads that rapidly
decline over a few weeks (see also Chapter 5). Vertically
infected infants also have initially high viral loads, but they
generally continue to maintain prolonged, high circulat-
ing viral loads for years. This persistence of high quan-
tities of circulating virus in the first few years of life has
been attributed to both an immature immune response
and to a relatively increased number of target cells (CD4
lymphocytes) during a period of rapid somatic growth [55,
59, 60].

The implications for this quantitative difference in the
natural history of plasma virus evolution during infancy
are important. Several pediatric cohort studies have shown
that plasma RNA values can independently predict clin-
ical outcomes, as in the adult studies [57, 61, 62]. Inter-
estingly, a linear relationship exists between plasma RNA
levels and risk for disease progression that is independent
of age [61]. For example, an 8-month-old and an 8-year-
old, both with plasma RNA values of 100 000 copies/mL,
would have similar risks for future disease progression.
The fact that a majority of young infants have relatively
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high RNA levels is consistent with the clinical observations
that a significant proportion of the young infants experi-
ence rapid disease progression. Studies have demonstrated
that high peak levels attained during infancy and the long
length of time that these levels are sustained predict a
group at high risk for a poor outcome [56, 58]. Although
plasma RNA is a strong independent predictor of the subse-
quent clinical course, additional variables must be consid-
ered, in particular the CD4+ lymphocyte count. Two large
pediatric studies have clearly documented that the use of
CD4+ lymphocyte count and plasma RNA in combination
for prediction purposes is superior to using either alone
[57, 61].

Clinicians caring for HIV-infected children and adults
had hoped that threshold plasma RNA values would be
identified above which disease progression was likely, pro-
viding absolute guidelines for decisions about therapy.
However, several studies have demonstrated that there is
no clear plasma RNA threshold value associated with dis-
ease progression. The implication is that the lower the
plasma RNA, the lower the risk for disease progression,
which strongly supports an aggressive approach to ther-
apy designed to maintain viral loads as low as possible.
However, these studies estimate relative risk of disease
progression for groups of patients; there can be substan-
tial variation in risk levels for an individual at any given
RNA value. Although no clear threshold values for plasma
RNA concentrations that predict adverse clinical outcomes
have been determined, advisory groups have based ther-
apeutic recommendations on plasma RNA concentra-
tions, combined with CD4+ lymphocyte count thresholds.
Unlike plasma RNA levels, certain CD4+ lymphocyte count
thresholds do predict adverse clinical outcomes [61]. The
US Department of Health and Human Services’ (DHHS)
Guidelines for the Use of Antiretroviral Agents in HIV-
Infected Adults and Adolescents recommends antiretro-
viral treatment for individuals with CD4+ lymphocyte
counts < 350 cells/uL and/or for plasma HIV RNA con-
centrations > 55 000 copies/mL [38]. The U.S. guide-
lines for initiating therapy in children are somewhat more
complicated, and are outlined in detail in Chapter 22.
The Pediatric European Network for the Treatment of
AIDS (PENTA) [63] recently offered recommendations that
include the possibility of deferring therapy for asymp-
tomatic children with CD4+ lymphocyte percents ≥ 25%
and plasma HIV RNA concentrations < 15 000 copies.
The World Health Organization (WHO) has recently
drafted guidelines entitled: Scaling Up Antiretroviral Ther-
apy in Resource Limited Settings: Guidelines for a Public
Health Approach. The WHO recommendations differenti-
ate between children older and younger than 18 months.
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Figure 4.1. Depiction of typical clinical causes for plasma HIV

RNA levels and CD4+ lymphocyte counts for children and adults.

However, WHO recommends that all children with AIDS
or severe Stage II conditions be treated. WHO recom-
mends that asymptomatic or mildly symptomatic chil-
dren begin antiretroviral therapy when CD4+ lympho-
cyte counts fall below 20% (<18 months) or 15% (>18
months). Initiating and changing antiretroviral therapy
in non-U.S. contexts is also discussed in more detail in
Chapter 22.

4.2.4 Additional quantitative assays

Newer assays that strive to quantitate infected circulat-
ing cells have been developed and are reaching commer-
cial availability. These are largely based on DNA PCR and
include internal standards to enable accurate quantitation.
These assays report “numbers of infected cells” or “copies of
viral genomes/microgram of cellular DNA” and may help
to monitor viral suppression and the amount of virus in
long-lived cellular reservoirs [48, 51].

Qualitative plasma RNA assays are being developed to
monitor viral replication breakthrough once individuals
attain a non-detectable state. These assays should have
excellent sensitivity and relatively low cost and may even-
tually prove useful for newborn diagnosis. Several inves-
tigators have reported that quantitative HIV RNA assays
can sometimes permit earlier newborn diagnosis than DNA
PCR [55, 64, 65].

Antiretroviral resistance testing may be useful in certain
limited clinical situations and is discussed in more detail
in Chapter 21.
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Table 4.3 Selective list of HIV-related chemokines and their

cellular receptors

Chemokine Chemokine Interacting
(class) receptor virus phenotype

MIP-1� Macrophage-tropic
MIP-1� CCR-5 T-lymphotropic
RANTES Non-syncytium-inducing
SDF-1 CXCR-4 T-lymphotropic

T-cell lines
Syncytium-inducing

4.2.5 Chemokines and chemokine receptors

HIV entry into the host cell requires that the virus interact
with a chemokine co-receptor and CD4. The chemokines
are a large and ubiquitous group of cell signaling molecules
(Table 4.3) long known to be involved in inflammation [66].
Three beta-chemokines – MIP-1�, MIP-1�, and RANTES –
were discovered to competitively inhibit binding of HIV to
cellular targets and suppress viral infection [67]. In paral-
lel, the Berger laboratory identified the alpha-chemokine
receptor, CXCR4, as an obligatory second receptor for
laboratory strains of HIV adapted to T lymphocyte cell
lines [68]. Soon thereafter, a number of research groups
identified the beta-chemokine receptor, CCR5, as the sec-
ond receptor for binding and infection of macrophages and
T lymphocytes [69–74]. HIV virions involved in the initial
infection event and early asymptomatic infection are gen-
erally thought to target CCR-5 receptors while CXCR-4 is
the more prevalent receptor involved with infection cycles
during progressive disease. While this is almost certainly
an overly simplistic picture of the evolution of virus–cell
interaction during HIV infection, it has provided a pow-
erful theoretical framework from which new therapeutic
approaches are being generated. Natural and synthetic
variants of the chemokines and small molecules that inter-
fere with the binding of the virus to its chemokine co-
receptors are actively being investigated for their therapeu-
tic potential as competitive inhibitors of HIV binding and
entry.

Mutations have been identified in the protein coding
regions of CCR-5 and CCR-2 as well as the non-coding,
promoter region of CCR-5 [75, 76]. The most extensively
studied to date is a 32 base pair deletion within CCR-5.
Individuals who are homozygous for the CCR-5 �32 muta-
tion are much less likely to become infected with HIV and,
if infected, remain well, with low viral loads and limited
damage to their immune systems for long periods of time

[77–81]. Heterozygosity for CCR-5 �32 confers no
protection from infection and, in prospective cohort stud-
ies, does not provide survival advantage or protection from
disease protection.

4.3 Conclusions

Serologic assays for antibodies to HIV have made the blood
supply safe and have allowed practitioners to efficiently
diagnose HIV infection in most adults, which have pro-
duced profound public health benefits. Recently developed
rapid HIV serological assays should have further important
public health benefits. Viral DNA PCR assays and viral iso-
lation allow for the diagnosis of HIV infection in newborns,
with similarly important effects. The various assays for viral
RNA provide important prognostic information and help
guide antiretroviral therapy. Clinical HIV virological assays
play an important part in the prevention and management
of HIV disease, and a clear understanding of the technolo-
gies involved and the performance characteristics of the
assays will enable practitioners caring for patients with HIV
to deliver the best possible care.
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5.1 Introduction

This chapter will review our current understanding of the
natural history of HIV-1 infection in children and adoles-
cents in an effort to provide the clinician with the back-
ground needed to rationally treat HIV disease in children.
The advent of highly active antiretroviral therapy (HAART)
has radically altered the natural history of pediatric HIV
infection, transforming it into a chronic manageable dis-
ease requiring complex drug regimens and, for now, lifelong
therapy.

5.2 Natural history in adults

The natural history of HIV disease was initially described
in adults. Knowledge of the natural history of the disease
in adults has helped inform pediatric natural history stud-
ies and provides a benchmark for the pediatric observa-
tions. Infection of adults with HIV-1 is classically followed
by three distinct virologic stages: (1) primary or acute infec-
tion, (2) clinical latency, and finally (3) progression to AIDS
(see Figure 5.1). The time interval between primary infec-
tion and the development of AIDS is variable, typically 10
to 11 years [1]. About 20% of individuals will progress in less
than 5 years, while a few (< 5%) will remain immunologi-
cally normal for over 10 years [2]. The biological basis for
this variability is unclear, but undoubtedly reflects differ-
ences in viral strains, host immune responses and exposure
to other cofactors (microbial or environmental), especially
those leading to immune activation.

Several weeks after infection with HIV-1, a variable
and non-specific clinical syndrome referred to as primary

infection, acute infection syndrome, or acute retroviral syn-
drome is observed in an unknown proportion of adults
(range 10–90%). The degree of symptomatology during
this acute phase may have prognostic significance [3–5].
Although classically described as a mononucleosis-like
syndrome (fever, pharyngitis or sore throat and cervical
adenopathy), in a recent study of over 200 patients with
documented symptomatic primary HIV-1 infection only
15% of patients had such a presentation [6]. Fever, myalgias,
lethargy and rash were the common presenting symptoms
in over 50% of this cohort. Neurologic (meningitis-like syn-
drome, peripheral neuropathy, encephalitis) or gastroin-
testinal symptoms can predominate while fever is absent in
up to 25% of cases [7]. Regardless of the presentation these
symptoms resolve spontaneously over a period of days to
weeks. Upon presentation, these persons will often be anti-
body negative, but will have detectable circulating p24 anti-
gen or HIV RNA (as assessed by assays such as reverse
transcription polymerase chain reaction and others; see
Chapters 4 and 7). During primary infection, extremely
high levels of plasma viremia have been observed, with lev-
els of HIV-1 RNA (viral load) greater than 107 copies/mL,
dropping to 100 000 copies/mL or less after several weeks
[8, 9]. During this period of high viremia, the absolute num-
ber of CD4+ lymphocytes decreases, occasionally rather
dramatically to below 200 cells/�L. Later, as the level of
viremia declines, the CD4+ lymphocyte count increases,
often to normal levels. This drop in viral load precedes the
development of antibody response and coincides with a
measurable cytotoxic lymphocyte (CTL) response directed
against HIV [10]. Whether this CTL response causes the
decrease in viremia has yet to be resolved. CTL responses
do appear to play a key role in suppressing viral replication
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Figure 5.1. Schematic

representation of the natural

history of HIV-1 infection in

adults. The figure shows the

typical changes in plasma

viremia, CD4+ lymphocyte

count, antibodies to HIV, and

HIV-specific cytotoxic

lymphocyte (CTL) in adult

patients following

seroconversion.

in long-term non-progressors. After a period of fluctuation,
the level of plasma HIV RNA stabilizes around a so-called
“set point,” usually between 10 000 and 100 000 copies mL
(range < 200 copies to > 10 000 000), frequently remaining
fairly constant for many years [4]. This period is referred
to as clinical latency since patients are clinically asymp-
tomatic. However, much viral replication and destruction
of the patient’s CD4+ lymphocytes occur during clinical
latency. An estimated 10 billion virions, with estimated half-
lives of less than 6 hours, are produced daily [11]. Eventually,
plasma viral levels increase and levels of CD4+ lymphocytes
decrease, heralding the development of advancing imm-
unodeficiency and AIDS [4]. The point of onset of a more
rapid fall in CD4+ cells is known as the “inflection point.”

5.3 Relationship between plasma viral
concentration, CD4+ cell level and disease
progression in adults

Assays for the quantification of plasma HIV-1 RNA provide
convenient measures of virus replication in infected per-
sons [12, 13]. However, these measurements offer a some-
what imprecise assessment of the viral replication occur-
ring in a patient, since the largest compartment in which
virus replication occurs, the lymphoid tissue, is not directly
sampled by this measurement [14]. Nevertheless, virus pro-
duced in lymphoid tissues appears to be released into the
plasma, and plasma HIV-1 RNA concentrations appear to
at least indirectly sample viral replication occurring in the
lymphoid tissue [15]. Other organ systems in which HIV
replication may occur, such as the central nervous system,

the genital tract and breast milk may behave as much more
distinct compartments than the lymphoid tissues. Plasma
viral RNA levels may not accurately reflect viral replication
occurring in these compartments, and virus present in
these compartments may be genotypically distinct from
the virus found in the peripheral circulation. These dis-
tinct viral genotypes may have differing pathogenic prop-
erties and differing sensitivities to antiretroviral agents
[16–20]. Since antiretroviral agents may not penetrate well
into these compartments, they represent a source of resist-
ant virus.

In the absence of antiretroviral therapy (ART), plasma
RNA levels can vary widely, depending on the stage of infec-
tion and other factors. There is an inverse, but variable, cor-
relation between plasma RNA and the level of CD4+ lym-
phocytes. At all stages of HIV-1 disease, the plasma RNA
level and the absolute CD4+ count are independent prog-
nostic markers. Before HAART became widely available,
the steady state level of plasma viral RNA after initial infec-
tion (“set point”) was the best single predictor of progres-
sion to AIDS and death [21, 22]. (Only 8% of adults with low
concentrations (< 4350 copies of RNA per ml of plasma)
progressed to AIDS within 5 years whereas 62% of those
with high plasma RNA concentrations (> 36 270) devel-
oped AIDS [21].) Combined use of plasma RNA levels with
CD4+ count more accurately predicts prognosis than either
marker alone [22]. Use of these variables can define cate-
gories of risk for developing AIDS with 3, 6, and 9 years
(see Table 5.1).

The use of ART, and especially HAART, often produces
decreases in plasma RNA and increases in CD4+ number.
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Table 5.1 Relationship between baseline HIV-1 RNA copy number and absolute CD4+

lymphocyte number and probability of developing AIDS

Absolute CD4+

Baseline RNA lymphocyte number
% with AIDS

(copies/mL) (cells/�L) by 3 years by 6 years by 9 years

<500 >750 0 1.7 3.6
<750 3.7 9.6 22.3

501–3000 ND 2 16.6 35.4
3001–10 000 >750 3.2 14.2 40.4

<750 8.1 37.2 59.7
10 001–30 000 >750 9.5 36.7 62.4

351–750 16.1 54.9 76.3
<750 40.1 72.9 86.2

>30 000 >500 32.6 66.8 76.3
351–500 47.9 77.7 94.4
201–350 64.4 89.3 92.9
<200 85.5 97.9 100

HIV-1 RNA was quantified using the bDNA system. Data are derived from [21], with permission.

These changes have clinical and prognostic significance.
After the initiation of antiretroviral therapy, progressive
decreases in plasma RNA level or increases in CD4+ lym-
phocyte count predict the development of AIDS more
strongly than baseline values [23, 24]. For each 1.0 log10

copies/mL (10-fold) decrease in plasma RNA, the risk of dis-
ease progression was decreased by 56%, and for every 2-fold
higher increase in absolute CD4+ cell count it decreased by
67% [24].

Although ART can have dramatic effects on plasma
viremia, a small pool of long-lived latently infected CD4+

lymphocytes persist (reviewed in [25]). Replication com-
petent virus can be recovered from these latently infected
cells by the use of sensitive culture techniques. This reser-
voir is established early in infection and is relatively imper-
vious to the effects of current ART. The rate of turnover
of these cells is controversial, with estimates ranging from
6 months to 43 months. In part, this discrepancy may
be due to differences in levels of low viral replication
even in persons in whom plasma HIV RNA is consistently
< 50 copies/mL. Nevertheless the persistence of this com-
partment represents a major obstacle to the eradication
of HIV.

5.4 Factors associated with progression in adults

The determinants of the viral “set point” and the “inflec-
tion point” are poorly understood. Individual variation in

disease progression is the result of multiple factors. The
effectiveness of the host immune response is believed to be
a critical determinant of disease progression, but the pre-
cise nature of this response has yet to be fully elucidated.
The age of an individual at the time of infection can influ-
ence the subsequent rate of progression to AIDS [26–29].
As individuals age, the capacity of their immune systems
to regenerate declines. Multiple lines of evidence suggest
that CD8+ CTL responses play a crucial role in establishing
the viral set-point (reviewed in [30]), but ultimately these
responses are ineffective in preventing disease progression.
Some case reports suggest that even when patients have a
vigorous CTL response against HIV and low viral loads, if
they are superinfected with another HIV strain, they can
fail to control the superinfecting virus, observations that
underscore our limited understanding of the immunologic
factors that control HIV infection [31, 32].

Certain combinations of HLA genes are associated with
either relatively rapid (HLA-B8 or -B35) or delayed (HLA-
B27 or -57) progression to AIDS [33, 34]. Locus heterozy-
gosity for any combination of alleles at HLA –A, –B or –C,
can significantly delay progression to AIDS compared with
individuals who are homozygous for one or more of these
loci [33]. It is hypothesized that individuals heterozygous
at HLA loci are able to present a greater variety of antigenic
peptides to cytotoxic T lymphocytes than are homozygotes.
This results in a more effective immune response against
a number of pathogens including HIV. Vertically infected
children who share HLA haplotypes with their mothers may
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be at increased risk of progression [35]. A virus that has suc-
cessfully evaded the maternal HLA class I response would
be equipped to evade the infant’s CTL response, since iden-
tical epitopes would be targeted by the child’s immune
response.

Inheritance of genes other than HLA have also been
implicated in disease progression (see [36, 37] for review).
The majority of these studies have been performed in white
cohorts. Studies defining immunogenetic factors involved
in long-term progression in other racial groups are ongoing.
Alterations in the coding or promoter genes of chemokine
receptors that serve as co-receptors for entry of HIV-1 into
target cells can result in different rates of disease progres-
sion in the absence of ART [38–40]. Persons with a 32-base
pair deletion in the CCR5 receptor appear to be relatively
resistant to infection with certain strains of HIV-1[41–43].
Certain mutations in CCR5 and CCR2 are associated with a
2–4 year delay progression to AIDS. Polymorphisms in the
3′ untranslated region of the gene encoding SDF1 are asso-
ciated with delays that are several fold stronger than those
associated with the CCR5 or CCR2 variants [44]. Mutations
in genes for IL-10, Rantes and CX3CR1 also appear to influ-
ence disease progression [38, 39, 44–46], but the pathogenic
mechanisms have yet to be elucidated.

Other host factors that appear to influence disease pro-
gression include co-infection and other sources of immune
activation. Since productive replication of HIV-1 can only
occur in activated cells, it has been postulated that envi-
ronmental factors that lead to immune activation increase
viral replication and hasten immune deterioration [47].
Exposure to environmental antigens or common infec-
tions has been associated with increases in plasma viremia
[48–51]. In some HIV-1 infected individuals, immuniza-
tion with antigens such as influenza and tetanus tox-
oid has led to transient bursts of viremia followed by a
return to baseline plasma RNA levels within 7–10 days
[52–54]. These transient increases are not associated with
decreases in CD4+ cell levels or increases in proviral
DNA. Other studies have found no effect on viremia as
a consequence of immunization [55, 56]. The benefits of
vaccination preventing infection, which would undoubt-
edly result in much higher levels of immune activation,
outweigh the unproved risks of transient increases in
plasma RNA.

Virological factors have also been associated with disease
progression. HIV-1 strains have been broadly classified as
being M-tropic/NSI (non-syncytium inducing) strains or
T-tropic/SI (syncytium inducing). M-tropic strains can
replicate in primary CD4+ T cells and macrophages and use
the �-chemokine receptor CCR5 (less often CCR3) as their
co-receptors (reviewed in [57, 58]). The T-tropic viruses can

also replicate in CD4+ T cells but can, in addition, infect
established CD4+ T cell lines in vitro via the �-chemokine
receptor CXCR4 (fusin). Regardless of the mode of trans-
mission, over 90% of transmitted strains are M-tropic;
transmission or systemic establishment of CXCR4-using
(T-tropic) strains is rare. However, CXCR4-using strains are
especially virulent and once they emerge within an infected
person, disease progression is accelerated [59, 60]. At the
inflection point, about 50% of adults infected with subtype
B will have a switch in the phenotype of the virus from
M-tropic viruses to T-tropic viruses [61]. Infection with
HIV-1 variants containing genetic defects (e.g. mutations in
the nef gene) have been documented in a few HIV-1 infected
long-term nonprogressors, however, these are rare individ-
uals [62–66].

During its spread among humans, HIV has exhibited
extraordinary genetic variation. Phylogenetic analyses of
HIV sequences from different regions of the world reveal
that HIV can be divided into different clades or subtypes.
Most of our understanding of HIV pathogenesis is based
on subtype B, the predominant strain in developed coun-
tries. However, globally most individuals are infected with
non-B subtypes. Whether different subtypes differ in trans-
missibility, infectivity, and pathogenicity is an important
area of active research. Some data suggest that there may
be important differences [67]. For example, about 50% of
HIV-infected persons harbor subtype C [68], but SI strains
of subtype C are very rare, suggesting for this subtype a
switch in co-receptor usage is not an important mediator
of disease progression.

5.5 Classification of pediatric HIV-1 infection

The Centers for Disease Control and Prevention (CDC) has
established a classification system for HIV-infected chil-
dren into mutually exclusive categories according to their
clinical status and immunologic status (see Tables 5.2, 5.3,
and 5.4).

The current clinical classification system is based on
signs, symptoms, or diagnoses related to HIV-1 infection.
In this system, infected children are assigned to one of four
mutually exclusive clinical categories: stage N, no signs or
symptoms; stage A, mild signs or symptoms; stage B, mod-
erate signs or symptoms; stage C, severe signs or symp-
toms [69]. All the AIDS-defining illnesses in the 1987 CDC
definition of pediatric AIDS are included in stage C, with
the exception of LIP (lymphoid interstitial pneumonitis),
which is a stage B illness. Although most children pass from
stage N to A, B, and C in that order, other children can pass
directly from N to B or N to C (see below).
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Table 5.3 Immunologic categories according to the CDC 1994 Revised HIV Pediatric Classification

No evidence of immune Evidence of moderate Evidence of severe immune
suppression immune suppression suppression

Age of child

CD4+

lymphocytes
(cells/�L)

% CD4+

lymphocytes
(cells/�L)

CD4+

lymphocytes
(cells/�L)

% CD4+

lymphocytes
(cells/�L)

CD4+

lymphocytes
(cells/�L)

% CD4+

lymphocytes
(cells/�L)

< 1 year ≥1500 ≥25 750–1499 15–24 <750 <15
1–5 years ≥1000 ≥25 500–999 15–24 <500 <15
6–12 years ≥500 ≥25 200–499 15–24 <200 <15

Adapted from [69], with permission.

Table 5.4 HIV pediatric classification incorporating both clinical and immunologic categories

Clinical categories

Immunologic N: No signs/ A: Mild signs/ B: Moderate signs/ C: Severe signs/
categories symptoms symptoms symptoms symptoms

1: No evidence of suppression N1 A1 B1 C1
2: Evidence of moderate suppression N2 A2 B2 C2
3: Severe suppression N3 A3 B3 C3

Adapted from [69], with permission.

The current immunological classification system uses
the CD4+ lymphocyte count to assess the degree of
immunosuppression. In this immunological classification
patients are assigned to mutually exclusive categories char-
acterized by the numbers 1 through 3, with lower CD4+

lymphocyte counts or percent CD4+ cells labeled with
higher numbers (Table 5.4). The absolute CD4+ lympho-
cyte counts associated with different degrees of immuno-
suppression are similar for all adults. However, for children
the normal CD4+ lymphocyte count changes dramatically
during the first few years of life. In the first year of life the
absolute CD4+ cell count is more than three times that seen
in adults and then gradually declines over the first few years
of life. Assessing the severity of immune suppression is also
complicated because children may develop some oppor-
tunistic infections at higher CD4+ cell counts than adults
[70] (see Chapters 1 and 3). Thus, the CD4+ lymphocyte
counts that define different degrees of immunosuppres-
sion vary in an age-dependent fashion.

The current CDC immunologic classification system is
based on age-specific CD4+ cell counts using both the
absolute CD4+ cell count and the percentage of CD4+ lym-
phocytes [69] (see Table 5.3). If absolute CD4+ cell count
and percentage place a child in different immunologic

categories, the more severe category should be used. Chil-
dren treated with HAART can exhibit significant immune
reconstitution, with a much-reduced risk of opportunis-
tic infections. Such immune-reconstituted children may
no longer require prophylaxis for certain opportunistic
infections (see Chapter 11). However, according to the cur-
rent system, such an immune-reconstituted child is not
reclassified to a less severe category even with higher sub-
sequent CD4+ counts. Any value that results in a change in
classification should be confirmed. Since CD4+ cell values
(both number and percent) can vary with even mild inter-
current illness, CD4+ cell values are best obtained when
the child is clinically well. As in adults, absolute CD4+

cell number best identifies a risk for specific opportunistic
infections. However, CD4+ cell percent has less measure-
ment variability and is therefore probably a better marker to
follow disease progression.

5.6 Natural history of HIV-1 in children

The pace of HIV disease progression in children is accel-
erated compared with adults. This difference is presum-
ably a consequence of the acquisition of infection at a
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time of immunologic immaturity, and/or the availability of
increased numbers of susceptible target cells. Older chil-
dren infected via non-vertical routes may have a course
more similar to adults, with longer median time to AIDS
diagnosis and death [71, 72].

Vertically infected children exhibit a bimodal pattern
of disease progression [73–75]. About 10–25% of infected
children develop profound immunosuppression, Pneumo-
cystitis carinii pneumonia (PCP), severe encephalopathy,
organomegaly, and multiple opportunistic infections in the
first few months of life [73, 74]; without treatment few of
these children survive more than 2 years [76]. The majority
of children have a slower progression to AIDS with mean
times of 6–9 years [73, 75, 77–79]. Factors contributing to
the variable rates of disease progression include the route
and timing of infection [80, 81], the amount and phenotype
of the virus, shared maternal HLA types (favoring replica-
tion of escape variants), and other host immunogenetic fac-
tors. Infection with other pathogens, particularly viruses,
has also been suggested as a contributing factor in disease
progression [48, 49, 82–84].

Early studies clearly demonstrated that children with
early onset of symptoms and an AIDS diagnosis at less than
a year of age did not survive as long as those who presented
at later ages (see [85] for a review). Investigators hypo-
thesize that these children acquire their infection in utero
and are therefore less able to mount an effective immune
response [86, 87]. Others have suggested that HIV-1 infec-
tion during ontogenic development of the immune sys-
tem is responsible for a pattern of lymphocyte depletion
similar to children with congenital thymic abnormalities
[88]. Since the timing of HIV-1 infection cannot be definit-
ively ascertained, a working definition has been proposed
wherein in utero transmission is defined as viral detec-
tion at less than 48 hours and intrapartum transmission
is defined as viral detection at greater than 7 days [81].
Approximately 10–30% of children have detectable virus
in the first 2 days of life. Most studies have found that chil-
dren who fit this in utero definition have a shorter median
time to onset of symptoms and death [74, 89] and higher
levels of virus as measured by cellular proviral (DNA), p24
antigenemia, and/or plasma RNA levels (29, 34, 73). How-
ever, one study found that children with positive cultures in
the first 48 hours of life had higher HIV-1 plasma RNA lev-
els than children in whom the virus was detected later, but
only for the first few months of life and that this difference
disappeared after several months [90]. Children who are
vertically infected do not appear to have an acute retroviral
infection syndrome.

The most striking difference between the natural history
of HIV infection in vertically infected infants and adults

is the extremely high levels of plasma viremia observed in
vertically infected infants during the first few months of life.
The viremia declines substantially in the first year of life and
then more slowly over several years [90–92] (see below). At
approximately 4–6 years of age RNA levels appear to stabil-
ize at lower levels. These changes in RNA are described in
Chapter 4. As discussed above, adults achieve this steady-
state or set-point within 6 months of infection. Whether
this pattern of slow decline merely reflects the number of
available target cells and/or a maturing immune response
is unknown. No data are yet available for children infected
by routes other than vertical transmission.

5.7 Natural history of HIV-1 infection
in children in Africa

The vast majority of HIV-1 infected persons live in sub-
Saharan Africa, where seroprevalence rates of over 25% are
increasingly common. Over 80% of children infected with
HIV live in and over 90% of new pediatric infections occur
in this region. Although children account for less than 8%
of those infected with HIV world-wide, 20% of deaths due
to AIDS have been in children aged less than 15 years [93].
HIV infection has severely increased pediatric morbidity
and mortality rates and has begun to reverse the signifi-
cant gains in child survival that have been achieved dur-
ing the last few decades. Safe, efficacious, inexpensive, and
easy to use interventions to reduce vertical transmission of
HIV offer the promise of decreasing pediatric HIV in Africa.
However, the challenges of implementing these practices
make it likely that African children will continue to be over-
whelmingly afflicted by what has become a preventable
disease in rich nations.

It had been hypothesized that HIV progression rates are
more rapid in Africa than in industrialized countries. The
immune activation associated with chronic infection, and
the immunosuppression accompanying malnutrition have
been postulated to result in higher levels of viremia and
a more rapid disease course. Differences in HIV subtype
and host genetic factors have also been considered to be
important variables. However, more recent data strongly
argue that the natural history of HIV infection among
adults in Africa is not fundamentally distinct from that of
adults in resource-rich settings prior to the advent of ART
[94, 95]. Africans, like members of disadvantaged groups
in rich countries, tend to present for care later and have
much higher levels of general morbidity. Moreover, the bur-
den of infectious diseases such as tuberculosis is much
higher. Nevertheless, the median time from seroconver-
sion to AIDS in HIV-infected African adults is 9.4 years,
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and most die severely immunosuppressed, with clinical
features of AIDS [96]. These figures are remarkably simi-
lar to those observed in cohorts in the rich countries prior
to the availability of effective ART. Levels of plasma viremia
are also similar to those observed in rich countries prior to
the widespread use of effective antiretroviral therapy [97].
Thus, pathophysiologically, HIV in Africa is not unique.

There are limited data on the natural history of HIV
infection in African children. A bimodal pattern of clinical
disease progression has been observed in resource-poor
countries. Spira et al. reported that 17% of HIV-infected
children at 1 year of age and 35% of HIV-infected children
at 5 years of age had developed AIDS [98]. These rates are
similar to those reported in rich countries [77, 99] and other
settings [100]. However, the rates of morbidity and mortal-
ity are much higher than those reported in rich countries.
In Rwanda, by 2 years of age 45% of HIV-infected children
had died [98]. In a West African cohort, half the HIV-infected
children died before their first birthday [101]. By age 3 years,
89% of the HIV-infected Malawian children had died, 10%
were classified as stage B or C and only 1% were asymp-
tomatic (category N) [102]. In contrast, by age 3 years, only
18% of HIV-infected European children had died, 48% were
in category B or C, 24% in category A and 10% in category N
[78]. These dramatic differences in mortality are likely due
to differences in the use of prophylactic treatments, access
to medical care, immunizations, nutrition, and antiretro-
viral use. However, other factors such as more advanced
maternal disease, timing of infection, and differences in
immunogenetic and/or viral factors cannot be excluded.

5.8 HAART and the natural history
of HIV infection

The introduction of HAART in the mid-1990s dramatically
reduced the rate of progression to AIDS and HIV-related
death in both children and adults. Survival rates of HIV-
infected children remained unchanged from 1980 to 1995.
Between 1996 (when protease inhibitors were introduced)
and 1999, the annual mortality rate among US children
enrolled in Pediatric AIDS Clinical Trials Group (PACTG)
studies decreased from 5.3% to 0.7% [103]. A similar reduc-
tion in mortality was reported in an Italian cohort [104].
Moreover, this study found that while the use of therapy
with two ART drugs decreased the risk of death by 30%,
treatment with three ART drugs resulted in a 71% decrease
[104]. Progression to AIDS is also significantly reduced
with HAART compared with mono- or dual therapy [105].
These data are comparable to declines described in adults
[106–108].

Unfortunately, many children who initiated HAART were
unable to achieve and/or sustain viral suppression. The
reason for the lack of suppression is multifactor and may
be attributed to higher levels of viremia, sequential use of
insufficiently potent ART, inability to achieve adequately
high ART levels, and problems with adherence. Many of
these children who did not have sustained viral suppres-
sion have developed viruses resistant to all the currently
available classes of antiretroviral therapy. The prognosis
for these children will be significantly worse than for chil-
dren who achieve good viral suppression unless new, non-
cross resistant therapies become available. Although the
prognosis is much better for a child who does achieve
complete viral suppression, as many as 40% of children
treated with HAART who do not achieve virologic suppres-
sion appear to derive some immunologic benefit from the
therapy, as judged by a sustained CD4+ lymphocyte count
increase. These discordant responders with high plasma
RNA and high CD4+ cell counts may be infected with less
fit (pathogenic) viruses. The prognosis of these children
and the need for continued antiretroviral pressure in order
to maintain this phenotype is unknown.

The short- and long-term adverse effects attributed to
HAART have tempered enthusiasm for aggressive treat-
ment of children. These data raise the disturbing specter
of replacing the morbidities associated with immunosup-
pression with those of antiretroviral toxicity. The metabolic
complications of antiretroviral therapy are discussed in
detail in Chapter 20.

5.9 Natural history of horizontally acquired HIV
infection in pediatrics

Children and youth who acquire HIV infection horizon-
tally appear to have a disease course more similar to
adults than perinatally infected infants. Data from the
Multicenter AIDS cohort study (MACS), as well as stud-
ies in hemophiliac cohorts, have suggested that age of
seroconversion is a significant predictor of disease progres-
sion [27, 28, 109]. These data indicate that, in the absence of
ART, an individual infected at age 13 would develop AIDS
at age 24.6 years, or 11.6 years later. The relatively improved
prognosis is attributed to more robust immune responses
in youth compared with adults. There are also data that
suggest that the immune systems of younger persons may
have a greater capacity to reconstitute than the immune
systems of older persons (see Chapter 1).

Although natural history of HIV per se in adolescent
and adult patients with horizontally acquired infection
is similar, the pathogenesis of other viral infections in
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Table 5.5 Proportion of children progressing to category C disease or death within a 5-year period

from the beginning of each stage (before the availability of highly active antiretroviral therapy)

Stage

Percent developing category C disease
within a 5-year period from the
beginning of each stage

Percent mortality within 5 years from
the beginning of each stage

N 50 25
A 58 33
B 60 35
C – 83

Adapted from [77], with permission.

HIV-infected adolescents appears to be distinct. Adoles-
cent girls appear to be more susceptible to human papil-
loma virus (HPV) infection than older women. Although
HIV-infected young women do not appear to be at
increased risk of acquiring this infection, HPV strains per-
sist longer in HIV-infected adolescents and the incidence
of squamous intraepithelial lesions is higher. The implica-
tions of this are discussed in Chapter 15. The seropreva-
lence of hepatitis B in HIV-infected youth in the US is
much higher than the population at large [110]. More-
over, the serologic response to Hepatitis B vaccine appears
to be suboptimal in HIV-infected adolescents and HIV-
uninfected adolescents at risk for HIV infection [111]. Thus
HIV-infected adolescents may be at greater risk for the Hep-
atitis B infection and its complications.

The pediatric classification system (Table 5.4) has been
used to describe the natural history of HIV-1 disease in
the absence of ART. Although a minority exhibit extremely
rapid deterioration, most perinatally infected children
remain relatively asymptomatic for the first year of life
(on average, in one study, 10 months in stage N and 4
months in stage A) [77]. However, in the second year of life,
most progress to moderate symptoms (stage B), typically
remaining at this stage for over 5 years (mean 65 months).
After entering stage C, mean and median survival times
are 34 months and 23 months respectively [77]. Within 1
month of developing a category B illness, only 4% of chil-
dren died, while 21% of children died within a month of a
category C illness [78]. Table 5.5 summarizes the percent-
age of children who progress to stage C from the beginning
of each stage and the proportion in each stage surviving
at least 5 years [77]. Previously, most children who pro-
gressed to stage C in the first few years of life did so on
the basis of an opportunistic infection (primarily PCP) [78].
The use of widespread PCP antimicrobial prophylaxis has
significantly decreased this manifestation. Encephalopa-
thy or recurrent serious bacterial infections were the next
most common indications for category C classification in
young children (78). About 50% of children who developed

category C disease in the first year of life had no signs of im-
mune suppression and only 25% had a severe immune
deficit (78). In contrast, only 14% of children who developed
category C disease after age 1 year had normal immune
status, while 59% were severely immunosuppressed [78].
While the mortality rate and clinical progression rate in the
first year of life were approximately 10% and 20% respect-
ively, the risk of progression to moderate immunosup-
pression was 50% and severe immunosuppression was
18%. After age 1 year, the risk of progression was 15%
per year to moderate immune suppression and 10% per
year to severe immune suppression [78]. Of the children
who were alive beyond age 6 years only 2% (1/39) had
no signs of immune suppression, 33% (13/39) had mod-
erate suppression and 64% (25/39) had severe suppression
[78].

5.10 Relationship between plasma viral
concentration, CD4+ cell level, and disease
progression in children

A child’s plasma RNA concentration appears to be a critical
determinant of pediatric disease progression [112] (see
also Chapter 4). Patterns of plasma viral RNA kinetics in
the first few months of life appear to correlate with disease
course. Rapid progressors have marked increases in viral
RNA which do not decline [91]. One study found that
plasma RNA levels tended to be low at birth (median 10 000
copies/mL for those with early infection), but rapidly
increased over the first 2 months of life to very high levels
(median approximately 300 000 copies/mL) before slowly
declining over a period of several years [90]. Infants with
plasma RNA levels above the median had an increased risk
of disease progression and death. There was a 44% rate of
progression by 24 months for children with an early peak
value above 300 000 copies/mL and only a 15% rate of pro-
gression for children below this value [90]. Nevertheless,
considerable overlap existed in RNA values between rapid
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Table 5.6 Relationship between baseline RNA copy number and percentage CD4 and

mortality in HIV-1 infected children

Baseline HIV Baseline CD4+cell Number deaths per
RNA(copies/mL) percentage number patients Percent mortality

≤100 000 ≥15 15/103 15
≤100 000 <15 15/24 63
>100 000 ≥15 32/89 36
>100 000 <15 29/36 81

HIV RNA was quantified using the NASBA HIV-1 QT amplification system on samples
obtained during the NICHD intravenous immunoglobulin clinical trial. Mean age of
subjects was approximately 3 years, and mean follow-up was about 5 years. Data were
taken from [113], with permission.

Table 5.7 Relationship between baseline HIV RNA copy number and risk of disease progression or death stratified

by age

Baseline HIV Number with disease progression Percent with disease progression
RNA(copies/mL) or death/number patients or death

Age < 30 Months at Entry
<1 000–150 000 9/79 11
150 001–500 000 13/66 20
500 001–1 700 000 29/76 38
>1 700 000 42/81 52

Age ≥ 30 months at entry
<1 000–15 000 0/66 0
15 001–50 000 7/54 13
50 001–150 000 13/80 16
>150 000 22/64 34

HIV RNA was quantified using NASABA HIV-1 QT amplification on samples obtained from children
participating in Pediatric AIDS Clinical Trials Group protocol 152. Mean age of children in the < 30
months group was 1.1 years. Mean age of children in the group > 30 months was 7.3 years. All children
received ART.
Data taken from [112], with permission.

and non-rapid progressors, and no threshold value could be
identified in the first 2 years of life [90]. However, no infant
with less than 70 000 copies/mL in the first 4 months of
life had rapidly progressive disease [90]. Another study also
determined that baseline RNA levels combined with CD4+

lymphocyte percent were predictive of mortality [113] (see
Table 5.6). In this study, the association of mortality with
HIV-1 RNA levels varied with age; for children under 2
years of age mortality was increased only when the base-
line RNA was over 1 million copies/mL, while for children
over 2 years of age mortality increased when plasma RNA
exceeded 100 000 copies/mL [113]. This is summarized in
Table 5.7 and in Chapter 4.

Although most infants are initially infected with M-tropic
viral strains, the appearance of T-tropic strains is associated
with severe CD4+ depletion and deterioration in clinical
status [114–116]. Immunogenetic markers have also been
identified which influence vertical transmission and dis-
ease progression [117–119].

5.11 Factors associated with disease
HIV-infected children

Several clinical factors are associated with disease progres-
sion. Age at the time of infection is probably an important
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factor (see above). Children (over 1 year of age) and ado-
lescents have much slower disease progression than adults
[120]. Route of infection during the perinatal period may
also be a significant factor. Infants infected by vertical trans-
mission tend to progress more rapidly than those who
acquire infection by blood products [71, 72, 121]. Infants
born to women with advanced disease and higher viral
loads also tend to be rapid progressors [122–124]. Whether
this is due to the emergence of more virulent strains in per-
sons with advanced disease and/or a reflection of shared
immunogenetic factors is unknown. Finally, certain clini-
cal manifestations of HIV-1 disease appear to be prognos-
tically important in perinatally acquired HIV-1. Children
who present at a young age with signs of advanced disease
such as PCP or encephalopathy have a worse prognosis
than those presenting with lymphoid interstitial pneumo-
nia (LIP) or bacterial infections [76, 99, 125, 126]. Infants
with enlarged lymph nodes, hepato- and/or splenomegaly
at birth have almost a 40% chance of developing category
C disease by 1 year compared with a 15% risk if these signs
are absent [74]. Growth failure is another clinical sign of
poor prognostic import [127] which has recently been cor-
related with viral load [128]. Most of these clinical symp-
toms improve dramatically with HAART. Although none of
these clinical findings has been found to be as predictive as
the combination of plasma RNA concentration and CD4+

cell percentage, the information is easy and inexpensive to
obtain.

5.12 Pediatric long-term non-progressors

Small subsets of adults infected with HIV-1 (< 5 %) are
able to maintain normal CD4+ cell counts and low viral
loads for periods of greater than 12–15 years without ART.
They have been called long-term survivors or long-term
non-progressors. In adults, this appellation is restricted to
those who have intact immune systems. A few long-term
non-progressors appear to be infected with less pathogenic
variants of the virus (see above). However, in most cases no
progression is believed to be due to host factors.

The definition of a long-term pediatric survivor includes
those who have survived more than 8 years and permits
inclusion of persons who have received antiretrovirals and
are mildly symptomatic. One preliminary study of HIV-
1 infected children who were 8 years of age and older
found that this was a very diverse group of children with
varying stages of disease progression [129]. Only 20% had
absolute CD4+ cell counts greater than or equal to 500
cells/�L and no AIDS-defining conditions [129]; reasons
for long-term non-progression in children have not been
well characterized.

5.13 Transient infection

A few pediatric centers prospectively following HIV-1
seroreverting children have described infants who had
transient evidence of HIV infection, including positive
DNA and RNA PCR and viral culture, in the immediate
postpartum period [130–133]. Others have described the
detection of cell-mediated immune responses in serore-
verting infants (reviewed in [134]). Studies of macaques
infected with simian immunodeficiency virus (SIV) would
suggest that transient infection is possible [135]. How-
ever, a detailed phylogenetic analysis of such putative
human cases could not confirm transient infection [136].
This study strongly suggests that if transient HIV infection
occurs it is extremely rare.

5.14 Conclusions

The natural history of pediatric HIV has been radically
altered by the use of ART. Our understanding of the dynam-
ics of HIV-1 infection coupled with availability of new
antiretroviral agents led many to advocate early aggressive
treatment of children. However, the difficulties of adhering
to complex regimens and the short- and long-term effects of
current therapies dampened enthusiasm for this approach.
Balancing benefits of ART and risks of uncontrolled HIV
infection in children is the subject of intense research and
will undoubtedly provide insights into the natural history
of this disease.
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6.1 Introduction

Worldwide, an estimated 2.1 million children were living
with HIV infection, and an estimated 2000 new infections
in children occurred each day, during 2003 [1]. Mother-
to-child transmission (MTCT) of HIV represents the most
common means by which children become infected with
HIV. In the new millennium, the challenge is to reduce
missed opportunities for prevention of transmission of HIV
to children in the US and other resource-rich settings, and
at the same time to extend the benefits of recent advances
in prevention of pediatric HIV infection to resource-poor
settings. This chapter will review the current epidemiology
of HIV infection in children in the US, and briefly review
the growing worldwide impact of HIV on children.

6.2 HIV/AIDS among children in the USA

6.2.1 HIV infection and AIDS reporting

Through June 2001, 8994 US children with AIDS were
reported to the US Centers for Disease Control and Pre-
vention (CDC) from all 50 states, Puerto Rico, the District of
Columbia, and the US Virgin Islands (Table 6.1) [2]. Fifty-six
percent of all cases were reported from only four states: New
York (25%), Florida (16%), New Jersey (8%), and California
(7%). The majority of AIDS cases (91%) and virtually all new
HIV infections resulted from MTCT. Seven percent (7%) of
children with AIDS acquired their infection through receipt
of contaminated blood or blood products. AIDS also has
been reported among children who acquired HIV infection
from sexual abuse, mucus membrane exposure to blood,

and percutaneous or cutaneous exposures to blood or con-
taminated needles during home health care [3]. Only 2% of
AIDS cases in US children lack an ascribable risk, usually
because of incomplete information about the mother [4].
The majority of children with perinatally acquired AIDS
cases were diagnosed at less than 5 years of age (81%),
compared with children with hemophilia or transfusion-
related AIDS who mostly were diagnosed at 5 years of age
or older (95%, 63%, respectively). Black, non-Hispanic and
Hispanic children are disproportionately affected by the
HIV epidemic. AIDS rates reported in 2000 among black,
non-Hispanic (1.7 per 100 000) and Hispanic children (0.3
per 100 000) were 17 and 3 times higher, respectively, than
among white, non-Hispanic children (0.1 per 100 000). The
racial/ethnic and age distribution of AIDS and HIV infec-
tion among children vary by mode of transmission. For
example, cases of AIDS resulting from MTCT of HIV have
occurred predominantly among black, non-Hispanic (62%)
and Hispanic children (23%) while cases attributed to blood
or blood-product transfusion are more proportional to the
racial/ethnic distribution of the general population.

As of June 2001, HIV infection reporting, using the same
methods as for AIDS surveillance, was ongoing in 34 states,
the Virgin Islands, and Guam (Table 6.2). As of June 2001, an
additional 2206 HIV-infected children have been reported
from these areas (Table 6.2) [2]. In many states with HIV
reporting, there are over three times as many children liv-
ing with HIV infection as those living with AIDS (Figure
6.1). Through 2000, there were 2617 children living with
AIDS and an additional 1627 children living with HIV infec-
tion. National HIV surveillance data are needed to pro-
vide critical information on incident cases of HIV infection
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Table 6.1 Cumulative pediatric AIDS cases in the US, by mode of transmission∗

Hemophilia/
Perinatally coagulation Pediatric risk not

Characteristic acquired AIDS disorder Transfusion reported or identified Total
no. (%) (n = 8207) (n = 237) (n = 382) (n = 168) (n = 8994)

Age at AIDS
<1 year 3237 (39) 0 29 (8) 38 (23) 3301
1–4 years 3462 (42) 11 (5) 112 (29) 39 (23) 3620
5 + years 1508 (18) 226 (95) 241 (63) 91 (54) 2057

Race/ethnicity
Black, not Hispanic 5058 (62) 34 (14) 88 (23) 103 (61) 5283
Hispanic 1890 (23) 38 (16) 93 (24) 30 (18) 2051
White, not Hispanic 1185 (14) 159 (67) 190 (50) 30 (18) 1564
Asian/Pacific Islander 34 (<1) 3 (1) 11 (3) 4 (2) 52
American Indian/

Alaska Native 28 (<1) 2 (1) – 1 (1) 31
Unknown 12 (<1) 1 (<1) – – 13

Sex
Male 4075 (50) 230 (97) 242 (63) 75 (45) 4622
Female 4132 (50) 7 (3) 140 (37) 93 (55) 4372

*Data reported to CDC National AIDS surveillance through June 2001; [2].

Table 6.2 Pediatric HIV infection cases in the US, by age group, exposure category, race/ethnicity, and gender*

Hemophilia/
Perinatally coagulation Pediatric risk not

Characteristic acquired disorder Transfusion reported or identified Total
no. (%) (n = 1918) (n = 104) (n = 41) (n = 143) (n = 2206)

Age at HIV
<1 year 934 (49) 2 (2) 0 23 (16) 959
1–4 years 679 (35) 10 (10) 11 (27) 47 (33) 747
5 + years 305 (16) 92 (88) 30 (73) 73 (51) 500

Race/ethnicity
Black, not Hispanic 1298 (62) 20 (19) 11 (27) 90 (63) 1419

Hispanic
222 (12) 5 (5) 7 (17) 16 (11) 250

White, not Hispanic 373 (19) 76 (73) 22 (54) 22 (15) 493
Asian/Pacific Islander 8 (<1) 3 (1) 1 (3) 3 (2) 15
American Indian/

Alaska Native 9 (<1) – – 2 (1) 11
Unknown 8 (<1) – – 10 (7) 18

Sex

Male 908 (47) 102 (98) 17 (41) 70 (49) 1097
Female 1010 (53) 2 (2) 24 (59) 73 (51) 1109

*Data reported to CDC for HIV surveillance through June 2001, from the 36 areas with confidential HIV infection
reporting [2].
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Figure 6.1. Children < 13 years of age living with HIV infection∗ and AIDS, reported through 2000.

in children and the care and treatment needs for this aging
group of HIV-infected children. Thirty-three of these areas
also collect information on children with perinatal expo-
sure to HIV and follow-up to determine HIV infection and
AIDS status, as recommended by the CDC and by the
American Academy of Pediatrics (AAP) [5,6]. These states
are able to monitor implementation of perinatal preven-
tion recommendations most completely.

6.2.2 Modes of acquisition of HIV infection among
US children

Non-perinatal
Blood/blood products
Since the implementation of heat treatment for clotting
factors in 1984, nationwide screening of blood and blood
products in 1985, and self-deferral of blood donations
from high-risk individuals, incident cases of HIV infec-
tion attributable to transmission through blood and blood
products have been virtually eliminated in the US [7, 8].
Most children with transfusion-acquired AIDS were trans-
fused during infancy because of perinatal problems [8]. As
of June 2001, only two children had developed AIDS follow-

ing receipt of blood screened negative for HIV antibody at
the time of donation, where the donor later seroconverted
[2]. Hemophilia and other clotting disorders accounted for
3% of children diagnosed with AIDS. Nearly all these cases
(97%) were in boys (Table 6.1), reflecting the sex-linked
transmission of hemophilia.

Sexual transmission
Sexual transmission of HIV infection is the major mode
of HIV exposure among adolescents and adults in the US.
A number of cases of sexual transmission through sexual
abuse have been reported among children [9–11]. Through
1998, population-based HIV/AIDS surveillance was used to
describe 26 children who were sexually abused with con-
firmed (n = 17) or suspected (n = 9) exposure to HIV infec-
tion [11]. To date, 29 children have been reported to have
acquired HIV infection through sexual abuse, 22 of whom
have progressed to AIDS and an additional seven of whom
have been diagnosed with HIV infection (CDC, unpubl.
data). However, since sexual abuse is likely under-reported,
the actual number of children who have acquired HIV infec-
tion through sexual abuse is probably larger. Many chil-
dren are sexually abused in the USA each year; the National
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Center on Child Abuse and Neglect reported over 125 000
children who had been sexually abused [12]. Centers for
Disease Control and Prevention guidelines for evaluation
and treatment of sexually transmitted infections (STIs) re-
commend that the decision to test for HIV infection among
sexually abused children should be made on a case-by-
case basis, depending on the likelihood of infection in the
assailant [13]. Situations that involve a high risk for STIs,
including HIV infection, and in which testing for HIV is
strongly recommended, include: if the suspected perpe-
trator is known to have HIV infection or to be at high risk
for HIV infection; if the child has symptoms or signs of
HIV infection; or if the prevalence of HIV in the commu-
nity is high. Other indications for HIV testing include evi-
dence of genital or oral penetration or ejaculation, and STIs
in siblings or other children or adults in the household.
These recommendations include the need for follow-up
testing for HIV after sexual assault to detect seroconver-
sion. Post-exposure antiretroviral prophylaxis for children
with potential exposure to HIV, including exposure through
sexual abuse, is addressed in Chapter 24.

Other
There have been rare reports of transmission of HIV in
households between siblings where opportunities for skin
or mucous membranes exposure to HIV-infected blood
were present [14–16]. However, of 1167 household contacts
(including over 300 children) of HIV-infected individuals
who were followed for 1700 person-years in 17 studies con-
ducted in the USA and Europe, none of whom had other risk
factors for HIV infection, there were no new HIV infections
(upper 95% confidence limit = 0.18 per 100 person-years)
[15]. Because of the rare possibility of household transmis-
sion, all persons who care for HIV-infected children should
be educated about appropriate universal precautions [17].
Policies and procedures should be established to manage
potential exposures to blood or blood-containing mate-
rials. Additionally there have been rare reports of possi-
ble HIV transmission during healthcare practices in the
home, e.g. through percutaneous or cutaneous exposure to
blood or contaminated needles. These cases also highlight
the need for careful attention to proper infection control
practices in any setting where exposure to blood is pos-
sible. Finally, one instance of intentional inoculation of a
child with HIV-infected blood also has been documented
[3]. Because HIV transmission is extremely rare in settings
such as homes, schools, and day-care centers, and recom-
mendations have been made to prevent exposure in these
settings, no need exists to restrict the placement of HIV-
infected children in these settings [18,19].

Mother-to-child transmission of HIV
HIV/AIDS among women of childbearing age in the USA
Characteristics of the HIV epidemic in children mirror that
of the epidemic in childbearing women. Women account
for an increasing proportion of the burden of HIV disease
in the USA. Overall, of the 784 032 adult and adolescent
cases of AIDS reported to the CDC through June 2001 from
the USA, Puerto Rico, District of Columbia, and the US
Virgin Islands, 134 845 (17%) cases were among women
[2]. The proportion of AIDS cases in women has increased
from 12.5% in 1988–1992 to 22.6% in 1996–2000 [20]. Of the
145 753 HIV-infected adolescents and adults in the USA,
29% were women. Finally, among the 5893 HIV-infected
adolescents (aged 13–19 years old), 57% were among
females, most of whom were infected through heterosexual
contact.

The HIV/AIDS epidemic in women is concentrated in
the Northeast and in the South, particularly in New York,
Florida, Texas, California, and New Jersey. While the highest
numbers of women were initially observed in the North-
east, during the past several years the greatest increases
appear to have been in the South [21–23]. African-American
and Hispanic women are disproportionately affected by
the HIV epidemic; in 2000, the highest rates of AIDS
were among black, non-Hispanic (46 per 100 000) and
Hispanic women (14 per 100 000) compared with white,
non-Hispanic women (8 per 100 000). Cumulatively, 40% of
AIDS in women is attributable to injection drug use and 41%
to heterosexual contact, which surpassed injection drug
use in the early 1990s as the predominant mode of trans-
mission among women, particularly among young women
[2, 21, 24].

Among young adults and adolescents, aged 13–24 years,
54% of AIDS has been attributable to heterosexual contact.
From 1995 to 1999, AIDS diagnoses declined 26% among
women compared with 43% among men and then began
to level [24]. Declines began later for women than men and
the last groups to show a decline were men and women
infected through heterosexual contact. The percentage
decrease in AIDS diagnoses was smallest among African-
American women, women from the South, and men and
women infected through heterosexual contact. These pat-
terns reflect differences in HIV incidence in the 1980s and
1990s, HIV testing patterns, and access and adherence to
effective therapy [24]. In summary, increasing proportions
of persons with AIDS are women, African-American or His-
panic, heterosexuals, and residents of the South. In addi-
tion, more than 40% of AIDS diagnoses in 1999 were among
residents of the poorest counties in the USA [24]. Among
25 states with HIV reporting to CDC since 1994, HIV diag-
nosis rates per 100 000 in 1999 were highest for African
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Figure 6.2. Women 15–44 years of age living with HIV infection∗ and AIDS, 2000.

American and Hispanic women compared with whites
(51.2, 16.3, and 2.5) and 71% of the new HIV infections in
1999 among women were among African-Americans [24].

AIDS surveillance and HIV seroprevalence surveys
demonstrated increasing HIV incidence among childbear-
ing women through the 1980s, and then stable seropreva-
lence from 1989 to 1995 [21, 25]. Trends varied by region,
with declining HIV seroprevalence in the Northeast (4.1 to
3.2/1000 childbearing women) and increasing then stable
trends in the South (1.6 to 1.9/1000 childbearing women).
The stable HIV seroprevalence may have been a combi-
nation of stable HIV incidence among childbearing-age
women, women aging out of their childbearing years, and
reduced fertility among older HIV-infected women due to
advanced HIV disease [26]. Particularly high HIV incidence
rates (5–6 per 1000 women-years) have been reported from
certain institutions which serve an inner-city and high-risk
population of women of childbearing age [27, 28].

The number of persons living with AIDS has increased
as a result of improved survival of patients receiving potent
HAART regimens. In 2000, an estimated 338 978 persons
were living with AIDS in the USA, including 69 725 women,
a 57% increase since 1996 in the number of women.
Between 1993 and 2000, the proportion of persons living

with AIDS who were women increased from 15% to 21%.
AIDS prevalence, however, underestimates the number of
HIV-infected young women in need of medical and social
services. Among the 32 states that report HIV infection
among adults as of June 2001, the number of women aged
15–44 years living with HIV infection was two- to three-fold
higher than the number living with AIDS in many states
(Figure 6.2). More recent estimates indicate that approxi-
mately 129 500 to 135 300 women of childbearing age (13–
44 years) were living with HIV infection in the USA in 2000,
which is substantially higher than the estimated 80 000 HIV-
infected women in 1991, reflecting continued HIV inci-
dence and increasing survival of women receiving treat-
ment for HIV infection [29, 30].

Recent data from the Adult/Adolescent Spectrum of HIV
Disease Study indicate that pregnancies were less likely
to occur among women with advanced HIV disease [31].
Pregnancy rates were significantly higher during the era
of widespread use of HAART (1997–2000) compared with
1992–1996. Approximately 6000–7000 HIV-infected women
delivered infants each year from 1989 to 1995 [25]. More
recent estimates, using a combination of data sources, indi-
cate between 6075 and 6422 infants were born to HIV-
infected mothers in 2000 [29].
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Figure 6.3. Perinatally acquired AIDS by half year of diagnosis (US), and receipt of any zidovudine (ZDV) (prenatal, intrapartum,

neonatal) among HIV+ women tested before \ at birth: 33 HIV reporting states. Data reported to CDC HIV/AIDS surveillance through

June 2001. HIV data from areas with confidential HIV Infection surveillance [2].

An estimated 40 000 new cases of HIV infection occur
each year in the USA and more than 10 000 of these new
infections are among women [29, 32]. Recent increases in
newly diagnosed HIV infections, among heterosexuals as
well as men who have sex with men, in several US cities
have created concern that HIV incidence may again be on
the rise [33]. A new HIV prevention initiative is aimed at
reducing barriers to early diagnosis of HIV infection and
increasing access to quality medical care and prevention
services [30]. Ongoing prevention programs must be tar-
geted at high-risk women, particularly young women, to
reduce HIV incidence in this vulnerable group. The increas-
ing number of women living with AIDS and the large and
increasing number of childbearing age women living with
HIV infection highlight the need for programs to get young
HIV-infected women into care and treatment. HIV surveil-
lance is needed in all states to better assess the number of
persons in need of care and services [34].

Trends in mother-to-child transmission of HIV
Overall, by year of AIDS diagnosis, adjusted for report-
ing delay and redistribution of cases with unreported risk
[35–38], the number of pediatric AIDS cases in the USA
increased rapidly in the 1980s, peaked in 1992, and declined
89% from 1992 (n=910) to 2000 (n=104) (Figure 6.3). These
declines have been seen in all racial/ethnic groups. The
majority of children who acquired HIV infection through
MTCT are non-Hispanic blacks and Hispanics, similar to
the epidemic in women. Declines were seen in all regions
of the US, and in both urban and rural areas. The earl-
iest and largest declines have occurred among children
diagnosed before 1 year of age (92%), who represent inci-

dent infection and would reflect recent perinatal preven-
tion efforts earliest, and among children diagnosed at
1–5 years of age (93%). Although treatment of HIV-infected
children has likely contributed to the decline in the num-
bers of pediatric AIDS cases since 1996, when potent com-
bination antiretroviral therapy became standard of care
[39], the steep declines in perinatally acquired AIDS cases
since 1994, particularly among infants, most likely repre-
sent reduced MTCT of HIV. Recent declines in AIDS inci-
dence were substantially greater than could be accounted
for by declines in births to HIV-infected women as esti-
mated by the anonymous survey of childbearing women.
From 1992 to 1997, the rate per 100 000 births of infants
diagnosed with AIDS in the first year of life declined 84%
from 9.1 to 1.5 and was greater than expected compared
with a decline in births to HIV-infected women [40, 41].
Data from 33 HIV- reporting areas that collect data on peri-
natally HIV-exposed and infected children, through June
2001, demonstrate declines in rates of MTCT. Of children
first evaluated for HIV infection at less than 2 months of
age, 22% were HIV-infected in 1993, which declined to 9%
in 1997 and then to 4% in 1999.

Rapid implementation of US Public Health Service guide-
lines regarding use of zidovudine (ZDV) prophylaxis to
reduce MTCT of HIV (1994) and regarding universal, rou-
tine HIV counseling and voluntary prenatal HIV testing
(1995) were associated with the initial decline in the inci-
dence of perinatal HIV infection in the USA, where safe and
affordable alternatives to breastfeeding are widely avail-
able [42–45]. Data from states with enhanced perinatal
HIV surveillance from 1993–1997 indicated an associa-
tion between receipt by mother–infant pairs of all three
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components of the ZDV prophylaxis regimen from the AIDS
Clinical Trials Group Protocol 076 (ACTG 076) and a 68%
reduction in perinatal HIV infection rates [46]. Additional
data confirmed the effectiveness of ZDV prophylaxis, with
MTCT rates of as low as 5–8% [47–53]. With the intro-
duction of potent combination antiretroviral therapy and
cesarean section before labor and ruptured membranes,
MTCT rates of less than 2% have been observed [45, 54–
56]. Despite dramatic declines, cases of MTCT of HIV con-
tinue to occur, especially in populations of women and chil-
dren who did not receive timely interventions to prevent
transmission. For example, of 449 children with perina-
tally acquired AIDS born in 1995–1997, 35% had mothers
who were tested for HIV after birth. Of 227 HIV-infected
children born in 1995–1997 in states with enhanced peri-
natal HIV surveillance, 14% of their mothers had no pre-
natal care, 20% of their mothers were tested after deliv-
ery and 7% at delivery, and only 29% of their mothers had
received prenatal care, HIV testing, and all components of
the ACTG 076 regimen (including the infant component)
[40].

As noted previously, an estimated 6075–6422 infants were
born to HIV-infected mothers in the USA in 2000 [29],
similar to estimated numbers in the late 1980s and early
1990s from the anonymous survey of childbearing women.
Without intervention, a MTCT rate of 25% would result in
the birth of an estimated 1500–1750 HIV-infected infants
annually in the USA. However, compared with an estimated
peak of 1750 HIV-infected infants born in 1991, due to suc-
cessful perinatal prevention efforts, the estimated num-
ber of HIV-infected children born in 2000 declined to 280–
379 [29]. If all missed opportunities were eliminated (i.e.
all HIV-infected mothers were diagnosed before birth and
received optimal management), and assuming a 2% trans-
mission rate, approximately 120–130 HIV-infected infants
would be born each year in the USA [29]. Additional preven-
tion efforts are needed, targeting prevention of HIV trans-
mission among those women who remain at high risk for
HIV infection, especially substance-using women, young
women, and adolescents, to further reduce perinatal HIV
transmission.

6.2.3 The perinatal HIV prevention cascade

The most important perinatal prevention strategy is pre-
vention of acquisition of HIV infection in women. Once an
HIV-infected woman becomes pregnant, however, a chain
of events must take place to prevent HIV transmission to the
child. This chain of events provides a useful framework for
considering both perinatal HIV prevention interventions
and collection of perinatal surveillance data. This chain

includes the following: (1) receipt of early prenatal care;
(2) provider offering of counseling and testing; (3) preg-
nant woman’s acceptance of testing; (4) HIV-infected preg-
nant woman’s acceptance of one or more interventions
to prevent transmission, including antiretroviral prophy-
laxis, cesarean section before labor and ruptured mem-
branes, and avoidance of breastfeeding; (5) HIV-infected
pregnant woman’s adherence to an antiretroviral drug reg-
imen and to avoidance of breastfeeding; and (6) follow-up
care for both the HIV-infected woman and her infant [57]
(see Chapter 8).

Receipt of prenatal care
Compared with the general population, HIV-infected
women are much less likely to receive prenatal care [58–60].
Data from the seven states that conducted the enhanced
perinatal HIV surveillance project for birth years 1993 to
1996, indicate that 14% (range 3–27%) of women received
no or minimal prenatal care and 19% (range 8–23%) ini-
tiated prenatal care in the third trimester [59]. This com-
pares with 2% of women in the general population who
had late or no prenatal care [61]. As in the general popula-
tion, prenatal care use among HIV-infected women varied
by race and ethnicity with African-American and Hispanic
women likely to have fewer prenatal visits. Women who
use illicit drugs in pregnancy are at high risk for not receiv-
ing prenatal care: 36% had no prenatal care compared to
5% of HIV-infected women who did not use illicit drugs.
Among HIV-infected women tested at or within 7 days of
delivery, 71% had received no or minimal prenatal care and
67% had substance abuse during pregnancy [59]. Reasons
these women may not receive prenatal care include social
disruption, fear of criminalization, and lack of access to
care. In a recent report from Michigan, a high prevalence
of STIs (43%), illegal drug use (33%), and alcohol use (24%)
was reported among pregnant HIV-infected women giv-
ing birth from 1993–2000, suggesting a need for compre-
hensive counseling and treatment services to HIV-infected
women.[60].

Innovative approaches must be developed that address
the needs of mothers who receive little or no prenatal
care. Most HIV-infected pregnant women in the USA uti-
lize hospitals for delivery, providing a crucial opportu-
nity for rapid screening and intervention [62]. The Mother
Infant Rapid Intervention at Delivery (MIRIAD) study is
a multicenter project, funded through the CDC, focusing
on disadvantaged communities in which many women
receive inadequate prenatal care and exhibit relatively high
HIV seroprevalence [63]. Funded sites are located in six
US metropolitan areas: Atlanta, Baton Rouge, Chicago,
Miami, New Orleans, and New York City. The MIRIAD study
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aims to evaluate (1) innovative approaches for a 24-hour
counseling and voluntary rapid HIV-testing program
among women in labor presenting with unknown HIV
infection status; (2) the feasibility of obtaining informed
consent during labor (or, if not feasible, soon after birth);
(3) reasons for lack of prenatal care and/or HIV testing
among these women; (4) the rapid implementation and
assessment of antiretroviral prophylaxis administered at
labor and delivery and/or to the neonate; (5) adherence to
neonatal therapy; and (6) subsequent receipt of antiretro-
viral treatment and other services for women identified as
HIV-infected. Novel approaches for rapid bedside testing
of women in labor and post-test counseling and referral to
care for HIV-infected women and their infants are being
piloted. Recent data indicate that rapid HIV testing is fea-
sible, accurate and timely with acceptance rates of 84%
enabling prompt access to antiretroviral prophylaxis. In
cost-effectiveness analyses, rapid HIV testing at labor and
delivery appears cost saving to the medical system when
HIV prevalence exceeds 0.7 to 1.0% and treatment efficacy
exceeds a 5% reduction in perinatal transmission [64, 65].

Offering and acceptance of HIV counseling and testing
Once in prenatal care, women need to be offered and to
accept HIV testing. Population-based data on HIV coun-
seling and testing during 1996–1997 were available from
14 states participating in the CDC Pregnancy Risk Assess-
ment Monitoring System (PRAMS) [66]. In 1997, 63–87%
of mothers received HIV counseling during pregnancy and
58–81% were tested for HIV infection; the proportions var-
ied by state. Black mothers, mothers with less than a high
school education, young mothers, those with public health
care providers, and Medicaid recipients were more likely to
receive HIV counseling and testing during pregnancy and
may reflect targeted testing efforts. Highest rates of test-
ing and increases in testing from 1996–1997 occurred in
states with higher HIV seroprevalence among childbearing
women.

Updated data from the 1999 PRAMS study, indicate a
range of prenatal HIV testing from 61–81% for states that
use an “opt in” approach to testing (i.e. women are pro-
vided with pre-HIV test counseling and must consent
specifically to an HIV antibody test) [67]. Several states,
including Arkansas, Texas, Tannessee, and New Mexico,
have an “opt-out” testing policy (i.e., women are notified
that an HIV test will be included in a standard prena-
tal battery of tests and that they may refuse testing). In
Arkansas, after the law was implemented, prenatal HIV
testing rates increased from 57% in 1997 to 71% in 1999.
For New York State, prenatal testing rates increased from
69% to 93% after mandatory newborn testing results were

made available within 2 days of delivery [67]. In Novem-
ber 2001, the USPHS issued revised guidelines for HIV
testing in pregnancy emphasizing HIV testing as a rou-
tine part of prenatal care and strengthening the recom-
mendation that all pregnant women be tested for HIV,
including the offering of rapid testing at labor/delivery
for women whose status was still unknown at that point
[23]. Health care facilities serving women at relatively high
risk for HIV should also strongly consider implementing
a second voluntary universal HIV test during the third
trimester of pregnancy, as is done routinely for syphilis [68].
The AAP and the American College of Obstetricians and
Gynecologists (ACOG) have issued recommendations in
support of the PHS guidelines [34, 69, 70]. In addition, as
part of the new prevention initiative, CDC will further pro-
mote recommendations for routine HIV testing of all preg-
nant women at labor/delivery whose HIV infection status is
still unknown, and, as a safety net, for the routine serologic
screening after delivery of mothers or infants who were not
screened prenatally or at labor/delivery [33].

Data from CDC’s active bacterial core surveillance/
emerging infectious program network also assessed HIV
testing during prenatal care and within 2 days of delivery
in a population-based sample of eight US areas in 1998–
1999. For opt-in programs prenatal testing rates ranged
from 25% to 69%, and in Tennessee where an opt-out test-
ing approach was used, testing rates were 85%. These data
suggest that testing rates may be higher with an “opt-out”
approach [67].

Population-based data on HIV testing are also avail-
able from the Behavioral Risk Factor Surveillance system, a
state-specific population-based telephone survey of adults
18 years of age or older [71]. Among women ages 18–44, the
proportion of pregnant women tested for HIV in the prior
12 months increased from 1994 to 1996 (41% to 53%), and
again from 1997 (52%) to 1998 (60%) [71]. Pregnant women
were more likely to be tested if they lived in the South, were
not working, were aged 18–24 years, had never been mar-
ried, or had health insurance.

Additional data indicate that once women are offered
HIV testing, acceptance rates are generally high, over 70% in
most settings. However, not all women who are offered test-
ing accept it. CDC’s Perinatal Guidelines Evaluation Project
evaluated reasons women were not tested, and the results
indicated some women did not perceive a need for testing
since their assessment was that they were not at risk for HIV
infection, others knew they had been previously tested for
HIV, and finally some women had providers who did not
strongly recommend testing [58].

The proportion of pregnant HIV-infected women in
whom HIV infection was diagnosed before giving birth is
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Figure 6.4. Receipt of zidovudine (ZDV) among perinatally exposed children born in 1993–2000 whose mothers tested HIV positive

before or at birth – 33 HIV-reporting states (n = 9306). Data reported to CDC HIV/AIDS surveillance through June 2001. HIV data from

areas with confidential HIV infection surveillance [2].

high and increasing. In the seven-state enhanced surveil-
lance project, the proportion of HIV-infected women who
were tested for HIV before delivery increased from 70%
in 1993 to 80% in 1996 [59]. Among women delivering in
1996, approximately half (53%) had their positive HIV test
before their pregnancy and half (47%) during their preg-
nancy. Data from 25 HIV-reporting states in 2000, indicate
that 93% of HIV-infected women knew their HIV infection
status before delivery [67].

Offering and receipt of antiretroviral drugs
As of June 2001, an increasing proportion of HIV-infected
mothers and their infants were prescribed any component
of the ACTG 076 perinatal transmission prophylaxis regi-
men (antepartum, intrapartum, or infant), from 37% of
children born in 1994 to 90% or more for children born
from 1997–2000 (Figure 6.4). These are population-based
data from 33 HIV-reporting areas, using the same meth-
ods as AIDS surveillance, involving the monitoring of 9300
HIV-exposed and -infected children born to HIV-infected
mothers tested for HIV before or at delivery and then follow-
up to determine HIV infection status as well as AIDS sta-
tus. Receipt of prenatal ZDV increased from almost 30% in
1994 to 71–73% in 1996–1997 and then leveled. An increas-
ing number of HIV-infected women received combination
therapy during pregnancy for their own health, from 39%
in 1998 to 60% in 2000. Almost two-thirds of mother–infant
pairs in 2000 received all three components of the ZDV
regimen. The increase in receipt of antiretroviral therapy
has resulted in the dramatic decline in perinatally acquired
AIDS incidence in the United States (Figure 6.3). Data from

the enhanced perinatal HIV surveillance project in seven
states with HIV-infection surveillance also indicated that
among women diagnosed before delivery, the proportion
offered prenatal ZDV increased from 27% in 1993 to 83%
in 1996, the proportion offered intrapartum ZDV increased
from 6% to 75%, and the proportion offered ZDV for their
infants increased from 8% to 77% [59]. Only 5% of women
refused ZDV. Mothers known to be HIV-infected with sub-
stance abuse during pregnancy had fewer prenatal care
visits and were less likely to receive ZDV [45, 59]. In the
Perinatal AIDS Collaborative Transmission Study (PACTS),
women with substance abuse, who gave birth preterm,
or who had less advanced immunosuppression, were at
substantial risk of not receiving all three components of
the ACTG 076 perinatal transmission prophylaxis regimen
[58].

Cesarean section for the prevention of MTCT of HIV
The American College of Obstetricians and Gynecologists
and the USPHS recommends that HIV-infected pregnant
women with HIV RNA of 1000 copies/mL or greater be
offered elective cesarean section as an adjunct for pre-
vention of perinatal HIV transmission, as cesarean sec-
tion before onset of labor and rupture of membranes has
been shown to decrease the risk of perinatal HIV trans-
mission [72, 73]. Data from the Pediatric Spectrum of
HIV Disease Project and Pediatric HIV surveillance indi-
cate that the proportion of HIV-infected mothers who had
cesarean sections increased from 20% in 1994–1998 to
44% and almost 50% by 2000, in PSD and surveillance,
respectively [74].
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Figure 6.5. Trends in annual rates of death from the eight leading causes of death and HIV infection among children 1–4 years old, US,

1987–1998. Unpublished, NCHS multiple cause of death data.

Efforts to eliminate MTCT of HIV in the US
To further reduce MTCT of HIV in the USA and to address
issues raised in the 1998 US Institute of Medicine report,
the CDC has received Congressional funds since 1999 to
support targeted perinatal HIV prevention efforts in high
prevalence states. These funds have been used by state and
local health departments to increase efforts to maximally
reduce and potentially eliminate perinatal HIV transmis-
sion in the USA. These included programmatic, enhanced
HIV/AIDS surveillance, and educational components in
states with high HIV seroprevalence among women of
childbearing age to reduce missed opportunities to provide
interventions and focus efforts on those populations that
continue to be at highest risk. The public health definition
of elimination is the reduction to zero in the incidence
of infection in a defined geographic area as the result of
deliberate efforts; and continued measures to prevent re-
establishment of transmission are required [75]. Achieving
an elimination program for an infectious disease requires
highly efficacious interventions, enhanced surveill-
ance efforts, and highly effective implementation efforts.

Programmatic component
The programmatic effort focuses on 16 states with the high-
est HIV seroprevalence among women of childbearing age
[76]. Collaboration between state and local HIV preven-
tion programs, maternal child health programs, substance
treatment programs, and the correctional system will be
critical to get substance-using women into prenatal care, to
provide rapid HIV testing with informed consent to women
who present to labor/delivery with no prior HIV test or
unknown HIV infection status and initiate antiretroviral
therapy, and to assure that HIV-infected women and chil-
dren have access to high quality HIV care and services.

Educational component
As part of this effort national organizations (i.e. the Ameri-
can Academy of Pediatrics, the American College of Obste-
tricians and Gynecologists, the Association of Maternal
and Child Health Programs, City Match, the National
Pediatric and Family HIV Research Center, and the AIDS
Alliance for Children, Youth and Families) were funded to
develop educational materials for providers, and women,
and enhance communication and programmatic efforts
among metropolitan area local health departments.

Surveillance component
Surveillance is a critical part of an elimination program
and must be used to guide program strategy. Enhanced
surveillance efforts are needed with successive stages of
elimination. Additional funding was made available for
implementing enhanced perinatal HIV surveillance activ-
ities in 25 state and local health departments for recent
birth cohorts, using similar methods to a seven state project
funded in 1996 [59]. Surveillance strategies were designed
to enhance completeness of ascertainment of mother–
infant pairs in birth cohorts from 1993 to 1996 as well as
subsequent birth cohorts in the 25 states and collection of
data related to receipt of prenatal care, timing of maternal
HIV testing, and receipt of antiretroviral therapy from both
maternal and pediatric medical records [59]. These data
provided the scientific basis for the Institute of Medicine
report to make voluntary HIV testing a routine part of pre-
natal care.

6.2.4 Morbidity and mortality

HIV has been a leading cause of death among children in
the USA. Among children aged 1–4 years old, annual rates
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Table 6.3 AIDS-defining conditions diagnosed in U.S. children with AIDS*

Cumulative no. (%)* cases No. (%) cases
AIDS-defining conditions diagnosed with disease diagnosed in 2000

n = 8978 n = 86
Pneumocystis carinii pneumonia 2957 (33) 20 (23)
Lymphoid interstitial pneumonitis 2084 (23) 10 (12)
Bacterial infection, multiple or recurrent 1834 (20) 13 (15)
HIV wasting syndrome 1613 (18) 14 (16)
HIV encephalopathy 1485 (17) 8 (9)
Candidiasis of esophagus 1408 (16) 9 (10)
Cytomegalovirus disease other than retinitis 723 (8) 6 (7)
Mycobacterium avium complex 727 (8) 2 (2)
Herpes simplex 443 (5) 3 (3)
Candidiasis of bronchi, trachea or lungs 329 (4) 5 (6)
Cryptosporidiosis, chronic intestinal 318 (4) –
Cytomegalovirus retinitis 167 (2) 3 (3)
Mycobacterial disease, other 118 (1) 2 (2)
Cryptococcosis, extrapulmonary 107 (1) 3 (3)
Toxoplasmosis of brain 76 (1) 2 (2)
M. tuberculosis, disseminated, or extrapulmonary 83 (1) 2 (2)
Immunoblastic lymphoma 59 (1) 1 (1)
Burkitt’s lymphoma 62 (1) 1 (1)
Progressive multifocal leukoencephalopathy 46 (1) –
Lymphoma, primary in brain 40 (<1) 1 (1)
Kaposi’s sarcoma 31 (<1) –
Histoplasmosis 24 (<1) –
Coccidiomyocosis 12 (<1) –
Isosporiasis, chronic intestinal 4 (<1) –

*Sum of percentages is greater than 100, because some patients have more than one condition.
Unadjusted data, reported to National AIDS surveillance through June 2001, CDC, unpubl. data.

of death per 100 000 population increased from 1987 to
1995, but then declined dramatically through 1998 (Fig-
ure 6.5). Since 1996, use of potent combination antiretro-
viral therapy has resulted in substantial reductions in mor-
tality and increased survival of HIV-infected adults and
children [39, 77–82], an increasing proportion of HIV-
infected children have received potent antiretroviral ther-
apy and this has been associated with reduced mortality
and reduced proportions of children with severe immuno-
suppression [79, 83, 84]. As a result, the annual number
of children under 13 years of age with HIV infection listed
on their death certificate has decreased 81% from 1994 to
1999, based on multiple-cause of death data [85]. This is
likely due to a combination of factors including preven-
tion of MTCT of HIV, use of potent antiretroviral ther-
apy, and chemoprophylaxis for prevention of opportunistic
infections.

Increases in the proportion of HIV-infected children
receiving Pneumocystis carinii pneumonia (PCP) prophy-
laxis were observed in a New York City Pediatric Spectrum
of Disease (PSD) Study and, combined with increases in
potent combination antiretroviral therapy since 1996, were
responsible for increasing AIDS-free survival in more recent
years [86]. However, HIV-infected children born to women
with advanced HIV disease and high viral loads are at
increased risk for rapid disease progression [84, 87]. Other
factors affecting the rate of disease progression among
children include HLA and chemokine receptor genes [88].
For example, heterozygosity for the CCR5 Delta 32 dele-
tion has been associated with slower HIV disease progres-
sion in children in some studies [89, 90], although not
all [88].

The most common AIDS-defining condition in chil-
dren continues to be PCP (Table 6.3) (see Chapter 11).



The epidemiology of pediatric HIV disease 95

Table 6.4 Trends in initial AIDS opportunistic infections among children reported with perinatally acquired AIDS*

Year of diagnosis

AIDS-defining condition 1992 1993 1994 1995 1996 1997 1998 1999

n = 907 n = 882 n = 793 n = 665 n = 501 n = 307 n = 230 n = 156
Pneumocystis carinii pneumonia 24 26 24 23 25 28 25 29
Lymphoid interstitial pneumonitis 22 18 18 17 17 11 11 8**
Recurrent bacterial infection 13 15 14 14 16 15 18 19**
Encephalopathy 13 13 14 17 17 18 11 14
Wasting 14 13 14 13 13 13 18 12
Candidiasis of esophagus 11 11 12 12 11 8 8 14
Mycobacterium avium complex 4 5 5 4 3 4 3 2**

*Percent of children with perinatally acquired AIDS, adjusted for reporting delay, weighted for age.
Data from national AIDS surveillance for children reported with perinatally acquired AIDS through June 2000, adjusted for
reporting delay and no identified risk, using age-stratified Cochran–Mantel–Haenszel methods, **p < 0.05.
CDC, unpubl. data.

PCP, which occurs predominantly at ages 3–6 months,
has accounted overall for 33% of all AIDS-defining con-
ditions and 57% of AIDS-defining conditions in infants.
PCP prophylaxis guidelines for children were first pub-
lished in 1991 [91]. However, PCP incidence among infants
changed little from 1991 through 1993 because HIV infec-
tion was not diagnosed early enough for prophylaxis [92].
The 1995 revised guidelines recommended PCP prophy-
laxis for all perinatally exposed infants at 4–6 weeks of
age until their infection status is determined [93]. Among
infants, rates of PCP and rates of other AIDS conditions
declined substantially [41]. Dramatic declines in AIDS inci-
dence in recent years have been attributable primarily to
the substantial impact of declining perinatal HIV transmis-
sion with increasing ZDV use, although declines in PCP
incidence from PCP prevention efforts likely contributed
[41].

Among opportunistic infections that continue to occur,
the relative frequencies of AIDS-defining conditions are
similar to those observed in previous years of the epi-
demic [94]. Among HIV-infected children in PSD, age-
adjusted incidence rates of opportunistic infections were
highest for PCP, disseminated Mycobacterium avium com-
plex (MAC) disease, esophageal candidiasis, and recur-
rent bacterial infections, and rates of each declined from
1990 to 1997 [94]. Declining age-adjusted incidence was
also observed for cytomegalovirus disease, cryptosporid-
iosis, and candidiasis [94]. Additional analyses of PSD data
showed declines for LIP and wasting as well [95]. The
mean age of HIV-infected children also increased from
4.9 years in 1992 to 8.7 years in 1998 [95]. Trends of

initial AIDS-defining conditions from 1992–1999 were anal-
ysed among children reported with perinatally acquired
AIDS through June 2000, adjusted for reporting delay and
no identified risk, using age-stratified Cochran–Mantel–
Haenszel methods (Table 6.4). During this time the median
age at AIDS diagnosis had increased from 1 year to 3
years of age. Pneumocystis carinii pneumonia continued
to be the most common AIDS-defining condition. Signifi-
cant declines occurred for LIP and MAC, with significant
increases for recurrent bacterial infections. These trends
most likely reflect increasing use of potent combination
antiretroviral therapy, improving immune status, and use
of effective prophylaxis regimens for opportunistic infec-
tions [95].

Early treatment with HAART has improved survival and
decreased morbidity with more children living longer with
HIV infection. With improvements in treatment and sur-
vival, increasing numbers of perinatally HIV-infected chil-
dren are entering adolescence. It has been estimated that
there are approximately 10 000 children currently living
with perinatally acquired HIV infection in the USA, and
that 2200 are currently teenagers, but over the next decade
increasing numbers will be in adolescence coping with
HIV as a chronic disease [96]. These HIV-infected teens
require a holistic approach including support for adher-
ence to complex treatment regimens, effective reproduc-
tive and sexual health counseling to prevent secondary HIV
transmission, and psychosocial and educational support.
The impact of long-term potent antiretroviral treatment on
long-term growth and development is not known. The Cen-
ters for Disease Control and Prevention recently described
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Figure 6.6. Estimated impact of AIDS on under-5 child mortality rates – selected African countries, 2010. Source: US Bureau of the Census.

pregnancies in perinatally HIV-infected adolescents and
young adults in Puerto Rico and this report highlights the
challenges in developing appropriately tailored reproduc-
tive health services for this growing population in the USA
[97]. Factors that were associated with pregnancy included
a relatively late age at disclosure of HIV status and incon-
sistent condom use with sex partners.

6.3 HIV/AIDS among children globally

Throughout the world, the number of children with HIV
infections continues to increase. In 2002, an estimated
800 000 children under 15 years of age were newly infected;
3.2 million children were living with HIV infection, and
nearly 600 000 died of AIDS [1]. MTCT is the dominant
mode of acquisition of HIV among young children world-
wide, resulting in at least 1700 new infections each day.
Globally, HIV/AIDS is one of the leading causes of death
in children [98]. Figure 6.6 shows the dramatic impact
the HIV epidemic is having on under-5 child mortal-
ity rates in heavily affected countries in sub-Saharan
Africa.

In 2002 an estimated 14 million children world-wide had
lost one or both parents due to AIDS. Approximately 80%
of these children – 11 million – lived in sub-Saharan Africa
alone [1]. Millions of these orphans have been absorbed
into extended family networks, even in the poorest com-
munities, thanks to traditions in African society that have
helped them cope with previous calamities. Nevertheless,
the severe burden of HIV infection for both infected and
uninfected children threatens to dwarf the capacity of fam-
ilies and communities to respond to it.

Simpler and less expensive antiretroviral regimens have
been identified for prevention of MTCT of HIV (see
Chapter 8) and rapid translation of clinical trial findings
into public health policy and practice in resource-poor
settings is a pressing priority [99]. Extending the bene-
fits of these recent breakthroughs to the majority of HIV-
infected women requires innovative approaches, partic-
ularly in remote, rural communities where more than two-
thirds of the population of sub-Saharan Africa resides
[100]. Widespread implementation of antiretroviral inter-
ventions to prevent pediatric HIV infections in resource-
poor settings provides a formidable challenge as well as
a unique opportunity. As antiretroviral therapy becomes
more available, new attention must also be given to
strengthening linkages between antenatal HIV preven-
tion and treatment programs for the infected and affected
family members [101]. In predominantly breastfed pop-
ulations, critical research gaps remain regarding the risk
and mechanism of HIV transmission through early and
prolonged breastfeeding and the most optimal interven-
tions to reduce postnatal HIV transmission and promote
child survival [102, 103]. Primary prevention of HIV among
prospective parents, in particular young women in their
early years of sexual activity [104, 105], will contribute
greatly to the prevention of pediatric HIV-related morbidity
and mortality.

Progress has been made towards implementation of
MTCT prevention programs in a number of developing
countries. For instance, in South-East Asia, Thailand has
provided an exemplary model of learning from large-scale
pilot programs and rapidly expanding to the national scale.
For the period October 2000 through July 2001, 93% of
318 721 women who gave birth in 65 provinces were tested
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for HIV; 69% of HIV-infected women giving birth received
ZDV; and 86% of the infants born to HIV-infected women
received zidovudine through the program [106]. Lessons
learned from Thailand include the importance of provid-
ing regular clinical, counseling, and management training
related to prevention of MTCT, and using focused mon-
itoring and evaluation data to guide program develop-
ment, expansion, and improvement. In sub-Saharan Africa
during 1999–2000, United Nations-sponsored pilot pro-
grams were conducted in nine countries with high HIV-1
prevalence; 82 000 women attended for antenatal care
across all sites and HIV prevalence among those tested var-
ied from 13–45% [107]. Of all the women attending ante-
natal care, only 43% accepted an HIV test. Of the nearly
7000 women who tested positive for HIV infection, 39%
were documented to have received ARV prophylaxis. India
has implemented a pilot program among 125 000 pregnant
women and has recorded testing and antiretroviral pro-
phylaxis acceptance rates comparable to the African rates.
Since early 2000, several private foundations such as the
Elizabeth Glaser Pediatric AIDS Foundation and the Doris
Duke Foundation have funded large-scale perinatal HIV
prevention programs in a number of resource-limited set-
tings. Successful programs to reduce MTCT and to expand
treatment options for HIV-infected mothers and their fam-
ilies can be achieved only through improved maternal and
child health-care services, integrated AIDS prevention and
care initiatives, and strong political commitment at all lev-
els [108, 109]. Sexual abuse of children, mainly girls, and
forced sexual initiation also appear common in a number of
high HIV-prevalence countries in sub-Saharan Africa and
South-East Asia, and rape of children is almost universally
under-reported [110–114].

6.4 Conclusions

Remarkable changes in the epidemiology of pediatric HIV
infection in the USA and similar settings have occurred
during the last several years, due primarily to successful
efforts to prevent MTCT of HIV. Additionally, advances have
been made in the diagnosis and treatment of pediatric HIV
infection.

However, the global HIV epidemic among infants, chil-
dren, and adolescents continues in many parts of the world,
where there is an ongoing need to implement effective pre-
vention and treatment programs. HIV infection has already
caused a precipitous decline in child survival in resource-
poor settings [115]. In such settings, prevention of primary
HIV infections among women and adolescent girls, particu-

larly adolescent girls who exhibit the highest HIV incidence
rates [104], is critical to the prevention of MTCT of HIV [23].

R E F E R E N C E S

1. UNAIDS. http://www.unaids.org/html/pub/Topics/

Epidemiology/Slides02 Epicore July 04 en ppt.ppt.

2. Centers for Disease Control and Prevention. HIV/AIDS Surveil-

lance Report. 13: (2001), 1–41.

3. Centers for Disease Control and Prevention. HIV/AIDS Surveil-

lance Report. 12 : 1 (2000), 25.

4. Hammett, T. A., Bush, T. J. & Ciesielski, C. A. Pediatric AIDS

cases reported with no identified risk. Presented at the Amer-

ican Public Health Association Meeting, San Francisco, CA.

Abstract 1023, (1993), 19.

5. Centers for Disease Control and Prevention. Guidelines for

national human immunodeficiency virus case surveillance,

including monitoring for human immunodeficiency virus

infection and acquired immunodeficiency syndrome. MMWR

48 : RR-13 (1999), 1–31.

6. American Academy of Pediatrics, Committee on Pediatric

AIDS. Surveillance of pediatric HIV infection. Pediatrics 101 : 2

(1998), 315–19.

7. Selik, R. M., Ward, J. W. & Buehler J. W. Trends in transfusion-

associated acquired immune deficiency syndrome in the

United States, 1982 through 1991. Transfusion 33 : 11 (1993),

890–3.

8. Jones, D. S., Byers, R. H., Bush, T. J., Oxtoby, M. J. & Rogers, M.

F. Epidemiology of transfusion-associated acquired immuno-

deficiency syndrome in children in the United States, 1981

through 1989. Pediatrics 89 : 1 (1992), 123–7.

9. Gellert, G. A., Durfee, M. J., Berkowitz, C. D., Higgins, K. V. &

Tubiolo, V. C. Situational and sociodemographic characteris-

tics of children infected with human immunodeficiency virus

from pediatric sexual abuse. Pediatrics 91 : 1 (1993), 39–44.

10. Gutman, L. T., St Claire, K. K., Weedy, C. et al. Human immuno-

deficiency virus transmission by child sexual abuse. Am. J. Dis.

Child. 145 : 2 (1991), 137–41.

11. Lindegren, M. L., Hanson, I. C., Hammett, T. A., Beil, J., Fleming,

P. L. & Ward, J. W. Sexual abuse of children: intersection with

the HIV epidemic. Pediatrics 102 : 4 (1998), E46.

12. United States Department of Health and Human Services.

Child Maltreatment 1995; Reports from the States to the

National Center on Child Abuse and Neglect Data System.

Washington, DC: US Government Printing Office (1998).

13. Centers for Disease Control and Prevention. Sexually Trans-

mitted diseases: treatment guidelines 2002. MMWR 51 : RR-6

(2002), 1–84.

14. American Academy of Pediatrics, Committee of Pediatric

AIDS and Committee on Infectious Diseases. Issues related

to human immunodeficiency virus transmission in schools,

child care, medical settings, the home, and community. Pedi-

atrics 104 : 2 (1999), 318–24.



98 M. L. Lindegren, T. Hammett, and M. Bulterys

15. Simonds, R. J. & Chanock, S. Medical issues related to caring

for human immunodeficiency virus-infected children in and

out of the home. Pediatr. Infect. Dis. J. 12 : 10 (1993), 845–52.

16. Centers for Disease Control and Prevention. Human immun-

odeficiency virus transmission in household settings – United

States. MMWR 43 : 19 (1994), 347, 353–347, 356.

17. Centers for Disease Control and Prevention. Update: uni-

versal precautions for prevention of transmission of human

immunodeficiency virus, hepatitis B virus, and other blood-

borne pathogens in health-care settings. MMWR 37 : 24

(1988), 377–8.

18. American Academy of Pediatrics: Committee on Pediatric

AIDS Education of children with human immunodeficiency

virus infection. Pediatrics 105 : 6 (2000), 1358–60.

19. Centers for Disease Control and Prevention. Education and

foster care of children infected with human T-lymphotropic

virus type III/lymphadenopathy-associated virus. MMWR 34

(1985), 517–21.

20. Centers for Disease Control and Prevention. HIV and AIDS –

United States, 1981–2000. MMWR 50 : 21 (2001), 430–4.

21. Wortley, P. M. & Fleming, P. L. AIDS in women in the United

States. Recent trends. J. Am. Med. Assoc. 278 : 11 (1997), 911–16.

22. Hader, S. L., Smith, D. K., Moore, J. S. & Holmberg, S. D. HIV

infection in women in the United States: status at the Millen-

nium. J. Am. Med. Assoc. 285 : 9 (2001), 1186–92.

23. Centers for Disease Control and Prevention. Revised recom-

mendations for HIV screening of pregnant women. MMWR

50 : RR-19 (2001), 63–85.

24. Karon, J. M. Fleming, P. L., Steketee, R. W. & De Cock, K. M. HIV

in the United States at the turn of the century: an epidemic in

transition. Am. J. Public Health 91 : 7 (2001), 1060–8.

25. Davis, S. F., Rosen, D. H., Steinberg, S., Wortley. P. M., Karon,

J. M. & Gwinn, M. Trends in HIV prevalence among child-

bearing women in the United States, 1989–1994. J. AIDS Hum.

Retrovirol. 19 : 2 (1998), 158–64.

26. Lee, L. M., Wortley, P. M., Fleming, P. L. & Eldred, L. J. & Gray,

R. H. Duration of human immunodeficiency virus infection

and likelihood of giving birth in a Medicaid population in

Maryland. Am. J. Epidemiol. 151 : 10 (2000), 1020–8.

27. Lindsay, M. K., Peterson, H. B., Willis, S. et al. Incidence and

prevalence of human immunodeficiency virus infection in

a prenatal population undergoing routine voluntary human

immunodeficiency virus screening, July 1987 to June 1990.

Am. J. Obstet. Gynecol. 165 : 4 (1991), 961–4.

28. Chirgwin, K. D., Feldman, J., Dehovitz, J. A., Minkoff, H. &

Landesman, S. H. Incidence and risk factors for heterosexually

acquired HIV in an inner-city cohort of women: temporal asso-

ciation with pregnancy. J. AIDS Hum. Retrovirol. 20 : 3 (1999),

295–9.

29. Fleming, P. L., Lindegren, M. L., Byers, R. et al. Estimated num-

ber of perinatal HIV infections, United States, 2000. In XIV

International Conference, Barcelona, Spain. (2002). [Abstract

TuPeC4773.]

30. Karon, J. M., Rosenberg, P. S., McQuillan, G., Khare, M.,

Gwinn, M. & Petersen, L. R. Prevalence of HIV infection in the

United States, 1984 to 1992. J. Am. Med. Assoc. 276 : 2 (1996),

126–31.

31. Blair, J. M., Hanson, D. L., Jones, J. L. et al. Trends in preg-

nancy rates among women with human immunodeficiency

virus. Obstet. Gynecol 103 : (2004); 663–8.

32. Nakashima, A. K. & Fleming, P. L. HIV/AIDS surveillance in

the United States, 1981–2001. J. AIDS 32 : Suppl. 1 (2003),

S68–85.

33. Centers for Disease Control and Prevention. Advancing HIV

prevention: new strategies for a changing epidemic – United

States, 2003. MMWR 52 : RR-15 (2003), 329–32.

34. Joint statement of the American Academy of Pediatrics and the

American College of Obstetricians and Gynecologists. Human

immunodeficiency virus screening. Pediatrics 104 : 1 (1999),

128.

35. Centers for Disease Control and Prevention. Revision of

the CDC surveillance case definition for acquired immun-

odeficiency syndrome. Council of State and Territorial

Epidemiologists; AIDS Program, Center for Infectious Dis-

eases. MMWR 36 : Suppl. 1 (1987), 1S–15S.

36. Centers for Disease Control and Prevention. 1994 Revised clas-

sification system for human immunodeficiency virus infection

in children less than 13 years of age. MMWR 43 : RR-12 (1994),

1–10.

37. Green, T. A. Using surveillance data to monitor trends in the

AIDS epidemic. Stat. Med. 17 : 2 (1998), 143–54.

38. Karon, J., Devine, O. J. & Morgan, W. M. Predicting AIDS inci-

dence by extrapolating from recent trends. In C. Castillo-

Chavez (ed.), Mathematical and Statistical Approaches to AIDS

Epidemiology. Lecture Notes in Biomathematics, Vol. 83. Berlin:

Springer-Verlag, (1989), pp. 58–88.

39. Centers for Disease Control and Prevention. Guidelines for the

use of antiretroviral agents in pediatric HIV infection. MMWR

47 : RR-4 (1998), 1–43.

40. Hammett, T. A., Lindegren, M. L., Byers, R. et al. Progress

towards elimination of perinatal HIV infection in the United

States. In XIII International Conference on AIDS, Durban,

South Africa (2000). [Abstract MoOrC239.]

41. Lindegren, M. L., Byers, R. H., Jr., Thomas, P. et al. Trends in

perinatal transmission of HIV/AIDS in the United States. J. Am.

Med. Assoc. 282 : 6 (1999), 531–8.

42. Centers for Disease Control and Prevention. Recommenda-

tion of the U.S. Public Health Service Task Force on the use

of zidovudine to reduce perinatal transmission of human

immunodeficiency virus. MMWR 43 : RR-11 (1994), 1–20.

43. Centers for Disease Control and Prevention. U.S. Public

Health Service recommendations for human immunodefi-

ciency virus counseling and voluntary testing for pregnant

women. MMWR 44 : RR-7 (1995), 1–15.

44. Centers for Disease Control and Prevention. Public Health Ser-

vice Task Force recommendations for the use of antiretroviral

drugs in pregnant women infected with HIV-1 for maternal

health and for reducing perinatal HIV-1 transmission in the

United States. MMWR 47 : RR-2 (1998), 1–30. (Updates avail-

able at http://AIDSinfo.nih.gov).



The epidemiology of pediatric HIV disease 99

45. Centers for Disease Control and Prevention. Public Health

Service Task Force recommendations for the use of antiretro-

viral drugs in pregnant women infected with HIV-1 for mater-

nal health and for reducing perinatal HIV-1 transmission

in the United States. http://www.aidsinfor.nih.gov/guidelines

(2002).

46. Lindegren, M. L., Bi, D., Wortley, P. et al. Evaluation of zidovu-

dine prophylaxis regimens on perinatal HIV transmission

using enhanced perinatal surveillance, 7 states, US. In XIII

International Conference on AIDS, Durban, South Africa (2000)

[Abstract MoPeC2448.]

47. Matheson, P. B., Abrams E. J., Thomas, P. A. et al. Efficacy

of antenatal zidovudine in reducing perinatal transmission

of human immunodeficiency virus type 1. The New York

City Perinatal HIV Transmission Collaborative Study Group.

J. Infect. Dis. 172 : 2 (1995), 353–8.

48. Fiscus, S. A., Adimora, A. A., Schoenbach, V. J. et al. Perinatal

HIV infection and the effect of zidovudine therapy on trans-

mission in rural and urban countries. J. Am. Med. Assoc. 275 : 19

(1996), 1483–8.

49. Simonds, R. J., Steketee, R., Nesheim, S. et al. Impact of zidovu-

dine use on risk and risk factors for perinatal transmission of

HIV. Perinatal AIDS Collaborative Transmission Studies. AIDS

12 : 3 (1998), 301–8.

50. Cooper, E. R., Nugent, R. P., Diaz, C. et al. After AIDS clinical

trial 076: the changing pattern of zidovudine use during preg-

nancy, and the subsequent reduction in the vertical transmis-

sion of human immunodeficiency virus in a cohort of infected

women and their infants. Women and Infants Transmission

Study Group. J. Infect. Dis. 174 : 6 (1996), 1207–11.

51. Stiehm, E. R., Lambert, J. S., Mofenson, L. M. et al. Efficacy of

zidovudine and human immunodeficiency virus (HIV) hyper-

immune immunoglobulin for reducing perinatal HIV trans-

mission from HIV-infected women with advanced disease:

results of Pediatric AIDS Clinical Trials Group protocol 185.

J. Infect. Dis. 179 : 3 (1999), 567–75.

52. Garcia, P. M., Kalish, L. A., Pitt, J. et al. Maternal levels of plasma

human immunodeficiency virus type 1 RNA and the risk of

perinatal transmission Study Group. New Engl. J. Med. 341 : 6

(1999), 394–402.

53. Mofenson, L. M., Lambert, J. S., Stiehm, E. R. et al. Risk fac-

tors for perinatal transmission of human immunodeficiency

virus type 1 in women treated with zidovudine. Pediatric AIDS

Clinical Trials Group Study 185 Team. New Engl. J. Med. 341 : 6

(1999), 385–93.

54. Dorenbaum, A., Cunningham, C. K., Gelber, R. D. et al.

Two-dose intrapartum/newborn nevirapine and standard

antiretroviral therapy to reduce perinatal HIV transmis-

sion: a randomized trial. J. Am. Med. Assoc. 288 : 2 (2002),

189–98.

55. Cooper, E. R., Charurat, M., Mofenson, L. et al. Com-

bination antiretroviral strategies for the treatment of

pregnant HIV-1-infected women and prevention of

perinatal HIV-1 transmission. J. AIDS 29 : 5 (2002),

484–94.

56. Mandelbrot, L., Landreau-Mascaro, A., Rekacewicz, C. et al.

Lamivudine-zidovudine combination for prevention of

maternal–infant transmission of HIV-1. J. Am. Med. Assoc.

285 : 16 (2001), 2083–93.

57. Institute of Medicine. Reducing the Odds. Preventing Perina-

tal Transmission of HIV in the United States. Washington, DC:

National Academy Press (1999).

58. Orloff, S. L., Bulterys, M., Vink, P. et al. Maternal characteristics

associated with antenatal, intrapartum, and neonatal zidovu-

dine use in four US cities, 1994–1998. J. AIDS 28 : 1 (2001), 65–

72.

59. Wortley, P., Lindegren, M. L. & Fleming, P. L. Successful imple-

mentation of perinatal HIV prevention guidelines: a multistate

surveillance evaluation. MMWR 50 : RR-06 (2001), 17–28.

60. Mokotoff, E. D., Malamud, B. H., Kent, J. B. et al. Progress

toward elimination of perinatal HIV infection – Michigan,

1993–2000. MMWR 51 : 5 (2002), 94–7.

61. Centers for Disease Control and Prevention. Entry into pre-

natal care – United States, 1989–1997. MMWR 49 (2000),

393–8.

62. Minkoff, H. & O’Sullivan, M. J. The case for rapid HIV testing

during labor. J. Am. Med. Assoc. 279 : 21 (1998), 1743–4.

63. Bulterys, M., Jamieson, D. J., O’Sullivan, M. J. et al. Rapid HIV-

1 testing during labor: a multicenter study. J. Am. Med. Assoc.

292 : (2004), 219–23.

64. Stringer, J. S. & Rouse, D. J. Rapid testing and zidovudine treat-

ment to prevent vertical transmission of human immunode-

ficiency virus in unregistered parturients: a cost-effectiveness

analysis. Obstet. Gynecol. 94 : 1 (1999), 34–40.

65. Grobman, W. A. & Garcia, P. M. The cost-effectiveness of

voluntary intrapartum rapid human immunodeficiency virus

testing for women without adequate prenatal care. Am. J.

Obstet. Gynecol. 181 : 5 (1999), 1062–71.

66. Centers for Disease Control and Prevention. Prenatal discus-

sion of HIV testing and maternal HIV testing – 14 states, 1996–

1997. MMWR 48 : 19 (1999), 401–4.

67. Centers for Disease Control and Prevention. HIV testing

among pregnant women – United States and Canada, 1998–

2001. MMWR 51 : 45 (2002), 1013–16.

68. Sansom, S. L., Jamieson, D. J., Farnham, P. G., Bulterys, M. &

Fowler, M. G. Human immunodeficiency virus retesting dur-

ing pregnancy; costs and effectiveness in preventing perinatal

transmission. Obstet. Gynecol. 102 : 4 (2003), 782–90.

69. Perinatal human immunodeficiency virus testing. Provisional

Committee on Pediatric AIDS, American Academy of Pedi-

atrics. Pediatrics 95 : 2 (1995), 303–7.

70. Hale, R. & Zinberg, S. ACOG’s position on HIV testing. ACOG

Clin. Rev. 2 : 1 (1997), 13.

71. Lansky, A., Jones, J. L., Fry, R. et al. Trends in HIV testing

among pregnant women, United States, 1994–1999. Am. J.

Public Health 91 (2001), 1291–3.

72. The International Perinatal HIV Group. The mode of delivery

and the risk of vertical transmission of human immunodefi-

ciency virus type 1 – a meta-analysis of 15 prospective cohort

studies. New Engl. J. Med. 340 : 13 (1999), 977–87.



100 M. L. Lindegren, T. Hammett, and M. Bulterys

73. The European Mode of Delivery Collaboration. Elective

caesarean-section versus vaginal delivery in prevention of

vertical HIV-1 transmission: a randomised clinical trial. Lancet

353 : 9158 (1999), 1035–9.

74. Dominguez, K. L., Lindegren, M. L., d’Almada, P. J. et al.

Increasing trend of cesarean deliveries in HIV-infected women

in the United States from 1994 to 2000. J. AIDS 33 : 2 (2003),

232–8.

75. A report of the Dahlem Workshop on the eradication of infec-

tious diseases. Berlin, March 16–22, 1997. In W. R. Dowdle &

D. R. Hopkins (eds.), The Eradication of Infectious Diseases

Indianapolis, IN: John Wiley & Sons (1997).

76. Centers for Disease Control and Prevention. Perinatal

HIV Prevention Program. http://www.cdc.gov/hiv/projects/

perinatal/grantees.htm (2003).

77. McNaghten, A. D., Hanson, D. L., Jones, J. L., Dworkin, M. S.

& Ward, J. W. Effects of antiretroviral therapy and opportunis-

tic illness primary chemoprophylaxis on survival after AIDS

diagnosis. Adult/Adolescent Spectrum of Disease Group. AIDS

13 : 13 (1999), 1687–95.

78. Palella, F. J., Jr., Delaney, K. M., Moorman, A. C. et al. Declin-

ing morbidity and mortality among patients with advanced

human immunodeficiency virus infection. HIV Outpatient

Study Investigators. New Engl. J. Med. 338 : 13 (1998), 853–60.

79. Gortmaker, S. L., Hughes, M., Cervia, J. et al. Effect of combina-

tion therapy including protease inhibitors on mortality among

children and adolescents infected with HIV-1. New Engl. J.

Med. 345 : 21 (2001), 1522–8.

80. Fleming, P. L., Ward, J. W., Karon, J. M., Hanson, D. L. & De

Cock, K. M. Declines in AIDS incidence and deaths in the

USA: a signal change in the epidemic. AIDS 12 : Suppl A (1998),

S55–61.

81. Centers for Disease Control and Prevention. Guidelines for the

use of antiretroviral agents in HIV-infected adults and adoles-

cents. Department of Health and Human Services and Henry

J. Kaiser Family Foundation. MMWR 47 : RR-5 (1998), 43–82.

82. DeMartino, M., Tovo, P. A., Balducci, M. et al. Reduction in

mortality with availability of antiretroviral therapy for children

with perinatal HIV-1 infection. J. Am. Med. Assoc. 284 (2000),

190–7.

83. Frederick, T., Mascola, L., Peters, V. et al. Trends in HAART

use and immune status among HIV-infected infants and chil-

dren in the pediatric spectrum of disease project, United

States, 1994–2000. In XIV International Conference on AIDS,

Barcelona, Spain (2002). [Abstract TuPeC4735.]

84. Abrams, E. J., Wiener, J., Carter, R. et al. Maternal health factors

and early pediatric antiretroviral therapy influence the rate of

perinatal HIV-1 disease progression in children. AIDS 17 : 6

(2003), 867–77.

85. Selik, R. M. & Lindegren, M. L. Changes in deaths reported with

human immunodeficiency virus infection among US children

less than 13 years old, 1987 through 1999 Pediatr. Infect. Dis. J.

22 : 7 (2003), 635–41.

86. Abrams, E. J., Weedon, J., Bertolli, J. et al. Aging cohort of peri-

natally human immunodeficiency virus-infected children in

New York City. New York City Pediatric Surveillance of Disease

Consortium. Pediatr. Infect. Dis. J. 20 : 5 (2001), 511–17.

87. Blanche, S., Mayaux, M. J., Rouzioux, C. et al. Relation of the

course of HIV infection in children to the severity of the disease

in their mothers at delivery. New Engl. J. Med. 330 : 5 (1994),

308–12.

88. Matte, C. & Roger, M. Genetic determinants of pediatric HIV-

1 infection: vertical transmission and disease progression

among children. Mol. Med. 7 : 9 (2001), 583–9.

89. Barroga, C. F., Raskino, C., Fangon, M. C. et al. The

CCR5Delta32 allele slows disease progression of human

immunodeficiency virus-1-infected children receiving

antiretroviral treatment. J. Infect. Dis. 182 : 2 (2000), 413–19.

90. Misrahi, M., Teglas, J. P., N’Go, N. et al. CCR5 chemokine recep-

tor variant in HIV-1 mother-to-child transmission and disease

progression in children. French Pediatric HIV Infection Study

Group. J. Am. Med. Assoc. 279 : 4 (1998), 277–80.

91. Centers for Disease Control and Prevention. Guidelines for

prophylaxis against Pneumocystis carinii pneumonia for chil-

dren infected with human immunodeficiency virus. MMWR

40 : RR-2 (1991), 1–13.

92. Simonds, R. J., Lindegren, M. L., Thomas, P. et al. Prophylaxis

against Pneumocystis carinii pneumonia among children with

perinatally acquired human immunodeficiency virus infec-

tion in the United States. Pneumocystis carinii Pneumonia Pro-

phylaxis Evaluation Working Group. New Engl. J. Med. 332 : 12

(1995), 786–90.

93. Centers for Disease Control and Prevention. 1995 revised

guidelines for prophylaxis against Pneumocystis carinii pneu-

monia for children infected with or perinatally exposed to

human immunodeficiency virus. National Pediatric and Fam-

ily HIV Resource Center and National Center for Infectious

Diseases, Centers for Disease Control and Prevention. MMWR

44 : RR-4 (1995), 1–11.

94. Kaplan, J. E., Hanson, D., Dworkin, M. S. et al. Epidemiology

of human immunodeficiency virus-associated opportunistic

infections in the United States in the era of highly active

antiretroviral therapy. Clin. Infect. Dis. 30 : Suppl. 1 (2000),

S5–14.

95. Dankner, W. M., Frederick, T. & Bertolli, J. Infectious complica-

tions of pediatric HIV infection. In W. T. Shearer & I. C. Hanson

(eds.), Medical Management of AIDS in Children. Philadephia:

W. B. Saunders Company (2003).

96. Lindegren, M. L., Byers, R., Bertolli, J. et al. Increasing numbers

of adolescents living with perinatal HIV infection in the United

States. In XIII International Conference on AIDS, Durban,

South Africa (2000). [Abstract TuPeC3351].

97. Centers for Disease Control and Prevention. Pregnancy in peri-

natally HIV-infected adolescents and young adults – Puerto

Rico, 2002. MMWR 52 : 8 (2003), 149–51.

98. Walker, N., Schwartlander, B. & Bryce, J. Meeting international

goals in child survival and HIV/AIDS. Lancet 360 : 9329 (2002),

284–89.

99. De Cock, K. M., Fowler, M. G., Mercier, E. et al. Preven-

tion of mother-to-child HIV transmission in resource-poor



The epidemiology of pediatric HIV disease 101

countries: translating research into policy and practice. J. Am.

Med. Assoc. 283 : 9 (2000), 1175–82.

100. Bulterys, M., Fowler, M. G., Shaffer, N. et al. Role of traditional

birth attendants in preventing perinatal transmission of HIV.

Br. Med. J. 324 : 7331 (2002), 222–4.

101. Lackritz, E. M., Shaffer, N. & Luo, C. Prevention of mother-

to-child HIV transmission in the context of a comprehensive

AIDS agenda in resource-poor countries. J. AIDS 30 : 2 (2002),

196–9.

102. Nolan, M. L., Greenberg, A. E. & Fowler, M. G. A review of clin-

ical trials to prevent mother-to-child HIV-1 transmission in

Africa and inform rational intervention strategies. AIDS 16 : 15

(2002), 1991–9.

103. Coovadia, H. & Coutsoudis, A. Problems and advances in

reducing transmission of HIV-1 through breastfeeding in

developing countries. AIDScience 1 (2001), 4.

104. Laga, M., Schwartlander, B., Pisani, E., Sow, P. S. & Carael, M.

To stem HIV in Africa, prevent transmission to young women.

AIDS 15 : 7 (2001), 931–4.

105. Rollins, N. C., Dedicoat, M., Danaviah, S. et al. Prevalence,

incidence, and mother-to-child transmission of HIV-1 in rural

South Africa. Lancet 360 : 9330 (2002), 389.

106. Kanshana, S. & Simonds, R. J. National program for pre-

venting mother-child HIV transmission in Thailand: success-

ful implementation and lessons learned. AIDS 16 : 7 (2002),

953–9.

107. Mouzin, E., Mercier, E. & Henderson, P. United Nations-

sponsored pilot implementation projects on PMTCT: mon-

itoring of intervention uptake in Africa. In The 3rd Conference

on Global Strategies for the Prevention of HIV Transmission

from Mothers to Infants. Kampala, Uganda. (2001). [Abstract

332.]

108. Bulterys, M., Nolan, M. L., Jamieson, D. J., Dominguez, K. L. &

Fowler, M. G. Advances in the prevention of mother-to-child

HIV-1 transmission: current issues, future challenges. AID-

Science 2 (2002), 1–18.

109. Mofenson, L. M. Tale of two epidemics – the continuing chal-

lenge of preventing mother-to-child transmission of human

immunodeficiency virus. J. Infect. Dis. 187 : 5 (2003), 721–4.

110. Buga, G. A., Amoko, D. H. & Ncayiyana, D. J. Sexual behaviour,

contraceptive practice and reproductive health among school

adolescents in rural Transkei. S. Afr. Med. J. 86 : 5 (1996),

523–7.

111. Matasha, E., Ntembelea, T., Mayaud, P. et al. Sexual and repro-

ductive health among primary and secondary school pupils

in Mwanza, Tanzania: need for intervention. AIDS Care 10 : 5

(1998), 571–82.

112. Watts, C. & Zimmerman, C. Violence against women: global

scope and magnitude. Lancet 359 : 9313 (2002), 1232–7.

113. Jewkes, R., Levin, J., Mbananga, N. & Bradshaw, D. Rape of

girls in South Africa. Lancet 359 : 9303 (2002), 319–20.

114. Bulterys, M. & Davis, L. Child abuse and neglect in Africa:

a growing concern. In D. B. Jellifee & E. F. P. Jelliffe (eds.),

Advances in International Maternal and Child Health. New

York: Oxford University Press (1987), pp. 63–9.

115. van Vliet, A. & van Roosmalen, J. Worldwide prevention of

vertical human immunodeficiency virus (HIV) transmission.

Obstet. Gynecol. Surv. 52 : 5 (1997), 301–9.





PA RT I I

General issues in the care of pediatric HIV patients





7

Diagnosis of HIV-1 infection in children

Paul Krogstad, M.D.

Associate Professor, Departments of Pediatrics and Molecular and Medical Pharmacology,

David Geffen School of Medicine at UCLA, University of California, Los Angeles, CA

Effective management of pediatric HIV-1 infection begins
with timely and accurate diagnosis. In infants, early diag-
nosis is essential. Life-threatening immunodeficiency can
develop rapidly and unpredictably, and there are no lab-
oratory or clinical characteristics that accurately predict
rapid or slow disease progression [1]. Studies in adults and
children have shown that very early treatment can slow
the progression of immunodeficiency and preserve HIV-1-
specific immune responses. Early detection of HIV-1 infec-
tion among pregnant women is necessary to optimize med-
ical care for the HIV-1-infected woman and to prevent
mother-to-child transmission of HIV-1. This chapter out-
lines the use of serology, virus culture, and molecular diag-
nostic methods to detect HIV-1 infection in children.

7.1 HIV-1 diagnostic assays

7.1.1 Detection of antibodies to HIV-1

In 1985, enzyme-linked immunosorbent (ELISA) and
immunoblot (Western blot) assays were licensed in the USA
for detection of HIV-1-specific IgG antibodies in serum.
While other tests are now available, they remain the main-
stay for serological diagnosis of infection.

A large number of ELISA-based testing kits for anti-
body detection of HIV-1 specific antibodies are currently
licensed by the US Food and Drug Administration. Early
examples employed lysates from HIV-1-infected cell cul-
ture to provide HIV-1 antigen material. More recently devel-
oped assays often use a mixture of recombinant proteins,
and some contain antigens that permit detection of anti-
bodies to HIV-2 as well as antibody responses to HIV-1

(see below). Typically, testing of patient specimens involves
adding serum to the wells of a microtiter plate containing
HIV-1 antigen, and addition of positive and negative con-
trol specimens to additional wells. After incubation and
washing steps, an antihuman antibody with an enzyme
coupled to it is added to the wells. A chromogenic chemical
substrate is modified by the enzyme bound to the anti-
human antibody, leading to a color change in the well.
The optical density (OD) change produced in this fash-
ion is measured in a spectrophotometer. In order for a
test sample to be considered positive (reactive), OD read-
ings from a patient specimen must significantly exceed the
“cutoff” value calculated from examination of negative
control wells. In general, a serum sample is reported to be
reactive only when it has been repeated, and again found
to be ELISA positive.

ELISA assays detect all antibodies that react with HIV-1
proteins, and are an excellent method for rapid screening.
Moreover, minor modifications, such as dilution of the test
samples, allow samples with low antibody titers to be iden-
tified. This “detuned ELISA” has been successfully used
to identify adults with recently acquired HIV-1 infection
[2, 3]. In a high-risk population for HIV-1, the positive pre-
dictive value of ELISA testing is reported to exceed 99%.
However, false-positive reactions still occur (see below),
particularly when used in populations at low risk for HIV-1
infection. As a consequence, ELISA results must be
confirmed with an assay of greater specificity, usually
immunoblot or immunofluorescence assays [4]. The West-
ern blot assay is used to identify the presence of antibod-
ies in a patient’s serum that are directed against specific
structural and enzymatic proteins found in HIV-1 particles.
In a Western blot assay, HIV-1 proteins are separated by
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electrophoresis and transferred to a membrane. Patient
serum samples are added to the membrane and allowed
to bind to HIV-1 proteins, and after washing, a second
reagent is added to detect human IgG antibodies. A pattern
of “bands” is created, reflecting the presence of antibodies
that bind to viral proteins. Some bands represent reactiv-
ity to proteins found in the viral core, each identified by
their mass (e.g. the 24 kDa capsid protein is known as p24).
Others represent reactivity with the 160 kDa envelope gly-
coprotein, or its 120 kDa and 41 kDa cleavage products
(gp160, gp120, and gp41, respectively) [5]. The Association
of State and Territorial Public Health Laboratory Directors’
criteria are used in the USA as the definition of a positive
immunoblot (Western blot) [6]. By these guidelines, a pos-
itive Western blot assay reveals the presence of antibodies
to any two of the following proteins: p24, gp41, or gp120/
gp160. A negative assay shows no reactivity against any
HIV-1 proteins. An indeterminate Western blot assay indi-
cates the presence of the patient’s antibodies against one or
more HIV-1 proteins, but not those required for a positive
assay. Most indeterminate assays have bands representing
antibodies to p17, p24, p55, or a combination of these
proteins. Patients with indeterminate Western blot assays
require additional testing to exclude or confirm HIV-1
infection. Generally, the Western blot is repeated soon
thereafter, and one or more virological tests are performed
as well.

The serological methods described above are complex
tests that must be performed by skilled personnel in a med-
ical laboratory. Rapid serological methods to detect IgG
antibodies to HIV-1 in blood, saliva, and urine have been
developed, and are becoming commercially available [4].
These tests permit HIV-1 antibodies to be detected in as
little as 10–20 minutes, without the use of sophisticated
equipment, but confirmation by other methods is recom-
mended [7]. Several rapid tests to detect antibodies to HIV-1
in blood and Saliva are now licensed by the US Food and
Drug Administration (e.g. the Single Use Diagnostic System
(SUDS) HIV-1 Test (Abbott Laboratories) and the Orasure
HIV-1 (Orasure Technologies, Inc.)). Rapid serological tests
could potentially play an important role in efforts to prevent
perinatal transmission of HIV-1, by identifying pregnant
women of unknown HIV-1 infection status who present for
care at the time of labor and delivery, and their exposed
infants [8, 9]. Studies are underway to test the utility of
rapid testing methods in this setting.

All results from serologic tests for HIV-1 infection man-
date careful clinical interpretation. False negative reac-
tions are found among patients who have not begun
to produce antibody (acute antiretroviral syndrome), or,
rarely, among those in whom antibodies are no longer

being produced (late stages of HIV-1 infection with
resulting hypogammaglobulinemia). Rare cases have been
described in which HIV-1 infected individuals with dis-
rupted immunoglobulin production are serologically neg-
ative; infection was demonstrated by virological assays (see
below). False positive ELISA reactions have been reported
among patients with acute DNA viral infections, those with
autoimmune disorders, and among multiparous or multi-
ply transfused individuals. Moreover, the shortcomings of
serological assays must be born in mind when evaluating
infants and young children. The transplacental transfer of
maternal IgG antibody during gestation causes all children
born to HIV-1-infected women to be seropositive at birth;
only a fraction are truly infected [1].

7.1.2 HIV-1 RNA and DNA detection methods

Because HIV-1 is a retrovirus, its genome exists both as an
RNA form in virions and in a DNA form in infected cells (see
Chapter 2). HIV-1 DNA polymerase chain reaction (PCR)
analysis of blood leukocyte DNA is an extremely sensitive
assay, and 30–50% of infections in infants can be detected at
birth [9–11]. False negative results occur in the first several
weeks of age because many infants acquire HIV-1 infec-
tion in the immediate peripartum period. However, by
1 month of age, nearly all perinatally acquired infections
can be detected (see below).

The amount of virion-packaged HIV-1 RNA in the periph-
eral blood (“viral load”) is an important measure of disease
activity and of the effectiveness of antiretroviral therapy.
This genomic viral RNA can be measured using reverse
transcriptase PCR (RT-PCR) or other RNA quantification
techniques such as branched DNA (bDNA) or nucleic
acid sequence-based amplification (NASBA). Provided that
samples of blood are promptly processed, HIV-1 RNA
detection assays are highly sensitive and specific for the
diagnosis of HIV-1 infection [12, 13].

PCR assays to detect DNA and RNA are extremely sensi-
tive, and problems can arise if rigorous attention to cross-
contamination is not provided. False-positive reactions
may also occur owing to sample mix-up and laboratory
errors, principally cross-contamination [13, 14].

7.2 Other virological assays

7.2.1 Viral p24 antigen detection

ELISA detection of the presence of the p24 antigen of HIV-
1 in serum is an alternative method for diagnosis of HIV-1
infection. In general terms, sera to be tested are allowed
to bind to p24-specific antibody that is either bound to a
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well of a microtiter plate, or to the surface of polystyrene
beads. After appropriate incubation and washing steps,
the well or beads are incubated with a goat or rabbit anti-
body that reacts with any p24 antigen captured by the first
step. Finally, an anti-goat or anti-rabbit antibody is added,
which is coupled to an enzyme that produces a colorimet-
ric reaction in the presence of a chemical substrate. ELISA
measurements of the HIV-1 capsid protein (p24), have
been used to diagnose HIV-1 infection in all age groups,
but have low (30–70%) sensitivity among infants less than
3 months of age [9, 15]. The inability to detect p24 anti-
gen is largely the result of the presence of HIV-1 specific
antibodies that in an infant are the result of transplacen-
tal transfer. Dissociation of antibody from p24 antigen in
serum specimens greatly enhances the sensitivity of the
p24 ELISA. In the ICD (immune complex dissociated) p24
assay, serum or plasma samples are treated briefly with
acid, which dissociates HIV-1 antibodies from their bound
antigens. Following neutralization of the sample, the ELISA
is run as described above. However, ICD-p24 antigen test-
ing should not be used for the diagnosis of infection in
infants less than a month of age because of an unaccept-
ably high number of false positive results [9, 15]. Other
investigators have used heat denaturation of plasma sam-
ples to release viral antigen (HD-Ag testing), prior to ELISA.
HD-Ag testing appears to be very sensitive for the detection
of viremia [16], but a small number of false-positive results
occur, compared with PCR testing of the same specimen
[17]. Antigen detection methods remain a potentially use-
ful alternative approach to the diagnosis of perinatal HIV
infection, with recognition of the need for confirmation of
these results.

7.2.2 Culture

Since the initial isolation of HIV-1 in the early 1980s, cul-
tures have been used to detect HIV-1 and to measure the
number of HIV-1 infected peripheral blood lymphocytes.
In general terms, patient peripheral blood mononuclear
cells (PBMCs) are incubated with PBMCs from an HIV-1-
seronegative (i.e. uninfected) donor, and cultured for up
to 6 weeks in media containing interleukin 2 (IL-2, orig-
inally known as T cell growth factor) which activates the
PBMCs and facilitates high levels of viral replication within
the cells. The growth of HIV-1 in the cells is determined
by assaying for capsid protein (p24) by ELISA performed
on culture fluid medium. Cultures are designated as posi-
tive when significant p24 antigen is detected (usually ≥ 30
pg/mL) [18].

Although cumbersome, time-consuming, and costly to
perform, HIV-1 cultures have high specificity and sensitiv-

Figure 7.1. Cumulative frequency of PCR detection of perinatally

transmitted HIV-1 infection in infants. Broken lines indicate 90%

confidence intervals surrounding the mean. Reprinted with

permission from [10].

ity. False positive test results are rare and generally result
from laboratory errors such as specimen mislabeling. In
the absence of antiretroviral treatment, falsely negative cul-
tures are unusual among adult patients, but may exist in
early infancy because of small specimen volumes and low
amounts of virus soon after perinatal infection. Nonethe-
less, under optimal conditions, the sensitivity of culture and
HIV-1 DNA PCR are equal for detection of HIV-1 infection
in infants [9].

7.3 Diagnosing HIV-1 infection in infants
and children

Using virological assays, HIV-1 infection can be detected
in most infants by 1 month of age, and in nearly all by 6
months of age (Table 7.1) [19]. HIV-1 DNA PCR is currently
the diagnostic method of choice for perinatally exposed
children under 18 months of age. Umbilical cord specimens
must not be used, because contamination of the specimen
by maternal blood can occur. Approximately 40% of infants
will test positive in the first 24 hours of life. The sensitiv-
ity of HIV-1 DNA PCR rises rapidly, and most infants with
perinatally acquired infection who test negative at birth
will have positive PCR test results by 2 weeks of age. In
a meta-analysis of several published studies, the sensitiv-
ity of HIV-1 DNA PCR was 93% at 2 weeks of age (95%
confidence interval: 76–97%) (Figure 7.1) [10]. The small
number of infants who do not have detectable HIV-1 DNA
by this time will generally test positive by the end of the
second month of life [20]. Early diagnosis of HIV-1 infection
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Table 7.1 Detection of HIV-1 infection in infants and children

HIV-1-infected
a. Child < 18 months known to be seropositive or born to an HIV-1-infected mother with:

1. Positive results on two separate determinations (excluding cord blood) from one of the
following detection assays:
HIV-1 DNA PCR or HIV-1 RNA detection assays
HIV-1 culture
HIV-1 p24 antigen (only used in infants above 1 month of age)
or

2. Meets the clinical criteria for AIDS diagnosis based on the 1987
AIDS surveillance case definition

b. Child ≥ 18 mo with:
1. Positive HIV-1 antibody detection tests (e.g. repeatedly positive ELISA and confirmatory

test (Western blot or immunofluorescence assay)
or

2. Meets any criteria outlined in (a)

HIV-1-uninfected (seroreverter)
Child born to an HIV-1-infected mother, who has:

1. Negative HIV-1 antibody tests (2 or more negative ELISA tests performed one month apart,
both after 6 months of age)*

or
2. No other laboratory evidence of HIV-1 infection (has not had two positive viral detection

tests, if performed)
and

No evidence of an AIDS-defining condition

*In the absence of hypogammaglobulinemia.
Adapted from [19]. (Updates available at www.hivatis.org/guidelines/Pediatric/Dec12 01/peddec.pdf)

is desirable, to allow antiretroviral therapy to be instituted
or modified. Testing should be performed within 48 hours
of birth, at 1–2 months of age, and again at 4–6 months
of age. Any positive tests should be verified as quickly as
possible by a second virological test [21].

HIV-1 infection can be excluded with high accuracy when
an asymptomatic child has had two or more negative viro-
logic tests, using blood samples drawn at or after 1 month
of age, with at least one drawn after 4 months of age. HIV-1
infection also can be excluded when HIV-1 antibodies are
not detected in two or more antibody tests (spaced 1 month
apart) performed at or after 6 months of age, in a child who
has no signs or symptoms of HIV-1 infection. Finally, HIV-1
infection can be ruled out when antibody tests (ELISA or
Western blot) are negative, in the absence of hypogamma-
globulinemia, in a child at least 18 months of age who lacks
any clinical evidence of HIV-1 infection.

HIV-1 infection is diagnosed when two positive HIV-1
virological tests are obtained (HIV-1 RNA or DNA PCR, p24
antigen (for children above 1 month of age), or culture).
Separate blood specimens should be used for these tests.

There have been rare reports of infants with positive viro-
logical tests, and subsequent negative tests. Although tran-
sient HIV-1 infection has been proposed to explain this
finding, nearly all such cases are false positive tests resulting
from sample mix-up and laboratory error, including PCR
contamination [14]. A diagnosis of HIV-1 can be made by
serological methods in children 18 months of age or older
who have antibodies to HIV-1 detected by ELISA and con-
firmed by Western blot or immunofluorescence methods.

7.4 Diagnosis of non-subtype B HIV-1 infection

The two human immunodeficiency viruses, HIV-1 and
HIV-2, exhibit tremendous genetic heterogeneity, which
may complicate PCR-based diagnosis [22]. HIV-1 variants
are currently classified into three groups: M (main), O
(outlier), and N (non-M/non-O). Within group M, clus-
ters (clades) of related strains have been further classified
into subtypes A-D, F-H, J, and K. In addition, inter-subtype
recombinants have been identified in several regions of the



Diagnosis of HIV-1 infection in children 109

Figure 7.2. Worldwide Geographical Distribution of HIV Variants. Letters indicate the predominate subtypes of HIV-1 found in each area,

if known. The presence of HIV-2 in western Africa and India is indicated (“2”). The figure is intended to illustrate the diversity of HIV-1,

which has an impact on diagnostic approaches and potential vaccine strategies in an area. This is particularly problematic for the areas

most affected by the pandemic: sub-Saharan Africa, India, and Asia. Figure based on data summarized in [20], and updated data found at

www.hiv.lanl.gov.

world (Figure 7.2) [22, 23]. A similar classification of HIV-2
subtypes exists.

All of the ELISAs that are currently licensed for use in the
USA will detect HIV-1 specific antibodies, but only a sub-
set will detect antibodies to HIV-2. None of these ELISA or
confirmatory tests will reliably detect HIV-1 subtype O, and
none of the confirmatory tests available will consistently
detect HIV-2 antibodies [4]. Fortunately, infections with
HIV-1 subtype O and HIV-2 are still rare outside of countries
in west central Africa (e.g. Cameroon, Ivory Coast), and
commercially available serological tests can be used to
detect most infections worldwide.

The genetic diversity of HIV-1 particularly complicates
PCR detection of the virus in infants. Subtype B is the most
common subtype in the U.S. and Western Europe, and the
commercially available Amplicor HIV-1 DNA detection kit
(Roche) employs oligonucleotide primers that detect it and
the most closely related subtypes (e.g. subtypes D and G)
[9, 12, 24]. However, the majority of HIV-1 infections in the
world are caused by the other subtypes, which may not
be detected (e.g. subtypes A and C) [22, 24]. Alternatives
to the use of the Amplicor HIV-1 DNA PCR in these cases
include the use of commercial HIV-1 RNA detection meth-
ods that include primers with broader specificity (Amplicor
HIV-1 Monitor 1.5 or use of NASBA and bDNA assay meth-
ods) [25]. These alternative methods should be considered
when the maternal history suggests the possibility of infec-
tion by an unusual subtype, or when an infant has signs
or symptoms of HIV-1 infection, despite negative initial
testing. Changes in the worldwide epidemiology of HIV-1
will likely necessitate repeated re-evaluation of methods to

detect viral DNA and RNA to ensure detection of HIV-1 in
all individuals in a given geographic area.

7.5 Summary

Many assays are commercially available to detect HIV-
1 infection in children. In children who are 18 or more
months of age, and in adolescents and adults, serologic
assays (e.g. ELISA, Western blot) constitute the most cost-
effective diagnostic assay for HIV-1 infection. For children
younger than 18 months, HIV-1 DNA PCR is the preferred
method for early HIV-1 detection. These assays provide
clinicians with the opportunity to make a prompt diagnosis
of HIV-1 infection, and to initiate antiretroviral therapy as
well as prophylaxis against opportunistic infections.
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Prevention of mother-to-child transmission of HIV

Jennifer S. Read, M.D., M.S., M.P.H., D.T.M.&H.

Pediatric, Adolescent, and Maternal AIDS (PAMA) Branch, NIH, Bethesda, MD

8.1 Introduction

Over the past several years, major successes have been
achieved in prevention of mother-to-child transmission
(MTCT) of human immunodeficiency virus type 1 (HIV).
However, these successes have occurred primarily in those
countries with the greatest resources and the lowest bur-
den of HIV infection among women and children. Signifi-
cant challenges remain, particularly in those countries with
more limited resources and a greater population burden of
HIV infection. Each day an estimated 2000 infants become
infected with HIV, virtually all residing in resource-poor
settings [1]. In this chapter, the timing and rates of, and risk
factors for, MTCT of HIV will be reviewed briefly. Interven-
tions for the prevention of MTCT of HIV will be discussed,
both those already shown to be efficacious and those under
study. Finally, strategies to prevent MTCT of HIV will be
addressed.

8.2 Mother-to-child transmission of HIV:
timing and rates

Mother-to-child transmission of HIV can occur during
pregnancy, at the time of labor and delivery, and postna-
tally (through breastfeeding) [2]. Potential mechanisms of
antepartum and intrapartum transmission of HIV include
transplacental transfer of the virus from mother to fetus
before delivery and exposure of the fetus or infant to mater-
nal blood, amniotic fluid, and cervicovaginal secretions
during delivery. Evidence for transmission during each of
these periods has been elucidated over several years. Evi-
dence for in utero transmission of HIV includes identifi-
cation of HIV in fetal tissue and blood, in amniotic fluid,

and in placental tissue; and positive viral assays in many
HIV-infected infants at birth [3]. Similarly, intrapartum
transmission has been suggested by the strong associa-
tion between longer duration of ruptured membranes and
MTCT [4], and has been demonstrated in a randomized
clinical trial of cesarean section versus vaginal delivery
[5]. Finally, transmission of HIV through breastfeeding has
been demonstrated in a randomized clinical trial of for-
mula feeding versus breastfeeding [6]. The risk of MTCT is
intermediate to the risk of transmission per exposure event
associated with blood transfusion (90%) [7] and with other
exposures such as needle sharing among injection drug
users (0.67%) [8]. Rates of MTCT of HIV have been calcu-
lated in studies conducted around the world in the absence
of interventions to decrease transmission [9]. Overall, most
studies reported a transmission rate in the range of 25–30%
and higher transmission rates were observed in resource-
poor settings (13–42%) than in resource-rich settings
(14–25%) (Figure 8.1). Although many reasons could
explain the differences in observed transmission rates, the
relative frequency of breastfeeding among HIV-infected
women (essentially universal in the poorest settings; less
common, and sometimes quite unusual, in resource-rich
settings) is undoubtedly important. Recognition that not
all HIV-infected women transmit the infection to their chil-
dren set the stage for studies aimed at determining the risk
factors for MTCT of HIV.

8.3 Risk factors for, and interventions to prevent,
mother-to-child transmission of HIV

Numerous risk factors for MTCT of HIV have been identi-
fied or are under investigation [10]. General categories of
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Figure 8.1. Reported mother-to-child transmission rates (percent), without interventions to decrease transmission: Africa, North

America, Caribbean, Europe.

risk factors include: the amount of virus to which the child is
exposed, the duration of such exposure, factors facilitating
the transfer of virus from mother to child, characteristics of
the virus, and the child’s susceptibility to infection. Identifi-
cation of risk factors associated with MTCT of HIV is the first
step in developing interventions to interrupt such trans-
mission. To date, clinical and public health interventions
exist or are under investigation for some, but not all, iden-
tified or potential risk factors. More specifically, efficacy
has been demonstrated for interventions which decrease
maternal viral load and/or decrease the child’s susceptibil-
ity to infection (antiretroviral prophylaxis regimens), and
which decrease the duration of such exposure (intrapartum
exposure: cesarean section; postnatal exposure: avoid-
ance of breastfeeding), and other such interventions are
under investigation. Interventions to eliminate or ameli-
orate factors facilitating the transfer of virus from mother
to child are under investigation. However, efficacious inter-
ventions to affect characteristics of the virus associated
with transmission (e.g. viral phenotype [11]) have yet to be
identified. Table 8.1 summarizes selected known or poten-
tial risk factors for MTCT of HIV, and the associated inter-
ventions (already identified or else under investigation) for
preventing such transmission. Each risk factor and associ-
ated intervention is discussed in greater detail below.

8.3.1 Amount of virus to which the child is exposed

The amount of virus the infant is exposed to is now under-
stood to represent a major risk factor for MTCT of HIV. The
greatest amount of information exists regarding maternal
viral load in the peripheral bloodstream, but more recent

data indicate that the concentrations of virus in cervico-
vaginal fluid and breast milk also are important.

Peripheral blood
A higher maternal HIV RNA concentration (viral load) in
the peripheral bloodstream is associated with a higher risk
of MTCT of HIV [12]. Without receipt of antiretroviral ther-
apy, transmission rates ranged from 5% if maternal cell-free
viral load was less than 1000 copies/mL, 15% if viral load
was between 1000 and 9999 copies/mL, and 37% if viral
load was at or above 10 000 copies/mL. Although the risk
of transmission of HIV from mothers with peripheral blood
viral loads below the level of assay quantitation is very low,
no threshold of peripheral blood viral load below which
transmission does not occur has been identified. Although
the association between maternal peripheral blood viral
load and MTCT remains even among women who received
zidovudine prophylaxis [13], receipt of antiretroviral ther-
apy attenuates the relationship between maternal viral
load and transmission [12]. Women receiving highly
active antiretroviral therapy [14–15] have very low rates
of MTCT.

Efficacy of perinatal transmission prophylaxis with
antiretroviral drugs
Antiretroviral interventions for the prevention of MTCT of
HIV (Table 8.2) began with the success of the AIDS Clinical
Trials Group (ACTG) protocol 076, a randomized clinical
trial conducted in the USA and France and published in
1994 [16]. Subsequently, the efficacy of other antiretroviral
prophylaxis regimens has been demonstrated in different
countries around the world. These modified antiretroviral
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Table 8.1 Selected known or potential risk factors for, and associated interventions to prevent, MTCT of HIV

Category Factor Intervention

Amount of virus Higher maternal viral load Decrease maternal viral load and/or provide pre-/post-
exposure prophylaxis to the infant

In peripheral blood Administer antiretroviral drug(s) to the mother
In cervicovaginal fluid Administer antiretroviral drug(s) to the mother

Administer viricidal agent(s) to the mother
(cervicovaginal cleansing) and/or to the newborn

In breast milk Administer antiretroviral drug(s) to the mother
Administer antiretroviral prophylaxis to the infant
Treat breast milk with heat or chemicals

Duration of exposure Mode of delivery (vaginal delivery or
cesarean section after labor and/or
after ruptured membranes)

Cesarean section before labor and before ruptured
membranes

Breastfeeding Avoid breastfeeding (if safe, affordable, and feasible)
If breastfeeding unavoidable, early weaning (if possible)

Factors facilitating transfer
of the virus from mother
to child

Vitamin A deficiency Administer vitamin A supplementation to the mother
and/or infant

Chorioamnionitis Administer antibiotics to the mother
Mixed breastfeeding Exclusive breastfeeding

prophylaxis regimens have incorporated initiation of
antepartum antiretroviral drug(s) as early as 28 weeks ges-
tation and as late as the onset of labor. The duration of
antiretroviral prophylaxis administered after delivery to the
mother, to the infant, or to both has ranged from none up
to 6 weeks. The antiretroviral drugs evaluated have been
zidovudine, nevirapine, the combination of zidovudine
and lamivudine, and the combination of zidovudine and
nevirapine.

ACTG 076 was a randomized, double blind, placebo-
controlled trial of a three-part zidovudine regimen admin-
istered to HIV-infected women and their infants. Antepar-
tum zidovudine was administered orally beginning at 14–34
weeks of gestation, intrapartum zidovudine was adminis-
tered intravenously, and oral zidovudine was administered
to the infants during the first 6 weeks of life. MTCT was
decreased by approximately two-thirds with this regimen
of zidovudine [16]. Interestingly, only a small proportion of
the protective effect of zidovudine in reducing transmission
was explained by lowering of maternal peripheral blood
viral load [17]. Data from this trial demonstrating that effic-
acy was observed irrespective of maternal viral load [17],
and, similarly, data from other studies [12, 18], suggested
that an important component of protection was pre- and
post-exposure prophylaxis of the infant.

Subsequently, the ACTG 076 regimen was modified to
address the needs for simplified and cheaper prophylaxis
regimens in resource-poor settings. The first simplified
antiretroviral prophylaxis trial was conducted in Thailand.
This clinical trial demonstrated the efficacy of a shorter,
two-part zidovudine regimen involving oral zidovudine
administration to the mother beginning at 36 weeks of ges-
tation, and oral zidovudine from the onset of labor until
delivery. The infant did not receive zidovudine. Mothers
were given infant formula and were asked not to breast-
feed. With this regimen, transmission was reduced by 50%
in a non-breastfeeding population [19]. Subsequently, two
other short-course zidovudine prophylaxis trials were con-
ducted in West Africa among populations of breastfeeding,
HIV-infected pregnant women. In a randomized, placebo-
controlled trial conducted in the Côte d’Ivoire, the same
regimen previously evaluated in Thailand [19] was eval-
uated. Analysis of transmission rates at 3 months of age
demonstrated lesser efficacy (37%) in this breastfeeding
population [20]. A different regimen was studied in a ran-
domized, placebo-controlled trial in the Côte d’Ivoire and
Burkina Faso. In this trial, zidovudine was initiated at 36–38
weeks gestation and only a single oral dose was given at the
onset of labor. In addition, zidovudine was administered
to the mother for 1 week after delivery. The infant did not



Ta
bl

e
8.

2
Ra

nd
om

iz
ed

cl
in

ic
al

tr
ia

ls
:a

nt
ir

et
ro

vi
ra

lp
ro

ph
yl

ax
is

re
gi

m
en

s

D
ru

g(
s)

ev
al

u
at

ed
Tr

ia
l

Lo
ca

ti
o

n
B

re
as

tf
ee

d
in

g
R

an
d

o
m

iz
at

io
n

Tr
an

sm
is

si
o

n
R

at
es

E
ffi

ca
cy

Z
id

ov
u

d
in

e
(Z

D
V

)
C

o
n

n
o

r
19

94
[1

6]
U

SA
,F

ra
n

ce
N

o
M

ot
h

er
:Z

id
ov

u
d

in
e

10
0

m
g

p
o

5
ti

m
es

p
er

d
ay

b
eg

in
n

in
g

at
14

–3
4

w
ee

ks
ge

st
at

io
n

,2
m

g/
kg

IV
ov

er
a

1
h

o
u

r
p

er
io

d
,t

h
en

1
m

g/
kg

p
er

h
o

u
r

u
n

ti
ld

el
iv

er
y

In
fa

n
t:

2
m

g/
kg

p
o

q
6

h
o

u
rs

fo
r

6
w

ee
ks

,
b

eg
in

n
in

g
8–

12
h

o
u

rs
af

te
r

b
ir

th

7.
9%

(9
5%

C
I:

4.
1,

11
.7

)
71

%

P
la

ce
b

o
27

.7
%

(9
5%

C
I:

21
.2

,3
4.

1)
Sh

af
fe

r
19

99
[1

9]
T

h
ai

la
n

d
N

o
M

ot
h

er
:Z

id
ov

u
d

in
e

30
0

m
g

p
o

B
ID

fr
o

m
36

w
ee

ks
ge

st
at

io
n

,q
3

h
o

u
rs

fr
o

m
o

n
se

to
f

la
b

o
r

u
n

ti
ld

el
iv

er
y

In
fa

n
t:

N
o

Z
D

V

9.
4%

(9
5%

C
I:

5.
2,

13
.5

)
50

%

P
la

ce
b

o
18

.9
%

(9
5%

C
I:

13
.2

,2
4.

2)
W

ik
to

r
19

99
[2

0]
C

o
te

d
’I

vo
ir

e
Ye

s
(m

o
st

)
M

ot
h

er
:Z

id
ov

u
d

in
e

30
0

m
g

p
o

B
ID

fr
o

m
36

w
ee

ks
ge

st
at

io
n

,q
3

h
o

u
rs

fr
o

m
o

n
se

to
f

la
b

o
r

u
n

ti
ld

el
iv

er
y

In
fa

n
t:

N
o

Z
D

V

12
.2

%
(1

m
o

n
th

)
15

.7
%

(3
m

o
n

th
s)

44
%

(1
m

o
n

th
)

37
%

(3
m

o
n

th
s)

P
la

ce
b

o
21

.7
%

(1
m

o
n

th
)

24
.9

%
(3

m
o

n
th

s)
D

ab
is

19
99

[2
1]

C
o

te
d

’I
vo

ir
e,

B
u

rk
in

a
Fa

so
Ye

s
(m

o
st

)
M

ot
h

er
:Z

id
ov

u
d

in
e

30
0

m
g

p
o

B
ID

fr
o

m
36

–3
8

w
ee

ks
ge

st
at

io
n

u
n

ti
ll

ab
o

r,
60

0
m

g
at

b
eg

in
n

in
g

o
fl

ab
o

r,
30

0
m

g
p

o
B

ID
×

7
d

ay
s

In
fa

n
t:

N
o

Z
D

V

18
.0

%
(6

m
o

n
th

s)
38

%

P
la

ce
b

o
27

.5
%

La
lle

m
an

t
20

00
[2

3]
T

h
ai

la
n

d
N

o
A

ll
p

ar
ti

ci
p

an
ts

:
M

ot
h

er
:Z

id
ov

u
d

in
e

30
0

m
g

p
o

B
ID

u
n

ti
ll

ab
o

r,
th

en
30

0
m

g
p

o
q

3
h

o
u

rs
u

n
ti

ld
el

iv
er

y
In

fa
n

t:
Z

id
ov

u
d

in
e

2
m

g/
kg

p
o

q
6

h
o

u
rs

N
o

st
at

is
ti

ca
lly

si
gn

ifi
ca

n
t

d
if

fe
re

n
ce

s
in

th
re

e
ar

m
s

(l
o

n
g-

lo
n

g,
lo

n
g-

sh
o

rt
,

sh
o

rt
-l

o
n

g)
w

it
h

ra
n

d
o

m
iz

at
io

n
to

o
n

e
o

ff
o

u
r

ar
m

s:
Lo

n
g-

lo
n

g:
m

at
er

n
al

Z
D

V
fr

o
m

28
w

ee
ks

,i
n

fa
n

tZ
D

V
fo

r
6

w
ee

ks

4.
1%

(i
n

te
ri

m
an

al
ys

is
),

6.
5%

(4
.1

,8
.9

)
(fi

n
al

an
al

ys
is

)
Sh

o
rt

-s
h

o
rt

:m
at

er
n

al
Z

D
V

fr
o

m
35

w
ee

ks
,

in
fa

n
tZ

D
V

fo
r

3
d

ay
s

10
.5

%
(i

n
te

ri
m

an
al

ys
is

;
en

ro
llm

en
ti

n
to

th
is

ar
m

d
is

co
n

ti
n

u
ed

)

Tr
an

sm
is

si
o

n
ra

te
am

o
n

g
th

o
se

ra
n

d
o

m
iz

ed
to

ar
m

s
w

it
h

lo
n

ge
r

(f
ro

m
28

w
ee

ks
)

an
te

p
ar

tu
m

Z
D

V
:

1.
6%

(0
.7

,2
.6

)



Lo
n

g-
sh

o
rt

:m
at

er
n

al
Z

D
V

fr
o

m
28

w
ee

ks
,

in
fa

n
tZ

D
V

fo
r

3
d

ay
s

4.
7%

(2
.4

,7
.0

)
(fi

n
al

an
al

ys
is

)
Tr

an
sm

is
si

o
n

ra
te

am
o

n
g

th
o

se
ra

n
d

o
m

iz
ed

to
ar

m
s

w
it

h
sh

o
rt

er
(f

ro
m

36
w

ee
ks

)
an

te
p

ar
tu

m
Z

D
V

:
5.

1%
(3

.2
,7

.0
)

Sh
o

rt
-l

o
n

g:
m

at
er

n
al

Z
D

V
fr

o
m

35
w

ee
ks

,
in

fa
n

tZ
D

V
fo

r
6

w
ee

ks
8.

6%
(5

.6
,1

1.
6)

(fi
n

al
an

al
ys

is
)

Z
D

V
vs

.
n

ev
ir

ap
in

e
(N

V
P

)

Ja
ck

so
n

20
03

[2
4]

U
ga

n
d

a
Ye

s
(m

o
st

)
N

ev
ir

ap
in

e
20

0
m

g
p

o
at

o
n

se
to

fl
ab

o
r

(i
n

fa
n

t
N

V
P

2
m

g/
kg

w
it

h
in

72
h

o
u

rs
o

fb
ir

th
)

11
.8

%
b

y
6–

8
w

ee
ks

13
.5

%
b

y
14

–1
6

w
ee

ks
15

.7
%

b
y

18
m

o
n

th
s

41
%

b
y

14
–1

6
w

ee
ks

Z
id

ov
u

d
in

e
60

0
m

g
p

o
at

o
n

se
to

fl
ab

o
r

an
d

30
0

m
g

q
3

h
o

u
rs

u
n

ti
ld

el
iv

er
y

(i
n

fa
n

tZ
D

V
4

m
g/

kg
p

o
B

ID
fo

r
7

d
ay

s
af

te
r

b
ir

th
)

20
.0

%
b

y
6–

8
w

ee
ks

22
.1

%
b

y
14

–1
6

w
ee

ks
25

.8
%

b
y

18
m

o
n

th
s

Z
D

V
w

it
h

la
m

iv
u

-
d

in
e

(3
T

C
)

Pe
tr

a
20

02
[2

6]
So

u
th

A
fr

ic
a,

Ta
n

za
n

ia
,

U
ga

n
d

a

Ye
s

(s
o

m
e)

A
n

te
p

ar
tu

m
Z

D
V

30
0

m
g

p
o

B
ID

w
it

h
la

m
iv

u
d

in
e

(3
T

C
)

15
0

m
g

p
o

B
ID

fr
o

m
36

w
ee

ks
ge

st
at

io
n

In
tr

ap
ar

tu
m

Z
D

V
30

0
m

g
×

1,
th

en
30

0
m

g
p

o
q

3
h

o
u

rs
w

it
h

3T
C

15
0

m
g

×
1,

th
en

15
0

m
g

q
12

h
o

u
rs

Po
st

p
ar

tu
m

(M
o

th
er

):
Z

id
ov

u
d

in
e

30
0

m
g

p
o

B
ID

w
it

h
3T

C
15

0
m

g
p

o
B

ID
fo

r
1

w
ee

k
Po

st
n

at
al

(I
n

fa
n

t)
:Z

id
ov

u
d

in
e

4
m

g/
kg

w
it

h
3T

C
2

m
g/

kg
p

o
B

ID
fo

r
1

w
ee

k
A

rm
A

:A
n

te
p

ar
tu

m
,i

n
tr

ap
ar

tu
m

,a
n

d
p

o
st

p
ar

tu
m

/p
o

st
n

at
al

5.
7%

at
6

w
ee

ks
15

%
[9

–2
3]

at
18

m
o

n
th

s
N

o
st

at
is

ti
ca

lly
si

gn
ifi

ca
n

t
d

if
fe

re
n

ce
s

in
tr

an
sm

is
si

o
n

ra
te

s
at

18
m

o
n

th
s

A
rm

B
:I

n
tr

ap
ar

tu
m

an
d

p
o

st
p

ar
tu

m
/p

o
st

n
at

al
o

n
ly

8.
9%

at
6

w
ee

ks
18

%
[1

2–
16

]a
t1

8
m

o
n

th
s

A
rm

C
:P

o
st

p
ar

tu
m

/
p

o
st

n
at

al
o

n
ly

14
.2

%
at

6
w

ee
ks

20
%

[1
3–

30
]a

t1
8

m
o

n
th

s
P

la
ce

b
o

15
.3

%
at

6
w

ee
ks

22
%

[1
6–

30
]a

t1
8

m
o

n
th

s
SA

IN
T

20
03

[2
7]

So
u

th
A

fr
ic

a
Ye

s
(s

o
m

e)
M

ot
h

er
:Z

id
ov

u
d

in
e

60
0

m
g

p
o

×
1,

th
en

30
0

m
g

p
o

q
3

h
o

u
rs

u
n

ti
ld

el
iv

er
y

an
d

30
0

m
g

p
o

B
ID

fo
r

1
w

ee
k

af
te

r
d

el
iv

er
y.

3T
C

15
0

m
g

p
o

×
1,

th
en

15
0

m
g

p
o

q
12

h
o

u
rs

u
n

ti
ld

el
iv

er
y

an
d

15
0

m
g

p
o

B
ID

fo
r

1
w

ee
k

In
fa

n
t:

Z
id

ov
u

d
in

e
12

m
g

p
o

B
ID

fo
r

1
w

ee
k

an
d

3T
C

6
m

g
p

o
B

ID
fo

r
1

w
ee

k
(i

fb
ir

th
w

ei
gh

t<
2

kg
,t

h
en

Z
D

V
4

m
g/

kg
an

d
3T

C
2

m
g/

kg
)

9.
3%

(7
.0

,1
1.

6)
N

o
st

at
is

ti
ca

lly
si

gn
ifi

ca
n

t
d

if
fe

re
n

ce
s

in
tr

an
sm

is
si

o
n

ra
te

s

M
ot

h
er

:N
ev

ir
ap

in
e

20
0

m
g

p
o

at
la

b
o

r
o

n
se

t,
an

d
an

o
th

er
d

o
se

48
h

o
u

rs
la

te
r

if
st

ill
in

la
b

o
r,

fo
llo

w
ed

b
y

20
0

m
g

24
–4

8
h

o
u

rs
p

o
st

p
ar

tu
m

12
.3

%
(9

.7
,1

5.
0)

(c
on

t.
)



Ta
bl

e
8.

2
(c

on
t.

)

D
ru

g(
s)

ev
al

u
at

ed
Tr

ia
l

Lo
ca

ti
o

n
B

re
as

tf
ee

d
in

g
R

an
d

o
m

iz
at

io
n

Tr
an

sm
is

si
o

n
R

at
es

E
ffi

ca
cy

In
fa

n
t:

N
ev

ir
ap

in
e

6
m

g
at

24
–4

8
h

o
u

rs
af

te
r

b
ir

th
(i

fb
ir

th
w

it
h

in
2

h
o

u
rs

o
ft

h
e

m
at

er
n

al
la

b
o

r
d

o
se

,a
n

o
th

er
6

m
g

d
o

se
w

it
h

in
6

h
o

u
rs

af
te

r
d

el
iv

er
y)

N
V

P
D

o
re

n
b

au
m

20
02

∗
[2

8]
U

SA
,B

ra
zi

l,
E

u
ro

p
e,

B
ah

am
as

N
o

M
ot

h
er

:N
ev

ir
ap

in
e

20
0

m
g

p
o

af
te

r
o

n
se

to
f

la
b

o
r

In
fa

n
t:

N
er

iv
ap

in
e

2
m

g/
kg

at
48

–7
2

h
o

u
rs

af
te

r
b

ir
th

1.
4%

(0
.6

,2
.7

)
N

o
st

at
is

ti
ca

lly
si

gn
ifi

ca
n

t
d

if
fe

re
n

ce
in

tr
an

sm
is

si
o

n
ra

te
s

P
la

ce
b

o
1.

6%
(0

.8
,2

.9
)

La
lle

m
an

t
20

02
∗∗

[2
9]

T
h

ai
la

n
d

N
o

M
ot

h
er

:N
ev

ir
ap

in
e

20
0

m
g

p
o

×
1

at
th

e
o

n
se

t
o

fl
ab

o
r

In
fa

n
t:

N
ev

ir
ap

in
e

6
m

g
p

o
×

1
w

it
h

in
48

–7
2

h
o

u
rs

af
te

r
b

ir
th

N
o

st
at

is
ti

ca
lly

si
gn

ifi
ca

n
t

d
if

fe
re

n
ce

in
tr

an
sm

is
si

o
n

ra
te

s
b

et
w

ee
n

A
R

M
1

an
d

A
R

M
2

A
rm

1:
N

V
P

to
m

o
th

er
A

N
D

N
V

P
to

in
fa

n
t

1.
9%

(0
.9

,3
.0

)

A
rm

2:
N

V
P

to
m

o
th

er
A

N
D

P
la

ce
b

o
to

in
fa

n
t

2.
8%

(1
.5

,4
.1

)

A
rm

3:
P

la
ce

b
o

to
m

o
th

er
A

N
D

p
la

ce
b

o
to

in
fa

n
t

6.
5%

(e
n

ro
llm

en
ti

n
to

th
is

ar
m

st
o

p
p

ed
b

ec
au

se
tr

an
sm

is
si

o
n

si
gn

ifi
ca

n
tl

y
h

ig
h

er
th

an
in

A
rm

1

*
A

ll
w

o
m

en
re

ce
iv

ed
at

le
as

tz
id

ov
u

d
in

e
p

er
in

at
al

tr
an

sm
is

si
o

n
p

ro
p

h
yl

ax
is

ac
co

rd
in

g
to

th
e

A
C

T
G

p
ro

to
co

l0
76

,a
n

d
m

o
st

re
ce

iv
ed

co
m

b
in

at
io

n
an

ti
re

tr
ov

ir
al

th
er

ap
y.

**
A

ll
w

o
m

en
re

ce
iv

ed
zi

d
ov

u
d

in
e

p
ro

p
h

yl
ax

is
(3

00
m

g
p

o
B

ID
)

b
eg

in
n

in
g

at
28

w
ee

ks
ge

st
at

io
n

o
r

as
so

o
n

as
p

o
ss

ib
le

th
er

ea
ft

er
(a

tl
ea

st
2

w
ee

ks
),

an
d

30
0

m
g

p
o

ev
er

y
3

h
o

u
rs

fr
o

m
th

e
o

n
se

to
fl

ab
o

r
u

n
ti

ld
el

iv
er

y.
In

fa
n

ts
re

ce
iv

ed
zi

d
ov

u
d

in
e

p
ro

p
h

yl
ax

is
fo

r
1

w
ee

k
(o

r
fo

r
4–

6
w

ee
ks

if
m

o
th

er
s

re
ce

iv
ed

le
ss

th
an

4
w

ee
ks

o
fz

id
ov

u
d

in
e

d
u

ri
n

g
p

re
gn

an
cy

).



Prevention of mother-to-child transmission 117

receive zidovudine. Analyses based on infection status at
the age of 6 months showed a 38% reduction in transmis-
sion [21]. More recently, when data from both trials were
combined for analysis of transmission rates by 24 months
of age, a statistically significant difference in transmission
rates was still observed: 30.2% in the placebo arms ver-
sus 22.5% in the zidovudine arms. The risk difference was
approximately 8%, and the relative diminution in transmis-
sion associated with the treatment arm was approximately
26% [22].

Finally, the relative efficacy of four different zidovudine
prophylaxis regimens was evaluated in a randomized clin-
ical trial among non-breastfeeding women in Thailand
[23]. The first (‘long-long’) regimen consisted of maternal
zidovudine beginning at 28 weeks gestation, oral zidovu-
dine to the mother during the intrapartum period, and
6 weeks of therapy to the infant. The second (‘short-short’)
regimen involved placebo beginning at 28 weeks gestation,
then zidovudine from 35 weeks gestation until the onset
of labor, oral zidovudine during the intrapartum period,
and only 3 days of drug to the infant (followed by placebo
through the sixth week of life). The third and fourth arms
were termed the ‘long-short’ and the ‘short-long’ arms.
The trial’s Data Safety Monitoring Board (DSMB) recom-
mended discontinuation of the short-short arm once it
was apparent that there was a highly statistically signifi-
cant difference in transmission rates (4.1% with the long-
long regimen and 10.5% with the short-short regimen).
The final results of the trial revealed no statistically sig-
nificant differences in transmission rates in the remaining
three arms (long-short, short-long, and long-long). How-
ever, in a subanalysis examining the difference in transmis-
sion rates among those enrolled in the two arms with a long
antepartum course of zidovudine (i.e. zidovudine begin-
ning at 28 weeks) versus those enrolled in the two arms
with a short antepartum course of zidovudine (i.e. zidovu-
dine beginning at 35 weeks), there was a statistically signifi-
cant difference in the in utero transmission rates (1.6% ver-
sus 5.1%), suggesting that longer antepartum zidovudine
prophylaxis is associated with significantly lower MTCT
rates.

HIVNET 012, a randomized, open-label study among
a predominantly (98.8%) breastfeeding population of
women in Uganda, compared transmission rates with a
simple two-dose nevirapine regimen (one dose to the
mother at the onset of labor and one dose to the infant
within 72 hours of birth) to a very short course zidovudine
regimen (600 mg orally to the mother at the onset of labor
and 300 mg every 3 hours until delivery, followed by 4 mg/kg
orally twice daily to the infant for 7 days after birth) [24].
Transmission rates at 18 months were 25.8% in the zidovu-

dine arm and 15.7% in the nevirapine arm (efficacy: 41%)
[25].

The efficacy of a combination of two antiretroviral drugs
(zidovudine and lamivudine) for perinatal transmission
prophylaxis was evaluated in a randomized, placebo-
controlled trial in Uganda, Tanzania, and South Africa [26].
Approximately 75% of enrolled women initiated breast-
feeding. In Arm A, prophylaxis with zidovudine and lamivu-
dine was begun at 36 weeks gestation, with oral adminis-
tration during the intrapartum period. Both mother and
baby received prophylaxis for 1 week. In Arm B, prophylaxis
began during the intrapartum period and both mother and
baby received prophylaxis for 1 week. In Arm C, only oral
intrapartum administration occurred. No prophylaxis was
administered in the final arm. Early results were encour-
aging: transmission rates in the 3-part (Arm A) and two-
part (Arm B) regimens were significantly lower than in the
placebo arm; HIV infection rates at 6 weeks after birth were:
5.7% for Arm A, 8.9% for Arm B, 14.2% for Arm C, and 15.3%
for the placebo arm. However, with continued breastfeed-
ing transmission, transmission rates at 18 months after
birth were similar: 15% (95% CI: 9–23%) in Arm A, 18% (95%
CI: 12–26%) in Arm B, 20% (95% CI: 13–30%) in Arm C, and
22% (95% CI: 16–30%) in the placebo arm.

A randomized, open-label trial in South Africa compared
two regimens: nevirapine 200 mg during labor and one
dose to the mother and infant 24–48 hours after delivery,
and multiple doses of zidovudine and lamivudine during
labor and for 1 week to the mother and infant after deliv-
ery. Transmission rates were similar in both arms (12.3% in
the nevirapine arm and 9.3% in the zidovudine/lamivudine
arm; p = 0.11) [27].

A randomized, placebo-controlled trial among non-
breastfeeding women was intended to determine the effect
of the addition of nevirapine prophylaxis (a 200 mg dose
of oral nevirapine to women after the onset of labor and
2 mg/kg dose of oral nevirapine to the infants between 48
and 72 hours after birth) among women already receiving
zidovudine prophylaxis and/or other antiretroviral drugs
during pregnancy. However, the trial was stopped early
because the overall transmission rate was significantly
lower than assumed when the trial was designed. There
was no statistically significant difference in transmission
rates between the nevirapine group (1.4%) and the placebo
group (1.6%) [28].

More recently, a multicenter, randomized, three-arm
study evaluated the addition of nevirapine to a baseline
regimen of zidovudine prophylaxis for HIV-infected preg-
nant women and their infants [29]. Women received
zidovudine prophylaxis beginning at 28 weeks gestation
or as soon as possible thereafter (at least 2 weeks), and
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then 300 mg orally every 3 hours from the onset of labor
until delivery. Infants received zidovudine prophylaxis for
1 week (or for 4–6 weeks if mothers received less than
4 weeks of zidovudine during pregnancy). Children were
formula-fed. Subjects were randomized into the following
groups: Arm (1) addition of one dose (200 mg) of mater-
nal nevirapine at the onset of labor and one dose (6 mg) of
infant nevirapine at 48–72 hours after birth; Arm (2) addi-
tion of nevirapine to the mother (addition of placebo to the
infant); and Arm (3) addition of placebo to the mother and
to the infant. At an interim analysis, the trial’s DSMB rec-
ommended stopping enrollment into Arm 3 because trans-
mission was significantly higher than in Arm 1. Final results
of the trial demonstrated very low transmission rates with
the addition of maternal nevirapine with (1.9%) or without
(2.8%) infant nevirapine.

Important lessons have been learned from these clin-
ical trials of perinatal HIV transmission with antiretroviral
drugs. Several different antiretroviral prophylaxis regimens
are efficacious, including regimens of zidovudine alone
[16, 19–21, 23]; nevirapine alone [24, 25]; zidovudine with
lamivudine [26]; and zidovudine with nevirapine [29],
although the efficacy of antiretroviral prophylaxis is dimin-
ished (or eradicated [26]) in breastfeeding populations, due
to continued breastfeeding transmission after prophylac-
tic drug administration has been discontinued. Simplifica-
tion of the ACTG 076 regimen (oral intrapartum zidovudine,
shorter maternal or infant administration) can still result
in reductions in MTCT rates similar to those observed with
ACTG 076, although longer antepartum courses of zidovu-
dine are associated with lower transmission rates [23]. Not
all of the protective effect of antiretroviral drugs is explained
by lowering of maternal peripheral blood viral load, and
pre- and post-exposure prophylaxis of the infant is also
important. Finally, the combination of two antiretroviral
drugs (zidovudine with nevirapine) substantially reduces
transmission compared with a single drug (zidovudine)
[29].

Observational data: receipt of antiretroviral drugs and
rates of mother-to-child transmission
More and more HIV-infected women in resource-rich
settings are receiving combination antiretroviral therapy,
including highly active antiretroviral therapy with three or
more drugs, for their own health. Therefore, comparisons
of transmission rates among women receiving no therapy,
monotherapy with zidovudine or other drugs, and com-
bination therapy with two or more drugs are now pos-
sible. For example, an observational study conducted in
France evaluated the addition of lamivudine (150 mg twice
daily orally) at 32 weeks gestation until delivery and infant

lamivudine 2 mg/kg twice daily orally for 6 weeks among
French women and their infants receiving zidovudine as
per the ACTG 076 regimen [30]. Receipt of both zidovu-
dine and lamivudine was associated with a significantly
lower risk of transmission (1.6%) compared with the risk
of transmission in historical controls who received zidovu-
dine alone (6.8%). The median decrease in viral load with
the combination of zidovudine and lamivudine was 1.24
log10. In the Women and Infants Transmission Study, more
potent antiretroviral therapy regimens were associated
with lower MTCT rates. Specifically, the following transmis-
sion rates were observed: 20% (95% CI: 16.1–23.9%) with
no antiretroviral therapy during pregnancy, 10.4% (95% CI:
8.2–12.6%) with zidovudine monotherapy, 3.8% (95% CI:
1.1–6.5%) with dual antiretroviral therapy with no or one
highly active drug, and 1.2% (95% CI: 0–2.5%) with highly
active antiretroviral therapy [14]. Similar transmission rates
were observed in PACTG 367, a descriptive epidemiol-
ogical study of HIV-infected pregnant women at medical
centers throughout the USA. In this cohort, the transmis-
sion rate was highest among women with no or unknown
antiretroviral therapy during pregnancy (18.5% (95% CI:
13.1–25.0%)), lower among women receiving one antiretro-
viral drug (5.1% (95% CI: 3–7.9%)), and lowest among those
receiving combination antiretroviral therapy (1.3% (95%
CI: 0.9–2%)) [15].

Analysis of transmission rates among HIV-infected
women who received one or more components (antepar-
tum, intrapartum, and/or postnatal) of the ACTG 076
zidovudine prophylaxis regimen suggested there are reduc-
tions in the rates of MTCT of HIV even if abbreviated reg-
imens of zidovudine are received [31–32]. The observed
transmission rates (according to when zidovudine prophy-
laxis was initiated) were: antepartum: 6.1% (95% CI: 4.1–
8.9%); intrapartum: 10.0% (95% CI: 3.3–21.8%); 48 hours
after birth: 9.3% (95% CI: 4.1–17.5); 3 days or more after
birth: 18.4% (95% CI: 7.7, 34.3%); and none: 26.6% (95% CI:
21.1–32.7%) [31]. Of those in whom zidovudine administra-
tion began within 48 hours after birth, transmission rates
were 5.9% if initiated within 12 hours after birth and 25% if
initiated 12–24 hours after birth [32].

Cervicovaginal fluid
In addition to peripheral blood viral load, a higher genital
tract viral load is independently associated with a higher
risk of MTCT of HIV [33–34]. In the Thai study [33], detection
of HIV in cervicovaginal lavage specimens was less frequent
among women who had received antepartum zidovudine
for the preceding 2 weeks than among women who had
received placebo. The MTCT rate among women with
quantifiable HIV in cervicovaginal lavage specimens and
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high plasma viral concentrations (over 10 000 copies/mL)
was significantly higher (28.7%) than among women with-
out quantifiable HIV in cervicovaginal lavage specimens
and with low plasma virus levels (P < 0.001). Therefore,
peripartum cleansing with virucidal agents has been inves-
tigated [35–39].

Prevention of transmission with virucidal cleansing
The utility of cervicovaginal cleansing, with or with-
out immediate surface decontamination of the infant,
with virucidal agents such as benzalkonium chloride and
chlorhexidine, has been evaluated in several studies in
sub-Saharan Africa. A regimen of benzalkonium chloride
was evaluated in a small study in West Africa [35]. Self-
administered daily vaginal suppositories of 1% benzalko-
nium chloride or matched placebo beginning at 36 weeks
of pregnancy, with an intrapartum dose and bathing of the
neonate, was found to be feasible and well-tolerated. There
was no statistically significant difference in HIV transmis-
sion rates according to treatment group among 103 live-
born children [36]. In Malawi, cervicovaginal cleansing with
0.25% chlorhexidine solution every 4 hours during labor,
and washing the baby with the same solution at birth, did
not reduce MTCT of HIV [37]. However, in a subanalysis,
MTCT was significantly lower with chlorhexidine washes
in the subgroup of women with duration of ruptured mem-
branes of more than 4 hours. In addition, the intervention
was associated with reductions in maternal and neona-
tal morbidity [40]. Subsequently, another study in Kenya
evaluated cervicovaginal lavage with 0.2%, and later 0.4%,
chlorhexidine during labor, but this intervention did not
decrease either intrapartum only or overall transmission
[38]. Finally, the safety and tolerability of different con-
centrations of chlorhexidine (0.25%, 1%, and 2%) used for
peripartum cervicovaginal and infant washes were evalu-
ated in South Africa, and the 1% concentration of chlorhex-
idine was identified as the highest tolerated concentra-
tion [39]. An efficacy trial of 1% chlorhexidine has been
proposed.

Breast milk
In addition to the concentration of virus in peripheral blood
and cervicovaginal fluid, a higher breast milk viral load is
associated with a higher risk of MTCT of HIV [41–43]. If
breastfeeding is unavoidable, then it is possible that one
or more of the following interventions to decrease the
viral load of the breast milk could prevent transmission:
administration of antiretroviral drugs to the mother while
breastfeeding, antiretroviral prophylaxis administered to
the infant, and treatment of breast milk with heat or chem-
ical agents.

Before considering specific interventions to prevent
breastfeeding transmission of HIV, it is important to
consider the potential effects of breastfeeding on the
HIV-infected woman herself. One such potential effect
is increased mortality among breastfeeding HIV-infected
women. The results of two studies evaluating the risk of
mortality among HIV-infected women according to infant
feeding modality (breastfeeding compared with formula
feeding) have been conflicting. Data from the random-
ized clinical trial of breastfeeding versus formula feeding in
Kenya were analyzed to assess maternal mortality accord-
ing to infant feeding modality [44]. Analysis of maternal
mortality was by intention to treat (i.e., by randomized
assignment of mothers to breastfeeding or formula feed-
ing). Maternal mortality over the 2-year period following
delivery was higher among those in the breastfeeding group
(18 deaths among 197 women, 9%) compared with those in
the formula feeding group (six deaths among 200 women,
3%; P = 0.009). The cumulative probability of maternal
death at 24 months after delivery was 10.5% in the breast-
feeding group and 3.8% in the formula group (P = 0.02).
The relative risk of death for mothers assigned to breast-
feeding compared with those assigned to formula feeding
was 3.2 (95% CI: 1.3–8.1, P = 0.01), and the attributable
risk of maternal death due to breastfeeding was 69%. There
were significant associations between CD4+ lymphocyte
counts and maternal death, as well as between viral load
and maternal death. The authors hypothesized that a com-
bination of the metabolic demands of breastfeeding on
HIV-infected women (who already could have borderline
nutritional status) and of HIV infection itself could be
associated with substantial nutritional impairment, which
could result in increased risk of death. Indeed, women in
the breastfeeding group had greater weight loss postpar-
tum than women in the formula-feeding group.

Data from a second study, a randomized clinical trial
of vitamin A supplementation in South Africa, were ana-
lyzed to assess maternal mortality among HIV-infected
women according to infant feeding modality (breastfeed-
ing or not breastfeeding) [45]. In this trial, mothers chose
whether to breastfeed or not (i.e. there was no ran-
domization regarding infant feeding modality). Of 566
mothers whose data were analyzed, 410 breastfed their
infants and 156 never breastfed. No differences in maternal
mortality rates according to infant feeding modality were
observed: over a mean follow-up period of 10 months
postpartum, 0.49% (2/410) of women who ever breastfed
were known to have died compared with 1.92% (3/156)
of those who never breastfed. Morbidity was similar
among those who breastfed for more than or less than
3 months.
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The reasons for differences in the results of the two stud-
ies are not clear. Analyses of mortality among HIV-infected
women according to infant feeding modality are underway
within the Breastfeeding and HIV International Transmis-
sion Study, with a pooled sample size of several thousand
HIV-infected women [46].

It is possible that HIV transmission through breastfeed-
ing could be decreased with antiretroviral drugs adminis-
tered either to the mother or to the infant while breast-
feeding. The efficacy of continued administration of
antiretroviral prophylaxis to breastfeeding infants is being
investigated in several studies in India and in different
parts of Africa. These studies are evaluating administration
of different antiretroviral drugs to the infant for varying
lengths of time (1 week to 6 months). Observational stud-
ies and randomized clinical trials involving administration
of combinations of antiretroviral drugs to breastfeeding,
HIV-infected women in sub-Saharan Africa are being ini-
tiated to evaluate the effectiveness and efficacy of mater-
nal combination antiretroviral therapy to prevent MTCT of
HIV during breastfeeding. Drugs being evaluated include
zidovudine, nevirapine, lamivudine, and didanosine [47].

Treatment of breast milk with either chemical agents
or heat to inactivate HIV has been investigated in sev-
eral studies. Sodium dodecyl sulfate, a microbicidal agent
active against HIV and other viruses, does not alter protein
content of the milk and can be efficiently removed from
breast milk samples [48]. In one study, allowing expressed
breast milk to stand at room temperature for 6 hours did
not destroy proviral DNA, but boiling expressed breast milk
appeared to decrease HIV infectivity of the milk [49]. Pas-
teurization of breast milk [50, 51], including pasteuriza-
tion with devices that can be used in a home setting [52–
54], can reduce the infectious titer of cell-free HIV and
HIV-infected cells by more than 5 logs and 6 logs, respect-
ively [51]. Obviously, utilization of all of these methodolo-
gies would not be feasible in many settings. Additionally,
while lowering breast milk viral load, these methodolo-
gies are unlikely to eliminate HIV from the milk com-
pletely. Finally, with any treatment to inactivate HIV, the
extent to which the treatment diminishes the protective or
nutritional components of breast milk must be carefully
assessed.

8.3.2 Duration of exposure to the virus

Intrapartum
It was observed in several studies that HIV-infected women
with duration of ruptured membranes of more than 4 hours
[55, 56] or more than 12 hours [57] were more likely to
transmit HIV to their infants. In a subsequent analysis of
4721 deliveries with duration of ruptured membranes of

24 hours or less (vaginal deliveries as well as cesarean sec-
tion deliveries after ruptured membranes and/or onset of
labor), the risk of MTCT of HIV increased approximately 2%
with an increase of 1 hour in the duration of ruptured mem-
branes (adjusted odds ratio [OR] = 1.02 [95% CI: 1.01, 1.04]
for each hour increment). Among women diagnosed with
AIDS, the estimated probability of transmission increased
from 8% to 31% with duration of ruptured membranes of
2 hours and 24 hours, respectively (P < 0.01). The results
of these analyses supported the importance of duration of
ruptured membranes as a risk factor for MTCT of HIV, and
suggested a diagnosis of AIDS in the mother at the time of
delivery could potentiate the effect of duration of ruptured
membranes [4].

Despite the biological plausibility of a decreased risk of
transmission of HIV from mother to child with cesarean
section delivery before labor and before ruptured mem-
branes (potential mechanisms including avoidance of
transfusion of mother’s blood to the fetus during labor con-
tractions and/or of direct contact of the fetus with infected
secretions or blood from the maternal genital tract), early
studies of the relationship between mode of delivery and
MTCT of HIV had conflicting results; some suggested a
lower risk of transmission with cesarean section, but others
did not. Thus, an individual patient data meta-analysis was
performed to address this issue, incorporating data regard-
ing 8533 mother–child pairs from 15 prospective cohort
studies in North America and Europe [58]. In adjusted ana-
lyses, the likelihood of MTCT of HIV was approximately
50% lower with cesarean section before labor and delivery,
as compared with other modes of delivery (adjusted OR =
0.43 [95% CI: 0.33, 0.56]). The likelihood of transmission was
approximately 87% lower among those with cesarean sec-
tion before labor and delivery and with receipt of antiretro-
viral therapy during the antepartum, intrapartum, and
postnatal periods (most likely zidovudine monotherapy),
as compared with other modes of delivery and the absence
of such therapy (adjusted OR = 0.13 [95% CI: 0.09, 0.19]).
The rates of transmission were lower with cesarean section
before labor and delivery than with other modes of deliv-
ery whether or not antiretroviral therapy was given. The
transmission rate with elective cesarean section without
antiretroviral therapy was 10.4%, as compared with a rate
of 19.0% with other modes of delivery without antiretrovi-
ral therapy. The respective rates with antiretroviral therapy
during the antepartum, intrapartum, and postnatal peri-
ods were 2.0% and 7.3%.

A randomized clinical trial of mode of delivery among
HIV-infected women in Europe documented the efficacy
of cesarean section in preventing MTCT [5]. In this trial,
in which approximately 400 women were randomized to
cesarean section before labor and ruptured membranes
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Table 8.3 Randomized clinical trials: mode of delivery and infant feeding modality

Trial Location Randomization Transmission rates Efficacy

The European Mode of Delivery Europe Cesarean section 1.8% 83%
Collaboration 1999 [5] Vaginal delivery 10.5%

Nduati et al. 2000 [6] Kenya Formula feeding 20.5% (14.0–27.0) 44%
Breastfeeding 36.7% (29.4–44.0)

or to vaginal delivery, cesarean section decreased trans-
mission (1.8% transmission among those randomized to
cesarean delivery versus 10.5% among those randomized
to vaginal delivery). The odds ratio for transmission accord-
ing to allocated mode of delivery (cesarean section com-
pared with vaginal delivery) was: 0.2 (95% CI: 0.1–0.6)
(Table 8.3).

Postnatally through breastfeeding
A longer duration of breastfeeding has been associated with
an increased risk of HIV transmission [59, 60]. In a meta-
analysis of published data from prospective cohort studies
of HIV-infected women and their children [61], 499 HIV-
infected women who breastfed their children were iden-
tified. The estimated risk of breastfeeding transmission of
HIV was 16% (95% CI: 9–22%). Among breastfed infants,
47% of HIV infections were attributable to breastfeeding.
Breastfeeding transmission occurred in 21% (10–22%) of
those with breastfeeding for a median length of 3 or more
months, and 13% (95% CI: 4–21%) among infants breast-
fed for a median of less than 2 months. The cumulative
probability of breastfeeding transmission of HIV has been
estimated in different studies. In the Breastfeeding and HIV
International Transmission Study [46], MTCT of HIV among
breastfed children with negative HIV diagnostic test results
at 4 weeks of age was assessed. Late postnatal transmis-
sion (transmission after 4 weeks of age) occurred through-
out breastfeeding, and the risk of such transmission was
generally constant through breastfeeding. The cumula-
tive probability of late postnatal transmission was: 1.6% at
3 months of age, 4.2% at 6 months, 6.0 at 9 months, 7.0 at
12 months, 7.2% at 15 months, and 9.3% at 18 months.

A randomized clinical trial of breastfeeding versus
formula feeding among HIV-infected women in Kenya
demonstrated HIV transmission through breastfeeding
and prevention of such transmission with formula feed-
ing [6]. This trial enrolled 425 HIV-infected pregnant
women. Compliance was higher in the breastfeeding arm
(96%) compared with the formula-feeding arm (70%). The
median duration of breastfeeding was 17 months. The
cumulative probability of HIV infection in the children at

24 months of age was significantly higher in the breastfed
children: 36.7% (95% CI: 29.4–44.0%) in the breastfeeding
arm versus 20.5% (95% CI: 14.0–27.0%) in the formula arm
(P = 0.001) (Table 8.3).

If complete avoidance of breast milk is not possible, early
weaning from breast milk (e.g., at 6 months of age), if feas-
ible, would limit exposure to HIV-infected breast milk while
allowing the child to experience the benefits of breastfeed-
ing. Breast milk provides the entire nutritional require-
ments of the infant through the first 4–6 months of life
[62, 63]. Although breast milk remains a valuable source
of nutrition for many months thereafter, it is possible for
children to be successfully weaned from breast milk and
provided with other sources of nutrition after 6 months of
age. The increased risk of morbidity and mortality asso-
ciated with replacement feeding (due to malnutrition and
infectious diseases other than HIV) is especially high dur-
ing the first 6 months of life and decreases in magnitude
thereafter [64].

For many women, early weaning of their children from
breast milk is not possible because of financial or other con-
straints. Early weaning from breast milk is being evaluated
in trials in Zambia [65] and elsewhere.

8.3.3 Factors facilitating transfer of the virus from
mother to child

Several factors potentially facilitate transfer of the virus
from mother to child, including vitamin A deficiency,
chorioamnionitis, mixed breastfeeding, and maternal
breast pathology and infant thrush. Modification of these
factors in order to decrease the likelihood of MTCT has been
or is being evaluated.

Micronutrient deficiencies
A dramatic relationship was observed between maternal
vitamin A deficiency and the risk of MTCT of HIV in Africa
[66], with lower maternal vitamin A levels associated with
higher rates of transmission. This observation stimulated
investigations of vitamin A supplementation as a means
of decreasing the risk of transmission. More recent data
suggest deficiencies of other micronutrients (e.g. selenium)
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could be associated with the risk of MTCT. For example, in
a study in Kenya, selenium deficiency was found among
11% of women and was associated with vaginal or cervical
shedding of HIV-infected cells [67].

Results from three completed vitamin A supplemen-
tation trials indicated no benefit of supplementation
with regard to prevention of MTCT of HIV [68–70]. In
Malawi, there was no statistically significant difference
in transmission rates according to receipt of vitamin A
supplementation from 18–28 weeks gestation until deliv-
ery [68], although antenatal vitamin A supplementation
increased birth weight and decreased anemia among
the infants. In South Africa, HIV-infected women were
randomized to receive either placebo or daily vita-
min A supplementation during the third trimester of
pregnancy and at delivery. There was no statistically sig-
nificant difference in transmission rates according to treat-
ment arm, but women randomized to vitamin A sup-
plementation were less likely to have preterm delivery
[69]. Daily vitamin A supplementation during pregnancy
increased the risk of MTCT of HIV in a randomized clini-
cal trial in Tanzania [70]. Enrollment in a fourth vitamin A
supplementation trial in Zimbabwe has been completed.

Chorioamnionitis
Following bacterial infection(s) of the placental mem-
branes of HIV-infected women, maternal white blood cells
infected with HIV could enter the amniotic fluid, with resul-
tant chorioamnionitis and MTCT of HIV. Placental mem-
brane inflammation (chorioamnionitis and funisitis) has
been associated with an increased risk of MTCT of HIV [71–
73]. Therefore, a clinical trial of antibiotic treatment to re-
duce chorioamnionitis in HIV-infected women has begun.

A randomized, placebo-controlled trial of antibiotic
treatment during pregnancy to prevent chorioamnionitis-
associated MTCT of HIV was initiated at clinical sites in
Malawi, Tanzania, and Zambia (HIVNET 024). However, the
trial was discontinued after interim analyses suggested no
effect.

Mixed breastfeeding
When feeding patterns among infants born to HIV-infected
women in Brazil were analyzed, a history of colostrum
intake was not associated with transmission, nor was a
history of mixed feeding (human milk with other milk,
tea, or juice) [74]. However, in South Africa, data from a
randomized clinical trial of vitamin A supplementation to
prevent MTCT [69] were reanalyzed to evaluate a possi-
ble association between feeding patterns among infants of
breastfeeding, HIV-infected mothers and the risk of MTCT
[75]. In this study, breastfeeding was categorized as exclu-
sive or mixed, i.e. without or with water, other fluids, and

food. Women who chose to breastfeed were counseled
to consider exclusive breastfeeding. Follow-up visits after
birth, during which an infant feeding history was obtained,
occurred at 1 week, 6 weeks, and 3 months of age, and
every 3 months thereafter. By 15 months of age, children
who ever breastfed were more likely to have become HIV-
infected (31.6%) than those children who never breastfed
(19.4%), P = 0.007. Of children who ever breastfed, those
with exclusive breastfeeding until at least 3 months of age
but no longer than 6 months of age had a lower estimated
transmission point estimate than those with mixed feeding,
but the confidence limits for these point estimates overlap
(exclusive: 24.7% [95% CI: 16.0–34.4%]; mixed: 35.9% [95%
CI: 26.7–45.1%]). The authors proposed that the mecha-
nism of their findings was that contaminated fluids and
foods given to infants with mixed breastfeeding damaged
the bowel and facilitated the entry of HIV into tissues. The
results of this hypothesis-generating study have prompted
several investigators to pursue new studies of exclusive
breastfeeding to assess more carefully the risk of HIV trans-
mission according to feeding modality.

Exclusive breastfeeding during the first 4–6 months
of life is associated with greater benefits than mixed
feeding in terms of morbidity and mortality from infec-
tious diseases other than HIV [76, 77]. The suggestive,
but not definitive, results of analyses of feeding modal-
ity among breastfeeding children of HIV-infected women
indicating a possible lower risk of transmission with exclu-
sive breastfeeding compared with mixed breastfeeding [69,
75] have prompted the development of additional stud-
ies to evaluate further the role of exclusive versus mixed
breastfeeding in MTCT of HIV. For example, data from
Zimbabwe suggest mixed breast-feeding is associated with
a higher risk of onset of HIV and death [65]. However, exclu-
sive breastfeeding is not the norm in Africa and other parts
of the world. For example, only about half of Indian chil-
dren under 4 months of age are exclusively breastfed [78]. In
Zimbabwe, only 39% of infants were exclusively breastfed
during the first 3 months of life, and only 7% between 4 and
6 months of age [79]. Despite this, programs to promote
exclusive breastfeeding have had some success. For exam-
ple, the prevalence of exclusive breastfeeding at 5 months
of age increased from 6% to 70% with home-based counsel-
ing by peer counselors (mothers from the local community
with training for 10 days) in Bangladesh [80].

Maternal breast pathology and oral candidiasis
in children
An early case report of the temporal association of acqui-
sition of HIV infection by the child of an HIV-infected
woman with a breast abscess suggested the ingestion of
inflammatory cells related to the bacterial infection of the
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breast contributes to breastfeeding transmission of HIV
[81]. Later studies confirmed the association of transmis-
sion of HIV through breastfeeding with maternal breast
pathologies such as breast abscesses, mastitis, and nip-
ple lesions. In Kenya, mastitis and breast abscesses were
associated with late postnatal transmission of HIV (relative
risk [RR] = 21.8 [95% CI: 2.3–211.0] and RR = 51.6 [95%
CI: 4.7–571.0], respectively) [34]. In Malawi, women with
elevated breast milk sodium levels consistent with subclin-
ical mastitis had higher breast milk viral loads than women
without elevated breast milk sodium levels [42]. In another
study in Kenya, maternal nipple lesions (OR = 2.3, 95% CI:
1.1–5.0) and mastitis (OR = 2.7, 95% CI: 1.1–6.7) were asso-
ciated with increased postnatal transmission [82]. Infant
oral candidiasis before 6 months of age is associated with
late postnatal transmission (OR = 2.8, 95% CI: 1.3–6.2) [82].
Results of a study in Côte d’Ivoire suggested maternal breast
abscesses and cracked nipples, as well as oral candidiasis
in infants, were risk factors for late postnatal transmission
of HIV through breastfeeding [83].

One program underway in Zimbabwe involves educa-
tion of women who choose to breastfeed following individ-
ual counseling regarding exclusive breastfeeding until the
infant is 4–6 months of age followed by rapid weaning. Edu-
cation and counseling also are provided regarding proper
positioning during breastfeeding, prompt seeking of medi-
cal care if breast problems arise or if the infant develops oral
candidiasis or other lesions, avoiding breastfeeding from
the affected breast, and safe sex practices while breastfeed-
ing [84].

8.3.4 Summary of studies of interventions
to prevent MTCT

Although many different interventions to prevent MTCT
of HIV have been and are being investigated, efficacy has
been demonstrated to date for only the following: antiretro-
viral prophylaxis, cesarean section before labor and before
ruptured membranes, and avoidance of breastfeeding. In
addition to these interventions, observational data strongly
suggest that combination antiretroviral therapy, including
HAART, is associated with very low rates of transmission.

8.4 Strategies for the prevention of
mother-to-child transmission of HIV

Although prevention of MTCT of HIV is often conceptu-
alized as only beginning once an HIV-infected woman is
pregnant, prevention of MTCT optimally begins before
pregnancy and before acquisition of HIV infection, i.e.
through prevention of acquisition of HIV infection by
adolescent girls and by women of reproductive age. In

Table 8.4 Prevention of transmission of HIV from pregnant

women to their infants

Resource- Resource-poor
Intervention rich settings settings

Voluntary
counseling and
testing (VCT)

Yes Yes

Antiretroviral
prophylaxis/
therapy

Yes Yes (but therapy
generally not
widely available)

Cesarean section
before labor
and before
ruptured
membranes

Yes Generally No

Complete
avoidance of
breastfeeding

Yes Generally No

the absence of primary prevention, then prevention of
unwanted pregnancies is important. Assuming an HIV-
infected adolescent girl or a woman has become preg-
nant, then prevention of MTCT of HIV in the USA and
other resource-rich settings, where the seroprevalence
of HIV among adults is below 1% [85], has incorpor-
ated the following interventions: voluntary HIV coun-
seling and testing, complete avoidance of breastfeeding,
cesarean section before labor and before ruptured mem-
branes, and antiretroviral drugs (from zidovudine prophy-
laxis at a minimum, to combination antiretroviral therapy)
(Table 8.4). However, in resource-poor settings, where the
seroprevalence of HIV among adults is often over 20% [85]
and the burden of HIV disease is much greater than in
resource-rich settings, complete avoidance of breastfeed-
ing is generally not possible or acceptable, and cesarean
delivery for the prevention of MTCT of HIV is generally not
feasible due to lack of clinical infrastructure and staffing
(Table 8.4). In these settings, efforts to find new, or adapt
old, interventions so that they are feasible and affordable
to implement remains an urgent priority. Concomitantly
there is a growing realization that, if the real goal is to
increase the likelihood of children’s HIV-free survival (and
not just to decrease MTCT rates), it is best for many reasons
to work towards optimizing the health of the HIV-infected
woman herself since one of the best predictors of chil-
dren’s deaths is their mothers’ own deaths. Obviously, pro-
vision of treatment for HIV-infected pregnant women is an
important goal in and of itself, aside from secondary ben-
efits in terms of lower MTCT rates.
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8.4.1 Voluntary HIV counseling and testing

Voluntary HIV counseling and testing has represented
an essential component of prevention efforts in the USA
[86] and other resource-rich settings, since the greatest
effectiveness of current preventive interventions (such as
cesarean delivery and antiretroviral drugs) is predicated
upon a pregnant woman knowing her HIV infection status
before becoming pregnant or else as early as possible dur-
ing pregnancy. The US Public Health Service recommended
that HIV counseling and testing be offered to all pregnant
women in 1995 [87]. The proportion of mothers of HIV-
exposed or -infected children in the USA whose HIV infec-
tion was diagnosed before their child’s birth increased from
70% in 1993 (before the original US Public Health Service
guidelines were issued in 1995) to 94% in 1997 [88]. How-
ever, while a decreasing proportion of the overall popu-
lation of pregnant women in the US have delayed or no
prenatal care (25% in 1989 but 18% in 1997) [89], such may
not be the case among HIV-infected women. Additionally,
receipt of prenatal care does not guarantee HIV counseling
and testing will occur. Data from several studies have indi-
cated missed opportunities for antenatal HIV counseling
and testing [90–92]. Such data prompted the US Institute of
Medicine to recommend universal, routine testing of preg-
nant women with patient notification [93]. The US Public
Health Service has made similar recommendations [94].

In many resource-poor settings, however, where few
or no treatment or prophylactic interventions for HIV-
infected individuals exist, acceptance of voluntary HIV
counseling and testing (including return to receive results
of HIV diagnostic testing) may not be high. For example,
only 78% of women receiving antenatal care in Cote d’Ivoire
consented to HIV testing and, of these, only 58.4% returned
to receive the results [95]. With the use of rapid diagnostic
tests (such that results can be made available to the individ-
ual being tested on the same day, as opposed to requiring
a return visit to the clinic), and with increasing availabil-
ity of both therapeutic and prevention interventions, it is
anticipated that acceptance of voluntary HIV counseling
and testing will increase.

8.4.2 Complete avoidance of breastfeeding

Complete avoidance of breastfeeding (e.g. by using infant
formula) is an intervention of obvious utility in settings
where it is feasible (i.e. where clean water is available),
affordable, and culturally acceptable. In resource-rich set-
tings such as the USA, complete avoidance of breastfeeding
by HIV-infected women has been advised for several years
[96, 97, 98]. Breastfeeding among HIV-infected women is

uncommon in the USA. Estimates of the proportion of
HIV-infected women in the USA have ranged from 1–3%
before 1994 [99], and less than 1% in 1994 or later [100].
HIV-infected mothers are significantly less likely to breast-
feed their children if they are aware of their infection status
before delivery [99], highlighting the need for access to pre-
natal care and HIV counseling and testing.

However, complete avoidance of breastfeeding is not
feasible in many resource-poor settings, for reasons includ-
ing the cost associated with procurement of replacement
feeding, the stigma associated with not breastfeeding,
and the potential morbidity and mortality associated with
replacement feeding. Even in the Nairobi clinical trial of
breastfeeding versus formula feeding [6], in which one of
the enrollment criteria was access to municipal-treated
water, the two groups of children (those whose mothers
were randomized to breastfeeding and those whose moth-
ers were randomized to formula feeding) experienced sim-
ilar rates of mortality during the first 2 years of life [101].
Mortality rates at 24 months of age were 24.4% among chil-
dren whose mothers were randomized to breastfeeding and
20.0% among those children whose mothers were random-
ized to formula feeding. Assessment of the feasibility of
complete avoidance of breastfeeding or of early weaning
involves consideration of an individual woman’s situation
and local circumstances. The WHO recommends that HIV-
infected women who decide to not breastfeed their chil-
dren, or who decide to wean their children from breast milk
early, should receive specific guidance and support during
at least the first 2 years of their children’s lives to assure
adequate replacement feeding [102].

Since complete avoidance of breastfeeding or early
weaning may not be possible in many settings, it is
extremely important to develop and implement cultur-
ally appropriate interventions to prevent breast-milk trans-
mission of HIV in resource-poor settings [102]. Further,
in light of the evidence of the association of maternal
breast pathologies and breastfeeding transmission, the
WHO recommends that HIV-infected women who breast-
feed should receive education and counseling to assure
good breastfeeding technique to decrease the risk of devel-
opment of such conditions, and if such conditions arise,
they should be treated as quickly and completely as poss-
ible [102]. Similarly, oral candidiasis in children should be
treated promptly.

8.4.3 Cesarean section before labor and ruptured
membranes

Subsequent to the publication of studies demonstrating
the efficacy of cesarean section before labor and delivery
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for the prevention of MTCT [5], and indicating an
association between mode of delivery and transmission
remained among HIV-infected women receiving antiretro-
viral therapy (most likely zidovudine prophylaxis) [58], the
American College of Obstetricians and Gynecologists [103]
and the US Public Health Service [104] issued recommen-
dations that cesarean section as an intervention to prevent
transmission should be discussed and recommended for
women with peripheral blood viral loads greater than 1000
copies/mL irrespective of receipt of antiretroviral therapy.
Cesarean delivery for the prevention of MTCT of HIV has
been performed with increasing frequency in clinical cen-
ters in the USA and Europe over the past several years [15,
105]. For example, in the USA, cesarean delivery was per-
formed for HIV-infected pregnant women with increasing
frequency from 1998 (20%) to 2000 (44–54%) [105]. As noted
previously, cesarean delivery as an intervention to prevent
MTCT of HIV is generally not feasible in resource-poor set-
tings because of the lack of a skilled attendant during labor
and other reasons.

In settings where adequate staffing and infrastructure
exist, issues that have been raised regarding use of cesarean
section as an intervention to prevent transmission include
concerns regarding its effectiveness among women with
low viral loads or who are receiving potent antiretroviral
therapy, potentially increased maternal and infant mor-
bidity associated with surgical delivery in populations of
HIV-infected women, and the risk of healthcare worker
infection associated with surgical delivery. Despite the con-
servative wording of US recommendations [103, 104], more
recent data suggest a persistent effect of cesarean section
delivery even among those HIV-infected pregnant women
with viral loads of less than 1000 copies/mL. For example,
in Thailand, cesarean section was associated with a lower
risk of MTCT of HIV even after controlling for viral load
[106]. Also, data from the European Collaborative Study
suggest a lower risk of MTCT among women delivering
by cesarean section before labor and ruptured membranes
remains despite stratification according to maternal viral
load [107]. Finally, delivery by cesarean section was asso-
ciated with an approximately 70% lower risk of transmis-
sion compared with vaginal delivery among a population of
women with viral loads less than 1000 copies/mL [18]. Con-
sistent with these results, data from North Carolina suggest
that, among women receiving combination antiretroviral
therapy, cesarean section before labor and ruptured mem-
branes is associated with a lower risk of transmission com-
pared with vaginal or other cesarean deliveries [108]. It has
been estimated that the rate of MTCT of HIV would have to
be extremely low before cesarean section would no longer
be cost effective in the USA and similar settings [109].

The potential benefit of cesarean section before labor and
ruptured membranes for prevention of MTCT of HIV must
be weighed against possible deleterious effects of surgical
delivery for the mother, for the infant, and for the obstetri-
cian [110, 111]. Cesarean delivery may be associated with
a slightly increased risk of postpartum morbidity among
HIV-infected women compared with uninfected women,
but assessment of currently available data suggest post-
partum morbidity rates among HIV-infected women are
not sufficiently frequent or severe to outweigh the poten-
tial benefit of cesarean section for the prevention of MTCT
of HIV [104]. There are no published data regarding the risk
of neonatal morbidity according to HIV-infected women’s
mode of delivery. Finally, although we know the risk must
be extremely small, there are essentially no data regarding
the relative risk of accidental acquisition of HIV infection
by obstetricians or other healthcare workers according to
mode of delivery [112]. Some have proposed an increased
risk, and others have proposed a decreased risk, with
elective cesarean section or vaginal delivery.

8.4.4 Antiretroviral transmission prophylaxis and
antiretroviral treatment of HIV-infected
pregnant women

Shortly after the release of the results of ACTG 076 [16], the
US Public Health Service issued guidelines regarding the
use of zidovudine for perinatal HIV transmission prophy-
laxis [113]. Zidovudine prophylaxis has played a central role
in the prevention of MTCT in resource-rich settings for the
past several years. For example, the proportion of perina-
tally HIV-exposed children who received or whose mothers
received any zidovudine increased dramatically in the USA
from 1993 (7%) to 1997 (91%) [88].

More recently, an increasing number of women in North
America, Europe, and Brazil are receiving combination
antiretroviral therapy, including HAART, for their own
health. For example, recent data indicate 85% of HIV-
infected pregnant women in the USA receive combination
therapy during the third trimester, while only 2% receive a
single antiretroviral drug and 5% receive no antiretroviral
drugs [15].

Guidelines for initiation of antiretroviral therapy in adults
and adolescents have been developed by several groups,
including the US Public Health Service [114]. Criteria for
initiation of antiretroviral therapy according to these guide-
lines include: symptomatic HIV disease, CD4+ lympho-
cyte count less than 350 cells/mm3 or less, or plasma
HIV RNA levels over 55 000 copies/mL. In addition, guide-
lines more specifically focused on the use of antiretroviral
drugs in pregnant women have been developed by the US
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Table 8.5 Recommendations for antiretroviral prophylaxis to prevent MTCT of HIV, according to timing of maternal presentation [104]

Previous
Time period at antiretroviral
presentation therapy Recommendation Comment/alternatives

Antepartum No Women should receive at least
the three-part ACTG 076
regimen:

Mother: Zidovudine 100 mg po 5
times per day beginning at 14–34
weeks gestation, 2 mg/kg IV over
a 1 hour period, then 1 mg/kg
per hour until delivery

Infant: Zidovudine 2 mg/kg po q
6 hours for 6 weeks, beginning
8–12 hours after birth

Acceptable alternatives to the maternal regimen in
the clinical trial (100 mg orally five times daily) are
oral zidovudine (ZDV) administered as 200 mg three
times daily or 300 mg twice daily. Combining this
zidovudine prophylactic regimen with additional
antiretroviral drugs for treatment of the mother’s HIV
infection is recommended for women whose clinical,
immunologic, or virologic status requires treatment
[119] or who have peripheral blood viral loads of over
1000 copies/mL.

Alternatives to the ACTG 076 prophylactic regimen are
(prophylactic regimen initiated during the
antepartum period) are listed in Table 8.2:

Mother: Zidovudine 300 mg po BID from 36 weeks
gestation, q 3 hours from onset of labor until delivery
[19, 20]

Mother: Zidovudine 300 mg po BID from 36–38 weeks
gestation, 600 mg × 1 at onset of labor, 300 mg po
BID for 7 days after delivery [21]

Mother: Zidovudine 300 mg po BID until onset of labor,
then 300 mg po q 3 hours until delivery beginning at
28 weeks gestation; Infant 2 mg/kg po q 6 hours for
3 days (6 weeks of infant ZDV if maternal ZDV
initiated at/after 35 weeks) [23]

Mother: Zidovudine/3TC 300 mg/150 mg po BID from
36 weeks gestation; ZDV 300 mg × 1 after onset of
labor, then 300 mg po q 3 hours until delivery; 3TC
150 mg × 1 at onset of labor, then 150 mg po q 12
hours until delivery; ZDV/3TC 300/150 mg po BID for
1 week: Infant: Zidovudine 4 mg/kg with 3TC 2
mg/kg po BID for 1 week [26, Arm A]

Mother: ZDV 300 mg po PID beginning at 28 weeks
gestation, ZDV 300 mg po 13 hours from onset of
labor until delivery, NVP 200 mg po × 1 at the onset
of labor; Infant: ZDV 2 mg/kg po every 6 hours for
1 week, with or without NVP 6 mg po × 1 within
48–72 hours after birth

Antepartum Yes Women should continue therapy
if the pregnancy is identified
after the first trimester.
Zidovudine should be a
component of the antepartum
regimen after the first trimester if
possible. Irrespective of the
antepartum regimen,
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Table 8.5 (cont.)

Previous
Time period at antiretroviral
presentation therapy Recommendation Comment/alternatives

intrapartum and infant ZDV as
per the ACTG 076 regimen is
recommended.

Mother: Zidovudine 2 mg/kg IV
over a 1 hour period, then
1 mg/kg per hour until delivery

Infant: Zidovudine 2 mg/kg po q
6 hours for 6 weeks, beginning
8–12 hours after birth

See below for alternative intrapartum and
postnatal regimens.

Intrapartum No Women/infants should receive at
least the intrapartum/postnatal
components of the ACTG 076
regimen:

Mother: Zidovudine 2 mg/kg IV
over a 1 hour period, then
1 mg/kg per hour until delivery

Infant: Zidovudine 2 mg/kg po q
6 hours for 6 weeks, beginning
8–12 hours after birth

Mother: NVP 200 mg po × 1 at onset of labor;
Infant: NVP 2 mg/kg within 48–72 hours of birth
[24, 25]

Mother: ZDV 300 mg × 1 after onset of labor, then
300 mg po q 3 hours until delivery; 3TC 150 mg
× 1 at onset of labor, then 150 mg po q 12 hours
until delivery; ZDV/3TC 300/150 mg po BID for
1 week; Infant: ZDV 4 mg/kg with 3TC 2 mg/kg
po BID for 1 week [26, Arm B]

Intrapartum zidovudine administered
intravenously, followed by 6 weeks of oral
zidovudine to the infant, combined with one
dose of nevirapine at the onset of the labor and
one dose of nevirapine to the infant at 48 hours
after birth (intrapartum and infant components
of the ACTG 076 regimen, combined with the
HIVNET 012 regimen) [29]

Postnatal No (infant born to
mother who
did not receive
any
antiretroviral
therapy during
the antepartum
or intrapartum
periods)

Postnatal component of the
ACTG 076 regimen:

Infant: Zidovudine 2 mg/kg po q 6
hours until 6 weeks, beginning
8–12 hours after birth

The efficacy of administering a combination of
antiretroviral drugs to the infant for prevention
of transmission is under study, and the efficacy
is not known at this time.

Public Health Service [104], the British HIV Association
[115], and the European Consensus Panel [116]. These
guidelines provide generally similar recommendations,
although cesarean section before labor and ruptured mem-
branes is emphasized to a greater extent in the British and
European guidelines as compared with the US guidelines.

The US Public Health Service guidelines [104] address
different groups of HIV-infected women and their infants
(Table 8.5). Specifically, the groups addressed are those

women who have not received prior antiretroviral ther-
apy, those women who are already receiving antiretrovi-
ral therapy during the current pregnancy, those women
in labor who have not received therapy previously, and
infants born to mothers who have received no antiretro-
viral therapy during the antepartum or intrapartum peri-
ods. It is recommended that HIV-infected women without
previous antiretroviral therapy receive at least the three-
part ACTG 076 regimen (Table 8.2) (although acceptable
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alternatives to the maternal regimen in the clinical trial [100
mg orally five times daily] are oral zidovudine administered
as 200 mg three times daily or 300 mg twice daily). Combin-
ing this zidovudine prophylactic regimen with additional
antiretroviral drugs for treatment of the mother’s HIV infec-
tion is recommended for women whose clinical, immuno-
logic, or virologic status requires treatment [114] or who
have peripheral blood viral loads of over 1000 copies/mL.
HIV-infected women already receiving antiretroviral ther-
apy should continue therapy if the pregnancy is identified
after the first trimester. Zidovudine should be a compo-
nent of the antepartum regimen after the first trimester
if possible. Irrespective of the antepartum regimen, intra-
partum and infant zidovudine as per the ACTG 076 regimen
is recommended. Several different regimens of antiretro-
viral prophylaxis could be administered to HIV-infected
women in labor without previous antiretroviral therapy: (1)
one dose of nevirapine at the onset of labor followed by
one dose of nevirapine to the infant at 48 hours after birth
(HIVNET 012 regimen); (2) oral zidovudine and lamivudine
during labor, followed by 1 week of oral zidovudine and
lamivudine for the infant (from the Petra trial); (3) intra-
partum zidovudine administered intravenously, followed
by 6 weeks of oral zidovudine to the infant (intrapartum
and infant components of the ACTG 076 regimen); or (4)
intrapartum zidovudine administered intravenously, fol-
lowed by 6 weeks of oral zidovudine to the infant, com-
bined with one dose of nevirapine at the onset of the labor
and one dose of nevirapine to the infant at 48 hours after
birth (intrapartum and infant components of the PACTG
076 regimen, combined with the HIVNET 012 regimen). For
infants born to mothers who did not receive any antiretrovi-
ral therapy during the antepartum or intrapartum periods,
the 6-week infant zidovudine component of the ACTG 076
regimen should be offered. Zidovudine should be initiated
as soon as possible after delivery, preferably within 6–12
hours after birth. The efficacy of administering a combina-
tion of antiretroviral drugs to the infant for prevention of
transmission is under study, and is not known at this time.

Guidelines for initiation of antiretroviral therapy in
adults and adolescents also have been developed by the
World Health Organization (WHO) [117]. These guide-
lines address initiation of therapy if CD4+ lymphocyte
testing is or is not available: if CD4 testing is avail-
able, initiation of antiretroviral therapy is recommended
for those with WHO Stage IV disease; those with WHO
Stage III disease and a CD4+ cell count below 350/mm3;
and those with Stage I or II disease and a CD4+ cell
count below 200/mm3. If CD4 testing is unavailable,
initiation of antiretroviral therapy is recommended for
those with WHO Stage III or IV disease and those with

WHO Stage II disease, if the total lymphocyte count
is below 1200/mm3. The use of antiretroviral drugs for
treatment of HIV-infected pregnant women and for peri-
natal transmission prophylaxis in resource-poor settings is
currently quite limited in terms of the overall, global need. It
is hoped that, with increasing availability of drugs, as well
as the infrastructure and staffing for the management of
HIV-infected individuals, including pregnant women, this
will change.

Important issues to address regarding the use of
antiretroviral drugs in general, and their use among preg-
nant women and infants especially, are the drugs’ known
toxicities and potential adverse effects, which can affect
patients’ adherence to the drugs. In turn, poor adher-
ence can facilitate the emergence of antiretroviral drug
resistance. Both the known or potential adverse effects
of antiretroviral drug use among pregnant women and
their infants, and antiretroviral drug resistance as it relates
to prevention of MTCT of HIV, have been reviewed in
detail [118, 119]. Data from Thailand and elsewhere sug-
gest women who receive intrapartum nevirapine may be
less likely to have virologic suppression after 6 months of
postpartum treatment with a nevirapine-containing reg-
imen. This issue is being evaluated in large, randomized
clinical trials.

Potential safety problems related to antiretroviral pro-
phylaxis for prevention of MTCT can be categorized as
follows [118]: fetal toxicity, resulting in adverse pregnancy
outcomes such as low birth weight, preterm delivery, con-
genital anomalies, and fetal/neonatal death; short-term
adverse effects on the mother and on the infant, includ-
ing laboratory abnormalities (e.g. hematologic abnormal-
ities or other laboratory abnormalities suggesting liver or
other organ dysfunction) and clinical abnormalities (e.g.
rash or other morbidity, mortality); long-term adverse con-
sequences for the child, including mitochondrial toxicity
resulting in organ damage or death and development of
cancer; and long-term adverse effects on the mother and
on the child who becomes infected despite interventions
to prevent MTCT, such as more rapid disease progres-
sion or development of resistance subsequent to receipt
of perinatal transmission prophylaxis with antiretroviral
drug(s). Although follow-up of exposed mothers and chil-
dren should be performed to detect short- and long-term
consequences of such exposure, the available data suggest
that adverse effects of exposure to antiretroviral drugs for
prevention of MTCT are minimal.

Limited data exist regarding antiretroviral prophylaxis
regimens and the development of resistance. The US Pub-
lic Health Service guidelines [104] recommend resistance
testing for the same indications in pregnant women as for
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non-pregnant adults, i.e. acute infection, viral failure or
suboptimal viral suppression, or a high likelihood of having
resistant views. However, other groups recommend resis-
tance testing for all pregnant women with detectable HIV
RNA levels, irrespective of previous receipt of antiretroviral
drug(s), in order to maximize the response to antiretroviral
therapy [120, 122]. Although MTCT of resistance HIV has
been reported [123], it is unknown whether the presence
of HIV resistance mutations increases the risk of MTCT.
Therefore, it remains controversial whether pregnancy rep-
resents a specific indication for resistance testing.

8.5 Conclusions

The field of prevention of MTCT is changing rapidly. For
those countries with greater resources and a lower disease
burden, utilization of currently available interventions and
combination antiretroviral therapy to decrease maternal
viral load and to provide pre- and post-exposure prophy-
laxis has resulted in low transmission rates, but there are
ongoing needs. These needs are: to make interventions
and therapy more widely available; to address potential
problems with existing interventions (e.g. drug toxicity;
antiretroviral resistance, postpartum and neonatal mor-
bidity related to surgical delivery); to develop new and
better interventions (e.g. passive and active immuniza-
tion against HIV [124, 125]; and to emphasize primary pre-
vention. However, the great majority of mothers and chil-
dren affected by HIV in the world reside in those coun-
tries with fewer resources with which to fight the disease.
In these settings, there is an urgent need to implement
known efficacious interventions, to incorporate prevention
of MTCT into overall maternal–child health programs, to
develop new and better (and simpler, cheaper, and more
feasible) interventions, especially with regard to transmis-
sion through breastfeeding, and to emphasize primary pre-
vention. Therefore, despite successes in the prevention of
MTCT of HIV over the past several years, significant clinical
and public health challenges exist.
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9.1 Introduction

HIV is a chronic illness with diverse clinical manifesta-
tions and psychosocial challenges. The routine care of HIV-
infected children demands a dedicated multidisciplinary
approach from a variety of health care professionals includ-
ing medical subspecialists, nurses, psychiatrists, psycholo-
gists, dentists, social workers, and case managers. The HIV
primary care provider, while ensuring health maintenance
and preventing disease, must serve as the coordinator of
an array of services crucial to the management of these
children in the context of the family. There are important
management considerations that are essential to the care
of both children who are exposed to HIV but determined
to be uninfected and children with HIV infection.

9.2 Care of the HIV-exposed infant

Routine care for the infant born to an HIV-infected
mother should begin well before the infant’s birth. Pediatric
providers should collaborate with the mother’s primary
care providers to minimize the risk of HIV transmission.
Care of the infant after birth includes continued interven-
tions to reduce the risk of HIV infection, as well as HIV
diagnostic evaluations and routine infant care (Table 9.1).
Care of the HIV-exposed newborn in the hospital begins
with a thorough maternal history, including HIV disease
status (HIV RNA concentration (viral load), CD4+ lym-
phocyte count, and HIV-related complications), receipt
of interventions to prevent mother-to-child transmission
(e.g. antiretroviral prophylaxis, cesarean section delivery
before labor and before ruptured membranes), and history

of other infections (e.g. syphilis, herpes simplex virus,
hepatitis B and C, cytomegalovirus, toxoplasmosis, gonor-
rhea, or tuberculosis). Psychosocial issues that could affect
the child (e.g. substance abuse, homelessness, mental ill-
ness, immigration status) should be identified in order to
provide any necessary additional services.

9.2.1 Perinatal HIV transmission prophylaxis

Both antiretroviral prophylaxis and cesarean section
before the onset of labor and ruptured membranes
reduce the risk of transmission of HIV from mothers
to their infants [1–7]. In addition, the use of combina-
tion antiretroviral therapy for the HIV-infected pregnant
woman’s own health is associated with a decreased risk
of mother-to-child transmission of HIV [8]. Prevention of
mother-to-child transmission is discussed in Chapter 8.
Independent of the medical and surgical management
of the HIV-infected pregnant woman, a 6-week course
of oral zidovudine (ZDV) to the infant is recommended
[1]. All infants born to HIV-infected women should begin
ZDV (2 mg/kg every 6 hours) prophylactic therapy as close
to the time of birth as possible (preferably within 12
hours) [5, 9]. Zidovudine should be continued for 6 full
weeks unless the infant is identified as being infected
at which time it should be immediately discontinued
(and the infant should be fully evaluated, see Section
9.3) [10]. Mild reversible anemia is associated with ZDV
prophylaxis in the newborn. Therefore, clinicians should
check a hemogram at birth and at 2–4 weeks of age to
monitor for anemia. Follow-up of ZDV-exposed children
and those who received placebo in protocol ACTG 076
have shown no evidence of a higher rate of tumors in

134
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Table 9.1 Care of the HIV-exposed infant

Age PHC§ Immunizations¶
Laboratory
assays ZDV prophylaxisa

TMP/SMX
prophylaxis

Birth § Hepatitis B (Hep B) #1 HIV DNA PCRb Begin within 12 hours
of birth 





�

2 weeks § HIV DNA PCRb

4 weeks § Hep B # 2 HIV DNA PCRb

6 weeks § Stopc Begind

2 months § DTP, HIB, IPV, Pneumococcal #1






�

4 months § DTP, HIB, IPV, Pneumococcal #2 HIV DNA PCRb Stope

6 months § DTP, HIB, Hep B, Pneumococcal
#3 (Influenza) f

9 months §
12 months § MMR, varicella Hemogramg

TSTh Lead
HIV ELISAi

§ PHC=preventive health care. This includes all the elements of a comprehensive preventive care program recommended
by the American Academy of Pediatrics (AAP) for all pediatric patients. All evaluations should include an interval history,
assessment of growth and development, anticipatory guidelines and recommended immunizations.
¶ The immunizations recommended in this table are for HIV-exposed infants who are immunologically normal. Refer to
Chapter 10 for routine immunizations in the HIV-infected infant or child.
a Zidovudine (ZDV) prophylaxis should be started within 12 hours of birth (regardless of the maternal antiretroviral
therapeutic/prophylactic regimen or resistance pattern). Addition of supplementary antiretrovirals should only be done
in conjunction with an expert in pediatric HIV.
b A positive test should be repeated immediately. In addition, a hemogram and lymphocyte subsets should be obtained
at that time. Infants suspected of being exposed to a non-subtype B HIV-1 virus (African or Asian origin) may require
alternative testing (see text).
c ZDV prophylaxis should be discontinued prior to 6 weeks if the infant has laboratory confirmation of HIV infection.
d Trimethoprim-sulfamethoxazole (TMP/SMX) should be started prior to 6 weeks of life if the infant has laboratory
confirmation of HIV infection and is older than 4 weeks of age.
e TMP/SMX prophylaxis should only be discontinued when there is laboratory confirmation that the infant is not infected
and is without clinical signs of HIV infection.
f Influenza vaccine may be considered for HIV-exposed, uninfected infants as household contacts may be in high-risk
groups for whom the vaccine is recommended.
g A hemogram is recommended by the AAP for all infants at 12 months of age.
h Tuberculin skin test.
i Median loss of maternal HIV antibody is at 10 months of life. Documentation of two negative ELISAs to confirm an
uninfected status remain a recommendation by the AAP. However, with the low transmission rates in the US and extremely
low probability of infection with multiple negative PCR tests, this recommendation may no longer be warranted.

ZDV-exposed children or of abnormalities in development
[11]. Eight cases of mitochrondrial disease, including two
children with degenerative neurologic disease leading to
death, have been reported in France amongst children
exposed to ZDV and lamivudine for perinatal prophy-
laxis [12]. In a large retrospective review of more than

12 000 children exposed to perinatal antiretroviral treat-
ment, no deaths were associated with mitochondrial tox-
icity [13]. With this in mind, the primary care provider
should consider potential complications of antiretroviral
exposure as an etiology for unexplained presenting signs
and symptoms, especially those with characteristics of
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mitochrondrial dysfunction. Furthermore, the long-term
side-effects of in utero exposure to antiretroviral therapies
have not been delineated. Some animal data suggest that
several agents have mutagenic potential, and may lead
to an increased susceptibility to tumor development as
exposed children enter adolescence and early adulthood.
(see Chapter 20). Therefore, it is important that the his-
tory of antiretroviral exposure remains in a child’s medical
record and that families understand the importance of this
information. Long-term follow-up and surveillance studies
continue to investigate whether there are long-term toxi-
cities related to interventions to prevent mother-to-child
transmission of HIV.

In addition to ZDV prophylaxis for the infant, avoidance
of breastfeeding is another means of decreasing the risk of
mother-to-child transmission of HIV. In settings where safe
feeding alternatives are available, the biological mother
should be counseled during the pregnancy and again in
the nursery that breast milk can transmit HIV and that she
should not breastfeed.

9.2.2 Diagnosis of HIV infection

All infants born to HIV-infected women should be tested
for HIV infection beginning at birth. Such diagnostic test-
ing of the infant should be performed using a DNA poly-
merase chain reaction (PCR) assay. HIV RNA assays also can
be used for diagnosis of HIV infection, though some stud-
ies have demonstrated that a low copy number may yield
a false positive test during the early months of life which
is not substantiated by subsequent tests either by RNA or
DNA PCR [14, 15]. If the PCR test result at birth is negative,
it should be repeated at 2 weeks and again at 1 month of
age. If the 1-month result is negative, a final test should be
repeated after 4 months of life. The infant can be considered
definitively HIV-uninfected if there are at least 2 negative
HIV virologic detection tests, with one test obtained at or
after 1 month of age and the second test obtained at or
after 4 months of age. The American Academy of Pediatrics
(AAP) currently recommends that all patients have HIV
antibody tests to confirm absence of infection. The median
age at the time of loss of maternal antibody is 10 months.
An uninfected infant should no longer have detectable IgG
antibody to HIV by 18 months of age. Given the low rate
of mother-to-child transmission of HIV in North America,
and the extremely low probability of HIV infection in a clin-
ically well infant identified with negative PCR assay results,
documentation of loss of maternal antibody may not be
warranted [16]. However, parents may request that the test
be done and some child welfare and foster care agencies
continue to require follow-up antibody testing.

A positive HIV DNA PCR result in any infant should
be repeated immediately. Positive results on two separate
specimens, not including cord blood, represent definitive
laboratory criteria for HIV infection. More than 95% of all
HIV-infected infants test positive by 1 month of age [17].
It is important to note that infection with a non-B HIV
subtype (e.g. in Africa and Asia) may not be recognized
by the commercial HIV DNA PCR routinely available in the
USA. Infants born to HIV-infected mothers who could be
infected with a non-B subtype may require testing using
an alternative test, e.g. the branched-chain DNA (bDNA)
test which detects multiple subtypes. This testing should
be done in consultation with an expert in pediatric HIV.
(See Chapter 7 regarding diagnosis of HIV infection in
children.)

9.2.3 Immunizations and prophylaxis for
Pneumocystis carinii pneumonia

The immunization schedule for the HIV-exposed infants
is virtually identical to that for all children (Table 9.1)
(see Chapter 10). All infants born to HIV-infected moth-
ers should receive prophylaxis for Pneumocystis carinii
pneumonia (PCP) beginning at 6 weeks of age, when ZDV
is discontinued. Prophylaxis for PCP can be discontinued
if the child is confirmed to be HIV-uninfected (usually by
4–6 months). Prophylaxis for PCP should be continued in all
infected infants, regardless of CD4+ cell count, throughout
the first year of life.

9.2.4 Anticipatory guidance

Anticipatory guidance for the primary caretaker is an
important component of the care of an HIV-exposed
infant. The caretaker must be advised that it may take
several months before the child can be determined to be
either uninfected or infected. This often creates signifi-
cant anxiety. Informing the child’s caretaker of the ratio-
nale for infant ZDV prophylaxis, as well as for subsequent
trimethoprim-sulfamethoxazole (TMP–SMX) PCP prophy-
laxis will enhance continued adherence to these necessary
regimens. The caretaker also should be repeatedly edu-
cated about other aspects of HIV disease, including diag-
nosis, treatment, prognosis, and about signs of infection
and symptoms that should cause them to seek immediate
medical attention for the infant.

9.3 Care of the HIV-infected pediatric patient

The overall goals of routine care of the HIV-infected
pediatric patient are the same as those for all children:
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health maintenance and disease prevention. With sophis-
ticated care and new treatments, many children with HIV
infection are entering their second and third decade of
life. Effective multi-disciplinary care enables them to live
with their infection, minimizing disease manifestations
and maximizing quality of life. Important aspects of routine
care include comprehensive general medical care, HIV dis-
ease progression monitoring, treatment of HIV infection,
opportunistic infection prophylaxis, mental health evalua-
tion and treatment, and education of and support for both
the patient and the family.

9.3.1 Overview – comprehensive general
medical care

Routine health maintenance – including assessment
of growth, nutrition, development, and mental health;
immunizations; evaluation and management of intercur-
rent illnesses; anticipatory guidance for the prevention
of injury and disease; dental referrals; and screening for
hearing and vision – should be provided for all children.
Sequential assessment of growth and physical develop-
ment is of particular importance. Growth failure or failure-
to-thrive was described as a common finding in children
with HIV infection early in the epidemic [18]. A small num-
ber are born with low birth weight, but most infected
infants grow normally in utero and cannot be distinguished
from uninfected infants by size at birth [18, 19]. Dur-
ing the first year of life, some infected infants, particu-
larly those with a more rapid disease course, deviate from
their previous growth pattern, and their growth velocity
slows significantly [20]. While often associated with disease
progression, the etiology of failure-to-thrive is multifactor-
ial, including genetic predisposition, intrauterine environ-
ment (drug and alcohol exposure), and medication side-
effects [20]. The introduction of combination antiretroviral
therapy has decreased the prevalence of failure-to-thrive,
but other growth abnormalities have emerged (such as
obesity and delayed puberty). Paradoxically, obesity has
been noted among some HIV-infected children. Delayed
puberty also has been reported [21]. Long-term treatment
with combination antiretroviral therapy also appears to put
some children at risk for the development of lipodystrophy,
a syndrome of abnormal fat distribution and serum lipid
elevation [22, 23] (see Chapter 20). All children should
have sequential measurements of their growth, and growth
charts should be maintained to monitor their patterns and
velocity of growth. Special attention should be paid to
the timing of pubertal changes and to the distribution of
body fat, particularly among children receiving combina-
tion antiretroviral therapy.

The immunization schedule for HIV-infected children
is generally similar to the routine pediatric immuniza-
tion schedule [24], but there are important differences.
The main differences are a recommendation for yearly
influenza vaccine, and cautions regarding the use of live
vaccines. Immunocompromised individuals can develop
disease from vaccine strains of organisms found in live
vaccines. Measles, mumps and rubella should be adminis-
tered to all infants unless they are severely immunocom-
promised (CDC class 3). Current data indicate that varicella
vaccine is safe, immunogenic and effective in HIV-infected
children without evidence of immune suppression (CDC
class 1). Children infected with HIV are at increased risk
of morbidity from varicella and herpes zoster. Therefore,
varicella vaccine should be strongly considered in patients
with normal CD4+ cell counts. (See Chapter 10 for more
information regarding immunizations for HIV-infected
children.)

Patients should have serial assessments of neurolog-
ical and developmental status. Early in the epidemic,
developmental abnormalities were reported in a large
proportion of infants and young children [25]. Neu-
rological disorders appear as developmental delays in
younger children and as cognitive deficits, behavioral
problems, psychiatric manifestations, and school fail-
ure in older children and young teens [26]. Neurologic
examinations and standard developmental assessments
should be a part of routine care for the HIV-infected
child. Children with abnormalities on screening should
undergo neuropsychological and/or educational testing.
See Chapter 17 for more information regarding neurode-
velopmental assessment of the HIV-infected pediatric
patient.

Some HIV-infected children receive all of their care
directly from a team that manages the medical, social, and
mental health issues associated with HIV on a daily basis.
Alternatively, a general pediatrician provides the bulk of
routine care in close consultation with an HIV specialist.
The specialist may see a child whose condition is stable
two to three times per year, with the general pediatrician
providing the remainder of the care. Availability of services
and parent preference generally determine the choice of
care model. In either model, it is imperative that the child
be managed by someone expert in the field.

9.3.2 Initial evaluation of the HIV-infected
pediatric patient

The initial evaluation of the HIV-infected pediatric patient
should include a comprehensive history, a physical exam-
ination, an assessment of the patient’s developmental
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Table 9.2 Initial evaluation of the HIV-infected pediatric patient

History Assessment

Mother’s medical

history

HIV disease stage

CD4+ lymphocyte

quantitation

Viral load (HIV RNA assay)

Clinical stage, complications

Receipt of antiretroviral drugs

Antiretroviral resistance testing

HIV subtype (clade)

Drug and alcohol use

Labor and delivery history (mode

of delivery, duration ruptured

membranes, complications)

Child’s medical

history

Gestational age

Birth weight

Receipt of antiretroviral drugs

Neonatal medical problems

Breastfeeding history

Recurrent symptoms

Serious illnesses

Age of puberty, menstruation

Hospitalizations

Chronic medications,

allergies

Immunizations

Growth history

Developmental history

School history (grade,

achievement)

Behavioral and mental health

history

Sexual history

Family history Primary caretaker

Family history of illness

including HIV, TB

Source of care for other family

members with HIV

aThe initial results should be repeated within 4 weeks to confirm the results prior to initiating any therapy.
bIf the child is < 12 months old, positive serologies should be repeated after 1 year of age to document seroreversion.
cSome centers advocate for baseline electrocardiogram and echocardiogram on all children at the initial evaluation.
Insurance funding may not be available to cover these costs.

status, behavioral and mental health issues, as well as
baseline laboratory tests as outlined in Table 9.2. A com-
prehensive evaluation allows the clinician to stage the
child clinically, immunologically, and virologically, and to
determine the need for therapeutic and/or prophylactic
interventions.

History Assessment

Family members taking antiretroviral

therapy

Foster care and adoption history, as

appropriate

Relationship with biologic family

members for children in alternative

care settings (foster, adoptive, group

homes)

Social history Primary language in household

Disclosure to child and family

members

Religious and cultural beliefs

Legal issues related to guardianship

Source of household income

Insurance coverage

Other caretakers who assist in care

Physical A complete comprehensive physical

examination including a

developmental evaluation

Laboratory HIV ELISA and Western blot (if not

already done)

CBC with differentiala

Lymphocyte subsetsa

Viral load (HIV RNA assay)a

Blood urea nitrogen, creatinine

Liver function tests

Cholesterol, triglyceride

Urinalysis

Hepatitis B and C serologies

Cytomegalovirus (CMV),

toxoplasmosis, syphilis and varicella

serologiesb

Tuberculin skin test (TST) with anergy

Chest radiograph

Brain CT or MRI (if clinically indicated)

Electrocardiogram/Echocardiogramc

The initial evaluation also should include an assess-
ment of the family’s adjustment to the diagnosis as well as
knowledge and understanding of HIV infection. The initial
evaluation also marks the beginning of a dialogue with the
child and family about a wide range of social and psycho-
logical matters integral to HIV care.
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History
A detailed medical history, including the mother’s preg-
nancy, labor, and delivery, and the child’s medical, growth,
and developmental histories, will enable the provider to
assess the clinical stage of disease. However, historical
data may be incomplete. Tanner staging and menstrual
history should be included for preteens and adolescents. A
comprehensive family history should include HIV infection
status of other family members, especially siblings. Parents
should be encouraged to have the infection status of all the
children in the family determined. The initial history also
should aim to assess the coping skills and mental health
needs of the caregiver and child. A comprehensive social
history should be obtained and a family profile developed
to determine appropriate assistance and support services.
A complete evaluation may not be accomplished during a
single visit and may require a number of meetings with
different members of the multi-disciplinary team. Over
time, disclosure of HIV infection status within the fam-
ily and community, and to the child, should be explored.
Finally, providers should make themselves aware of any
cultural and religious beliefs that could influence care and
treatment.

Physical examination and laboratory testing
The physical examination should include careful deter-
mination of the child’s height, weight and, from birth
through 2 years of age, head circumference. A compre-
hensive examination looking for specific organ system
involvement is important. Patients should have a thorough
neurologic examination and neuropsychologic assessment
(see Chapter 17). In some settings, the primary provider
may prefer to use a simplified screening tool to assess
developmental status and refer only those children with
abnormalities on screening for specialized assessments.
Similarly, the mental health status and, when appropriate,
educational achievement of the child should be assessed,
again either by the primary provider or by a specially trained
mental health professional.

The diagnostic tests that are suggested for the first
evaluation allow the clinician to obtain baseline immuno-
logic and virologic data (CD4 T cell counts, plasma
HIV RNA concentration), to assess organ system involve-
ment (complete blood count with differential, serum
chemistries, liver and renal function tests, lipid profile, uri-
nalysis, chest radiograph, brain CT and echocardiogram),
and to determine exposure to vertically acquired infec-
tions and potential opportunistic pathogens (cytome-
galovirus, toxoplasmosis, syphilis, varicella, hepatitis B and
C serologies). A tuberculin skin test should be placed
on all children greater than 1 year of age and all those

with a known exposure to an adult with active TB
(Table 9.2).

9.3.3 Follow-up evaluations of the HIV-infected
pediatric patient

HIV disease progression monitoring
A complete evaluation of the disease status of an
HIV-infected infant, child, or adolescent must include
immunologic, virologic, and clinical evaluations. The most
useful assays for the evaluation of immune function in HIV-
infected children are determination of the absolute number
and percentage of CD4+ and CD8+ T lymphocytes. CD4+

lymphocyte count is independently predictive of the likeli-
hood of disease progression [27]. Interpretation of CD4+ T
cell counts should take into consideration the age of the
child, since the normal number of cells declines with
age over the first 6 years of life (see Chapter 1). Routine mon-
itoring should be done every 3 months in an otherwise sta-
ble child. However, precipitous decreases in the CD4+ lym-
phocyte absolute count or percentage, changes in plasma
HIV RNA concentration, changes in clinical status, or initia-
tion of a new treatment regimen may dictate more frequent
measurements.

The plasma HIV RNA concentration (viral load) pro-
vides information regarding the child’s response to ther-
apy and the child’s risk of disease progression [27–31]. It
should be monitored every 3–4 months in a stable child,
but more frequently for the following groups of children:
those with significant increases in viral load measurements,
those with significant deteriorations in clinical or immune
status, and those whose antiretroviral therapy regimen has
changed. There are several different methods available for
quantifying HIV RNA, each with different levels of sensi-
tivity (for details, refer to Chapter 4). It is therefore impor-
tant to use the same assay repeatedly for a given patient
as the results of the different assays may be significantly
disparate.

All children should be assessed for organ system dis-
ease at regular intervals with a thorough history and a
complete physical examination. For some organ systems,
specific tests may reveal evidence of disease before symp-
toms develop. Helpful screening assessments (outlined in
Table 9.3) include:
� Central nervous system – yearly developmental assess-

ment after 2 years of age, yearly neurologic examina-
tion.

� Cardiovascular – chest radiograph, electrocardiogram
and echocardiogram every 3–5 years.

� Pulmonary – yearly tuberculin skin test, chest radiograph
every 3–5 years.

� Gastrointestinal – liver function testing every 3 months.
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Table 9.3 Schedule for follow-up laboratory and diagnostics evaluations for the HIV-infected pediatric

patient

Frequency Assessment

Every 3 monthsa Complete blood count with differential
Lymphocyte subsets
Plasma HIV RNA concentration (viral load)
Laboratory tests for assessment of toxicities of antiviral and concomitant

treatmentsb

Every 6 months Developmental evaluations to 2 years of age
Ophthalmologic examination for children with positive cytomegalovirus

(CMV) or toxoplasmosis serology and CD4+ lymphocyte counts
placing them at risk for retinitisc

Every 12 months Urinalysis
CMV and toxoplasma serologies (if previously negative)
Tuberculin skin test (TST)
Cholesterol, triglyceride
Developmental evaluation after 2 years of age
Dental referral after 1 year of age
Vision and hearing screen

Every 3–5 years Chest radiograph
Electrocardiogram/Echocardiogramd

aMore often if medically indicated.
bLaboratory tests that are performed depend on potential toxicities of the specific drugs given.
Baseline studies prior to initiation of therapy is warranted.
cIf the child is < 12 months old, positive serologies should be repeated after 1 year of age to
document seroreversion.
dSome centers advocate for baseline electrocardiogram and echocardiogram on all children at
the initial evaluation. Insurance funding may not be available to cover these costs.

� Renal – yearly urinalysis.
� Hematologic – complete blood count with differential.

Most of the latter tests should be carried out at the sug-
gested intervals in asymptomatic children or at any time
when a child presents with a history or symptoms suggest-
ive of disease related to a specific organ system. Patients
with advanced disease may require more frequent evalua-
tions dictated by their clinical status. In addition, children
receiving antiretroviral therapy will need quarterly routine
monitoring for organ system abnormalities (e.g. complete
blood count with differential, liver aminotransferases, pan-
creatic enzymes, and lipid profiles) potentially associated
with specific treatments. A schedule for obtaining these
tests is provided in Tables 9.2 and 9.3.

Treatment of HIV infection
Pediatric antiretroviral therapy continues to evolve. Those
prescribing antiretroviral therapy should be thoroughly

familiar with the drugs and how to use them, potential
drug toxicities, and drug interactions. Clinicians caring for
HIV-infected children should routinely monitor children’s
response to antiretroviral therapy, as well as adherence to
such drug therapy (see Chapters 18, 13, and 21 regarding
antiretroviral therapy, adherence, and drug resistance.)

In addition to clinical and laboratory (viral load and
CD4+ T cell counts and percentages) evaluations prior to
the initiation of antiretroviral therapy, the family’s readi-
ness should be assessed thoroughly. Children sometimes
need advance training to ensure that they will adhere ade-
quately to the prescribed regimen. After initiation of a new
antiretroviral regimen, viral load assays and CD4+ T cell
counts should be monitored monthly. If viral suppression is
achieved, virologic and immunologic evaluations, and lab-
oratory monitoring for toxicity (including complete blood
count, liver function tests, lipid profile), can be performed
every 3 months. A deterioration in the clinical status may
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prompt more frequent assessment. Starting and changing
antiretroviral therapy is discussed in Chapter 18.

Adherence to antiretroviral therapy is crucial for long-
term success of antiretroviral therapy. Adherence is dis-
cussed in Chapter 13.

Opportunistic infection prophylaxis
Routine care of HIV-infected children should include pre-
vention of opportunistic infections. The most common
opportunistic pathogens include Pneumocystis carinii,
Mycobacterium avium complex (MAC), Candida species,
cytomegalovirus, and Toxoplasmosa gondii. Knowledge of
the child’s immunologic status based on the CD4+ lym-
phocyte count or percentage is important in determining
the risk for these opportunistic infections and the need for
specific prophylaxis. Implementation of guidelines for pro-
phylaxis against PCP in HIV-infected children have led to a
significant decline in the incidence of this infection, partic-
ularly in young infants [32]. Prophylaxis for MAC infection
is recommended for children with advanced immunosup-
pression based on efficacy studies in adults [33]. Severe
candidiasis (esophagitis or severe recurrent thrush) often
requires suppressive therapy. (Further information regard-
ing prevention of opportunistic infections can be found in
Chapter 11.)

Mental health evaluation and monitoring
A wide variety of mental health needs have been described
for HIV-infected children, including emotional, cognitive,
learning, and behavioral problems [26, 34]. These children
have to grapple with the experience of living with a stig-
matizing chronic illness while experiencing the normal
developmental milestones of puberty, autonomy, peer rela-
tionships, and sexuality. Furthermore, many children and
youth with HIV infection are primarily from ethnic minor-
ity, socioeconomically disadvantaged families with high
rates of substance abuse, psychiatric disorders, chronic
stress, and psychological impairment. The complexities
of HIV infection in conjunction with extraordinary social
inadequacies contribute to the wide variety of diagnoses
among HIV-infected children, including developmental
delay, school failure, attention deficit disorder, depression,
antisocial behavior, and post-traumatic stress syndrome.
Increased sensitivity and attention to these issues by the
primary provider is essential, and frequent assessments
(e.g. at each medical visit) for possible problems should
be conducted. The inclusion of mental health profession-
als within the multi-disciplinary team facilitates evalua-
tion and treatment of this set of problems. Counseling
and/or pharmacologic intervention may be appropriate,

if not imperative, for the medical and psychological well-
being of the child and their family.

Adolescents with HIV infection represent a particularly
challenging population of patients. The care of adolescents
with HIV infection is addressed in Chapters 14 and 15.

Education of, and support for, the patient and family
Support and education for HIV-infected children
As HIV-infected children become older, it is important
to involve them in their own medical/psychosocial man-
agement, including an ongoing dialogue about how HIV
infection affects their health and why interventions are
instituted. Involvement of the child in the decision-making
processes regarding drug regimens will likely enhance
adherence. Families should be encouraged to disclose
infection status to the child when the child becomes devel-
opmentally capable of understanding the information.
Many families may be unwilling or unprepared to address
issues of disclosure and require ongoing support as they
move towards open discussions with their child [35]. As
the child approaches adolescence, the issue of disclosure
must be resolved to prevent secondary transmission (see
Chapter 15).

Family assessment, support, and education
HIV affects multiple family members and reverberates into
the local community. All family members are profoundly
affected by caring for a child with a chronic illness, espe-
cially one with complex medical management, daily med-
ications, and significant social stigma. It is imperative to
acknowledge and address the psychological and social
needs of all family members to enable them to seek max-
imal medical and emotional well-being. Young mothers
identified as HIV-infected through perinatal testing must
face the challenges of caring for a newborn while coping
with the stress of learning their infection status. Depression
and other psychiatric disorders, limited parenting experi-
ence, poor coping skills, and substance abuse may interfere
with these mothers’ abilities to meet their children’s, as well
as their own, needs. Parents of older children may require
care for their own disease and often continue to struggle
with the high risk behaviors, such as alcohol and drug use,
which lead to HIV infection. Foster and adoptive parents,
who willingly and lovingly took home young infants with
HIV, may find themselves overwhelmed by the growing
emotional and psychological needs of these children as
they enter adolescence. The multi-disciplinary HIV team
should be able to assess and address these complex issues
and provide appropriate care, case management, and/or
referrals to other providers.
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The family and child should be engaged in a partner-
ship with the multi-disciplinary team in the management
of the child’s disease and treatment decisions. Routine care
of the child and youth with HIV infection should include
ongoing education about the disease: the natural history,
clinical signs and symptoms and laboratory evaluations
for HIV infection, the risks and benefits of antiretroviral
therapy and opportunistic infection prophylaxis, and infor-
mation about intercurrent illnesses. The need for strict
adherence and the identification of barriers to adher-
ence must be discussed frequently. The provider should
assess the family’s comfort with treatment as well as
their personal beliefs and commitment to strict adher-
ence to chronic therapeutic regimens with multiple daily
doses.

School and day-care attendance offer special challenges
for HIV-infected children. The special problems associ-
ated with school and day-care attendance are discussed
in Chapter 44.

9.3.4 Subsequent, ongoing care

The clinic visit should serve to deliver routine pediatric
care; to monitor the child’s disease status, medication
adherence, complications of treatment, and mental health
wellness; and to provide support and education for the
child and family. The schedule for follow-up medical vis-
its will largely depend upon the severity of the child’s
disease and the complexity and toxicity of the treat-
ment regimen. Children with advanced disease require fre-
quent visits, as often as every 4–6 weeks, while those with
more stable disease can be seen quarterly (Table 9.3). For
newly diagnosed patients, consideration should be given to
shorter intervals between visits during the first 6–9 months
after diagnosis. This allows the caregiver time to become
familiar with the staff and the concept of attending to the
medical needs of a child with a chronic illness. Children
beginning new treatment regimens may require weekly
visits to reinforce adherence and to closely monitor viro-
logic and immunologic response. Clinically stable chil-
dren who are not taking antiretroviral medications require
less frequent monitoring, every 3–4 months. On the other
hand, those with advanced disease who are not receiv-
ing antiretroviral medications, generally because of adher-
ence difficulties, should be monitored as often as every
1–2 months.

The interim history should attempt to elicit signs
and symptoms of specific organ dysfunction, medication
adherence, intolerance and toxicity, and new mental health
or behavioral problems. The physical exam should be com-
prehensive. The laboratory tests that should be obtained

at 3-month intervals are outlined in Table 9.3. More
frequent testing may be in order for patients with decreas-
ing CD4+ cell counts, increasing HIV RNA copy number
and/or deterioration in clinical status. Additionally, antivi-
ral resistance testing (genotypic and/or phenotypic) would
be recommended for a patient on antiretroviral therapy
with virologic failure who may have developed resistance
to specific agents.

Involving the child in the treatment plan as much as
possible with age-appropriate education and acknowle-
dgment of the complexities of their medical regimens and
social issues will lay a foundation for future ongoing par-
ticipation in their long-term healthcare. It is important
to keep in mind that due to the nature of the illness,
most children will remain in care for the duration of their
lives.

9.4 Summary

Routine pediatric care of the HIV-exposed and -infected
child must be delivered by a primary care provider who
is knowledgeable regarding this chronic disease. Co-
ordination of medical subspecialities and psychosocial ser-
vices are needed to deliver optimal routine care. The HIV-
exposed infant who is identified as uninfected will require
less demanding medical interventions but may continue
to demand attention to his or her psychosocial needs by
virtue of the nature of this chronic infection within the fam-
ily unit. The infected child and family will be faced with
challenging acute needs and the demands of a chronic and
ultimately fatal disease. However, employing a sophisti-
cated multi-disciplinary approach, providing new effect-
ive treatment regimens and actively engaging the child
and caretaker in the medical/psychosocial care plan
will likely enable many HIV-infected children to enter
adulthood.
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Immunizations
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10.1 General principles for immunizations in
HIV-exposed and HIV-infected patients

Routine pediatric immunizations should be given to all
HIV-exposed infants and HIV-infected children according
to the schedule recommended by the Advisory Commit-
tee on Immunization Practices (ACIP) and the American
Academy of Pediatrics (AAP) [1]. Additional vaccines, such
as the polyvalent pneumococcal vaccine, may be indicated
because of the patient’s immunocompromised state. Please
note that the recommendations in this chapter are US re-
commendations; guidelines in other countries and locali-
ties may vary.

In the USA, HIV-exposed and -infected children should
not receive live-virus or live-bacteria vaccines, with the
exception of measles, mumps, rubella (MMR), and vari-
cella vaccine. The inactivated polio vaccine (IPV) should be
given instead of the live oral polio vaccine (OPV). Varicella
vaccine should be considered in HIV-infected children who
are in CDC clinical class N1 or A1 with adequate CD4 counts
(see below) [2]. MMR should be given to all HIV-exposed
and -infected children unless they are severely immuno-
compromised (see below) [3]. Although Bacille Calmette–
Guerin (BCG) is not recommended for HIV-exposed
and -infected children in the USA [4, 5], the World Health
Organization recommends BCG in HIV-infected children
in countries with high HIV prevalence [6, 7]. However, test-
ing for HIV infection in asymptomatic children without risk
factors for HIV is not indicated before administering live
virus vaccines.

In general, children with symptomatic HIV infection tend
to have poor immunologic responses to vaccines, with
decreasing responses as the infection progresses. There

is evidence that HIV-infected children have dysfunctional
humoral immune responses to antigen challenges; this
occurs as early as the first year of life in infants who acquire
HIV perinatally. This may adversely affect antibody pro-
duction in response to vaccine. In addition, as the dis-
ease progresses, cellular immune function also declines.
Therefore, if the patient is directly exposed to a vaccine-
preventable disease, such as varicella, measles, or tetanus,
he/she should be considered susceptible and receive the
appropriate passive immunization (see below). Presently,
there is no evidence to support increased doses or booster
doses of immunizations to augment the immune response.
While some clinicians obtain post-vaccination antibody
titers, there is no consensus regarding their utility.

10.2 Recommended childhood Immunization
Schedule, United States 2004

Figure 10.1 shows the recommended childhood immuniza-
tion schedule, USA 2004, as published by the Centers for
Disease Control and Prevention [8].

10.3 Individual vaccines

10.3.1 BCG

Bacille Calmette–Guerin (BCG) is a live attenuated vaccine
that is used to prevent disseminated tuberculosis. Compli-
cations or dissemination of BCG occur, and symptomatic
HIV-infected persons may be at higher risk for compli-
cations. Therefore, in the USA and in other areas with
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Figure 10.1. Recommended Childhood Immunization Schedule, United States 2004, from the Centers for Disease Control

and Prevention [8].

low prevalence of tuberculosis, BCG is not recommended
[4, 5]. However, in countries with high prevalence of tuber-
culosis, the WHO recommends BCG in asymptomatic HIV-
infected children. The WHO does not recommend BCG for
HIV-exposed or infected children who live in areas with low
prevalence of tuberculosis or who are at otherwise low risk
for tuberculosis infection [6, 7].

10.3.2 DTaP/DTP

The diphtheria–tetanus–pertussis or diphtheria–tetanus–
acellular pertussis vaccine consists of diphtheria and
tetanus toxoids, and either whole cell pertussis (inactivated
bacteria) (DTP) or acellular pertussis bacterial components
(DTaP). It should be given according to the recommended
pediatric immunization schedule.
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10.3.3 Hemophilus influenzae type B (HIB)

The Hemophilus influenzae type b conjugate vaccine is
comprised of the HIB capsular polysaccharide conjugated
to a carrier protein. The HIB vaccine should be given
according to the recommended pediatric immunization
schedule for healthy children.

10.3.4 Hepatitis A

Hepatitis A vaccine consists of inactivated viral antigen.
It is not routinely recommended for HIV-exposed or HIV-
infected children. It is unknown whether the vaccine is
immunogenic in immunocompromised children. How-
ever, some studies suggest that HIV-infected adults develop
lower antibody levels after immunization with Hepatitis
A vaccine [9].

Hepatitis A vaccine should be given to children who are
2 years of age or older if there are risk factors for Hepatitis
A, such as: (1) travel to countries with endemic HAV infec-
tion (in general, these countries include those other than
Australia, Canada, Japan, New Zealand, Western Europe,
and Scandinavia), (2) residence in a community with high
endemic rates and/or periodic outbreaks of HAV (e.g.,
Native Americans, Alaskan Natives), (3) chronic liver dis-
ease, (4) clotting factor disorders, (5) homosexual/bisexual
men, (6) illicit or injection drug use, or (7) occupational risk
for HAV. If Hepatitis A vaccine is indicated in a child with
HIV infection, it should be given according to the recom-
mended pediatric immunization schedule [9].

10.3.5 Hepatitis B

Hepatitis B vaccine is comprised of inactivated viral anti-
gen. It should be given according to the recommended
pediatric immunization schedule. Additional doses may be
necessary if no serologic response is attained.

10.3.6 Influenza

Influenza vaccine consists of inactivated whole virus
(whole-virus vaccine) or viral components (split-virus vac-
cine). Influenza vaccine should be administered annually
in the autumn to HIV-infected children over 6 months
of age and their close contacts (see Table 10.1) [10]. For
children less than 9 years of age, two doses administered
1 month apart are required when the vaccine is given for
the first time. Thereafter, one dose annually is adequate.
Children less than 12 years of age should receive split-virus
vaccine only. Children less than 3 years of age should receive

Table 10.1 Definition of severe immunosuppression

CD>4+ count
Age (cells/�L) CD4+ percentage

≤ 12 months < 750 < 15 %
1–5 years < 500 < 15%
6–12 years < 200 < 15%

Source: [5]

half of the usual dose. Efficacy of the influenza vaccine in
children less than 6 months of age is not known.

There are studies that have demonstrated a transient
(6–8 week) increase in HIV viral load in some HIV-infected
patients after influenza immunization [11–13]. This has
raised concerns that introducing new antigens through
immunization could stimulate macrophages and lympho-
cytes that could harbor HIV and thereby accelerate progres-
sion of disease. Studies in adult and pediatric patients have
not shown clinical or immunologic deterioration in rela-
tion to this transient increase in viral load [14, 15]. Because
influenza can cause serious disease with complications
in HIV-infected children and because immunization may
offer some protection, it is currently recommended that all
HIV-infected children receive influenza vaccine.

An intranasally administered, live attenuated influenza
vaccine has become available in the USA. Although studies
have demonstrated that inadvertent exposure to the vac-
cine is unlikely to result in serious side-effects [16, 17], it is
not indicated in children less than 5 years old or in persons
with known or suspected immunodeficiency [18].

10.3.7 Lyme disease

The Lyme disease vaccine is a recombinant outer surface
protein (rOspA) vaccine. It is not approved for children less
than 15 years of age [19].

10.3.8 MMR

There has been one case report of a severely immunocom-
promised HIV-infected adolescent who developed severe
pneumonitis associated with measles vaccine virus [20];
in addition, severe complications have been reported in
other immunocompromised patients [21]. Therefore, the
vaccine is presently contraindicated in severely immuno-
compromised HIV-infected children (see Table 10.2) [3, 22].
However, although it is a live vaccine, MMR should be
administered to HIV-exposed and HIV-infected children
who are not severely immunocompromised because of the
increased morbidity due to live measles virus. As measles
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Table 10.2 Recommended schedule for influenza vaccine

Number of
Age Type vaccine Dose, mL doses

6–35 months Split-virus only 0.25 ml 1–2
3–8 years Split-virus only 0.5 ml 1–2
9–12 years Split-virus only 0.5 ml 1
>12 years Split or whole

virus
0.5 ml 1

Source: [10]

is not transmitted to contacts of patients immunized with
measles vaccine, it can and should be given to household
and other close contacts of HIV-infected children.

Several studies have documented suboptimal anti-
body responses to MMR vaccine in HIV-infected children
[23–25]. To increase the likelihood of an adequate immuno-
logic response, the first dose of MMR should be adminis-
tered at 12 months of age (before further decline in immune
status), and the second dose given as early as 4 weeks
after the first dose. If there is increased risk of exposure to
measles (i.e. an outbreak), the MMR can be given as early as
6 months of age, with an additional dose given at 12 months
of age [20]. There is no indication that booster doses aug-
ment the immune response.

If an HIV-infected child is regularly receiving intravenous
immunoglobulin, the presence of passively acquired anti-
bodies may prevent response to the MMR. However,
because of the potential benefits of the MMR, vaccination
should be considered 2 weeks before the next immunoglob-
ulin dose. A second dose should be repeated in 4 weeks
unless otherwise contraindicated [3]. There is presently no
consensus regarding the utility of checking antibody titers
in patients receiving immunoglobulin.

10.3.9 Plague

A formalin-activated vaccine is no longer available in the
USA. It is only indicated for persons between 18 and 61 years
of age with high risk for exposure: laboratory personnel who
are routinely in contact with Yersinia pestis, and persons
with regular contact with wild rodents or their fleas in areas
where Y. pestis is endemic [26].

10.3.10 Pneumococcus

Because Streptococcus pneumoniae is a common bacter-
ial pathogen in young children, and because of increasing
resistance to antibiotics, pneumococcal vaccination is crit-
ical. There are two pneumococcal vaccines available: the
heptavalent pneumococcal conjugate vaccine (PCV7) and

the 23-valent pneumococcal vaccine (PPV23). The PPV23,
which contains the purified capsular polysaccharide anti-
gens of 23 serotypes, provides protection against many
more serotypes of pneumococcus, but is ineffective in chil-
dren less than 2 years of age. Therefore, the two different
vaccines are given sequentially in HIV-infected children
[27].

The PCV7, which is a multivalent protein conjugate vac-
cine, should be given to all HIV-infected children beginning
at 2 months of age according to the schedule for healthy
children [27]. If a child between the ages of 24 and 59
months has not received the PCV7, two doses adminis-
tered 2 months apart should be given. In two studies of
HIV-infected children, a single dose of PCV7 was found
to be more immunogenic than a dose of PPV23; however,
children receiving PCV7 subsequently mounted a booster
antibody response with PPV23 [28, 29].

The PPV23 should be given at 2 years of age, at least 2
months after the last PCV7 dose. A second dose of PPV23
should be given 3–5 years after the first dose. If a child is
diagnosed with HIV between 24 and 59 months of age, the
first PCV7 should be given at the time of diagnosis. If the
diagnosis is made after 5 years of age, PPV23 should be
given.

10.3.11 Polio vaccine

In the USA, oral polio vaccine, a live virus vaccine, is con-
traindicated in HIV-exposed and -infected children, and
their contacts [30]. Because of prolonged fecal shedding
of virus and the possibility of vaccine-associated para-
lytic polio in immunocompromised patients, contacts of
HIV-infected individuals should not receive OPV. Inacti-
vated polio vaccine (IPV) is efficacious and should be given
according to the recommended immunization schedule
for healthy children [30]. In addition, uninfected siblings
should be immunized with IPV to decrease the risk of pos-
sible vaccine-associated paralytic polio in the HIV-infected
child. If OPV is inadvertently administered to a household
or close contact, care must be taken to minimize contact
with the HIV-infected child for 4–6 weeks after the vaccine.

The WHO recommends use of OPV routinely for all
infants [31]. In many developing countries, where polio
is endemic and so decreases the relative importance of
vaccine-associated paralytic polio, OPV has several advan-
tages over IPV: lower cost, inducement of intestinal immu-
nity, and capability for herd immunity.

10.3.12 Rabies vaccine

Human rabies vaccine can be given to HIV-infected
children according to the recommendations for healthy
children who are exposed to rabies [32]. It should not be
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given as pre-exposure prophylaxis. There are three vac-
cines available in the USA, and five doses (1.0 cm3 each) are
required on days 1, 3, 7, 14, and 28. As antibody response
may not be adequate in immunocompromised persons, it
is recommended that antibody titers be obtained to assure
an appropriate response.

10.3.13 Rotavirus vaccine

The original rotavirus vaccine, a live virus vaccine, is con-
traindicated in HIV-exposed and -infected children [33]. It
is no longer available.

10.3.14 Typhoid vaccine

Routine typhoid vaccination is not recommended in the
USA. If an HIV-infected child is travelling to an area where
Salmonella typhi is endemic, vaccination with the Vi capsu-
lar polysaccharide vaccine or the inactivated vaccine may
be given. The Vi capsular polysaccharide vaccine consists of
one dose (0.5 cm3) given intramuscularly, and it should not
be given to children less than 2 years old. The inactivated
vaccine must be given in two intramuscular doses sepa-
rated by at least 4 weeks, and should not be given to those
less than 6 months of age. Live, attenuated TY21a vaccine is
contraindicated in HIV-exposed infants and HIV-infected
children [34].

10.3.15 Varicella vaccine

Because HIV-infected children are at increased risk for mor-
bidity from varicella infection, the varicella vaccine, a live
virus vaccine, should be considered in asymptomatic or
mildly symptomatic children in CDC clinical class N1 or
A1 with age-specific CD4 percentages ≥ 25% [2]. Children
should receive two doses of varicella vaccine, 3 months
apart. Because vaccinees with impaired cellular immunity
may be at increased risk for severe adverse effects from the
vaccine, patients should be re-evaluated if they develop a
post-vaccination varicella-like rash.

Varicella vaccine can and should be given to susceptible
contacts of HIV-infected children [35]. No precautions are
needed if the vaccinated contact does not develop a rash.
If the vaccinated contact develops a rash, direct contact
with susceptible immunocompromised persons should be
avoided while the rash is present. However, varicella-zoster
immunoglobulin (VZIG) is not indicated in the case of con-
tact with a recent vaccinee.

10.3.16 Yellow fever vaccine

While yellow fever vaccine, a live virus vaccine, is not con-
traindicated in HIV-infected children, there is a theoretical
risk of encephalitis in immunosuppressed individuals. If

travelling to an endemic area cannot be avoided, patients
should be given instructions on avoiding mosquitoes, and
asymptomatic HIV-infected persons could be given the
option of vaccination [36]. The vaccine is contraindicated
for infants under 4 months of age, and ideally vaccination
should be postponed until 9–12 months of age.

10.4 Guidelines for immunization in HIV-exposed
and HIV-infected infants and children, and
their contacts

The US guidelines for immunization in HIV-exposed
and -infected infants and their contacts, are shown in
Table 10.3.

10.5 Passive immunization

If an HIV-infected patient is directly exposed to a vaccine-
preventable disease, he/she should be considered suscept-
ible, regardless of immunization status, and should receive
passive immunization. Recommendations for specific dis-
eases follow.

10.5.1 Hepatitis A

Persons who have not been previously immunized
with hepatitis A vaccine should be given intramuscular
immunoglobulin (IG) if there is recent (less than 2 weeks)
exposure to hepatitis A. Such exposures include: (1) house-
hold and sexual contacts of patients with serologically con-
firmed hepatitis A; (2) sharing illicit drugs with someone
with serologically confirmed hepatitis A infection; (3) staff
and attendees of child care centers/family child care homes
if at least one child, one employee, and/or two household
contacts of attendees is infected; (4) food handlers working
in the same establishment as an hepatitis A-infected food
handler [8].

One intramuscular dose of IG (0.02cm3/kg) should be
given as soon as possible after exposure but not more than
2 weeks after the last exposure. Hepatitis A vaccine can be
administered simultaneously with IG.

10.5.2 Hepatitis B

Hepatitis B immunoglobulin (HBIG) should be given to
HIV-exposed and -infected children according to the re-
commended pediatric immunization schedule [1]. Infants
with perinatal exposure to Hepatitis B should receive
0.5 cm3 HBIG within 12 hours of birth concurrently with
the first Hepatitis B vaccine. Sexual partners of persons
with acute Hepatitis B virus (HBV) infection should receive
0.06 cm3/kg HBIG and begin the Hepatitis B vaccine series.
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Table 10.3 US guidelines for immunization in HIV-exposed and -infected children (and their contacts)

HIV-exposed Close contact of
(infection status HIV-infected, HIV-infected, HIV-infected

Vaccine indeterminate) asymptomatic symptomatic individual Schedule

BCG No No No No Not recommended in the US and in

areas of low prevalence of

tuberculosis; consider in

asymptomatic infants in

high-prevalence areas

Borrelia

burgdorferi

(Lyme)

No No No No Only recommended for persons over

15 years of age who are at high risk of

exposure

DTaP/DTP Yes Yes Yes Yes 2 months, 4 months, 6 months, 12–18

months, 4–6 years

Hepatitis A If risk factors If risk factors If risk factors If risk factors Not recommended unless other risk

factors (see text)

Hepatitis B Yes Yes Yes Yes Birth, 1 month, 6 months

HIB Yes Yes Yes Yes 2 months, 4 months, 6 months, 12–18

months

Influenza,

inactivated

Yes Yes Yes Yes Each fall after 6 months of age; repeat

annually

MMR Yes Yes Yesa Yes 12 months, 1 month after first dose

Plague No No No No Not recommended for persons less

than 18 year old; only for those at

high risk of exposure

Pneumococcal

conjugate,

7-valent (PCV-7)

Yes Yes Yes Yes 2 months, 4 months, 6 months, 12–15

months

Pneumococcal

23-valent

(PPV-23)

N/A Yes Yes No ≥2 years old and ≥2 months after last

dose of PCV7; 3–5 years after first

dose

Polio, inactivated Yes Yes Yes Yes 2 months, 4 months, 12–18 months,

4–6 years

Polio, oral No No No No

Rabies Post-exposure Post-exposure Post-exposure Post-exposure Only for post exposure prophylaxis;

days 1, 3, 7, 14, and 28

Rotavirus No No No No

Typhoid No If travelling to

endemic area

If travelling to

endemic area

If travelling to

endemic area

May be considered if travelling to

endemic area. Live, attenuated

vaccine should not be given

Varicella Yes Yesb Nob Yes At 12 months or older; HIV- positive

children receive a 2nd dose 3

months after first dose

Yellow fever No If travelling to

endemic area

No Yes May be considered in asymptomatic

persons travelling to endemic areas

aMMR should not be given if patient is severely immunocompromised (see text).
bVaricella vaccine should be considered in patients in CDC class N-1 and A-1 with age-specific CD-4 percentages ≥ 25% (see text).
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HBIG and Hepatitis B vaccination should also be con-
sidered when there is direct exposure to blood products
that potentially could contain Hepatitis B surface antigen
[37].

10.5.3 Measles

Immunoglobulin (IG) should be given within 6 days
of exposure. IG should also be given to any measles-
susceptible household contacts with asymptomatic HIV
infections, especially if they are less than 1 year of age [3].
If the patient has received IVIG within 3 weeks of exposure,
IG is not necessary. The dose of IG is:
� Symptomatic HIV-infected: 0.5 mL/kg (maximum 15 mL)
� Asymptomatic HIV-infected or HIV-exposed: 0.25 mL/kg

(maximum 15 mL).

10.5.4 Rabies

As in immunocompetent persons, human rabies immuno-
globulin (HRIG) should be used concurrently with the first
rabies vaccine dose [32]. The recommended dose of HRIG
is 20 IU/kg; as much as possible should be used to infil-
trate the wound area. The remainder of the dose should be
administered intramuscularly using a separate needle and
syringe.

10.5.5 Tetanus

As in immunocompetent persons, tetanus immunoglob-
ulin (TIG) should be administered if the patient sustains
a tetanus-prone wound (e.g., wounds contaminated with
dirt, feces, saliva; puncture wounds; wounds where there
is devitalized tissue, such as crush injury, frostbite, or
necrosis; bite wounds) [1]. The wound should be thor-
oughly cleaned and debrided. A dose of 250 units of TIG
should be given.

10.5.6 Varicella

Varicella-zoster immunoglobulin should be administered
within 96 hours of exposure [1]; VZIG is not necessary
if the patient has received IVIG or VZIG within 3 weeks
of exposure. The dose of VZIG to be given is one vial
(125 units, approximately 1.25 mL)/10 kg, with a mini-
mum 125 units (one vial) and a maximum 625 units (five
vials). Patients receiving VZIG are potentially infectious for
a period extending from day 8 to day 28 after exposure to
infection. Acyclovir may be considered for post-exposure
prophylaxis, although data regarding the efficacy in HIV-
infected individuals is lacking [5].

10.6 Conclusions

Further research is needed to refine recommenda-
tions regarding immunizations in HIV-exposed and HIV-
infected children. Assessment of immune response to
and clinical efficacy of individual vaccines at the various
stages of HIV infection is important in determining specific
immunization schedules for HIV-infected children. This
should include evaluation of the necessity for booster doses
of specific vaccines. In addition, further studies are needed
to determine if introduction of antigens via immunization
stimulates immune proliferation and adversely affects the
clinical course of HIV infection.
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Prevention of opportunistic infections and other infectious
complications of HIV in children

Russell B. Van Dyke, M.D.

Department of Pediatrics, Tulane University Health Sciences Center, New Orleans, LA

11.1 Introduction

AIDS was first recognized in 1981 when an unusual clus-
tering of cases of Pneumocystis carinii pneumonia (PCP)
occurred among young homosexual men in Southern
California, USA. Subsequently, other opportunistic infec-
tions were identified in this population, including dis-
seminated mycobacterial infections, toxoplasmosis, and
cytomegalovirus retinitis. Soon thereafter, these same
opportunistic infections were identified in children. The
occurrence of this group of distinctive opportunistic infec-
tions remains central to the definition of AIDS. The recog-
nition that HIV-infected individuals are at increased risk
for certain specific opportunistic pathogens has stimulated
the development of strategies to prevent these infections.

For most HIV-associated opportunistic infections, the
risk of infection is correlated with the patient’s degree of
immunosuppression. Thus, guidelines for initiating pro-
phylaxis are generally based upon the number of circu-
lating CD4+ lymphocytes in the peripheral blood. The
normal CD4+ lymphocyte count is substantially higher in
infants than in older children and adults, with normal val-
ues decreasing over the first few years of life. However, the
normal percentage of CD4+ lymphocyte is relatively inde-
pendent of age. This is reflected in the immune categories of
the CDC classification system for HIV infections in children
[1] (Table 11.1). Thus, a child of any age with a percentage of
CD4+ lymphocytes of less than 15% is considered severely
immunosuppressed and a candidate for PCP prophylaxis.
In addition, infants have a less effective cellular immune
response than do older children (see Chapter 1). Thus, a
CD4+ lymphocyte count of 600 cells/�L is normal in an

adolescent but represents severe immunosuppression in a
6-month-old infant.

Highly active antiretroviral therapy (HAART) often results
in a dramatic increase in the CD4+ lymphocyte count and a
decrease in the risk of opportunistic infections. This has led
to a dramatic fall in the mortality from AIDS in the USA [2].
Thus, the most effective means of preventing opportunistic
infections is to aggressively treat the underlying HIV infec-
tion in order to maintain a normal CD4+ lymphocyte count.
However, viral resistance or poor adherence to therapy can
result in a failure of HAART, leading to a fall in the CD4+

lymphocyte count over time. Thus, it is likely that in the
future there will be an increase in the number of oppor-
tunistic infections among patients who fail HAART. Cer-
tain infections, such as pneumonia, sinusitis, and herpes
zoster, occur in HIV-infected children who are not severely
immunosuppressed and these are likely to remain common
despite HAART.

A number of studies in adults have demonstrated that
prophylaxis against PCP, toxoplasmosis, and Mycobac-
terium avium complex (MAC) can be safely discontinued
once a patient responds to HAART with a sustained increase
in their CD4+ lymphocyte count [3]. There are no data
on the safety of discontinuing prophylaxis in children at
this time, but many authorities have extrapolated the adult
data to children. Currently, a number of studies in adults
and children are attempting to characterize the immune
reconstitution that results from HAART. Questions such as
the need for re-immunization with the childhood vaccines
following immune reconstitution remain to be answered.

In both children and adults, PCP remains one of
the most commonly reported AIDS-defining diagnoses
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Table 11.1 Centers for Disease Control and Prevention

immunologic classification of HIV infection in children less

than 13 years of age

CD4+ lymphocyte
count (cells/�L)

CD4%

Immunologic < 12
categories months 1–5 years 6–12 years

1. No evidence
of suppression

≥ 1500
≥ 25%

≥ 1000
≥ 25%

≥ 500
≥ 25%

2. Moderate
suppression

750–1499
15–24%

500–999
15–24%

200–499
15–24%

3. Severe
suppression

< 750
< 15%

< 500
< 15%

< 200
< 15%

Source: Centers for Disease Control and Prevention.
MMWR 43: RR-12 (1994), 1–10. [1]

[4]. Other common opportunistic infections in children
include chronic and recurrent mucosal and esophageal
candidiasis, cytomegalovirus infections, non-tuberculous
mycobacteria (principally MAC), Cryptosporidium enter-
itis, herpes zoster, and mucocutaneous herpes simplex
virus [5] (Table 11.2). HIV-infected children are also at
increased risk of common childhood infections such as
otitis media, sinusitis, viral respiratory infections, bacterial
pneumonia, bacteremia, gastroenteritis, and meningitis.

The remainder of this chapter will focus on selected
important infections occurring in HIV-infected children,
emphasizing approaches to prevent acquisition of the
organism, including chemoprophylaxis. Even when it is
not possible to completely suppress HIV replication and
maintain a normal CD4+ lymphocyte count, careful atten-
tion to opportunistic infection prophylaxis in HIV-infected
children can significantly reduce morbidity and mor-
tality. Comprehensive guidelines for the prevention of
opportunistic infections in children and adults have been
published, as have guidelines for the treatment of oppor-
tunistic infections in children [6–7]. These are available on
the internet (http://www.hivatis.org/trtgdlns.html) and are
updated on a regular basis. They should be consulted for
the most up-to-date information.

11.2 Pneumocystis carinii pneumonia

Pneumocystis carinii pneumonia remains one of the most
common opportunistic infections in HIV-infected chil-
dren (Table 11.2) (see Chapter 4.2). Prior to the availabil-
ity of HAART, PCP was the presenting diagnosis in 61% of

Table 11.2 Incidence of opportunistic infections in HIV-infected

children in the pre-HAART era (1988–1998)

Event rate
(per 1000 patient years)

Serious bacterial infections 151
Herpes zoster 29
Disseminated Mycobacterium

avium complex
18

Pneumocystis carinii
pneumonia

13

Candidiasis 12
Cryptosporidiosis 6
Cytomegalovirus retinitis 5
Tuberculosis 4
Cytomegalovirus, other than

retinitis
2

Fungal, other than Candida 1
Toxoplasmosis 0.6
Progressive multifocal

leukoencephalopathy
0.6

Source: [5].

children who were diagnosed with AIDS in the first year of
life. In contrast, 19% of older children presented with PCP
as their AIDS-defining illness [8]. In childhood, the inci-
dence of PCP peaks at age 4–5 months of age, substantially
earlier than do other opportunistic infections. The risk of
PCP in the first year of life is 7–20% for HIV-infected infants
not receiving PCP prophylaxis.

Pneumocystis carinii pneumonia often progresses
rapidly in young infants, with a mortality as high as 50%.
The aggressive nature of the infection results from an
impaired cellular immune response at this age, in con-
cert with a lack of prior experience with the organism. In
adults, PCP generally represents reactivation disease. How-
ever, PCP in infancy is likely to result from a primary infec-
tion, with the lack of prior immunity to the organism con-
tributing to the severity of the infection.

The epidemiology of Pneumocystis carinii is poorly
understood. The organism infects a wide range of mam-
mals, including rodents, where it grows in the respiratory
tract. However, the strains which infect animals probably
do not infect humans. In animals, infection results from air-
borne transmission. It is unknown whether there is an envi-
ronmental reservoir of the organism. In humans, asymp-
tomatic infection occurs early in life, with most children
having antibody by 4 years of age. There are no effective
measures to prevent exposure to the organism.
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Antimicrobial prophylaxis is very effective in prevent-
ing PCP. Although the principal risk factor for PCP is a
decreased CD4+ lymphocyte count, there are several issues
to consider when recommending prophylaxis for infants
and children. First, as mentioned previously, guidelines for
initiating prophylaxis must be based on age-adjusted CD4+

lymphocyte counts [9] (Table 11.3). Second, the CD4+ lym-
phocyte count of HIV-infected children can fall rapidly in
the first year of life with rapid progression of their HIV dis-
ease, and PCP can develop before a decrease in the CD4+

lymphocyte count is recognized. Consequently, a child may
develop PCP before he is known to be HIV-infected [8].
Thus, in the first year of life, PCP prophylaxis should not
be limited to only those children with a documented HIV
infection or a decreased CD4+ lymphocyte count. Instead,
all infants born to an HIV-infected mother should receive
PCP prophylaxis.

Because PCP rarely occurs before 3 months of age, ini-
tiation of PCP prophylaxis in HIV-exposed infants can be
safely delayed until 6–8 weeks of age, following discontin-
uation of antiretroviral prophylaxis. This will help to avoid
neutropenia which can result from concomitant adminis-
tration of ZDV and trimethoprim-sulfamethoxazole (TMP–
SMX). Once a child is known to be HIV-uninfected, PCP
prophylaxis can be discontinued (see Chapter 4.2). Indi-
cations for prophylaxis in children over 1 year of age are
based upon the CD4+ lymphocyte values (Table 11.3).
The decision to continue prophylaxis in an infected child
over the age of 1 year who no longer meets criteria
for prophylaxis should be made on an individual basis.
PCP prophylaxis should also be considered for any HIV-
infected child with a rapidly falling CD4+ lymphocyte
count.

The drug of choice for PCP prophylaxis is TMP–SMX
(Table 11.3). For children who are co-infected with Toxo-
plasma gondii, TMP–SMX is also effective in preventing tox-
oplasmosis. However, as many as 15% of children are intol-
erant to TMP–SMX; adverse reactions include rash, fever,
neutropenia, anemia, and, rarely, the Stevens–Johnson syn-
drome. Neutropenia is particularly troublesome in children
receiving both TMP–SMX and zidovudine. In adults, the
gradual introduction of TMP–SMX in an escalating dose
over the first 14 days of therapy reduces the rate of initial
adverse reactions [10]. If an adverse reaction is not life-
threatening, re-challenge with TMP–SMX is successful in
57–75% of adults. Gradual reintroduction over 1–2 weeks is
more likely to be successful than direct re-challenge with
the full dose [11]. Successful gradual reintroduction has
been reported in a small number of children [12]. If a child
develops an adverse reaction to TMP–SMX, the medica-
tion should be discontinued. Once the symptoms resolve,
if the reaction was not life-threatening, TMP–SMX can be

Table 11.4 Dose escalation of TMP/SMP following resolution

of a non life-threatening adverse event

Proportion of Dosing
Day full daily dose (%) Dose (mg/m2) frequency

1 12.5 18.75/93.75 q.d.
2 25 18.75/93.75 b.i.d.
3 37.5 18.75/93.75 t.i.d.
4 50 37.5/187.5 b.i.d.
5 75 37.5/187.5 t.i.d.
6 100 75/375 b.i.d

Note: An antihistamine should be administered during
the dose escalation.
Adapted from [11].

gradually reintroduced. This is sometimes termed ‘oral
desensitization’ (Table 11.4). The concomitant use of an
antihistamine is recommended. Addition of a nonsteroidal
anti-inflammatory agent or corticosterioids may be con-
sidered during the reintroduction and for any reactions
which develop during ongoing treatment.

Alternatives for PCP prophylaxis in children who can-
not tolerate TMP–SMX include dapsone, atovaquone, and
pentamidine (Table 11.3). In adults, dapsone, atovaquone,
and aerosolized pentamidine have similar efficacy [13, 14].
Dapsone has been shown to be effective in preventing PCP
in children. Toxicities include hemolytic anemia, methe-
moglobinemia, and skin rash [15]. Hematological toxicity is
more frequent in children with daily dosing (2 mg/kg/day)
than weekly dosing (4 mg/kg/week), although there may
be a higher rate of PCP with weekly dosing [16]. Currently,
dapsone is not available in a liquid preparation.

Atovaquone is a broad-spectrum antiprotozoan agent
with demonstrated efficacy against P. carinii and T. gondii.
Potential advantages of atovaquone include a long half-life,
low toxicity, activity against T. gondii, and the ability to kill
P. carinii in an animal model where pentamidine and TMP–
SMX only suppress growth of the organism. Atovaquone is
well tolerated by children, with mild anemia the principal
adverse event. Pharmacokinetic data for the micronized
liquid formulation in children has led to an unusual dosing
schema (Table 11.3) [17].

Intravenous pentamidine has been commonly used for
prophylaxis in young children, despite the lack of effic-
acy data. Toxicity is common, frequently leading to dis-
continuation of the drug. The principal adverse events
are nephrotoxicity and hypoglycemia. Hypotension, occa-
sionally resulting in death, has been reported with rapid
infusions; it is recommended that the drug be infused
over 1–2 hours. Less common adverse events include
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leukopenia, thrombocytopenia, nausea, vomiting, abdom-
inal pain, anorexia, and a bad taste. The dose is 4 mg/kg/
dose IV every 2–4 weeks.

The efficacy of aerosolized pentamidine is established in
adults, while data in children are lacking [18, 19]. Aerosol
delivery does not provide protection against extrapul-
monary P. carinii, which has been reported in adults receiv-
ing aerosol prophylaxis. Sites of involvement include the
spleen, lymph nodes, liver, bone marrow, eyes, gastroin-
testinal tract, thyroid, adrenal glands, and kidney. Older
children (generally those 5 years of age or older) can be
taught to receive aerosolized pentamidine, and treatment
of children as young as 8 months of age has been reported
[20]. The principal toxicity of aerosolized pentamidine is
irritation of the airways, with cough and wheezing com-
monly observed. Pre-treatment with a beta-2 agonist may
prevent wheezing. In adolescents and adults, the resulting
cough can lead to the transmission of unrecognized pul-
monary tuberculosis.

Adults who have responded to HAART with an increase in
their CD4+ lymphocyte count to greater than 200 cells/�L
can safely stop PCP prophylaxis [21, 22]. It is recommended
that patients’ CD4+ lymphocyte counts be maintained
above 200 cells/�L for at least 3 months and that patients
have at least partial suppression of their HIV viral load
before PCP prophylaxis is discontinued. If the CD4+ lym-
phocyte count subsequently falls to below 200 cells/�L,
then prophylaxis should be restarted. Although the safety
of discontinuing PCP prophylaxis in children has not been
established, many authorities will discontinue prophylaxis
if a child responds to HAART therapy with a sustained sup-
pression in HIV viral load and an increase in CD4+ lympho-
cytes to CDC immunologic category 1 or 2 for at least 3–6
months.

11.3 Toxoplasmosis

Encephalitis caused by Toxoplasma gondii is uncommon in
HIV-infected children in the USA. The major route of acqui-
sition of T. gondii in children is in utero acquisition from
a mother with a primary infection during the pregnancy.
In rare cases, an HIV-infected woman with an old T. gondii
infection can transmit T. gondii to the fetus in utero. Con-
genital toxoplasmosis is uncommon in the USA, with an
incidence estimated to be between 1/1000 and 1/12 000 live
births. It is not known if the risk of congenital toxoplasmo-
sis is increased among children born to HIV-infected preg-
nant women. Appropriate management of HIV-infected
women, with serologic testing for T. gondii and prophylaxis
and therapy as appropriate, will prevent congenital toxo-
plasmosis. Trimethoprim-sulfamethoxazole can be safely

administered during pregnancy and is active in prevent-
ing reactivation of T. gondii. HIV-infected women with a
primary T. gondii infection or active reactivation disease
during pregnancy should receive treatment, in consulta-
tion with a specialist in treating toxoplasmosis during preg-
nancy. Infants born to women infected with both HIV and
T. gondii should be evaluated for congenital toxoplasmosis.

Older children and adults acquire toxoplasmosis by
ingesting cysts in poorly cooked meat, ingesting sporu-
lated oocysts in contaminated food or water, or from con-
tact with infected cats and their feces (e.g. in litter boxes).
HIV-infected individuals should avoid eating undercooked
meat; meat should be cooked until it is no longer pink
inside. Hands should be washed after handling raw meat
and after gardening; raw fruits and vegetables should be
well washed before eaten raw. Domestic cats are commonly
infected with Toxoplasma. If the family owns a cat, the lit-
ter box should be changed daily, before excreted oocysts
have had time to sporulate. Hand washing is essential, and
it is best for HIV-infected persons and all pregnant women
to avoid changing a litter box. Families need not part with
their cat or have the cat tested for T. gondii, but should be
aware of the risk of cat ownership.

HIV-infected children who are severely immunosup-
pressed (CDC Immunological Category 3) and infected
with T. gondii should receive prophylaxis against both
toxoplasmosis and PCP. Trimethoprim-sulfamethoxazole,
when administered for PCP prophylaxis, also provides pro-
phylaxis against toxoplasmosis. Atovaquone might also
provide protection against toxoplasmosis. The child who
does not meet criteria for PCP prophylaxis is at low risk
for toxoplasmosis and prophylaxis is not necessary. HIV-
infected children who meet criteria for PCP prophylaxis,
but who are receiving an agent other than TMP–SMX
or atovaquone, are not receiving adequate prophylaxis
against toxoplasmosis. Therefore, they should have sero-
logic testing for T. gondii performed on an annual basis,
starting at 12 months of age, to determine if they are
infected with T. gondii. If seropositive for T. gondii, they
should receive prophylaxis for both PCP and toxoplasmo-
sis. If the child cannot tolerate TMP–SMX, then atovaquone
or dapsone/pyrimethamine/leucovorin are recommended
(Table 11.3).

11.4 Cryptosporidium and microsporidiosis

Cryptosporidium parvum, a protozoan, is a common cause
of self-limited watery diarrhea in normal infants and chil-
dren. Transmission is by fecal-oral spread, and outbreaks
of C. parvum infection are frequent in the day care setting
[23]. Large outbreaks in metropolitan areas have resulted
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from contaminated drinking water and several outbreaks
have been associated with public swimming pools. Other
sources of infection include contact with infected adults
and children, lake and river water, contaminated foods,
and young household pets. In children with advanced HIV
infection, cryptosporidiosis is characterized by severe and
protracted diarrhea with abdominal pain and anorexia. The
infection may result in substantial weight loss and even
death. The stools are watery in consistency and may con-
tain mucus but lack blood or inflammatory cells. Patients
with advanced immunosuppression have protracted infec-
tions which rarely clear without immune reconstitution
[24]. Cryptosporidium parvum has been implicated as a
cause of sclerosing cholangitis in HIV-infected persons
[25].

Children with severe immunodeficiency should avoid
exposure to potential sources of C. parvum. Hand washing
is recommended following possible exposure. Families may
choose to avoid having their child drink tap water; boiling
water for one minute will reduce the risk of infection. Drink-
ing bottled water and the use of a submicron personal-use
water filter may also reduce the risk of infection; effective
filtering of commercial bottled water should be confirmed.
Filters should remove particles of one micrometer in diam-
eter in order to remove oocysts. (For detailed information
on bottled water and water filters, consult the USPHS/IDSA
guidelines [6].)

The most effective means to prevent cryptosporidiosis
is to avoid immunosuppression with effective antiretro-
viral therapy. Chemoprophylaxis for C. parvum infection
is not recommended. Clarithromycin and rifabutin, when
used for MAC prophylaxis, may prevent the development
of cryptosporidiosis [26]. This benefit is not seen with
azithromycin. However, there are insufficient data to re-
commend use of these drugs solely to prevent cryp-
tosporidiosis.

Microsporidia is a group of protozoa that causes acute
and chronic diarrhea in HIV-infected persons. Infections
in humans are zoonotic or waterborne. The incidence of
microsporidiosis has declined dramatically with effective
antiretroviral therapy. Handwashing and other personal
hygiene measures are the only effective means to prevent
exposure. Chemoprophylaxis is not available.

11.5 Tuberculosis

The risk of reactivation of latent tuberculosis (TB) is high in
HIV-infected individuals (see Chapter 38). Children gener-
ally acquire TB from exposure to an infected adult in their
immediate environment. A child living in a household with

an HIV-infected person is at high risk of being exposed to
tuberculosis whether or not the child is HIV-infected. Thus,
the incidence of TB disease in HIV-exposed or -infected
children in the USA is 10–100 times that of the general pop-
ulation of similar age [27]. The risk is substantially higher
in developing countries where tuberculosis is more com-
mon. The risk of acquired TB is independent of the child’s
immune status. The most effective means of preventing TB
exposure in children is to identify and treat all adults with
TB in the child’s environment.

All children born to HIV-infected mothers and all chil-
dren living in a household with HIV should have a tuber-
culin skin test (TST, 5-TU PPD) at or before 9–12 months
of age, which should be repeated at least annually. In addi-
tion, all newly diagnosed HIV-infected children and adol-
escents should have annual testing. In this setting, 10 mm
or more of induration is considered a positive TST. If the
child is HIV-infected, has a known TB exposure, or has clin-
ical or radiographic findings compatible with tuberculosis,
induration of 5 mm or more is considered a positive test. If
the TST is positive, the child should be evaluated for active
tuberculosis, including chest radiography. If no evidence
of active disease is found, the child should be treated for
latent TB. Children living in a household with a TST-positive
person should be evaluated for TB. If the child is exposed
to a person with active TB, he/she should be treated for
latent TB once active disease has been excluded, regard-
less of the result of their own TST. In HIV-infected children,
9–12 months of isoniazid is recommended for treatment of
latent TB unless the child is suspected to be infected with a
resistant organism (Table 11.3). Directly observed therapy
should be utilized if available (see Chapter 42).

11.6 Disseminated Mycobacterium
avium complex

Infections with environmental mycobacteria are common
in patients with advanced HIV infection (see Chapter 39).
More than 85% of these infections are due to the Mycobac-
terium avium complex (MAC). Mycobacterium avium com-
plex rarely develops in adults with a CD4+ lymphocyte
count greater than 50 cells/�L. An excellent review of this
group of organisms has been published [28].

Without prophylaxis, between 10–18% of children with
AIDS develop MAC [29, 30]. Prior to the availability of
HAART, MAC occurred in children at a rate of 18 cases/1000
patient years (Table 11.2). Mycobacterium avium complex
is rare in the first year of life but becomes more com-
mon with increasing age and decreasing CD4+ lympho-
cyte count. Among pediatric cases reported to the CDC,
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the mean age of MAC diagnosis was 3.3 years for chil-
dren with perinatally acquired HIV infection and 8.7 years
for children with transfusion-associated HIV infection [31].
The median CD4+ lymphocyte count in children with MAC
was 17 cells/�L, with 70% of children having fewer than
50 cells/�L. However, among children younger than 24
months, MAC occurs at substantially higher CD4+ lympho-
cyte counts [32]. Members of the Mycobacterium avium
complex are common in the environment, and are often
present in food and water. Person-to-person transmission
is not documented. There are no effective means to prevent
exposure.

Prophylaxis of disseminated MAC is recommended for
children with advanced HIV disease, based upon CD4+

criteria (Table 11.3). Studies in adults have demonstrated
the efficacy of rifabutin, clarithromycin, and azithromycin
[33–35]. Clarithromycin or azithromycin are the preferred
agents. They each also provide some protection against
bacterial infections. Rifabutin is associated with many
complex drug interactions and its use should be avoided
unless a macrolide cannot be used. The combination of
clarithromycin and rifabutin should be avoided since it
is no more effective than clarithromycin alone and has
a higher rate of adverse events than either drug alone
[36]. The combination of azithromycin and rifabutin has
enhanced efficacy, but frequent drug interactions and lack
of a survival benefit argue against its routine use. The
safety of discontinuing MAC prophylaxis with immuno-
logic reconstitution following HAART has been demon-
strated in adults. In adults, it is recommended that prophy-
laxis be stopped with an increase in the CD4+ lymphocyte
count to greater than 100 cells/�L for at least 3 months [6].

Mycobacterium avium complex prophylaxis has not been
evaluated in children. However, based on adult studies,
either clarithromycin (7.5 mg/kg/dose [max 500 mg] po
bid) or azithromycin (20 mg/kg/dose [max 1200 mg] once
weekly) is recommended. The criteria for initiating pro-
phylaxis are based on the CD4+ lymphocyte count (Table
11.3). Before initiating prophylaxis, the patient should be
evaluated for active MAC infection, including a blood cul-
ture for MAC if symptoms are present, since monotherapy
will rapidly lead to drug resistance if infection is present.
Although the safety of discontinuing prophylaxis has not
been demonstrated in children, many authorities will stop
therapy once a child has a sustained increase in the CD4+

lymphocyte count to CDC Immunologic Category 1 or 2
and no longer qualifies for prophylaxis.

Drug interactions are an important consideration when
initiating MAC prophylaxis. Clarithromycin is metabo-
lized by the hepatic cytochrome P450 system (CYP3A)
(see Chapter 19). While protease inhibitors can increase

clarithromycin blood concentrations, dose adjustments
are not required. Efavirenz can induce the metabolism of
clarithromycin, decreasing the serum concentration and
increasing the concentration of the 14-OH clarithromycin,
an active metabolite. It is not known whether this reduces
the efficacy of clarithromycin. Azithromycin is not metab-
olized by the cytochrome P450 system, so its metabolism
is not altered by antiretroviral therapy. Rifabutin should
not be administered to patients receiving certain pro-
tease inhibitors and non-nucleoside reverse transcriptase
inhibitors because of complex drug interactions which are
not well understood [37, 38].

11.7 Bacterial pneumonia, bacteremia, and
other invasive bacterial infections

HIV-infected children are at increased risk for common
childhood infections such as otitis media and sinusitis.
Recurrent sinusitis can be problematic in some children.
In addition, HIV-infected children have frequent invasive
bacterial infections, including pneumonia, bacteremia,
and meningitis (Table 11.2). The organisms causing these
infections are generally the same as for normal children,
with Streptococcus pneumoniae the predominant pathogen
[39, 40]. These organisms are common in the community
and there is no effective way to limit exposure to them.

All HIV-infected children should be vaccinated with the
conjugate Haemophilus influenzae type b vaccine and the
conjugate polyvalent pneumococcal vaccine according to
current guidelines [6]. In addition, all should receive the
23-valent polysaccharide pneumococcal vaccine (PPV) at
24 months of age. A second dose of the PPV should be
administered after 3–5 years to children less than 10 years
of age, and after 5 years in older children. All HIV-infected
children should receive the influenza vaccine yearly start-
ing at 6 months of age [6] (see Chapter 10).

The use of TMP–SMX for PCP prophylaxis results in a
reduction in the risk of bacterial infections. There may be
an advantage to using daily dosing (150/750 mg/m2 per day
in two divided doses) in children with recurrent infections.
Trimethoprim-sulfamethoxazole prophylaxis will not pre-
vent all pneumococcal infections, since the majority of
penicillin-resistant strains are also resistant to TMP–SMX.
Other antibiotics may be considered for prophylaxis in
individual cases, recognizing the risk of promoting drug-
resistance with antibiotic prophylaxis.

Monthly infusions of intravenous immunoglobulin
(IVIG) (400 mg/kg/dose q month) are effective in pre-
venting recurrent bacterial infections in selected chil-
dren [39, 40]. (Table 11.3). HIV-infected children have
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functional hypogammaglobulinemia, despite having ele-
vated immunoglobulin levels. Because of the cost, risk of
complications, and discomfort associated with IVIG infu-
sions, the use of IVIG is generally limited to the following
indications [7]:
1. Children who experience recurrent bacterial infec-

tions despite appropriate antimicrobial prophylaxis and
therapy. In children with hypogammaglobulinemia, it
may be reasonable to initiate IVIG infusions with-
out attempting antimicrobial prophylaxis. Intravenous
immunoglobulin may not provide additional benefit to
children receiving daily TMP–SMX prophylaxis [40].

2. Children living in a region with a high prevalence of
measles, without detectable antibody to measles despite
receiving two measles immunizations.

3. HIV-associated thrombocytopenia (platelet count
< 20 000/mm3 while receiving antiretroviral therapy)
(see Chapter 32).

4. HIV-infected children with chronic bronchiectasis who
fail to respond to antibiotics and pulmonary care may
respond to high-dose IVIG (600 mg/kg/month).

11.8 Bartonellosis

Bartonella henselae is the cause of cat-scratch disease.
Severely immunosuppressed HIV-infected persons are at
high risk for developing disease caused by infection with
Bartonella, including bacillary angiomatosis. Cats are the
reservoir for human disease, with cats less than 1 year of age
most likely to transmit infection. Cat scratches and saliva
are believed to be the principal sources of infection. Fleas
transmit the organism between cats and may occasion-
ally transmit infection to humans. Bartonella infection is
very common in cats and serologic testing of cats is not
recommended.

HIV-infected children who are severely immunosup-
pressed should avoid exposure to cats, particularly cats less
than 1 year of age. Families should be aware of the risk of cat
ownership. Declawing is not advised, but children should
avoid rough play with cats, which could result in a bite or
scratch. Cats should not be allowed to lick open wounds,
and cat-associated wounds should be washed promptly.
Families should practice good flea control of cats. Chemo-
prophylaxis is not recommended.

11.9 Candidiasis

Candida organisms commonly colonize the skin, mucous
membranes, and gastrointestinal tract, and infants acquire

the organism early in life. There is no way to avoid exposure
to Candida. Oral candidiasis is the most common muco-
cutaneous disease of HIV-infected children. Chronic and
recurrent infections of skin and mucous membranes are
frequently the presenting infection in HIV-infected chil-
dren. Judicious use of antibiotics will prevent overgrowth
of Candida and limit clinical disease. Indwelling venous
catheters should be managed with care to avoid contami-
nation and subsequent infection. Fluconazole prophylaxis
will prevent mucosal candidiasis but is not generally re-
commended since treatment is effective and because of
concerns about developing resistance, adverse reactions,
drug interactions, and cost. However, in selected individ-
uals with severe or frequent recurrent candidiasis, a
course of prophylactic fluconazole may be considered (see
Chapter 40).

11.10 Cryptococcosis, histoplasmosis, and
coccidiodomycosis

Invasive fungal infections are less common in HIV-infected
children than in adults, presumably because of less fre-
quent exposure to these pathogens. These organisms are
present in the environment and are acquired by inhalation
of airborne organisms in contaminated soil. Dissemina-
tion may occur in those with severe immunosuppression.
There is no evidence that exposure to pigeon droppings
increases the risk of cryptococcosis. Histoplasmosis and
coccidiodomycosis each have a distinct geographic distri-
bution, and infection is common among persons living in
endemic regions. Severely immunosuppressed persons liv-
ing in or visiting a region endemic for Histoplasma should
avoid activities known to cause exposure, such as creat-
ing dust from soil, cleaning chicken coops, disturbing soil
beneath bird roosting sites, remodeling or demolishing old
buildings, and exploring caves. Likewise, for Coccidioides,
severely immunosuppressed persons should avoid expo-
sure to disturbed native soil such as at excavation sites or
during dust storms.

Routine skin testing of persons living in endemic regions
for Histoplasma and Coccidioides is not recommended
since the results do not predict disease. Fluconazole and
itraconazole prophylaxis reduce the frequency of crypto-
coccal disease among patients with advanced HIV infec-
tion (Table 11.3). However, routine antifungal prophylaxis
is not recommended because no survival benefit has been
shown, infection is uncommon, and therapy is costly, may
promote drug resistance, and is associated with drug inter-
actions. Prophylaxis with itraconazole will reduce the fre-
quency of histoplasmosis among patients with advanced
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HIV disease living in an endemic region but no improve-
ment in survival has been shown [41]. Primary prophylaxis
for coccidiodomycosis has not been shown to be effective.
Because these invasive fungal infections are uncommon in
children, primary prophylaxis is not recommended.

11.11 Cytomegalovirus

Cytomegalovirus (CMV) infections are common in HIV-
infected children (see Chapter 41). However, infec-
tion is often asymptomatic and it is difficult to deter-
mine the extent to which CMV contributes to disease
[42]. Cytomegalovirus disease in children often results
from a primary infection rather than reactivation of a
past infection, the more common situation in adults.
Cytomegalovirus co-infection is likely to accelerate the
course of HIV disease in children infected with both viruses
[43]. Thus, there may be a benefit to identifying those HIV-
infected children who are also CMV-infected.

Most HIV-infected women are co-infected with CMV and
both in utero and intrapartum transmission of CMV to the
infant can occur. The infant can also acquire CMV through
breastfeeding. Intrapartum transmission of CMV, but not
in utero infection, may be more common in women co-
infected with HIV and CMV than in those infected with
CMV alone [44, 45]. The most common route of transmis-
sion of CMV during childhood is horizontal spread through
contact with saliva or urine. Sexual contact and blood trans-
fusion are less common routes of transmission in child-
hood. HIV-infected children who are CMV-uninfected or
of unknown CMV status and who require a transfusion
should receive CMV-seronegative or leukocyte-depleted
blood products.

It may be useful to identify which HIV-infected children
are co-infected with CMV by doing yearly serologic test-
ing starting at 12 months of age. This will allow a CMV-
infected child who is severely immunosuppressed (CDC
Immune Category 3) to be evaluated by an experienced
ophthalmologist on a regular basis (every 4–6 months) in
order to detect early retinitis. Alternatively, children can
be screened for CMV once they are severely immuno-
suppressed. Older children should be taught to recognize
“floaters” and changes in visual acuity which could repre-
sent retinitis.

Prophylaxis with oral ganciclovir can be considered
for CMV-infected children who are severely immunosup-
pressed, such as those with a CD4+ lymphocyte count < 50
cells/�L [6, 46] (Table 11.3). However, disadvantages of gan-
ciclovir prophylaxis include cost, the toxicity of oral ganci-
clovir (anemia and neutropenia), limited efficacy data, and

the risk of developing resistant virus. A liquid preparation
of ganciclovir for use in children can be prepared from the
parenteral preparation; the dose is 30 mg/kg/dose PO TID.
Valganciclovir, an oral pro-drug of ganciclovir with much
greater bioavailability, is not available in a liquid formu-
lation. It is approved for the treatment of CMV retinitis in
adults but is not approved for the prophylaxis of CMV dis-
ease in either adults or children.

11.12 Herpes simplex virus

Neonatal herpes simplex virus (HSV) infection is usually
acquired during delivery from a mother with an active gen-
ital infection (see Chapter 41). It can result in devastating
disseminated infection or encephalitis in the newborn. In
older infants and children, HSV is acquired by contact. Sex-
ual acquisition is common once an adolescent is sexually
active. Recommendations for the prevention of neonatal
HSV include delivery by cesarean section if the membranes
have not been ruptured for more than 4–6 hours. Oral acy-
clovir prophylaxis during late pregnancy for women with
recurrent genital HSV is a controversial strategy which is
recommended by some experts to prevent neonatal HSV.
For pregnant women with frequent recurrences of HSV,
prophylactic acyclovir might be considered. No fetal toxic-
ity has been reported with acyclovir exposure during preg-
nancy [47]. HIV-infected children should avoid direct con-
tact with individuals with active HSV infections. Use of latex
condoms during all acts of sexual intercourse will reduce
the risk of exposure to HSV as well as other sexually trans-
mitted diseases (see Chapter 15).

11.13 Varicella-zoster virus

HIV-infected children who are asymptomatic or mildly
symptomatic and not immunosuppressed (i.e., those in
CDC class N1 or A1) should receive the live-attenuated vari-
cella vaccine at 12 months of age [48, 49] (Table 11.3). The
vaccine should not be administered to other HIV-infected
children because of the risk of dissemination of the vac-
cine virus. Immunization of other children in the house-
hold of an HIV-infected child is recommended since this
will protect the HIV-infected child from being exposed to
varicella-zoster virus (VZV) if he cannot receive the vaccine
himself. Any adult in the household who lacks a history of
varicella should have serologic testing for VZV and should
receive the vaccine if seronegative. There is no contraindi-
cation to administering the vaccine to family members of
HIV-infected children.
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Susceptible HIV-infected children should avoid exposure
to persons with varicella or shingles (herpes zoster). If an
HIV-infected child who is not known to be immune to VZV
is exposed to varicella or zoster, she should receive an injec-
tion of varicella-zoster immunoglobulin (VZIG) as soon as
possible but within 96 hours of the exposure [50] (1 vial/10
kg body weight intramuscularly up to a maximum of 5 vials)
(Table 11.3). The use of oral acyclovir for post-exposure pro-
phylaxis following exposure to VZV is not recommended
and should not replace VZIG for the immunosuppressed
host. In the healthy HIV-uninfected child who is suscept-
ible to varicella, the live attenuated varicella vaccine can
be administered following exposure to VZV to prevent or
modify disease. However, in the HIV-infected child, VZIG
should be given. The varicella vaccine should not be given
with VZIG since antibody may interfere with the activity of
the live virus vaccine (see Chapter 10).

11.14 Human herpesvirus 8

Persons co-infected with HIV and human herpesvirus 8
(HHV-8) are at risk for developing Kaposi’s sarcoma (KS).
Human herpesvirus 8 is transmitted by oral secretions,
semen, and the sharing of needles. In regions of the
world where HHV-8 is endemic, mother-to-child transmis-
sion of HHV-8 is reported, as is horizontal transmission
between children [51]. Kaposi’s sarcoma is rare in children
in developed countries, but is much more common in some
regions, particularly sub-Saharan Africa. It is reasonable to
recommend that HIV-infected children avoid contact with
the oral secretions of an individual with KS. Serologic test-
ing for HHV-8 is not recommended to prevent exposure
and no recommendations are available to prevent child-to-
child transmission. Use of latex condoms should be effect-
ive in reducing the risk of sexual transmission.

11.15 Human papillomavirus

Cutaneous human papillomavirus (HPV) infections are
commonly acquired during childhood by person-to-
person contact. Warts can be very extensive in HIV-infected
individuals. Laryngeal papillomatosis is a rare condition
which results from an infant aspirating infectious geni-
tal tract secretions during birth. It is not known if this is
more likely to occur in a child born to an HIV-infected
mother. Anogenital warts are generally acquired through
sexual contact but may occasionally result from expo-
sure during birth. Human papillomavirus genital infections

are extremely common in sexually active adolescents, fre-
quently leading to cervical dysplasia and the risk of carci-
noma. Latex condoms should be used during sexual inter-
course, although they are unlikely to completely prevent
the transmission of genital HPV, which also can occur as the
result of manual innoculation. Sexually active adolescents
should be evaluated for genital HPV infection on a regular
basis, including, for women, a Pap smear at least once a
year. Human papillomavirus vaccines targeting high-risk
genotypes are in development.

11.16 Hepatitis B virus and hepatitis C virus

The principal route of acquisition of hepatitis B virus
(HBV) in childhood is mother-to-child, with most trans-
mission occurring at the time of delivery. It is not known
if HIV co-infection increases the rate of HBV transmis-
sion. All pregnant women should be evaluated for HBV
infection. All infants born to HIV/HBV co-infected women
should receive prophylaxis with hepatitis B immunoglobu-
lin (HBIG) and the hepatitis B vaccine. In older children and
adolescents, transmission is by person-to-person exchange
of blood and through sexual contact. Immunization of all
infants with the hepatitis B vaccine will prevent acquisition
of hepatitis B.

Mother-to-child transmission is also the principal route
of acquisition of hepatitis C (HCV) in childhood. Maternal
risk factors for transmission of HCV to the infant include
co-infection with HIV, a higher HCV viral load, and intra-
venous drug use. The overall rate of transmission from a
co-infected mother is 15–22% with rates ranging from 5–
36% in different studies. The mode of delivery (vaginal vs
cesarean section) and breastfeeding do not influence the
rate of transmission [52]. Thus, a cesarean section should
not be performed solely to prevent transmission of hepati-
tis C. All children born to mothers co-infected with HIV
and HCV should be evaluated for HCV infection. Since
maternal HCV antibody can persist in a child for up to 18
months, serologic testing is not useful in children less than
18 months of age. In this age group, reverse transcriptase-
PCR for HCV RNA should be performed to identify virus
in the blood. Children infected with HCV, if susceptible,
should be vaccinated against hepatitis A virus and hepa-
titis B virus since infection with a second hepatitis virus
can result in fulminant hepatitis. In adolescents and adults,
injection drug use is the primary route of HCV transmis-
sion; the rate of sexual transmission of HCV is low. Adoles-
cents should avoid injection drug use, body-piercing, and
unprotected sexual intercourse.
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11.17 Conclusion

Opportunistic infections account for most of the morbidity
and mortality resulting from HIV infection. With an under-
standing of the risk factors predisposing to these infec-
tions, we are now able to prevent many of them. In the
last decade, effective prophylaxis, in concert with highly
active antiretroviral therapy, has dramatically reduced the
mortality from HIV, turning it into a chronic disease for
most patients. With this change come new questions and
challenges. When can we safely stop prophylaxes once a
child has responded to antiretroviral therapy? Do children
need to be re-immunized with the routine childhood vac-
cines? With failure of HAART, will we see re-emergence of
the classic HIV-associated opportunistic infections? What
new infections will we see in patients with chronic HIV
infection? What are the toxicities resulting from long-term
use of prophylactic agents? Answering these questions are
among the challenges facing those of us who care for HIV-
infected children.
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12.1 Introduction

Most pediatric patients with HIV infection in rich countries
live in major cities. However, cases have been reported in
smaller cities and rural areas. Any clinician who sees sick
children in an acute care setting may treat children with
HIV and should be familiar with the atypical and sometimes
life-threatening diseases that affect these children.

HIV-infected children average 1.2 visits to the emergency
department (ED) and 15 ambulatory care visits per year [1].
Children who meet the case definition for pediatric AIDS
average 2 ED visits and 18 ambulatory care visits each year
[1]. HIV-infected children present to the ED with different
complaints, are more likely to have diagnostic or therapeu-
tic procedures performed and are more likely to be admit-
ted to the hospital than uninfected children [2]. HIV status
may not be known at the time of an ED visit. Manifestations
of HIV infection may not be recognized [3, 4].

Much of the early improvement in HIV-related mortal-
ity was related not to new antiretroviral therapies, but to
the prompt and effective treatment of the opportunistic
infections associated with HIV disease. Even with the wide
variety of antiretroviral therapies currently available, the
quick recognition and aggressive treatment of the infec-
tious complications of HIV infection in children may be life
saving. Initial diagnosis of HIV infection may be made when
a child presents with an acute and possibly life-threatening
illness. Physicians must know the right questions to ask and
the signs to look for. They must also be familiar with the
appropriate evaluation and treatment options available to
these children.

12.2 Emergency department presentation

12.2.1 History

HIV-infected children, whose diagnosis is not yet known,
may first present to the ED. Physicians must be famil-
iar with historical factors that may put a parent or child
at risk for HIV infection (Table 12.1). However, the only
risk factor for a growing number of HIV-infected persons
is unprotected heterosexual intercourse. Today, almost all
pediatric patients with HIV infection have acquired that
infection perinatally. The incidence of perinatally acquired
HIV infection is decreasing. However, improved care has
led to longer survival. These patients continue to present
to the ED for acute care.

The ED physician must consider HIV infection as a pos-
sible cause for poor growth, recurrent infections, or a num-
ber of other signs. Clinicians must ask parents about their
possible risk factors. Parents may be unaware that they are
HIV-infected until the diagnosis is made in their children.
The absence of a parent should prompt the physician to
inquire about the parents and their health status [5]. Pos-
sibly, the parents are deceased or incapacitated as a result
of HIV infection.

Pediatric patients with HIV infection can present in many
ways. The birth history, birth weight, and histories of poor
growth or development may suggest HIV infection. Histo-
ries of multiple hospital admissions for invasive bacterial
illnesses (e.g. meningitis, cellulitis, sinusitis, and/or pneu-
monia) [4] and oral thrush unresponsive to treatment or
occurring after the first year of life may suggest HIV disease.

168
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Table 12.1 Possible indications of HIV infection from the history

Parental history
History of HIV infection
Intravenous drug abuse
Other substance abuse or addiction
Sexual contact with intravenous drug user(s)
Multiple sexual partners
Prostitution
Absence of parents (death or inability to care for child

may be due to parental HIV infection)
Patient history

Unexplained small-for-gestational age birth
Unexplained failure to thrive
Multiple serious (invasive) bacterial infections
Unexpectedly severe consequences of common viral

infections
Recurrent thrush or oral thrush after 12 months of age
Unexplained developmental delay; loss of milestones
Persistent or recurrent diarrhea
Sexually transmitted diseases

A history of otherwise common pediatric problems resist-
ant to usual therapy (e.g. severe eczematous or seborrheic
rashes) may also be a sign of HIV disease [5–7]. Patients with
sexually transmitted diseases, especially adolescents with
recurrent pelvic inflammatory disease should be coun-
seled that they are at risk for HIV infection and should be
screened.

In Chapter 6 Lindegren and colleagues describes the epi-
demiology of pediatric HIV disease; in Chapter 14 Rudy dis-
cusses some special considerations for HIV disease in ado-
lescents; and in Chapter 5 Aldrovandi discusses the natural
history of pediatric HIV disease.

Some children have long periods of relative wellness
with only mild, non-specific signs or symptoms; occasion-
ally the diagnosis may not be made until the child is 6–
8 years of age or older. The ED physician must remain
open to the possibility that an older child’s symptoms
or presentation may be due to HIV infection. Children
may present with early onset of symptoms, opportunis-
tic infections (especially Pneumocystis carinii pneumonia
[PCP]), rapid progression and early death [5, 6], or they may
have a more indolent course with signs of lymphadenopa-
thy, hepatosplenomegaly, parotid swelling, and recurrent
episodes of bacterial illnesses. These children are more
likely to have lymphoid interstitial pneumonitis (LIP) and
slowly progressive neurologic symptoms. These two types
of presentation are not mutually exclusive. Children with

Table 12.2 Physical findings associated with pediatric

HIV infection

General
Failure to thrive; severe wasting
Extensive and/or persistent lymphadenopathy
Hepatosplenomegaly

Pulmonary
Unexplained digital clubbing
Persistent respiratory distress (especially if hypoxic or

associated with a reticulonodular pattern or a
chronic interstitial pneumonia of x-ray)

Hypoxia out of proportion to respiratory distress
Head and neck

Oral thrush unresponsive to therapy or in children
>12 months of age

Persistent or recurrent parotid swelling
Severe or recalcitrant otitis media or sinusitis
Unexplained microcephaly
Severe stomatitis secondary to herpes simplex virus

Skin
Unusually severe manifestations of viral illnesses

(rubeola, varicella)
Extensive molluscum contagiosum
Recurrent folliculitis
Severe or recurrent ulcers to herpes simplex virus
Severe eczematous or seborrheic dermatitis
Purpura or petechial rashes

Neurologic
Unexplained developmental delay or loss of milestones
Unexplained spasticity

a seemingly slower progression of illness may develop the
acute onset of severe symptoms including opportunistic
infections.

12.2.2 Physical examination

Table 12.2 lists physical examination findings suggest-
ive of pediatric HIV infection. Many of these findings
are non-specific. Their presence should make the physi-
cian think about HIV as a possible explanation, although
these findings may sometimes occur in other settings.
Certainly, a combination of several of these findings
(e.g. hepatosplenomegaly, generalized lymphadenopathy,
parotid swelling and oral thrush in a 2-year-old) should
prompt an evaluation for HIV infection, especially if
the child has a history suggestive of HIV disease (see
Table 12.1).
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Table 12.3 Laboratory and radiologic abnormalities suggestive

of HIV infection

Laboratory
Anemia
Neutropenia
Thrombocytopenia
Increased globulin fraction
Hematuria, proteinuria

Radiologic
Chronic, interstitial pneumonitis
Hilar lymphadenopathy
Reticulonodular pattern on chest x-ray

12.2.3 Laboratory and radiologic abnormalities

Certain abnormalities (Table 12.3) found on diagnostic
testing done in the ED should prompt consideration of
HIV as an underlying diagnosis. If these abnormalities are
found in a patient with other signs or symptoms of HIV dis-
ease or a history suggestive of HIV infection, this diagnosis
should be entertained. Hematologic abnormalities associ-
ated with HIV infection can include chronic anemia, acute
episodes of hemolytic anemia, neutropenia, and immune-
mediated thrombocytopenia [5]. Unexplained hematuria
or proteinuria or both can be due to HIV-mediated renal
disease. Patients who have an elevated serum total protein
with a normal or low serum albumin may have an increased
globulin fraction owing to the increased production of IgG,
particularly in the setting of lymphadenopathy and hep-
atosplenomegaly.

12.2.4 Presentation of children with known
HIV infection

Patients with known HIV infection may present to the ED
for related or unrelated complaints. The approach to these
patients may have to be modified (e.g. additional diagnos-
tic tests may need to be performed). Disposition and treat-
ment decisions may also need to be modified in patients
with known HIV infection. In the ED, HIV-exposed chil-
dren with indeterminate infection should be treated as if
they are HIV-infected [6]. This leads to the safest and most
conservative treatment being prescribed.

In obtaining a history in patients with known HIV infec-
tion, some key information should be elicited (Table 12.4).
If available, the patient’s clinical and immunologic Centers
for Disease Control and Prevention (CDC) classification,
the most recent CD4+ count, and HIV RNA measurement
may be helpful. A thorough medication history, including
antiretroviral agents and drugs used for the prophylaxis

Table 12.4 Important history in patients with known

HIV infection

Centers for Disease Control and Prevention classification
HIV RNA level
CD4+ count
Antiretroviral therapy
Prophylaxis for opportunistic infections; particularly

Pneumocystis carinii pneumonia
Past opportunistic infections

and treatment of opportunistic infections (e.g. Mycobac-
terium avium-intracellulare infection, cytomegalovirus
[CMV] retinitis, PCP, etc.) should be obtained and docu-
mented. Even if the ED clinician cannot obtain detailed la-
boratory, immunologic, or virologic information, a history
of opportunistic infections and the use of prophylaxis indi-
cate that the patient is significantly immunocompromised.
Patients with evidence of severe immunocompromise and
previous episodes of opportunistic infections, especially
PCP, are at a much higher risk of developing a new, poten-
tially life-threatening opportunistic infection. However, the
absence of these factors does not mean that a patient does
not have PCP or another opportunistic infection.

A key component of caring for patients with HIV infec-
tion is ensuring good follow-up care. Involvement of the
patient’s primary care physician in therapeutic decisions
is important. This physician knows more about the state
of the patient’s illness and the home situation than the ED
physician does. Also, the primary care physician must be
informed of the ED visit, what was done, and when the
patient needs to follow up before the patient is discharged
from the emergency room.

12.2.5 HIV testing in the emergency department

When a patient presents to the ED with signs or symp-
toms of possible HIV infection, he or she must be tested
for HIV. However, the ED may not be the best place to do
this. If HIV testing is to be done in the ED, appropriate
pre- and post-test counseling must be available there. It
must be ensured that the patient can be contacted if he
or she does not come back for follow-up. Ideally, the same
healthcare provider or providers should see the patient on
both visits. There should be adequate time for discussion
of test results and their ramifications. In a busy ED where
personnel work variable shifts this may be difficult to do.
Emergency department social workers may be very help-
ful in counseling patients or arranging follow-up. If good
follow-up, counseling, and patient confidentiality can be
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ensured, then testing can be done in the ED. Many families
may not have regular healthcare providers and may go to
the ED for all medical care. Not testing these patients may
mean that they will not get tested.

If testing in the ED is not feasible, the patient must
be referred for appropriate testing. The parents or care-
takers should be informed why there is a concern about
the patient. A referral should be made to the primary
care physician, if the patient has one, or another resource
where testing can be done. Contact must be made with
that provider to inform them as to why the patient is
being referred. An appointment is ideally made for the
patient and given to the caretaker before discharge from
the ED.

In any case, treatment for potentially life-threatening
complications and manifestations of HIV infection should
not be delayed pending a definitive diagnosis. Children
with potentially life-threatening presentations, and histor-
ies, physical examinations, and laboratory or radiologic
studies suggestive of HIV infection should be treated pre-
sumptively as being HIV-infected. For example, an infant
presenting with respiratory distress, an uncertain birth his-
tory, a history of failure to thrive, with lymphadenopathy
and organomegaly on physical examination should be pre-
sumptively treated for PCP, even if no definitive HIV testing
is available.

12.2.6 Postexposure testing and prophylaxis

A special case when HIV testing is desirable in the ED
is when a patient is to undergo postexposure prophy-
laxis (PEP) following accidental needlestick injuries or an
episode of sexual assault. There are very few data about the
use of PEP for these indications in pediatric and adoles-
cent patients. One recent report documented the experi-
ence at one urban pediatric emergency department over
a 1-year period [8]. If PEP is to be instituted, baseline HIV
testing must be done in the ED. In some states, it is cur-
rently required that physicians offer the option of PEP
to victims of sexual assault. This requires a set plan for
when PEP and testing should be offered, how medications
will be obtained and paid for, and who will counsel the
patient and family about medication use, side-effects, pos-
sible efficacy and the need for close follow-up. Appropriate
follow-up including informing the patient and family of test
results must be arranged before ED discharge. Follow-up
may be co-ordinated with the patient’s primary care physi-
cian or another hospital-based service (e.g. adolescent
medicine, child abuse referral team, or pediatric infectious
diseases).

Table 12.5 Life-threatening symptomatology in patients with

HIV infection

Sepsis
Increased incidence of invasive bacterial disease
Fever or hypothermia with decreased perfusion

Respiratory distress
Respiratory distress with marked hypoxia
Consider and begin therapy for Pneumocystis carinii

pneumonia
Cytomegalovirus (CMV) pneumonitis may also be

rapidly progressive
Gastrointestinal bleeding

Bacterial, viral, and parasitic gastroenteritides
CMV enteritis can cause severe gastrointestinal

bleeding; experimental therapy ganciclovir may be
helpful

Seizure and/or abrupt change in mental status
Consider meningitis (bacterial, viral, and opportunistic

pathogens)
Stroke is a rare but reported complication
Metabolic and toxic etiologies, not directly related to

HIV disease

12.2.7 Life-threatening presentations

Children with HIV infection may present with life-
threatening complications or manifestations (Table 12.5).
A common acute presentation is a child with respiratory
distress, fever, and cough. This can be due to a variety of
etiologies including PCP, bacterial, and viral pneumonias.
Pneumocystis carinii pneumonia can be rapidly progres-
sive and fatal; it may be the initial presentation of HIV
infection in young infants. Therefore, the clinician must
maintain a high degree of suspicion that this may be the
etiology. Hypoxia, usually more severe than expected from
the degree of respiratory distress, is a common finding
[5]. The chest x-ray may be normal, especially early in the
course of the illness or may show a diffuse alveolar and/or
interstitial pattern [6]. If PCP is suspected, therapy with
intravenous trimethoprim–sulfamethoxazole (TMP–SMX)
should be initiated immediately (see Chapter 42). Diagnos-
tic tests may be performed after the patient is admitted and
stabilized.

Pediatric patients with HIV infection are at increased risk
of invasive bacterial illnesses. Fever may be the only sign of
these illnesses. Patients may present with sepsis and shock
(see Chapter 37 and the text that follows).

Many children with HIV infection have neurologic
involvement at some time in their illness. However, this
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involvement is usually a slow, progressive process. Seizures
or an acute change in mental status are rare [5]. Neurologic
presentations should prompt an investigation to rule out
meningitis due to routine or opportunistic organisms, cen-
tral nervous system (CNS) malignancies or stroke, partic-
ularly in patients with thrombocytopenia (see Chapter 26).

Gastrointestinal bleeding can be seen as a manifestation
of disseminated CMV infection with CMV enteritis. Sub-
mucosal bleeding in this disease can produce lead points,
which lead to intussusception, a rare presentation. Dissem-
inated CMV infection may be treated with ganciclovir, but
the prognosis is grave regardless of therapy (see Chapters 27
and 41).

12.3 Fever

Fever is the single, most common chief complaint among
HIV-infected children who present to the ED [9]. Many of
these children are otherwise well-appearing or have min-
imal symptoms. Invasive bacterial infections are common
in children with perinatally acquired HIV infection, prob-
ably because the child’s humoral immune response is dam-
aged before they are exposed to a variety of bacterial anti-
gens [10] (see Chapters 3, 5, and 37).

12.3.1 Causes

Fever in an HIV-infected child may result from invasive bac-
terial infections or opportunistic infections. Children with
HIV infection experience increased rates of bacteremia,
bacterial pneumonia, sinusitis (including chronic infec-
tions), urinary tract infections, osteomyelitis, meningitis,
oral candidiasis, and abscesses of internal organs [5, 10–13]
(see Chapter 37).

Pneumocystis carinii pneumonia is the most common
and potentially the most serious opportunistic infection
[10]. Affected patients usually present with abrupt onset of
fever and cough [5] with varying degrees of respiratory dis-
tress and hypoxia. Hypoxia is often more severe than one
would expect from the amount of respiratory distress that
is evident. Other opportunistic infections, including cryp-
tococcosis, toxoplasmosis, and M. avium complex (MAC)
may be seen, but not as frequently. These infections are
more often seen in children with advanced disease; such
children frequently present with chronic fevers. Chronic,
almost daily fevers can also be seen in children as a manifes-
tation of their HIV infection, especially in advanced stages.

Viral infections can also cause fevers in children with
HIV infection. Asymptomatic children may handle rou-
tine infections without much difficulty [11, 13]. However,

children with HIV infection may have severe or dissem-
inated infections with agents such as respiratory syncy-
tial virus (RSV), varicella, and rubeola. Children with these
and other usually well-tolerated viral infections should
be approached in a cautious manner. Good supportive
care, close observation and follow-up, and specific antivi-
ral agents when available (e.g. acyclovir for varicella) all are
indicated.

12.3.2 Evaluation and treatment of the well-appearing
febrile child

Well-appearing children who have never had a serious bac-
terial or opportunistic infection should have a minimal
outpatient evaluation (Table 12.6) [6, 11]. It is best for a
clinician familiar with the patient to do this evaluation. If
this is not possible, the ED or acute care provider should
communicate with the patient’s primary care provider to
obtain as much historical information as possible and to
decide whether the child seems to be different from his
or her baseline. Some disagreement exists about whether
a complete blood count (CBC) needs to be obtained. In
one study the white blood count (WBC) was not useful
in identifying patients with bacteremia or serious infec-
tions [9]. Even with episodes of invasive pneumococcal
disease, the WBC and other laboratory tests are neither
sensitive nor specific in identifying patients with inva-
sive disease [14–16]. However, children with a high WBC,
especially if markedly increased from their baseline or if
accompanied by a bandemia, should probably be admit-
ted for parenteral antibiotics. Children receiving zidovu-
dine (ZDV) may have neutropenia as a side-effect of therapy
[6]. Neutropenia may also be seen in patients on lamivu-
dine and the two agents together may accentuate this
effect.

Invasive pneumococcal infections (IPI) are the most
common serious bacterial infection in HIV-infected chil-
dren [14–16]. Rates of IPI in HIV-infected children are
significantly higher than in uninfected children [14]. HIV-
infected children with IPI are more likely to have symp-
tomatic HIV infection and have higher levels of IgG and IgM
[15]. Patients with HIV disease are less likely to have leuko-
cytosis or other laboratory abnormalities than uninfected
children [14–16] and more likely to have pneumococcal iso-
lates that are penicillin resistant [15]. In one study, patients
with occult pneumococcal bacteremia tended to do well
and did not develop meningitis or other complications or
sequelae when treated as outpatients [16]. Empiric antibi-
otics significantly decreased the rate of persistent bac-
teremia at their return visit and patients who were afebrile
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Table 12.6 Evaluation of the febrile child

Well-appearing
Thorough history and physical exam
Complete blood count with differential
Blood culture
Pulse oximetry
Chest x-ray if signs of respiratory illness
Urinalysis and urine culture in children who are not

toilet-trained or older children with urinary
symptoms

Stool for white blood cells and culture if there is a
history of diarrhea

Ill-appearing
Thorough history and physical exam
Close monitoring of vital signs
Complete blood count with differential
Platelet count
Coagulation studies (PT, PTT, fibrin degradation

products, fibrinogen; especially if platelet count is
low or there is evidence of bleeding)

Blood culture for bacteria (consider mycobacteria and
fungi)

Chest x-ray
Pulse oximetry (arterial blood gases if marked

respiratory distress, decreased perfusion or
unexplained tachypnea)

Urinalysis and urine culture
Cerebrospinal fluid for cell count and differential, Gram

stain, glucose, protein and bacterial culture, if
indicated; consider special studies for opportunistic
infections

and well-appearing at revisit could be safely treated as
outpatients [16].

Neutropenic patients with fever should be admitted for
parenteral antibiotics pending culture results. Children
with indeterminate HIV infection status should be given
the “benefit of the doubt” and treated as if they are HIV-
infected, particularly because these children tend to be
perinatally exposed infants at risk for rapid progression of
HIV disease [6]. Children with a history of fever should be
treated in the same way even if they are afebrile on arrival
to the ED.

If no infection, or only a presumed viral infection (e.g.
an upper respiratory infection) is found, the patient may
be managed as an outpatient. Oral antibiotics are not
indicated in this setting. If a localized bacterial infection
is found (e.g. otitis media or sinusitis) in a patient who
appears well, appropriate oral antibiotics can be given and

the child managed as an outpatient as long as close follow-
up can be ensured. Children with HIV infection seem to
have more episodes of otitis media, and these infections
seem to be more resistant and recurrent in nature than
in healthy children [17, 18] (see Chapter 29). Treatment
with the usual oral antibiotics (amoxicillin) is appropriate
as a first-line therapy. As these children seem to have an
increased rate of infection with resistant organisms, high-
dose amoxicillin (80–90 mg/kg/day) should be used. If the
patient does not respond rapidly, agents with a broader
spectrum (amoxicillin-clauvulanate, cefuroxime axetil) or
other agents (erythromycin-sulfisoxazole, clarithromycin,
or azithromycin) may be considered. All children with fever
who are to be managed as outpatients should be seen by
their primary care physician within 24–48 hours.

Families should return to the ED or their primary care
provider if their condition worsens. It is important to know
how the family can be contacted if a culture becomes pos-
itive. The family’s address, multiple phone numbers, and
even cellular phone and radiopager numbers should be
obtained and noted on the chart. Communication with
the patient’s primary care provider to arrange a follow-up
appointment and inform him or her of the patient’s status is
very important before the patient leaves the ED. The parent
or caretaker must know exactly what to look for if the child
is becoming more ill and what symptoms should prompt
an immediate return to the ED or physician’s office.

Children with previous episodes of serious bacterial
infections (e.g. sepsis or meningitis), a previous history of
opportunistic infections, or a history of low CD4+ counts
should be treated more conservatively. The ED physi-
cian should have a very low threshold for admitting such
patients when they present with fever, even if they look
well [11]. Patients receiving periodic treatments with intra-
venous immunoglobulin (IVIG) because of a history of
invasive bacterial infections are not completely protected
against bacterial infections.

Patients with in-dwelling central venous catheters who
present with fevers may also be admitted for intravenous
antibiotics pending blood cultures. Some centers treat well-
appearing patients with fever and in-dwelling catheters
with intravenous antibiotics and close outpatient follow-
up. Indications for admission of febrile children with HIV
infection are listed in Table 12.7.

Fever control for children with HIV infection can be
accomplished with acetaminophen or ibuprofen as long as
no other contraindications to the use of these medicines
exist. Patients with thrombocytopenia should not use
ibuprofen or other non-steroidal anti-inflammatory drugs
(NSAIDs). NSAIDs are also contraindicated in children with
renal disease.
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Table 12.7 Indications for hospital admission in febrile children

Toxic appearance (lethargy, unexplained tachycardia or
tachypnea, hypotension)

Neutropenia
Presence of indwelling venous devices (some centers treat

well-appearing patients with antibiotics and follow
closely as outpatients)

Increased WBCs or bandemia
Previous episodes of serious invasive bacterial disease or

opportunistic infections

12.3.3 Evaluation and treatment of the ill-appearing
febrile child

All HIV-infected children with fever who are ill-appearing
should have an immediate evaluation and should begin
broad-spectrum parenteral antibiotics. These children all
should be hospitalized. Streptococcus pneumoniae is the
most common cause of invasive bacterial infections in chil-
dren with HIV disease [15, 19]. Other organisms, including
Haemophilus influenzae type b, Salmonella sp., and other
Gram-negative enteric organisms, may also cause inva-
sive disease [5, 9–11, 19]. Children who present in shock,
especially those with in-dwelling central venous devices
and those colonized with Pseudomonas sp., may also have
infections due to Pseudomonas. Fungal sepsis, dissemin-
ated viral infections, and PCP may cause children to have
fever and appear ill. Any child with fever and respiratory
distress should be treated for PCP until a diagnosis is made
(see Chapters 37 and 42 and the following text).

The evaluation of children who appear ill or toxic is out-
lined in Table 12.6. The evaluation and initiation of par-
enteral antibiotics and therapy for PCP should be done as
quickly as possible. Inability to obtain some part of the eval-
uation (owing to technical difficulties or patient instability)
should never delay the institution of treatment.

The history and physical examination may give clues to
the cause of the patient’s deterioration. Vital signs should
be watched closely. In children, hypotension is a late and
ominous sign. Tachycardia, prolonged capillary refill, anxi-
ety, or depressed mental status for age are signs of compen-
sated shock and should prompt immediate action. Fluid
therapy with boluses of isotonic fluids and vasopressor sup-
port, if needed, are just as important as giving the appro-
priate antibiotics.

A CBC and differential count should be obtained to look
for leukopenia or leukocytosis, bandemia, or neutropenia.
Platelet count and coagulation studies may allow for the
early detection of disseminated intravascular coagulation

in patients with sepsis. Cultures of appropriate sites allow
for the narrowing of antibiotic coverage when a specific
diagnosis is made.

A chest x-ray should be obtained. Bacterial pneumo-
nia can occur suddenly in children, especially those with
immunodeficiencies. Children with PCP can present with
fever, cough, respiratory distress, and hypoxia. Patients
with sepsis syndrome may develop pulmonary edema and
acute respiratory distress syndrome (ARDS). Pulse oxime-
try and arterial blood gas values can guide oxygen therapy
and ventilatory support, if needed. Arterial blood gas val-
ues can also show signs of metabolic acidosis in patients
with sepsis.

Patients who present with fever accompanied by
seizures, irritability, marked lethargy, a change in mental
status or other signs of meningitis should have a lumbar
puncture to obtain cerebrospinal fluid (CSF) for diagnos-
tic studies. Bacterial meningitis is the primary concern.
Opportunistic infections may also be present, although not
so frequently.

Treatment of ill-appearing febrile children with HIV
infection demands meticulous monitoring and supportive
care (fluid resuscitation and therapy; vasopressor agents,
oxygen, ventilatory support, and blood product support
as needed). Early administration of broad spectrum, par-
enteral antibiotics is imperative. Keeping in mind the bac-
teriology of invasive infections in these children, a third
generation cephalosporin is often an appropriate choice
for initial therapy. Cefotaxime or ceftriaxone provide good
coverage for both Gram-positive and Gram-negative organ-
isms as well as adequate penetration of the CSF. Although
ceftriaxone or cefotaxime may be reasonable initial ther-
apy in well-appearing children with in-dwelling venous
devices, ill-appearing children with in-dwelling catheters
should receive broader coverage. This broader coverage
should be tailored to the individual clinical situation tak-
ing into account other possible sources for bacteremia in
addition to the catheter, clinical hints concerning possible
etiologies, and the changing local patterns of antibiotic sus-
ceptibility and resistance. For many patients with fever and
an indwelling catheter, it would be wise to enhance cover-
age for Staphylococcus sp. by the addition of an antistaphy-
lococcal penicillin (e.g. nafcillin or oxacillin). Patients with
previous episodes of disease secondary to Pseudomonas sp.
and those in shock should be treated for possible infection
with these organisms [11]. Ceftazidime and an aminogly-
coside would be an appropriate combination.

Studies have shown high rates of resistance to peni-
cillin and cephalosporins among S. pneumoniae isolates in
patients with HIV infection [15, 19]. Patients with menin-
gitis usually appear ill at presentation [16]. In patients with
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meningitis or those for whom there is a high suspicion of
pneumococcal illness, broader coverage, such as the addi-
tion of vancomycin or rifampin, should be given. If cor-
ticosteroids are to be given in patients with meningitis,
rifampin is the preferred additional agent. Antibiotic ther-
apy should be refined when culture and sensitivity results
are available.

12.3.4 Evaluation of the child with persistent fevers

Many HIV-infected children have persistent or recurrent
fevers as part of their primary illness. Often, extensive
workups have already been performed to look for the
cause of these fevers. These children should be evaluated
thoroughly. Any change in clinical status should prompt
a renewed evaluation for possible sources of fever. This
includes any change in the frequency or character of the
patient’s febrile episodes. The clinician best able to make
these judgments is the patient’s primary care physician. If
this physician is unable to see the patient, the ED clinician
should at least contact the primary care physician to dis-
cuss the patient’s clinical presentation and prior workup.
The primary concern in evaluating these patients in the
ED is to be confident (based upon clinical evaluation and,
if necessary, ancillary studies) that a new, acute process is
not present.

Causes of chronic fevers in children include infections
with toxoplasmosis, intestinal parasites, fungi, mycobac-
teria including tuberculosis and MAC, Epstein–Barr virus,
and CMV. Appropriate studies to look for these causes
include large-volume blood cultures, serologic tests, buffy
coat examination, urine culture for viruses, purified pro-
tein derivative (PPD) with control, and bone marrow biopsy
and aspiration for culture [11]. There are no clear guide-
lines regarding how often these procedures should be per-
formed. If there has not been a change in the patient’s clini-
cal condition and the patient does not look acutely ill, these
procedures do not need to be done in the ED. This is espe-
cially true if they have recently been performed in the ED
or by the patient’s primary care giver. Close observation of
patients with recurrent or persistent fevers is of paramount
importance. Any change in the patient’s condition warrants
not only an investigation to find these less common causes
of fever but also laboratory studies to rule out a new, acute
process (e.g., bacteremia or pneumonia) as well.

12.4 Respiratory distress

Respiratory distress can be an ominous sign in HIV-infected
children. Pneumocystis carinii pneumonia is still the most

Table 12.8 Major causes of respiratory distress

Bacterial pneumonia
Streptococcus pneumoniae, Haemophilus influenzae

type b, group A streptococci,
Staphylococcus aureus, Mycoplasma pneumoniae,

Branhamella catarrhalis,
Pseudomonas aeruginosa and other Gram negative

organisms
Common viral pathogens (e.g., respiratory syncytial virus,

influenza, adenovirus)
Pneumocystis carinii pneumonia
Lymphoid interstitial pneumonitis
Underlying reactive airway disease
Other opportunistic infections (Mycobacterium avium

complex, tuberculosis, aspergillosis, Legionella)
Cytomegalovirus pneumonitis
Cardiac disease

common opportunistic infection in these children and
a major cause of morbidity [20]. Respiratory infections
are the most common cause of mortality in HIV-infected
children [21]. Many other causes – both infectious and
non-infectious – may be responsible for producing res-
piratory distress. Respiratory distress in an HIV-infected
child should prompt an immediate evaluation and quick
treatment.

12.4.1 Causes

The major causes of respiratory distress in children with
HIV infections are listed in Table 12.8. Even in HIV-infected
children, some of these causes are relatively rare (e.g.
opportunistic infections other than PCP and CMV infec-
tion). Bacterial pneumonias are common in children with
HIV infection. S. pneumoniae, H. influenzae type b, group A
streptococci, Staphylococcus aureus, Mycoplasma pneumo-
niae, Moraxella cattarhalis, and Gram negative organisms,
including Pseudomonas sp. have all been found to cause
pneumonia. Children may also suffer from infections with
common viral pathogens.

Pneumocystis carinii pneumonia is the most worrisome
cause of an acute change in a patient’s respiratory status.
Lymphocytic interstitial pneumonitis is a common find-
ing in children with HIV infection. It may cause a slow
but progressive decrease in pulmonary function leading
to symptoms. Many children with HIV infection are of
African-American or Hispanic descent and live in major
urban areas. The prevalence of underlying reactive airway
disease is high in this setting. Children with HIV infection
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Table 12.9 Emergency evaluation of children with respiratory

distress

Complete history and physical examination
Chest radiograph
Complete blood count and differential
Pulse oximetry
Induced sputum or bronchoalveolar lavage to rule out

Pneumocystis carinii pneumonia (unless another
diagnosis is definitive)

If indicated:
Arterial blood gas
Lactate dehydrogenase (LDH) level
Blood culture
Viral studies
PPD and anergy testing

PPD, purified protein derivative, tuberculin skin test.

may have underlying reactive airway disease as well [22]
(see Chapter 31). The impact of HIV infection on other
organ systems including the effects of cardiomyopathy may
cause respiratory distress. Children may also have respir-
atory distress due to LIP and other opportunistic infections,
including MAC, tuberculosis, aspergillosis, and Legionella
infection.

12.4.2 Evaluation

The usual evaluation of children with HIV infection and
respiratory distress is outlined in Table 12.9. A thorough
history and physical examination should be performed in
all these patients. Prior history of opportunistic infections
(especially PCP) or a bacterial pneumonia should be deter-
mined. The purified protein derivative, tuberculin skin test
(PPD) status of the patient, family, and contacts should be
ascertained [23]. Tuberculosis is relatively rare in children
with HIV infection, but when present it requires aggressive
therapy. A prior history of reactive airway disease or (LIP)
can guide therapy and evaluation.

Children with known reactive airway disease who present
with mild, diffuse wheezing, are afebrile and look relatively
well may be given a trial of bronchodilator therapy (beta-
agonists). If they improve with minimal treatment, are not
hypoxic, and continue to look well, no further evaluation
needs to be done [22]. Ipratropium may be added to the
beta-agonists as it has been shown to decrease admission
rates in children without HIV infection and asthma who are
having moderate to severe attacks. These children should
have close follow-up to be sure that they do not have a

deterioration in their status. Their primary care physician
must be informed and follow-up scheduled in 1–2 days.

A chest x-ray and CBC should be done in all other children
in addition to pulse oximetry. Children with bacterial pneu-
monias usually present with acute onset of fever, cough,
tachypnea, and varying degrees of respiratory distress [20,
22, 23]. Mild hypoxemia may be present. Many pneumonias
in children result from hematogenous seeding of the lung
during episodes of occult bacteremia. Respiratory symp-
toms may be minimal early in the course of these children’s
illnesses. Chest x-rays usually show lobar or segmental infil-
trates [22–24]. There may be associated pleural effusions.
Pleurocentesis may provide relief of symptoms and iden-
tify an etiologic agent in patients with large pleural effu-
sions. The white blood count is usually elevated, and there
is usually a left shift in the differential. Cold agglutinins, if
positive, may indicate an infection with M. pneumoniae.

Children with HIV infection may also have infection with
common respiratory pathogens. When infected with RSV,
children with HIV infection are less likely to have wheez-
ing and more likely to present with pneumonia than those
without HIV infection [20, 25]. HIV-infected children have
prolonged viral shedding. The clinical course is not more
severe than in uninfected children. Measles infection may
lead to severe pneumonia in children with AIDS [20]. Viral
respiratory illnesses may be diagnosed with nasal wash-
ings for rapid viral diagnostic tests. Findings are otherwise
non-specific. If children have severe symptoms or are not
improving as would be expected, simultaneous infection
with bacterial pathogens, Pneumocystis carinii, or other
pathogens may be present.

12.4.3 Pneumocystis carinii pneumonia

Children can present with PCP acutely or in a more subtle
way. Pneumocystis carinii pneumonia can manifest at any
age, but 50% of reported cases in children with HIV infec-
tion occur in the first 6 months of life [26]. It may be the first
manifestation of HIV-related disease and the first presenta-
tion may be fatal. Consideration of a PCP diagnosis should
trigger the initiation of therapy. Usually, children have acute
onset of tachypnea, dyspnea, and cough [6, 20]. However,
they may also present with a cough of days to weeks in
duration with only slowly progressive tachypnea [22, 23].
Physical examination shows tachypnea, dyspnea, rhonchi,
and wheezes. Rales may be present but are rare [22]. These
children usually have hypoxia, which is more marked than
would be expected from the patient’s symptoms. Chest
x-rays typically show a diffuse, interstitial pattern, although
clear radiographs (especially early in the disease process),
hyperinflation, lobar infiltrates, or even severe changes
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consistent with ARDS have been reported [20, 22]. Lactate
dehydrogenase (LDH) levels are usually markedly elevated
(>500 IU), and the alveolar–arterial oxygen gradient is usu-
ally high (>30 mm Hg) [20, 22, 27]. Definitive diagnosis is
made on specimens usually obtained by induced sputum
or bronchoalveolar lavage (see Chapter 42 for a detailed dis-
cussion of diagnosis and therapy of PCP). Therapy should
be started as soon as a diagnosis of PCP is considered and
should not wait until a definitive diagnosis is made.

12.4.4 Lymphoid interstitial pneumonitis

Lymphoid interstitial pneumonitis (LIP) is a slowly pro-
gressive finding in many children with HIV infection and is
the most common respiratory complication in these chil-
dren [23]. Usually, children present after 1 year of age [28].
Patients may have a cough but often present only with mild
tachypnea [22]. Digital clubbing is often present. Hypoxia
is usually mild but chronic. Often, children with LIP have
associated lymphadenopathy, hepatosplenomegaly, and
parotid enlargement. They frequently have clear breath
sounds, but wheezing and other signs of bronchospasm
may be present. Chest x-rays show a diffuse, interstitial
process often with a reticulonodular pattern [20, 22, 23,
27, 28]. Lymphoid interstitial pneumonitis and pulmonary
lymphoid hyperplasia (PLH) represent a continuum. In
PLH, the nodular pattern is more pronounced; LIP–PLH
can progress to respiratory failure if not recognized and
treated [24]. Lactate dehydrogenase is mildly elevated in
these patients (usually 250–500 IU) [22], and there may be
some overlap of LDH values with children with PCP (see
Chapter 31).

12.4.5 Cytomegalovirus

Many patients with HIV infection have evidence of prior
infection with CMV. Cytomegalovirus may reactivate with
immune dysfunction, and immunosuppressed patients
may have acute infections. Pneumonia may be one mani-
festation. Retinitis, hepatitis, and colitis may also be seen
[22]. Pneumonia accompanied by one of these findings is
very suggestive of CMV disease. Pneumonia due to CMV
often looks like PCP on chest x-rays. Cytomegalovirus may
cause coinfection with PCP and may contribute to a lack of
improvement with conventional therapy for PCP [16]. Lung
biopsy may be required to definitively diagnose the cause
of the patient’s respiratory compromise (see Chapter 31).

12.4.6 Therapy

Appropriate treatment for the underlying cause of the
patient’s respiratory symptoms should be begun quickly. A
summary of indicated treatments for specific respiratory

Table 12.10 Treatment of children with respiratory symptoms

Condition Treatment

Reactive airway
disease

Bronchodilators (including
ipratropium), corticosteroids

Bacterial
pneumonia

Amoxicillin,
amoxicillin–clavulanate, or
cefuroxime po or cefuroxime IV
(if severely ill or accompanied
by sepsis, use broader
antibiotic coverage)

Bacterial
pneumonia in
recently
hospitalized
patients

Ceftriaxone and
antistaphylococcal penicillin IV
(consider coverage for
Pseudomonas, e.g. ceftazidime
and an aminoglycoside)

Pneumocystis carinii
pneumonia

Trimethoprim–sulfamethoxazole
or pentamidine IV

Lymphoid
interstitial
pneumonitis –
pulmonary
lymphoid
hyperplasia

Corticosteroids po (may give IV if
critically ill)

Viral processes Supportive care (consider
ribavirin for respiratory
syncytial virus, amantadine for
influenza, ganciclovir for
cytomegalovirus, acyclovir for
varicella)

All children should receive supportive care including oxy-
gen, bronchodilator therapy, ventilatory support, and IV
fluids as indicated.

conditions in children with HIV infection can be found
in Table 12.10. Supportive care, including oxygen ther-
apy, ventilatory support, bronchodilator therapy, and intra-
venous fluids, should be provided as needed. Patients who
may be developing respiratory failure should be kept NPO
(nothing by mouth) in anticipation of possible endotra-
cheal intubation. Pneumocystis carinii pneumonia can be
a rapidly fatal disease in this population. If the diagnosis
of PCP is considered, therapy should be begun immedi-
ately [5, 20, 22, 23]. Corticosteroids have been shown to be
helpful in pediatric patients with PCP and are usually also
begun [21, 29–31] (therapy for PCP is covered in detail in
Chapter 42).

Afebrile children who present with diffuse wheezing and
respiratory distress may be given a trial of bronchodilator
therapy. Patients with moderate to severe symptoms often
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benefit from the addition of ipratropium to beta-agonists
in the ED. This therapy may decrease admission rates. Ipra-
tropium is not used as chronic therapy for reactive airway
disease. If they improve rapidly and show no signs of a coex-
isting respiratory infection, they may be discharged to con-
tinue bronchodilator therapy at home. Corticosteroids, 1–2
mg/kg/day of prednisone or prednisolone, may be given
for 4–5 days. Hypoxia, moderate to severe respiratory dis-
tress, or rapidly recurring symptoms are indications for
hospital admission just as they are for patients with react-
ive airway disease without HIV infection (therapy for react-
ive airway disease in the HIV-infected child is discussed in
Chapter 31). Fever, a first episode of wheezing, severe dis-
tress, hypoxia, or failure to improve with usual therapy all
should prompt the clinician to obtain a chest radiograph.
Febrile children with wheezing who have rales, abnor-
mal chest x-rays, or leukocytosis should receive antibi-
otics as well as therapy for their reactive airway disease
[22].

Patients with lobar or segmental infiltrates should be
treated for presumed bacterial pneumonia. If the diagno-
sis is not clear or if the patient is ill-appearing, treatment
is often initiated simultaneously for both bacterial infec-
tions and PCP while definitive test results are pending.
Patients who are only mildly symptomatic, not dehydrated,
not hypoxic, and able to tolerate oral medications may be
given a trial of oral antibiotics. The patients should be fol-
lowed up closely. If transportation back to the hospital is
not readily available or if the family is unable to adequately
monitor the child’s progress, the child should be admitted
to the hospital for treatment and observation.

Amoxicillin, amoxicillin-clavulanate, and cefuroxime
may be good choices for oral therapy, depending on the
local pattern of antibiotic resistance, particularly resistant
pneumococci. Doubling the usual dose of the antibiotic
has been recommended, especially in areas where there
is a significant incidence of pneumococci with interme-
diate sensitivities to beta-lactams [22]. When this is done
with amoxicillin-clavulanate, the clinician must be care-
ful not to be giving too high a dose of clavulanate so as
not to cause gastrointestinal irritation and diarrhea (see
Chapter 37). Trimethoprim–sulfamethoxazole should be
reserved for patients with presumed PCP and therefore is
not appropriate outpatient therapy in HIV-infected chil-
dren with pneumonia (all patients with presumed PCP
should be admitted). Patients should be re-examined by
their primary care physician, if possible, or in the ED within
24 hours. Patients whose clinical status worsens at any time
should be admitted for parenteral antibiotics. Patients on
oral antibiotics who fail to improve within 24–48 hours
should also be admitted for parenteral antibiotic therapy.

Failure to improve should also prompt a serious reconsid-
eration of the underlying diagnosis.

Cefuroxime 100–150 mg/kg/day, divided into three
doses, is an excellent choice for otherwise uncomplicated
cases in patients requiring parenteral therapy. Patients who
have recently been hospitalized should receive broader
coverage to include therapy for S. aureus and Gram-
negative organisms. The combination of ceftriaxone and an
anti-staphylococcal penicillin is a good alternative in these
patients. If Pseudomonas sp. is suspected as a cause, cef-
tazidime and an aminoglycoside are appropriate. Seriously
ill patients should be treated with broader coverage, modi-
fied to take into account the clinical details of the patient.

Patients must be monitored closely. Deterioration in
clinical status or failure to improve within 24–72 hours
should prompt reconsideration of the underlying diagno-
sis, broadening the spectrum of antibiotic coverage, and
additional diagnostic testing. Although it occurs rarely,
patients with PCP may have lobar or segmental infiltrates
on chest x-ray. The addition of TMP–SMX or pentamidine
may be considered.

In children with hypoxia and findings consistent with
LIP–PLH, treatment with corticosteroids may be help-
ful. Prednisone or prednisolone (if a liquid preparation is
needed) at 1–2 mg/kg/day is given for several weeks [20,
22, 23]. Chapter 31 discusses therapy for LIP in more detail.
Dosages are then slowly tapered as tolerated. Tuberculo-
sis and pulmonary disease with MAC may look similar to
LIP–PLH. If the patient has a history of fevers, these should
be excluded before the patient is started on corticosteroid
therapy [22].

Most viral respiratory infections require only good sup-
portive care. Critically ill children may be treated with spe-
cific antiviral agents (e.g. ribavirin for RSV, acyclovir for
varicella, ganciclovir for CMV pneumonitis and amanta-
dine for influenza) if a diagnosis is made.

12.5 Gastrointestinal emergencies

12.5.1 Diarrhea

Diarrhea, both acute and chronic, is a common problem
in HIV-infected children. In the emergency setting, acute
diarrhea can cause dehydration, especially if accompanied
by vomiting or fever. Chronic diarrhea and wasting may
make an HIV-infected child more prone to dehydration
from an intercurrent illness. Dehydration should be treated
aggressively with fluids, which may be given intravenously,
if necessary. Determining a causative agent may permit
specific therapy and more rapid resolution of symptoms.
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Table 12.11 Common causes of diarrhea

Bacteria
Salmonella sp.
Shigella sp.
Campylobacter sp.
Yersinia enterocolitica
Escherichia coli
Clostridium difficile

Viruses
Rotavirus
Enteroviruses
Adenovirus
Cytomegalovirus

Opportunistic infections
Mycobacterium avium complex
Giardia lamblia
Cryptosporidium
Entamoeba histolytica
Microsporidia
Isopora belli
Cyclospora

Gastrointestinal disorders are discussed more completely
in Chapter 33.

Differential diagnosis
Common causes of diarrhea in HIV-infected children are
listed in Table 12.11. Bacterial gastroenteritis can be caused
by all the agents that cause diarrhea in immunocompetent
children. Patients who experience an abrupt onset of diar-
rhea without preceding vomiting are more likely to have a
bacterial infection [32]. Bloody stools are more often seen in
children with bacterial gastroenteritis. Although not highly
sensitive, the finding of more than five stool leukocytes per
high-power field in a stool specimen is indicative of prob-
able bacterial infection.

Patients with emesis of several hours’ duration fol-
lowed by the onset of watery or occasionally mucoid diar-
rhea frequently have viral gastroenteritis [32]. Children
with HIV infection experience infections with routine viral
pathogens. However, these agents often cause prolonged
symptoms [32, 33]. HIV-infected children may also exp-
erience gastroenteritis due to CMV and other uncommon
causes.

Opportunistic infections including parasitic diseases
and MAC may produce diarrhea in children – often of
a chronic nature. Cryptosporidiosis has been reported
to cause episodes of severe diarrhea in children with
HIV infection, especially in patients with advanced symp-

Table 12.12 Evaluation of children with diarrhea

History
Possible exposure to infectious agents
Presence and time course of vomiting
Nature of diarrhea
Presence of abdominal pain
Presence of tenesmus
Activity level
Urine output

Physical examination
Temperature
Close attention to vital signs
Signs of dehydration or poor perfusion
Abdominal tenderness

Laboratory tests
Complete blood count with differential
Serum electrolytes and glucose (glucose testing should

be done at bedside)
Blood culture for bacterial pathogens
Stool examination for leukocytes
Stool culture for bacterial pathogens
Stool culture for viral pathogens
Stool for Clostridium difficile toxins
Stool examination for ova and parasites

toms [34]. Children with prolonged symptoms should be
evaluated for these illnesses and treated as outlined in
Chapter 33.

Evaluation
The evaluation of the HIV-infected child with diarrhea is
outlined in Table 12.12. The clinician should look for signs
of dehydration or cardiovascular compromise and attempt
to identify a causative agent so that specific therapy can
be begun. History of exposure to infectious agents at home
or in a day care or school setting can be helpful. Vomiting
that precedes diarrhea is often seen with viral infections
[32]. Bloody stools are common in bacterial gastroenteri-
tis, especially when Shigella sp., Campylobacter sp., Yersinia
enterocolitica, or invasive Escherichia coli are the causative
agents. Clostridium difficile, CMV, and Entamoeba histolyt-
ica can also cause bloody stools. Tenesmus is common with
Shigella and E. histolytica.

HIV-infected children may be chronically ill and have
problems with wasting or failure to thrive. This may make
them prone to rapid dehydration with intercurrent ill-
nesses. Caretakers should be asked about the patient’s oral
intake, activity level, and urine output. On physical exami-
nation, lethargy may indicate severe dehydration requiring
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prompt fluid resuscitation. Signs of dehydration or poor
perfusion should also be looked for on physical examina-
tion. Tachycardia (especially in the absence of fever), dry
mucous membranes, cool extremities, and prolonged cap-
illary refill all are worrisome signs. Decreased activity level
may also indicate dehydration. Hypotension is a late sign
signaling decompensated shock. Children who progress to
this state are near collapse and resuscitation may be diffi-
cult. It is imperative to intervene early before this occurs.

Several laboratory studies may be helpful in the evalua-
tion of diarrhea. The presence of fecal leukocytes makes the
diagnosis of bacterial gastroenteritis more likely. Sheets of
leukocytes are often seen with Shigella infections. However,
the absence of fecal leukocytes does not exclude bacterial
sources as the cause of diarrhea. Children with HIV infec-
tion have a higher risk of developing invasive disease due
to Salmonella sp. and other enteric organisms [32]. Gas-
troenteritis due to Salmonella should be treated with oral or
parenteral antibiotics. Any signs of systemic illness (fever,
rigors, poor perfusion) in this setting should raise the con-
cern that the patient is bacteremic. Intravenous antibiotics
should be administered in addition to rapid fluid resuscita-
tion. If possible, blood cultures should be obtained before
antibiotics are given.

A complete blood count may show leukocytosis with a
left shift, especially if bacteremia is present. Patients with
infections due to Shigella sp. often have low or normal
total WBCs but a marked bandemia in which band forms
often exceed the number of mature neutrophils. Atypical
lymphocytes may be seen in children with viral gastroen-
teritis. Serum electrolytes and glucose should be checked.
Marked acidosis may call for bicarbonate replacement.
Patients with a history of wasting and decreased body stores
may be especially prone to hypoglycemia in the setting of
increased losses and decreased intake. In patients with pro-
longed diarrhea who have negative bacterial cultures and
viral antigen tests, stools should be tested for C. difficile
toxin and examined for ova and parasites and mycobac-
teria. Enteric cryptosporidiosis can cause severe diarrhea
in patients with advanced HIV infection. The diarrhea is
secretory in nature and can lead to severe dehydration and
weight loss [34]. Recovery was reported in some patients
without specific treatment of this entity.

Therapy
The main goal of therapy in the patient with diarrhea is to
ensure adequate hydration and end-organ perfusion. Chil-
dren with mild diarrhea who can tolerate oral fluids may
be able to be managed with oral electrolyte solutions or
other dietary manipulations. Children who appear more
than mildly dehydrated, who have diarrhea accompanied
by marked emesis, or who have signs or symptoms of sys-

temic disease that might be consistent with bacteremia
should be rapidly rehydrated with intravenous fluids.

Initial fluid therapy consists of 20 ml/kg boluses of iso-
tonic fluid (0.9% normal saline solution [NSS] or Ringer’s
lactate). Boluses are repeated until signs of decreased per-
fusion (tachycardia, prolonged capillary refill, decreased
urine output) resolve. Urine output should be monitored
closely and used as a guide for fluid therapy. In children with
signs of decompensated shock (i.e. hypotension), rapid
fluid administration is still the first line of therapy. Vaso-
pressor agents should be started if there is no response after
60–80 ml/kg of crystalloid fluids have been administered.
Intraosseous needles may be used if intravenous access
cannot be obtained. These can be used in all age groups,
even in large adolescent patients and adults. The anterior
tibial plateau is the preferred site for intraosseous access
in young children. The distal, anterior femur may also be
used in young infants. In children over 3 years of age and
especially in patients greater than 6 years of age, the distal
tibia just cephalad to the medial malleolus is the preferred
site of insertion. Any fluid or medication (including blood
products) which would be administered through a standard
intravenous line may be given through an intraosseous site.

Administration of glucose should be guided by serum
glucose testing. Boluses of large volumes of glucose-
containing fluids should be avoided. Large amounts of
intravenous glucose may cause an osmotic diuresis, even in
the presence of dehydration, and thus cause further fluid
losses. Bedside testing allows for rapid determination of
the child’s serum glucose. If serum glucose is low, glucose
should be administered at a dose of 0.25–0.50 g/kg (2.5–
5 ml/kg of 10% dextrose [D10], 1–2 ml/kg of D25, or 0.5–1
ml/kg of D50). Lower concentrations (e.g. D10) are less likely
to cause phlebitis or venous irritation leading to a loss of
intravenous access.

After fluid resuscitation and the acute treatment of hypo-
glycemia have been completed, children should be begun
on dextrose-containing fluids with saline to slowly replace
fluid and electrolyte deficits (e.g. D5, 0.45% NSS at 1.5
times maintenance). Deficits should be replaced over a
period of 24–48 hours (48–72 hours in patients who are
hypernatremic).

If a bacterial infection is suspected, antibiotics should
be started. Children with mild symptoms who are not
dehydrated and appear clinically well may be given oral
antibiotics (TMP–SMX is most commonly used for sus-
pected Salmonella sp. or Shigella sp.). Signs of toxic-
ity, dehydration, poor perfusion, or inability to tolerate
oral medications should prompt the institution of intra-
venous regimens for various suspected pathogens, as out-
lined in Table 12.13. Cultures should be obtained before
antibiotic therapy is begun. After results are available,
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Table 12.13 Antibiotics for bacterial gastroenteritis

Parenteral
Suspected agent Oral antibiotics antibiotics

Salmonella sp. Amoxicillin
TMP–SMX

Ampicillin
TMP–SMX
Ceftriaxone

Shigella sp. TMP–SMX
Amoxicillin

(high rates of
resistance in
some areas)

Tetracycline (in
patients >8
years of age)

TMP–SMX
Ampicillin
Ceftriaxone
Chloramphenicol

Campylobacter
sp.

Erythromycin
Tetracycline (in

patients >8
years of age)

Aminoglycosides

Yersinia
enterocolitica

TMP–SMX TMP–SMX
Chloramphenicol

Escherichia coli
(there are no
studies
supporting the
effectiveness of
antibiotics in
the treatment
of E. coli
enterocolitis)
[36]

TMP–SMX TMP–SMX

Clostridium
difficile

Vancomycin
Metronidazole

TMP–SMX, trimethoprim-sulfamethoxazole
Once available, sensitivity testing should guide antibiotic
choice.

sensitivity profiles should be used to guide antibiotic
therapy.

Most viral pathogens are not amenable to specific ther-
apy. Cytomegalovirus enteritis, when biopsy confirmed,
may be treated with ganciclovir or foscarnet [32, 33]. When
identified from specimens, various parasitic and oppor-
tunistic infections may be amenable to specific therapies.

12.5.2 Abdominal pain

Differential diagnosis
Children with gastroenteritis may have abdominal pain as
part of their constellation of symptoms. Diarrhea or vom-

iting or both may accompany the pain or follow soon after.
Yersinia enterocolitica infection may cause mesenteric
adenitis (inflammation of the mesenteric lymph nodes),
which can lead to symptoms of severe abdominal pain,
fever, and vomiting. Infections of the mesenteric lymph
nodes in MAC infection may also be associated with severe
abdominal pain. It may be difficult to distinguish these
symptoms from appendicitis or other acute abdominal
processes.

Patients with HIV infection may have appendicitis.
One study in adults showed that HIV-infected individu-
als tended to present to the ED relatively late in their
course and had a higher appendiceal perforation rate
than non-infected controls [35]. Of interest, none of the
26 HIV-infected individuals with appendicitis had an ele-
vated WBC. Patients who present with signs and symp-
toms of appendicitis should be aggressively evaluated. Sur-
gical intervention must be sought quickly if appendicitis is
clearly present. Equivocal findings should prompt evalu-
ation with abdominal and pelvic computed tomography
scanning to rule out appendicitis. The WBC may be less
useful in evaluating these patients.

Patients with intussusception can present with abdom-
inal pain, vomiting, and varying degrees of lethargy. Intus-
susception may result from lead points due to various
disease processes (e.g. submucosal bleeding in patients
with CMV enteritis). Other common causes of abdom-
inal pain such as urinary tract infection and consti-
pation may be seen in HIV-infected children as well.
Pneumonia, especially involving the lower lobes may
also present with complaints of abdominal pain (and
may be accompanied by vomiting). HIV-infected children
are also at risk for less common causes of abdominal
pain.

Esophagitis due to Candida infections may be seen. Usu-
ally, these patients have retrosternal or epigastric pain espe-
cially with swallowing [32, 33]. Esophagitis may or may not
be accompanied by oral thrush. Herpes simplex virus (HSV)
may lead to esophagitis with similar symptoms. Usually,
oral ulcers accompany HSV esophagitis [32]. Young chil-
dren may refuse to drink or have drooling as presenting
signs of these infections.

HIV-infected children have been reported to develop
pancreatitis at increased rates [36]. In this group of patients,
pancreatitis was associated with the use of pentamidine,
especially in patients with very low CD4 counts. Pneu-
mocystis carinii pneumonia, CMV, cryptosporidium, and
MAC were all associated with pancreatitis. Patients with
pancreatitis virtually all have abdominal pain and vomit-
ing. Didanosine (ddI), lamivudine (3TC), stavudine (d4T),
and zalcitabine (ddC) are also associated with pancreatitis
[21, 37].
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Other rare causes of abdominal pain have been reported
in children with HIV infections. Splenic abscesses were
reported in two patients who had fever and abdominal pain
as presenting symptoms [38]. An HIV-infected child with
recurrent episodes of abdominal pain was found to have
hydrops-like cholecystitis due to cryptosporidial endo-
cholecystitis [39]. In adult patients with HIV infection,
hepatobiliary disease is the most common site of extrain-
testinal involvement with this organism. Extrapulmonary
Pneumocystis carinii infections can also involve abdominal
organs.

Evaluation
Evaluation of the HIV-infected child with abdominal pain
begins with a thorough history and physical examination.
Other signs and symptoms of gastroenteritis should be
sought. Fever may accompany gastroenteritis. Fever is also
seen with urinary tract infections, lower lobe pneumonias,
and acute abdominal processes such as appendicitis. Many
patients with pancreatitis have fever as well. Absence of
fever makes infections or suppurative causes of abdominal
pain less common but does not exclude them completely.

A medication history may reveal the use of pentamidine,
ddI, 3TC, d4T, ddC, or steroids. All of these agents have
been associated with pancreatitis. A past history of pancre-
atitis, urinary tract infections, or recurrent problems with
constipation may make one of these processes the most
likely diagnosis. Emesis that is not followed by diarrhea
within 12–24 hours makes gastroenteritis a less likely cause
of abdominal pain. Pancreatitis, intussusception, or acute
abdominal processes leading to an ileus or obstruction
should be considered. Bilious emesis may be seen with an
ileus but should raise the concern of a mechanical obstruc-
tion. All children with bilious emesis should have abdom-
inal x-rays with multiple views to rule out an obstruction.

Peritoneal signs should prompt surgical consultation.
Right lower quadrant pain and tenderness, rebound ten-
derness, and guarding are seen with appendicitis. Remem-
ber that the WBC count may not be elevated in patients
with HIV infection and appendicitis. Abdominal and pelvic
CT scans may be helpful. Right upper quadrant tender-
ness and possibly a mass may be seen with cholecysti-
tis. Periumbilical, epigastric, and flank pain can be seen
in children with pancreatitis. Often, the physical signs in
children with pancreatitis seem to be less than would be
expected from the child’s symptoms. Severe pain and eme-
sis are the most common symptoms seen. Intermittent,
cramping, severe pain, which may be relieved by episodes
of emesis, is more typical of intussusception. A mass may
be felt in children with intussusception, usually in the right
side of the abdomen. Bloody stools (currant-jelly stools) are
a late sign of intussusception indicating mucosal ischemia

and compromise. The goal should be to make this diagnosis
before this occurs.

Unless the history and physical examination clearly point
to a benign cause of abdominal pain (e.g. constipation)
or gastroenteritis, HIV-infected children with abdominal
pain should have some screening laboratory and radio-
logic studies performed. At least two radiologic views of
the abdomen to rule out ileus or obstruction should be
obtained. A CBC with differential, urinalysis, urine Gram
stain and culture may be helpful. Serum transaminases,
bilirubin, lipase, and amylase determinations are helpful
in the evaluation. Elevated serum lipase is a more sensitive
and more specific finding than elevated amylase in patients
with pancreatitis. If cholecystitis or other hepatobiliary pro-
cesses are suspected, serum bilirubin and hepatic transam-
inases may be elevated. In patients found to have pancre-
atitis, serum calcium, glucose, and electrolytes should be
followed closely.

Specialized studies may be required for diagnosis or
treatment in certain situations. Esophagrams or esopha-
goscopy may be required to make a definitive diagnosis of
Candida or HSV esophagitis. Ultrasonography may be used
to diagnose cholecystitis or monitor patients with pancre-
atitis for pseudocyst formation. It may also be useful in the
diagnosis of appendicitis and some cases of intussuscep-
tion. Air-contrast or barium enema remains the diagnos-
tic tool of choice as well as the initial treatment for intus-
susception. Hepatic and splenic abscesses may be found
with ultrasound or abdominal computed tomography (CT)
scans.

Therapy
The main goal of therapy in HIV-infected children with
abdominal pain is to provide good supportive care until
the underlying cause can be found. Hydration status should
be monitored closely. Intravenous fluids and glucose and
electrolytes should be given, if needed. Analgesia should be
provided as soon as possible. Delaying the administration
of analgesics while diagnostic studies are performed is not
necessary. After a diagnosis is made, definitive therapy may
be begun.

Children with esophagitis due to Candida may be treated
with ketoconazole and mycostatin orally [32]. Failure to
respond to this therapy in a few days should prompt the
institution of parenteral therapy. Amphotericin B or flu-
conazole are possible alternatives [32] (see Chapter 35).

Treatment of pancreatitis is supportive in nature. Patients
should be made NPO and have a nasogastric tube placed
and put to low, intermittent suction to effect complete
bowel rest. Intravenous fluids and parenteral hyperali-
mentation should be begun. Nasogastric losses should
be replaced. Analgesia with opioids should be provided.
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Respiratory status, serum calcium, electrolytes, and glu-
cose should be monitored carefully. Serial ultrasound or
abdominal CT scans should be performed to monitor for
the development of pancreatic pseudocysts, abscesses,
or hemorrhagic complications. Medications that could
have caused pancreatitis should be discontinued. Corti-
costeroids are not indicated and antibiotics should only be
given for specific suppurative complications.

Parenchymal abscesses may be treated with antibiotics
or antifungal agents if a causative organism is known. How-
ever, most parenchymal lesions require surgical drainage at
some point [38]. Common causes of abdominal pain should
be managed as they would in children without HIV infec-
tion (see Chapter 16).

12.6 Neurologic emergencies

Most HIV-infected children have neurologic involvement
at some point in their illness [5, 7]. The most common
neurologic manifestation of HIV infection in children is an
encephalopathy due to primary infection of the CNS [5–7].
Emergency presentations of this encephalopathy are rare
except in rapidly progressive cases. However, children with
HIV infection may have the acute onset of seizures or a
change in mental status that warrants an ED workup and
emergency treatment. One case series reports two children
in which the initial presentation of their HIV disease was
that of seizures accompanying ischemic cerebrovascular
accidents [40]. Chapters 17 and 26 contain more detailed
discussions of the neurologic and neuropsychologic disor-
ders associated with HIV infection.

12.6.1 Seizures

Differential diagnosis
The encephalopathy associated with HIV infection usually
is not associated with seizures [5, 7]. Seizures may be part
of the clinical picture if the encephalopathy is rapidly pro-
gressive. However, other causes must always be ruled out
when an HIV-infected child presents with seizures. The dif-
ferential diagnosis of seizures in HIV-infected children is
found in Table 12.14. Central nervous system infections are
a major cause of morbidity. Opportunistic infections of the
CNS are seen but are less common than bacterial meningi-
tis in children with HIV infection [7]. The same organisms
that are responsible for meningitis in immunocompetent
children are often involved. Streptoccus pneumoniae, H.
influenzae type B, Escherichia coli, and Salmonella sp. are
all seen in these patients [7, 41]. Children with HIV infection
may not respond normally to immunizations and, there-
fore, pneumococcal and HiB disease may be seen even
in patients with complete immunizations. Children may

Table 12.14 Differential diagnosis of seizures

Bacterial meningitis
Streptococcus pneumoniae
Haemophilus influenzae type b
Escherichia coli
Salmonella sp.
Other bacteria

Opportunistic infections
Toxoplasma gondii
Cryptococcus neoformans
Candida albicans
Mycobacterium tuberculosis
Atypical mycobacterium

Viral infections
Cytomegalovirus
Herpes simplex virus

CNS malignancy
CNS hemorrhage or infarction
Rapidly progressive HIV encephalopathy

present with fever, headache, lethargy or irritability, nuchal
rigidity, and possibly focal deficits. Seizures with fever are
a possible presentation.

Opportunistic infections caused by Toxoplasma gondii,
Cryptococcus neoformans, Candida albicans, Mycobac-
terium tuberculosis, and atypical mycobacteria may cause
focal or generalized seizures in patients with HIV infection.
Meningeal signs and signs of increased intracranial pres-
sure may be seen. Viral infections with CMV and HSV as
well as common viruses such as enteroviruses may cause
meningitis or encephalitis and seizures.

Central nervous system malignancies, usually lym-
phoma, and hemorrhage or infarction may cause seizures,
focal deficits, or an abrupt change in mental status [6,
7, 40, 41]. Central nervous system hemorrhage usually
occurs in the setting of immune-mediated thrombocy-
topenia [6, 7]. A small number of pediatric HIV patients
have developed CNS aneurysms [42], and a few develop
acquired coagulopathies. Infarctions have been reported
in children with HIV encephalopathy and may account
for their initial presentation [7, 40]. HIV-infected chil-
dren may also have seizures due to the same causes
seen in other children, including trauma, ingestions, and
metabolic derangements. These other causes should also
be considered.

Evaluation and treatment
Emergency evaluation and management of HIV-infected
children with seizures proceed hand in hand (Figure 12.1).
The ED physician should rapidly assess the child’s airway,
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Figure 12.1. Evaluation and treatment of seizures. ICP, intracranial pressure.

breathing, and circulatory status and support the airway
and ventilate, if necessary. Bag-valve-mask ventilation is
usually sufficient until the seizure can be controlled. If
ventilation is not effective or if prolonged hypoventilation
occurs with the use of anticonvulsant medications, endo-
tracheal intubation is indicated. In patients with uncon-
trolled status epilepticus or signs of increased intracra-
nial pressure, rapid sequence intubation should be con-
sidered for cerebral protection. Intravenous access should
be obtained. If the clinician is unable to obtain access,
intraosseous needles may be used or diazepam may be
given per rectum, 0.5 mg/kg, to control seizures.

Seizures that continue for more than a few minutes
should be treated with anticonvulsant agents. Benzo-
diazepines (0.1 mg/kg diazepam IV or 0.05–0.1 mg/kg
lorazepam IV) are usually used first. If seizures do not abate

with two to three doses, phenytoin (with a loading dose
of 20 mg/kg IV) may be added. Phenytoin does not cause
respiratory depression. Phenytoin should be given slowly
(no more than 0.5–0.75 mg/kg/min) or hypotension and
cardiovascular collapse may occur. Fosphenytoin does not
seem to have this untoward side effect. Phenobarbital may
also be added, although its respiratory depressive effects
are additive to those of the benzodiazepines. Close monit-
oring of the patient’s airway and respiratory effort must be
continued.

After the patient has been stabilized, the search for
the cause of the seizure must begin. Any signs of
increased intracranial pressure (e.g., bulging fontanelle,
cranial nerve dysfunction, or papilledema) or focal deficits
should prompt emergent neuroradiologic imaging with
close monitoring. A prospective study among HIV-infected
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adolescents and adults in an ED showed that new seizures,
depressed or altered orientation, or headaches, different in
quality from a usual headache for the patient were all highly
associated with the presence of focal lesions on noncon-
trast head CT [43].

Patients with signs of impending herniation should
undergo rapid sequence intubation and hyperventilation
and receive mannitol. If the patient is febrile or if bacter-
ial meningitis is suspected for other reasons, antibiotic
therapy should be begun. In this situation, antibiotic ther-
apy should not be delayed until CSF is obtained. In febrile
patients without signs of increased intracranial pressure or
focality, a lumbar puncture can be obtained before CT and
then antibiotics can be administered. Cefotaxime or cef-
triaxone and vancomycin are an appropriate empiric regi-
men (see discussion of treatment of bacterial meningitis in
Chapters 26 and 37).

Cerebrospinal fluid should be obtained even in the
absence of fever. However, cranial CT scans should be
performed before lumbar puncture in these cases. Cereb-
rospinal fluid cell count and differential, glucose and total
protein, and Gram stain and bacterial culture and sensi-
tivity should be ordered. Cerebrospinal fluid should also
be sent for viral culture, India ink stain or cryptococcal
antigen, and fungal cultures. Serum glucose, electrolytes,
and calcium levels should be checked in patients with
seizures without fevers. Laboratory and radiologic findings
in patients with various causes of seizures are outlined in
Table 12.15. After the cause of the seizure is determined,
specific therapy for bacterial, opportunistic, or viral infec-
tions may be begun. Malignancies may be amenable to
therapy. Supportive care and possible neurosurgical inter-
vention are indicated for cerebrovascular accidents.

12.6.2 Altered mental status

Children with CNS infections, malignancies, or cerebrovas-
cular accidents may present with an acute alteration in their
mental status. The differential diagnosis is similar to that
considered for an HIV-infected child who presents with
seizures. Once again, signs of increased intracranial pres-
sure or new focal deficits should prompt neuroradiologic
imaging. Computed tomography scans are usually more
readily available than magnetic resonance imaging (MRI)
studies in the acute setting. Patients who are unstable are
more easily monitored during CT scans. Computed tomo-
graphy scans require much less time to complete than MRI
studies. A CT scan will reveal major problems (e.g., new
mass lesion, acute hemorrhage, etc.) and guide initial man-
agement. Magnetic resonance imaging may be done when
the patient is more stable. Patients with fever should have
a lumbar puncture to exclude CNS infection as a cause of

Table 12.15 Laboratory and radiologic findings for specific

causes of seizures

Laboratory or radiologic
Cause findings

Bacterial meningitis Cerebrospinal fluid (CSF)
pleocytosis, low glucose,
elevated protein, and
positive Gram’s stain and
culture.

Toxoplasmosis Single- or
multiple-ring-enhancing
mass lesions on cranial CT
with contrast

Cryptococcal
meningitis

Positive India ink stain or
cryptococcal antigen in CSF

Viral meningitis/
encephalitis

CSF pleocytosis and elevated
protein, Herpes simplex virus
may give ring-enhancing
lesions on cranial CT with
contrast

Mycobacterial
meningitis

CSF lymphocytic pleocytosis
with markedly elevated
protein and low glucose;
mass lesions may be seen on
CT

CNS malignancy Mass lesion on CT
CNS hemorrhage Fresh blood on CT
CNS infarction CT showing edema initially

followed by increased
lucency over several days

CNS aneurysms Aneurysms on CT or MRI [42]

CNS, central nervous system; CT, computed tomography;
MRI, magnetic resonance imaging.

their deterioration. Opportunistic infections and some viral
encephalitides may present without classic signs of menin-
gitis and altered mental status with or without fever may be
the only presenting sign. For patients without fever, imag-
ing studies should precede the lumbar puncture. After an
underlying diagnosis is found, specific treatment should be
begun.

12.7 Summary

Children with HIV infection may present with an acute
change in status for a variety of reasons. Sepsis, pulmonary,
gastrointestinal, and neurologic emergencies all are major
causes of morbidity and mortality. Recognizing the causes
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of these emergencies and knowing how to treat them are
important for any clinician working in the acute care set-
ting. In addition, physicians who work in the emergency
department setting must recognize the ways in which HIV
infection manifests itself in children. Identifying infected
children and referring them for appropriate care can lead
to a prolonged survival and an improved quality of life.
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Adherence to antiretroviral therapy in children and youth

John Farley, M.D., M.P.H.
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Improved health outcomes for HIV-infected children and
youth will not be achieved without maximal viral suppres-
sion. Highly active antiretroviral therapy (HAART) repre-
sents a major breakthrough in HIV management, but not
all patients respond optimally to HAART. Non-adherence
is well established as a major cause of clinical failure, and
intermittent non-adherence is a particular problem. Stud-
ies in adults have demonstrated that ≥ 95% adherence to
HAART is necessary for durable suppression of viral load
[1–3]. In the presence of selective pressure by antiretroviral
agents, high rates of viral replication and viral mutation lead
to the development of drug resistance. Mutations confer-
ring resistance against one antiretroviral agent often confer
cross-resistance to other agents; poor adherence can ren-
der a whole class of antiretrovirals ineffective.

Although a crucial component of good clinical care,
assessment of adherence to HAART in HIV-infected chil-
dren and youth is challenging and labor intensive. Patient
and parent (or other caregiver) characteristics associated
with optimal adherence are not well characterized. Stud-
ies evaluating interventions to improve adherence in this
group are encouraging but few.

13.1 HIV as a chronic illness

Pediatric HIV infection is now referred to as the ‘newest
chronic illness in childhood’ [4, 5]. Chronic illness alters a
person’s life by creating permanent changes in daily living.
The person must adhere to a medical regimen even though
there is no cure, often in the absence of visible symptoms.
While our understanding of HIV therapy is evolving, life-
long treatment will likely be required. Adherence is a major

problem in management of patients with all chronic ill-
nesses. Non-adherence with medical regimens occurs with
half of all medical recommendations made to chronically
ill patients [6].

Pediatric chronic illness presents many unique
adherence challenges. Caregivers are responsible for
the adherence of children and so have a profound impact
on adherence. Children living in families in which the
adult caregiver is ill, is subject to significant stress, lacks
effective organizational skills, lacks social support, or is
not motivated to administer medications will have a high
risk of non-adherence. Use of outreach staff to provide
additional support for families with such challenges may
enhance adherence.

Adherence of children to complex medical regimens is
influenced by the parent or caregiver’s knowledge of the ill-
ness, understanding of the therapeutic recommendations,
and duration of treatment [7]. Previous studies of pediatric
chronic illnesses have found a relationship between poor
adherence and the caregiver’s understanding of the pre-
scribed regimen and the complexity of the regimen [8].
Difficulties with adherence are observed with other chronic
diseases, such as diabetes. The complexity and numerous
demands associated with diabetes treatment often lead
to significant declines in adherence over the course of
treatment. Periodic non-adherence is often viewed as the
rule, rather than the exception [9]. Thus, providers need to
emphasize caregiver education, and realize that adherence
will likely decrease over time without intervention.

Children’s understanding of and reactions to illness
change during development through a series of system-
atic stages that correspond to cognitive abilities [10]. The
child’s level of cognitive, motor, social, emotional, and

188
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psychological functioning affect the course and manage-
ment of the disease. Their ability to perceive their own ill-
ness, approach medical treatment, and respond to inter-
ventions is influenced by their developmental level. It is
important for care providers to be certain that a child’s
understanding of his or her illness is periodically updated
to keep pace with cognitive and emotional development.
Older children assume increasing responsibility for their
own care and are influenced by peers and their social setting
[8]. Providers need to assess the influence of developmental
factors on adherence periodically and adjust interventions
to improve adherence as the child matures.

13.2 Models to conceptualize adherence behavior

13.2.1 The Health Belief Model

Although originally developed to understand adherence
among chronically ill adults, much of the research on pedi-
atric adherence has been driven by the Health Belief Model
[11]. It is the best-known model for predicting an individ-
ual’s adherence to ongoing medical regimens. The model
suggests that an individual’s ability to follow through with
a recommendation depends upon perceptions of suscep-
tibility to the specific illness, the severity of the condition,
perceptions of benefits of the prescribed regimen, and the
physical, psychological, financial, and other costs associ-
ated with initiating or continuing the recommended treat-
ment [8]. Self-efficacy (believing that one is not hindered by
obstacles and has the ability to adhere) was more recently
considered a major adherence “determinant,” suggesting
that perception of vulnerability and an understanding of
the disease and its treatment may be necessary, but not suf-
ficient for optimal adherence [12]. (see Figure 13.1). Accord-
ing to this model, the most adherent individuals are those
who maintain strong perceptions of vulnerability to dis-
ease, view the disease as serious, believe that the regimen
will produce positive therapeutic results, and are not hin-
dered by many obstacles to implementing treatment [9]. In
a study of 179 HIV-infected adults enrolled in a two-drug
combination clinical trial, good adherence was predicted
by Health Belief Model premises, in particular the belief
that HIV was a serious disease [13].

The Health Belief Model suggests that the caregiver’s
perspective determines whether or not they will assume
responsibility for their child’s care and adhere to the
specific regimen. However, researchers employing this
model have generally not incorporated developmental
concerns or the involvement of extended family members.
As a result, the relevance of the Health Belief Model in
pediatric adherence interventions has been questioned. A

Figure 13.1. Health Belief Model determinants [15, 16].

number of other important determinants such as caregiver
stress, psychiatric illness, addictions issues, child beha-
vioral/developmental problems and disclosure of the diag-
nosis to the child or other family members are not con-
sidered in the classic model. For example, depression and
ongoing substance abuse are associated with poor adher-
ence among HIV-infected adults, and one would expect a
similar association among caregivers of HIV-infected chil-
dren [2, 14, 15].

13.2.2 The Stages of Change to Model

For newly diagnosed adolescents and some older perina-
tally infected youth, initiation of HAART and the required
adherence is a significant behavioral change. While readi-
ness for behavioral change is unique for each person and
may be related to Health Belief Model determinants, the
process of behavior change is complex and addressed
by the Stages of change to Model. Based on a compara-
tive analysis of major therapy systems [16, 17], the model
describes a pattern of movement through five specific
stages [18]: individuals are (a) unaware or unwilling to do
anything about the problem; (b) consider the possibility
of change; (c) become determined and prepared to make
the change; (d) take action; and (e) sustain the change
over time [19]. They have designated these stages: pre-
contemplation, contemplation, preparation, action, and
maintenance (see Figure 13.2). It is important to note
that the pre-contemplation stage is quite diverse, that an
individual frequently recycles or “relapses” several times
through different stages, and that an individual may not
progress linearly through the stages. The major clinical
implications of the model are that providers must care-
fully assess an individual’s readiness for action (i.e. adher-
ence) before prescribing HAART, and that periodic relapse
(i.e. non-adherence) is to be expected, necessitating a
plan to minimize the clinical impact of non-adherence
such as educating the patient to stop all antiretrovirals
rather than just some. The TREAT (Treatment Regimens
Enhancing Adherence in Teens) Program was developed
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Figure 13.2. The trans-theoretical Stages of Change Model

[20–23].

as an adolescent-focused, multi-faceted program, based
on the Stages of Change Model, to promote optimal long-
term adherence to HAART [20]. TREAT was designed pri-
marily for treatment-naı̈ve HIV-infected youth, and was
developed and piloted as part of the REACH (Reaching
for Excellence in Adolescent Care and Health) Study for
youth infected through sexual activity and injection drug
use sponsored by the US National Institutes of Health at
multiple sites in the USA.

13.3 Assessment of adherence

A number of methods have been used or proposed to assess
adherence in clinical practice and in research studies.
Each method has distinctive benefits and drawbacks. The
methods include parent interview, pill counts, medication
refill records, electronic monitoring, drug level monitor-
ing, monitoring response to therapy, and utilizing records
of other health behaviors such as appointment keeping.
While it is clear that close to 100% adherence is necessary
for sustained viral suppression, the cutoff for an adequate
level of adherence does vary somewhat depending upon
the assessment method used. The adherence cutoff value
may also vary with different antiretroviral therapies. For
example, since a single point mutation resulting in a single
amino acid change leads to high level resistance to all of the
available non-nucleoside reverse transcriptase inhibitors
(NNRTIs), regimens including NNRTIs may be less forgiv-
ing of adherence lapses than other regimens. A summary of
adherence assessment modalities studied in HIV-infected
children is shown in Table 13.1.

13.3.1 Caregiver self-report

Caregiver interview or self-report is considered especially
subject to bias, as parents may inflate their adherence

report to satisfy clinicians. However, it can be used to
identify some poor adherers [21], and these poor adher-
ers can respond to interventions [22]. While useful as a
reinforcement tool, parent self-monitoring (i.e. using a cal-
endar to record doses given) is subject to the same bias
as caregiver interviews or other approaches to self-report
when used as a measurement tool. Caregiver self-report
to assess adherence among perinatally HIV-infected chil-
dren has been utilized with useful but imperfect results.
The best-known instrument is the Pediatric AIDS Clini-
cal Trial Group (PACTG) Pediatric Adherence Question-
naire Modules 1 and 2 (http://www.fstrf.org/qol/peds/
pedadhere.html). Module 1 of the PACTG Adherence Ques-
tionnaire begins with identification of antiretroviral medi-
cations and then asks the subject about doses missed
during the prior 3 days. Module 2 presents a number of
potential problems with adherence and asks the caregiver
if any of these potential problems have occurred in the past
14 days.

Good adherence as assessed by self-report instruments
is associated with good clinical outcomes. A study using
the Pediatric AIDS Clinical Trials Group Protocol (PACTG)
instrument in HIV-infected children enrolled in a clinical
trial involving a HAART regimen (PACTG 377) found a cor-
relation between the child’s virologic outcome and care-
giver self-reported adherence during the 3 days prior to
the interview [23]. Another larger study (n = 90) using a
similar, but not identical self-report questionnaire found
that children whose caregivers reported no missed doses
in the previous week were more likely to have a viral load
< 400 copies/mL [24]. Even though the self-report instru-
ments can predict clinical outcomes, the data obtained
using these instruments may not be entirely accurate. Two
studies showed that a caregiver self-report questionnaire
dramatically overestimated adherence compared with pill
count and/or electronic monitoring [25, 26]. It may be pos-
sible to improve self-report questionnaires to enhance their
accuracy. In one study, participants were more likely to
self-report adherence difficulty when questions focused on
problems rather than missed doses [26], suggesting a pos-
sible strategy for design of alternative self-report instru-
ments and an approach for care providers during patient
care visits.

Several variations of self-report instruments have been
developed. The Pills Identification Test (PIT) uses a dis-
play board with two similar pills for each antiretroviral pre-
scribed and asks patients to identify which pill they are
taking. Correct PIT scores have been shown to be associ-
ated with adherence in HIV-infected adults [27], suggest-
ing a potential adjunct to self-report for pediatric providers.
Audio computer-assisted self-interviewing has been shown
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Table 13.1 Adherence assessment modalities studied in HIV-infected children

Reference assessment modality and adherence Number Number non- Association with viral
definition adherent (%) adherent (%) load < 400 copies/ml

Watson and Farley [38] (4–6 months follow-up)
Prescription refill (> 75% all antiretrovirals) 42 (58%) 30 (42%) P = 0.001

Steele et al. [25] (3 months follow-up)
Self-report (< 20% missed doses in prior 3 days) 29 (96.7%) 1 (3.3%) NS
Pill count (> 80% all antiretrovirals) 18 (69.2%) 8 (30.8%) NS
MEMS Track CapTM (> 80% all antiretrovirals) 2 (25%) 6 (75%) NS

Reddington et al. [24] (cross-sectional)
Self-report (no missed doses in prior week) 50 (57%) 39 (43%) P = 0.04

Van Dyke et al. [23] (clinical trial, 6–12 months follow-up)
Self-report (no missed doses in prior 3 days) 88 (70%) 37 (30%) P = 0.02

Farley et al. [26] (6 months follow-up)
MEMS Track CapTM (> 80% one antiretroviral) 17 (65%) 11 (35%) P < 0.001
Prescription refill (> 80% all antiretrovirals) 19 (73%) 8 (27%) P = 0.002
Self-report (no missed doses in prior 3 days) 20 (100%) 0 (0%) NS
Physician assessment (> 80% all antiretrovirals) 14 (74%) 5 (26%) P < 0.001
No missed clinic appointments 18 (69%) 8 (31%) P = 0.009

to encourage more honest answers from patients on sensi-
tive topics than face to face interviews [28]. This approach
was utilized in the REACH study to explore risk behav-
iors, and may be a future alternative to traditional face-
to-face interviewing regarding adherence, particularly for
older children and adolescents. The evidence concern-
ing the reliability of self-report, particularly outside of the
clinical trial setting, is mixed. Care providers should rec-
ognize that self-report generally overestimates adherence,
and strongly consider incorporating an alternative adher-
ence assessment strategy as part of patient care.

13.3.2 Provider assessment

Physician estimate or clinical judgment of adherence has
been studied in adults with chronic illness. Several studies
concluded that clinicians do no better than chance when
judging whether or not an adult patient is adherent [29–
31]. In a study of HIV-infected adults, physician adherence
assessment was found to correlate poorly with pill counts
[32]. Pediatricians appear to be just as inaccurate as physi-
cians caring for adults when estimating patient adherence
[33, 34]. One small study demonstrated an unexpectedly
high reliability for provider assessment in HIV-infected
children. In this study, physicians relied heavily on phar-
macy refill records and virologic response [26], suggesting
a useful strategy for clinical practice.

13.3.3 Pill counts

The pill count method to estimate adherence involves a
comparison between the amount of medication remain-
ing in the child’s bottle and the amount that should be
remaining based on the amount and dosage of the ini-
tial prescription and the length of time since the patient
began using the bottle. This method does provide a mea-
sure of adherence over time, but is subject to bias due to
“pill dumping” (i.e. the parent may not leave all unused
pills in the bottle in an effort to falsely increase the appar-
ent level of adherence and please the clinician), and deter-
mining the date when the patient commenced using the
current bottle can be a challenge. The PACTG Adherence to
Therapy Subcommittee has developed a Pill Count Case
Report Form (CRF). The Pill Count CRF can be utilized
with either liquid or tablet/capsule formulations, allows
calculations to be adjusted if a dose change or drug holiday
has occurred in the interval, and minimizes the number
of calculations required to complete the form to reduce
error. It seems prudent to avoid performing measurements
or counts directly in front of the subject. Although labor
intensive, pill counts are likely the most practical and read-
ily available non self-report adherence assessment tool.
Disappointingly, the one published study to date in HIV-
infected children found a poor correlation of pill counts
with both electronic monitoring and virologic response.
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However, sample sizes were small (n=8 for electronic mon-
itoring, n = 30 for virologic response) [25]. The utility of this
tool in the clinical setting needs to be more widely assessed.
The PACTG Pill Count Form, example cases, and an Excel
spreadsheet model to easily perform the calculations are
available on the public domain portion of the PACTG web-
site: (http://www.fstrf.org/qol/peds/pedadhere.html).

13.3.4 Pharmacy refill records

The chances of pill dumping bias or reporting bias are min-
imized by using pharmacy medication refill records (i.e.
comparing refill data from the pharmacy with the esti-
mated refill requirement if all doses were administered).
This method has been utilized in HIV-infected adults
(14, 35, 36) and found to correlate with virologic response
(35, 37). Pharmacy refill records were utilized in a study of 72
children receiving HAART. Only 42 (58%) were considered
adherent (defined as refilling ≥ 75% of protease inhibitor
prescriptions and≥75% of all antiretroviral prescriptions in
a 6 month interval). Of the 42 children classified as adher-
ent, 22 (52%) achieved and maintained an undetectable
viral load (38). This method is less labor intensive than
pill counts, but it does require pharmacist collaboration or
access to health insurance claims data. The method gener-
ally overestimates adherence, since the availability of med-
ication in the home does not necessarily mean the med-
ication was actually administered. However, this method
utilized over several months will usually identify adherence
problems. Combining this method with periodic pill counts
may enhance sensitivity.

13.3.5 Electronic monitoring

Pharmacy refill records and pill counts provide a general
assessment of the number of doses taken, but fail to yield
any information regarding patterns of poor adherence.
Electronic monitoring of adherence offers a more detailed
assessment, demonstrating problems with dosing inter-
vals in addition to missed doses. The Medication Event
Monitoring System (MEMS, Aprex/Aardex Corp., Menlo
Park, CA) uses a microprocessor in the medication con-
tainer cap to record the date and time of each vial opening.
This technology has been utilized in HIV-infected adults
to correlate behavioral and virologic data. In a small pilot
study of seven HIV-infected adults enrolled in a high-dose
study with saquinavir monotherapy, medication adherence
was monitored using MEMS Track CapsTM. When subjects
missed medication for only a few days, most had rapid rises
in viral loads and some had evidence suggesting that their
virus had developed resistance [39]. Four studies in HIV-
infected adults with larger sample sizes demonstrated that

electronic monitoring of adherence was the method of
adherence assessment which correlated most robustly
with virologic suppression [3, 40–42]. Several groups are
utilizing this methodology in ongoing studies of HIV-
infected children. A study of 26 perinatally HIV-infected
children demonstrated similar findings to the adult stud-
ies, with electronic monitoring more robustly associated
with virologic response than pharmacy refill records or
caregiver self-report [25, 26]. Although improved technol-
ogy is expected to be available in the near future, MEMSTM

electronic monitoring caps are not yet available for bottles
containing liquids or powders, so this monitoring approach
cannot be practically employed if children are receiving
all medications in those formulations. Caregivers or youth
who lay out pills in advance or use a pill box storage device
are also excluded. Placement of the MEMSTM bottle cap
requires caregiver cooperation and/or pharmacist collab-
oration, and caps may become defective or lost, occasion-
ally resulting in incomplete data. The approximate cost of
monitoring is US$100 per patient per year for a single drug.
The company has developed a SmartCapTM option which
provides patients with a reminder beep when doses are
due and an information ‘window’ telling them when the
last time they opened the bottle was. This is attractive as a
combined monitor and intervention for older children.

13.3.6 Drug level monitoring

Therapeutic drug monitoring for individual patients is
under study in adults and proposed in children with the
goal of maintaining levels sufficient to suppress viral load
and prevent viral mutation and resistance. Therapeutic
drug monitoring is discussed in more detail in Chapter
23. As pediatric therapeutic drug monitoring protocols are
developed, it will be important to assess the utility of trough
drug levels as an adherence assessment tool. This strategy
has been employed in HIV-infected adults [43–45], and has
been described in children [46, 47]. Evaluation will require
incorporation of other adherence measures for compar-
ison within protocols utilizing therapeutic drug monitor-
ing. An anticipated limitation of drug levels as an adherence
assessment tool is that the level will only reflect adherence
behavior during a period of time (variable depending on
drug metabolism) immediately prior to obtaining the level.
Utility in the clinical care setting is limited at this time.

13.3.7 Appointment keeping

In a study of 26 perinatally HIV-infected children over
a 6-month period, no missed appointment in the inter-
val was associated with virologic response, but agreement
with the adherence rate assessed by electronic monitoring
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was limited [26]. Further study of the association between
adherence and appointment-keeping behavior in a larger
population seems warranted, as appointment records are
commonly available to providers.

13.4 Improving adherence

An implication of the Stages of Changes Model is that
individuals starting therapy prematurely or without ade-
quate preparation may nonetheless benefit from failure,
learning lessons that could advance the probability of
success on the next attempt. However, this may have seri-
ous adverse consequences in the case of HAART therapy.
A striking finding of the TREAT Program pilot study was
that 39% of the youth currently prescribed HAART were
staged in a manner discordant with their treatment status,
i.e. they were prescribed HAART, but were staged as pre-
contemplation, contemplation, or preparation [20] and
were non-adherent, suggesting care providers need to take
more care to assess patient readiness prior to initiating
HAART. The pilot suggested that the TREAT intervention
was successful in facilitating movement through stages,
with 78% of the small number of subjects who completed
the full program moving forward [20].

There is clear evidence based on caregiver self-report
that poor palatability and unpleasant or inconvenient for-
mulations remain major barriers to excellent adherence
in children. In the PACTG 377 study discussed previously,
caregivers cited “taste” and “child refuses” as common
adherence problems for ritonavir liquid and “taste” and
“scheduling interferes with lifestyle” for nelfinavir (dosed
3 times a day in this study) [23]. In the study by Red-
dington et al., the top two desired interventions caregivers
cited as potentially very helpful were: “better tasting med-
ications” (81%) and “take meds fewer times each day”
(72%) [24]. Antiretroviral therapy regimens requiring less
frequent administration have been associated with bet-
ter adherence in HIV-infected adults. In a study of 244
patients with adherence assessed by self-report, ≥ 80%
adherence to pre-HAART antiretrovirals was associated
with once or twice a day dosing on multivariate analy-
sis [48] and this was confirmed in a later HAART study
[42]. Thus, providers should choose the least complex and
most palatable regimen possible. As an alternative to liquid
formulations, some of which are notorious for palatabil-
ity problems, a procedure for teaching young children to
swallow pills was first described in 1984, and is now com-
monly employed by pediatric HIV care providers [49]. If
palatability problems are anticipated, delaying initiation
of the regimen while pill-swallowing training is attempted
should be considered. If palatability issues are otherwise

insurmountable, physicians have occasionally resorted to
the placement of gastrostomy tubes for HIV-infected chil-
dren to improve adherence, with excellent outcomes in one
case series [50].

In addition to addressing regimen complexity issues and
ongoing education, clinicians need not only to provide
caregivers and patients with adherence aids, but more
importantly work with patients to plan how adherence
will be incorporated in the daily “routine” [51]. Before ini-
tiating a regimen, patients and their families should be
interviewed about the details of their daily routine and
adjustments to the treatment regimen (such as timing of
dosing) made to accommodate the routine. Weekends may
need to be discussed separately from weekdays. Whenever
possible, medication dosing should be “cued” to another
regular event such as mealtimes or washing up at bedtime.
Medication should be available where the routine event
dosing is “cued” to take place (i.e. kitchen or bathroom).
Adherence aids such as pill boxes with a compartment for
doses for each day and time or an alarm device should be
encouraged. The effectiveness of different adherence aids
will vary from family to family, and will depend upon the
details of the family’s routine and the patient’s specific drug
regimen.

While a falling viral load is a powerful positive reinforce-
ment for caregivers and patients, many providers also uti-
lize a “token economy” as an adherence intervention (i.e.
a reward for good adherence is given on a regular basis
and then eventually withdrawn with the hope that good
adherence will be maintained). While this intervention has
not been formally evaluated in this setting, a “token econ-
omy” is commonly used to address other pediatric behav-
ioral issues with demonstrated efficacy [52]. For example,
a caregiver may give a child with behavior problems inter-
fering with medication administration a reward when the
child behaves well. However, many adherence problems
are more complex, necessitating targeting both caregiver
and child behaviors and requiring a more complex inter-
vention. In addition, eventual withdrawal of the reward
must be done carefully to maximize the chance that the
desired behavior (i.e. good adherence) will be maintained.
Planning and conducting a “token economy” intervention
is more complicated than one would assume, and mental
health supervision should be considered.

There remains a paucity of data identifying characteris-
tics associated with poor adherence that would facilitate
the design and implementation of adherence interven-
tions likely to be efficacious. Nonetheless, a prospective
randomized trial of an intensive home-based nursing
intervention has been described showing that nursing
intervention was associated with improved adherence to
HAART and virologic outcome [53]. This suggests that
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Table 13.2 Approaches to improving treatment adherence

Prior to prescribing HAART
Assess stage of readiness to be adherent and/or explore

Health Belief Model determinants and other potential
determinants such as substance abuse or depression

Identify and address potential barriers to adherence
such as palatability issues, disclosure, or alternate
caregivers

Consider the patient’s daily life routine when choosing
a regimen and minimize dosing frequency to no
more than twice a day if possible

Educate the patient and/or caregiver concerning the
importance of adherence, special administration
requirements, and possible side effects

Cue dosing to regular life events and offer adherence
aids such as a pill box if possible

After initiating HAART
Follow-up frequently during the initial months of

therapy
Monitor virologic response. A viral load failing to

improve as expected is strongly suggestive of
adherence problems

When evaluating adherence, supplement self-report
with a second adherence assessment method

Provide positive reinforcement and frequent education
boosters

Identify adherence problems early and consider
prescribed drug holiday while addressing adherence
problems

interventions to enhance caregiver knowledge and self-
efficacy, overcome child-related barriers to adherence, and
provide social support are effective for some caregivers.

Development of new antiretroviral formulations has
facilitated the testing of once-daily directly observed ther-
apy, in which a healthcare provider observes the patient
taking medication. A clinical trial utilizing this intervention
for youth newly initiating HAART is under development.
Although highly successful for the treatment of tubercu-
losis, this expensive and labor-intensive intervention has
been utilized in one study among HIV-infected adults, with
disappointing results [54].

13.5 Conclusion

While each adherence assessment method has advantages
and disadvantages, incorporation of adherence assessment

and strategies to optimize adherence into the clinical care
of HIV-infected children and youth is essential. A sum-
mary of recommendations for clinical practice is shown in
Table 13.2. Measuring and improving adherence for chil-
dren and youth will be even more challenging in the future.
In developed countries, an increasing proportion of perina-
tally HIV-infected children are reaching adolescence, and
increasing numbers of adolescents are infected through
risk behaviors. A majority of patients cared for by pediatric
HIV specialists will soon be adolescents. In a study of HIV-
infected pregnant women, being an adolescent was the
most robust covariate associated with poor adherence to
antiretroviral therapy [14], underscoring the adherence dif-
ficulties for this age group. In developing countries, poten-
tial adherence barriers unique to this setting will need to
be identified and addressed. While challenging, attention
to adherence can significantly improve clinical outcomes,
leading to longer healthier lives for our patients.
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14.1 Introduction

The HIV epidemic has had a profound impact upon adol-
escents, both within and outside the USA. Within the USA,
as of December 2001, the Centers for Disease Control and
Prevention (CDC) estimate that adolescents 13–19 years of
age made up less than 1% of persons with AIDS, and young
adults from 20–29 years of age accounted for 16% of all
reported AIDS cases [1]. This reflects 4428 reported cases
in adolescents 13–19 years of age and 28 665 reported in
young adults 20–24 years of age. Statistical modeling sug-
gests that one in four new HIV infections occur in persons
under the age of 22 [2]. The data suggest that infections are
increasing in young women infected through heterosex-
ual transmission and in young men through male-to-male
sexual transmission. It is estimated that over 100 000 adol-
escents are living with HIV in the USA, although most are
unaware of their infection [3]. By the end of 2001, it was
estimated that worldwide, 11.8 million people aged 15–24
were living with HIV/AIDS. Internationally, more than half
of new infections occur in individuals under 25 years of
age. Thus, HIV disease in adolescents is a central part of the
HIV pandemic.

14.2 Epidemiology

An understanding of the modes of HIV transmission among
adolescents provides an essential framework for the design
of interventions aimed at decreasing new infections and
strategies for treating infected adolescent patients. Male-
to-male sexual transmission accounts for the majority of
AIDS in young men in the USA. In the 2001 CDC case
surveillance data, 35% of AIDS diagnoses in young men

from 13–19 was attributable to male-to-male sexual trans-
mission [1]. This rose to 61% in young men from 20–24
years of age. In data from the Young Men’s Survey, Valleroy
and colleagues studied 3492 men who had sex with men
(MSM) aged 15–22 years [4]. The overall prevalence of HIV
was 7.2%. The prevalence was highest among African–
American and Latino men. Most importantly, only 18% of
the 249 HIV-positive men were aware of their infection.
Such data calls for the need for enhanced efforts to decrease
transmission, and to promote HIV counseling and testing
among this population.

Young women are disproportionately affected by HIV
compared with older women. In adolescents 13–19 years
of age, young women make up 48% of cases through 2001
in the USA, compared with 41% of cases in 20–24-year-
olds, and 25% of cases in those over the age of 25 [1]. For
young women, heterosexual transmission is the most com-
mon mode of transmission in both those 13–19 years old
(66%) and 20–24 years old (67%). Injection drug use is less
common in women 13–19 years old (19%) compared with
young women 20–24 years old (29%). Many young women
are unaware of their risk for infection with HIV as they are
unaware of the HIV risks of their partners.

Seroprevalence rates for adolescents can vary greatly
depending on the testing site. In homeless shelters serv-
ing young MSM, seroprevalence can range as high as
16–17% [5]. Sexually transmitted disease (STD) clinics
reported rates of 0–3.5%. Minorities are disproportionately
affected. In 2001, 61% of AIDS cases in the 13–19-year-olds
were among African-Americans, although only 15% of the
adolescent population in the US is African-American [1].
This trend appears to be continuing based on reports of
HIV infection in states that report HIV.

197
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Table 14.1 Stages of adolescent social and psychosocial development

Adolescent stage Early adolescence Mid adolescence Late adolescence
Age 12–14 15–17 18–19

Social orientation Family oriented Increasing independence Adult relationships
Peer relations Striving for autonomy Alliance to peer group Intimacy in friendships
Thought processes Concrete Abstract thinking begins; concrete

thinking under stress
Abstract thinking; future

orientation
Psychosexual

development
Concerned about

physical development
Sexual experimentation Romantic relationships

The epidemiology of HIV infection among adolescents in
the USA generally mirrors the epidemiology of HIV infec-
tion among adolescents in other rich countries. In poor
countries, the epidemiology is somewhat different. HIV
infection in adolescents in poor countries disproportion-
ately affects young women, who generally become infected
via heterosexual contact, often with older men. This chap-
ter emphasizes adolescent HIV infection as seen in the USA,
but many of the principles are applicable for patients in
other settings.

14.3 Adolescent development

Effective care of the HIV-infected adolescent requires an
understanding of the unique psychosocial and physical
stages of adolescence. Adolescence can be divided roughly
into three stages of intellectual, social, and emotional
development: early, middle, and late adolescence [6]. These
stages are outlined in Table 14.1. An understanding of
adolescent physical development provides essential back-
ground for the care of adolescents. The Tanner sexual
maturation scale is used to stage sexual maturation [6]
(Table 14.2). Girls begin pubertal development between
8–13 years compared with 9.5–13.5 years for boys. Sex-
ual maturation in girls usually begins with thelarche, or
breast development; testicular enlargement is the first
sign of puberty in boys. Girls begin menstruation around
Tanner stage IV; boys begin ejaculation at Tanner stage III,
although sperm are produced around Tanner stage IV. It is
beyond the scope of this chapter to review physical devel-
opment in detail; however, understanding the stages of sex-
ual development helps the clinician to understand when
there are abnormalities in development that require inves-
tigation. Understanding sexual development in the con-
text of psychosocial development helps the clinician guide
counseling.

Sexual experimentation often accompanies normal ado-
lescent sexual development, but it can carry a significant

Table 14.2 Stages of adolescent genital development (after

Tanner, reviewed in [5]

Stage Characteristics

Males
1 Prepubertal
2 Testes become larger, scrotum coarsens, downy

hair at base of penis
3 Lengthening of penis, increase in coarseness

and amount of pubic hair
4 Penis continues to enlarge, pigmentation of

scrotum, adult type hair – not on thighs
5 Adult type hair extending to medial part of

thighs

Females
1 Prepubertal
2 Sparse downy hair on sides of labia
3 Increased amount of hair and increased

coarseness
4 Adult type hair not yet on medial part of thighs
5 Adult type hair extending onto medial thighs

risk of HIV infection. The Youth Risk Behavior Survey
showed that 45.6% of US high school students report ever
having had sexual intercourse, indicating that a very large
proportion of youth are potentially at risk for HIV infec-
tion [7]. Data from the REACH Project (Reaching for Excel-
lence in Adolescent Care and Health), an observational
cohort study of HIV-infected and HIV-uninfected high risk
youth, found that 43% of HIV-infected girls and 68% of HIV-
infected boys reported eight or more lifetime partners [8].
In the high risk, uninfected group, condom use was spor-
adic: only 48% of uninfected girls and 56% of uninfected
boys reported condom use at last intercourse.

Since HIV presents the greatest risk for young MSM,
because HIV transmission via anal intercourse is more
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efficient than through other kinds of sexual contact, it is
essential for the provider to understand that sexual identity
formation is a staged process [9]. In the first stage, sensitiza-
tion, the adolescent feels different from his or her peers and
may first sense attraction to the same sex. The next stage,
sexual identity confusion, is a stage where the adolescent
is confused not about his or her attractions, but rather con-
fused about how to reconcile his or her feelings with nega-
tive societal stereotypes. In the sexual identity assumption
phase, the adolescent explores his or her own gay identity,
and the adolescent considers the options of a homosex-
ual lifestyle. This phase usually lasts several years and may
extend beyond late adolescence. In the final stage, integ-
ration and commitment, the individual incorporates his
or her homosexual identity into a positive self-acceptance.
It is during this final stage that an individual is ready not
only to accept his or her homosexuality but also to share
it with others. Some may never reach this stage and some
only reach it in adulthood. Understanding a patient’s sexual
identity formation stage helps the provider provide opti-
mal care and support the youth through the subsequent
stages.

14.4 Counseling and testing

Part of good, comprehensive adolescent care for sexually
active and needle-using youth must include HIV counsel-
ing and testing. Epidemiologic data indicate that only a
fraction of HIV-infected youth have been identified and
engaged in care, partly due to the lack of counseling and
testing [3, 4]. Often, providers have relied on reported ‘high-
risk’ behavior to identify patients at risk for HIV infection,
but studies have shown that many HIV-infected adoles-
cents do not fall into a particular high-risk group. Early in
the epidemic, D’Angelo and colleagues found that if only
those youth who were perceived to fall into a high-risk
group were offered HIV counseling and testing, only 38% of
infected youth would be diagnosed [10]. In young pregnant
women studied in Atlanta, 59% of those infected reported
no risk factor [11]. HIV counseling and testing provides
two key benefits. It is the only way to identify HIV-infected
adolescents and link them into care and it reduces sex-
ual risk-taking when testing and client-centered preven-
tion counseling are linked [12]. Unfortunately, in a national
study sampling 1500 adolescents, only 27% of those who
were sexually active reported that they had been tested for
HIV [13]

In most jurisdictions in the USA, adolescents can consent
to counseling and testing for HIV such as they can for other
sexually transmitted diseases.

Key elements that should be included in counseling
include the following:
� What HIV/AIDS is.
� How HIV is transmitted.
� How HIV infection is diagnosed.
� What a positive, negative, and indeterminant test really

means.
� What will happen if the test is positive.
� Identification of a support person with whom the youth

could share their HIV results.
� The adolescent’s plans should a test prove positive or

negative.
The last point is crucial in HIV counseling of adoles-

cents and young adults. Many adolescents seek care and
treatment for conditions during periods of crisis. Assess-
ment for depression and suicide is part of good adolescent
primary healthcare. In cases where an adolescent is over-
whelmed and an HIV diagnosis could enhance depression
and risk for suicide, HIV counseling and testing is not indi-
cated until the adolescent is more emotionally stable. The
CDC recommends voluntary HIV counseling and testing for
all at-risk patients and in all healthcare settings where the
HIV prevalence is >1% or AIDS diagnosis rate 0.1%; thus,
many sites who care for at-risk adolescents should make
HIV counseling and testing available and developmentally
appropriate [14].

Practitioners providing HIV counseling and testing must
have a treatment referral plan for patients who are deter-
mined to be HIV-infected and should be aware of treatment
centers with programs for HIV-infected youth or sites that
have providers who have some experience in caring for
youth. Adolescents often require tremendous support to
link them into care and often require active efforts to engage
them at the time of post-test counseling. Youth should
ideally be treated in HIV centers with adolescent-specific
programs where there are providers versed in adolescent
development who can provide the needed psychosocial
support.

14.5 Prevention

HIV prevention is an important part of good adolescent
healthcare and is key for adolescents who are sexually
active, or who use needles for injecting drugs (includ-
ing steroids), or for tattooing. Although primary health
providers are likely to screen adolescents for such things
as risk for homicide or suicide and risky behaviors such as
smoking and alcohol, risks for HIV such as illicit drug use
and lack of condom use are less likely to be addressed [15].
For those adolescents already infected with HIV, prevention
is equally important. Infection with new strains of HIV
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could lead to accelerated disease progression or greater
drug resistance problems, and prevention of other STDs is
important for potentially immunosuppressed adolescents.
Unplanned pregnancies can have a potentially negative
impact for the HIV-infected adolescent, both physically
and emotionally, and risk infection of an infant. The pro-
vision of effective prevention counseling to HIV-infected
adolescents can halt further spread of HIV infection.
Practitioners must offer intensive psychosocial support to
HIV-infected adolescents to help them to negotiate safer
sex. Peer support, both one-on-one and in support groups,
can serve as an important vehicle for providing adolescents
with the ability to negotiate condom use.

All prevention counseling for the HIV-infected adoles-
cent should be done in a caring, supportive atmosphere,
rather than in an authoritarian manner. Before beginning
prevention counseling for an HIV-infected adolescent, it
is often helpful to have a good assessment of the adoles-
cent’s living situation. The SHADSSS assessment provides
an easy, quick, and effective tool to gain insight into the
world of the adolescent.

S = School
H = Home
A = Activities
D = Depression/Self-esteem
S = Substance abuse
S = Sexuality
S = Safety
The SHADSSS assessment provides a framework for dis-

cussions of all areas of the life of the adolescent [16],
enabling the clinician to provide appropriate counseling
and prevention services. In addition, it provides the oppor-
tunity to identify particularly troubling areas of the adol-
escent’s life and helps the provider identify services the
adolescent may require. For example, if during the inter-
view, a history of substance abuse is noted, it must be dealt
with along with issues such as depression to have optimum
benefit for the adolescent. Such an assessment provides at
least an initial means for the provider to identify key issues
related to the adolescent’s life, which must be addressed.
Problems that may require more extensive interventions,
such as alcohol and drug dependence, abusive home rela-
tionships, poor self-esteem, and failure at school, are faced
by many youth. It is important that the adolescent under-
stands that all information is confidential, except for infor-
mation that may indicate that the adolescent is a threat to
himself or herself, or to another person. Setting the stage
for good, confidential counseling is key at every encounter
with the adolescent.

Some adolescents are at particular risk for HIV infec-
tion. Youths who have run away from home or who live

on the street often trade sex for food, housing, and pro-
tection. Such survival sex becomes a basic part of that
adolescent’s existence. Adolescents who survive through
the exchange of sex may be unwilling or unable to nego-
tiate safer sex because they fear losing access to their
basic needs. These youths must be presented with options,
which enable them to provide for themselves without the
exchange of sex before issues around safer sex can even
begin to be addressed. Similarly, young gay male youths
have unique issues related to their sexual orientation.
Homosexual identity formation is a process; the youth must
gain a degree of acceptance of his sexual orientation before
he can begin to plan for safer sex. It is not uncommon to find
young gay men involved in relationships with older men,
which may add additional barriers to negotiating safer sex
[17]. Practitioners must respect the confidentiality of gay
youth. Practitioners should also strive to understand the
special concerns of gay, lesbian, bisexual, and transgen-
dered youths. Such an understanding is important to pro-
vide good healthcare to this group [18].

Clinicians must ensure that adolescents receive coun-
seling concerning safer sex. Abstinence counseling should
be provided to all adolescents, even those who are already
sexually active. Some adolescents who are sexually active
may subsequently decide to refrain from intercourse until
they are more comfortable with negotiating safer sex. For
these youths, it is helpful to discuss sexual acts such as kiss-
ing and touching which hold no risk for disease transmis-
sion. Counseling both persons involved in a relationship
may help to open up communication between the part-
ners and lead to a more mature and thoughtful attitude.
Peer counselors can be particularly helpful in helping adol-
escents negotiate safer sex. For the provider, it is impor-
tant to focus not only on knowledge but also on practice.
All adolescents should come away from prevention coun-
seling with knowledge of the following: correct use of a
condom for oral, vaginal, and anal sex, proper use of an
internal or ‘female’ condom, correct and incorrect lubrica-
tion for use with a condom, the common STDs and their
symptoms, strategies for negotiating safer sex and not hav-
ing sex, and the potential consequences of unsafe sex. It is
also important for the provider to understand the dynam-
ics of the couple and how that may influence risk taking.
Sturdevant and colleagues found that among female ado-
lescents enrolled into the REACH Project, current partners
were on average 4–6 years older [19]. This age difference
was somewhat greater for the HIV-infected females com-
pared to the uninfected females. Abusive relationships may
also pose a particular challenge to the adolescent who is
being counseled about how to negotiate safer sex. For the
adolescent who continues in high-risk behavior despite
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counseling, such issues may be pertinent and should be
investigated.

All counseling should be done in a supportive, non-
judgmental manner. It is also very important for the
provider counseling an adolescent to have a clear under-
standing of the differences between sexuality and sexual
behaviors. When counseling about sexuality, it is impor-
tant to consider emotional as well as the physical dimen-
sions. Discussions of sexuality should include issues related
to peer and societal norms, as well as the adolescent’s
response to feelings as a sexual being. Such discussions
can uncover such problems as internalized homophobia,
feelings of disempowerment, and issues of abstinence and
self-esteem. They require ongoing dialogue between the
adolescent and the provider and may call for the input of
a psychologist or sex counselor. Sexual curiosity can lead
to risk-taking behavior; discussing sex with an adult may
help to answer very key questions a young person may feel
they can only get from an actual sexual encounter. It has
also been shown that discussing sex does not encourage
non-sexually active youth to initiate sex. Most providers are
more accustomed to discussing sexual behaviors with their
adolescent patients. For some youths, the first attempt by
the provider to discuss such issues may be poorly received.
The provider should explain to the youth why he or she
is discussing such issues with them and should also stress
the confidentiality of the conversation. The provider must
speak in terms understood by the youth and should be as
specific as possible to assure the adolescent is learning as
much as possible from the session. Repeated reinforcement
of the key points of negotiating safer sex is essential.

14.6 Care of the HIV-infected adolescent

The care of the HIV-infected adolescent follows most of the
same principles as for children and adults. It is not the intent
of this chapter to review all aspects of treatment but rather
to address treatment issues that are uniquely pertinent to
adolescent care. Good, comprehensive HIV care includes
not only the prescribing of antiretroviral medications, but
must also include other key elements: general healthcare,
care for other sexually transmitted diseases, gynecologic
care, family planning, and ongoing psychosocial support
and counseling.

In treating any adolescent, it is essential to confirm HIV
infection. Uninfected adolescents have presented for HIV
care [20]. Retesting provides an opportunity for a thor-
ough discussion concerning HIV infection and AIDS, and
the need for good medical care. After confirmation of
infection, a comprehensive medical history and physical

examination should be performed. The medical history
should include a good psychosocial history using the
SHADSSS assessment. Although it is often difficult to deter-
mine when an adolescent was infected with HIV, an attempt
to determine the timing of infection may still be helpful. The
history and results of previous HIV tests should be obtained
as well as any history of possible acute retroviral infection
syndrome. In addition, any history of blood transfusions
or other blood products should be obtained because of the
possibility that early infection through these routes might
present during adolescence. The family history should pay
special attention to the health of the parents, since peri-
natally infected children can, rarely, present during ado-
lescence. Finally, some adolescents are infected with HIV
through early childhood sexual abuse; any history of sexual
abuse should be included in the assessment.

It is possible that some youths may present with an acute
retroviral infection syndrome. It is especially important to
diagnose these youths as early as possible, since early initi-
ation of antiretroviral therapy may decrease total viral bur-
den and may theoretically improve the long-term outcome
by producing good viral suppression before significant
immunologic damage develops. During an acute infection,
the ELISA and Western Blot may not detect infection, since
it can take up to 6 months from the time of infection until
there are sufficient HIV antibodies to yield results. In this
situation, another test, such as virus culture, DNA PCR,
or an assay for HIV RNA, should be performed to diag-
nose the patient. Practitioners should stage HIV-infected
adolescents, as they stage children and adults, evaluating
the CD4+ lymphocyte counts and the HIV viral load. The
REACH study studied CD4 cell counts in HIV-uninfected,
high-risk, boys and girls [21]. The mean CD4+ lymphocyte
count for girls was higher, 871 cells/�L, compared with
736 cells/�L in boys. The impact of age, gender, and
racial differences on CD4+ lymphocyte counts, as well as
other flow cytometry markers have been evaluated and
reported from the REACH Project and is beyond the scope
of discussion in this chapter [22].

Appropriate antiretroviral therapy is outlined in
Chapters 18 and 22 and in recent guidelines [23]. The
decision to treat an adolescent with HAART must take a
number of factors into account, including the HIV viral
load, CD4+ lymphocyte count, the adolescent’s readiness
to begin and adhere to a complex treatment regimen,
and the side-effects and possible long-term risks from
exposure to antiretroviral agents.

Care and treatment of other STDs are essential for the
health of the adolescent. Clinicians should take a careful
sexual history, which should include questions about oral,
vaginal, and anal sex for both men and women, and about
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the possibility of both receptive and insertive anal sex for
MSM. A youth’s sexual activities provide an important guide
for STD screening. Screening for gonorrhea and chlamydia
from the urethra and the cervix can be performed using
new technologies such as the ligase chain reaction, or using
routine culture techniques. However, at this time, this tech-
nology is not approved for use for either pharyngeal or
anal infections. When screening these sites, routine cul-
ture techniques are recommended. Diagnosing STDs of the
anus/rectum or pharynx is important as it may affect treat-
ment regimens, as outlined in recent guidelines [24].

Ensuring that the adolescent patient carefully adheres
to prescribed antiretroviral therapy can be difficult.
Adolescents may be more likely to adhere to a prescribed
regimen when they understand the purpose of the regimen,
when they communicate well with the clinician and trust
the clinician, when the regimen is simple and requires rel-
atively few doses given at convenient times, and when the
regimen produces few unpleasant side-effects. The assess-
ment of adherence and interventions designed to increase
adherence are described in detail in Chapter 13.

Clinicians should be careful to prescribe antiretrovi-
rals and agents used for prophylaxis against opportunistic
infections correctly. For those adolescents who are either
Tanner stage 1 or 2, pediatric dosing should be followed.
Adolescents who are Tanner stages 3 and 4 should be
closely monitored and pediatric or adult dosing guidelines
followed depending on the weight of the young person
and comparing the standard adult dose with that based
on weight for pediatrics dosing. For adolescents who are
Tanner stage 5, the adult dosing guidelines should be
followed [23].

Gynecologic care for young women is an integral part
of HIV care, and is discussed in detail in Chapter 15.
In young men who have sex with men, anal infections
with human papilloma virus (HPV) can cause significant
disease, including anal warts and cancer. In the REACH
Project, anal HPV was found in 48% of the young men [25].
During this study, anal cytology tests were performed using
a thin prep technique; anal dysplasia was found in 50% of
the young men. In a multivariate analysis of anal HPV infec-
tion in males, men with anal HPV were more likely to have
both anal warts and to be MSM. Anal dyplasia in males
was associated with anal HPV infection and HIV infection.
Thus, for young HIV-infected men, concomitant infection
with HPV may lead to significant morbidity. Routine screen-
ing for anal HPV or anal dysplasia is not included in cur-
rent treatment guidelines, although some experts advocate
such screening. If screening for anal dysplasia is conducted,
clinicians should refer patients with anal HPV infection or
concerning cytology for anoscopy and biopsy.

The care of HIV-infected adolescents is complex and
often requires a team of providers with diverse exper-
tise. Most centers caring for HIV-infected adolescents
employ a multi-disciplinary team of providers. Often these
teams include case managers and psychologists who can
provide ongoing counseling and support and can help
address the complex psychosocial issues facing these
young people.

Each HIV-infected adolescent may have a unique set of
problems, but many share similar concerns. Many young
people worry about their ability to have children. HIV-
infected adolescents may want to have a child immediately
because they fear they may become too ill to have a child
or may worry about never having the opportunity to have
children. It is important for all young women to under-
stand the risks of perinatal transmission and the risks of
pregnancy to their own health. Even in the HIV-infected
adolescent, the feelings of invulnerability characteristic of
the teenage years may persist and may include unrealistic
and inaccurate ideas concerning offspring. Young women
must understand the risks of chemoprophylaxis and anti-
retroviral therapy during pregnancy and the requirement
to test and prophylactically treat the neonate. It is also
important for young women to understand that they
can live long, healthy lives with HIV and that decis-
ions regarding pregnancy can be made over time. It is
important for young men to understand the transmis-
sion risks for their partners and the subsequent risks for
any children. Ideally, these discussions should take place
with both partners.

Disclosure of HIV infection to a sexual partner or part-
ners is often the most challenging and disturbing issue
facing the adolescent. All too frequently the sexual part-
ner is the only supportive or loving person in that adol-
escent’s life. The fear of rejection after disclosure can be
great. Some youth may be concerned about physical and
emotional abuse following disclosure. Disclosure to sexual
partners was studied as part of the REACH Project [26]. Of
the 242 sexual partners reported by HIV-infected youths
enrolled in the study, 47.5% were told of the HIV status of
the study subjects. Males and females were equally likely
to disclose their HIV status to their partner. Subjects were
most likely to disclose to partners whom they considered
their ‘main’ partner and to partners who were also HIV pos-
itive, as compared to those who were HIV negative or whose
serostatus was uncertain. It is important that the adolescent
see the care team as supportive rather than authoritarian,
particularly surrounding the problems of disclosure. When
the adolescent has accepted disclosure, the team can offer
the youth assistance. Some adolescents will want to bring
their partners in to see the care team following disclosure
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to assist with answering questions regarding the disease
and transmission. Others may choose to disclose in the
clinic setting with a member of the care team present. This
can serve several purposes. First, it gives some protection
to the adolescent should they fear that the partner might
react violently. Second, it provides a good opportunity for
counseling the couple as a couple. It is also important
that sexual partners be made aware of availability of HIV
counseling and testing.

HIV infection presents the adolescent with an as-yet
incurable disease. It is essential for the adolescent to under-
stand that HIV can be manageable, given good medical
and psychosocial care. HIV-infected youths need a sense
of hope and control over their disease, and clinicians
need to provide this message.

14.7 Care programs for the HIV-infected
adolescent

The care of the HIV-infected adolescent requires a skilled
team of providers with broad expertise, including clinicians
skilled in medical care and psychological care, and social
workers, educators, and case managers who can help the
adolescent manage the many bureaucratic and logistical
challenges he or she must face. Ideally, these providers can
offer basic gynecologic care or have links to gynecologic
providers who are also versed in the care of adolescents.
Practitioners must emphasize health education and the
essential messages concerning safer sex. Health educators
can help youths overcome the many barriers to practic-
ing safer sex, help improve self-esteem, and emphasize the
critical importance of medication adherence. Peer educa-
tors can serve to reinforce information provided by the
physicians and professional educators, casting the infor-
mation in terms better understood by the youths. Many
other services are often necessary. Mental healthcare for
those youths grappling with depression, substance abuse,
or other major mental health disorders is integral to the
general care of the adolescent. All too often HIV-infected
adolescents are out of school or without jobs. Job readi-
ness training can help the youth to achieve their maxi-
mum potential in the work place. Finally, outreach to at-
risk youth is essential. Youth need to become aware of their
personal risk for HIV and must begin to see how early inter-
vention can help to sustain life. Outreach into the commu-
nity, partnerships with community service agencies, and
work with agencies providing adolescent-specific HIV ser-
vices can help facilitate entry of youth into HIV counseling,
testing, and care.

14.8 Summary

Care of the HIV-infected adolescent requires not only ex-
perience with HIV infection but also an understanding of
the psychosocial, physical development, and social issues
that confront every adolescent. With the help of a dedicated
care staff, the adolescent can confront HIV and learn to
live with the infection. Through education, support, and
understanding, those providing care to the HIV-infected
adolescent can help that youth to better care for themselves
and live a longer and healthier life.
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15.1 Introduction

Reproductive and gynecological conditions common
among adolescent girls, in general and among HIV-infected
girls specifically, include delayed puberty; menstrual dis-
orders, such as abnormal uterine bleeding (amenorrhea,
hyperandrogenism, oligomenorrhea, and dysfunctional
uterine bleeding [DUB]); dysmenorrhea; premenstrual
syndrome; and pregnancy. Infectious gynecological con-
ditions include vulvovaginal candidiasis, bacterial vagi-
nosis (BV), trichomoniasis, atypical infections of the female
genital tract, cervicitis, pelvic inflammatory disease (PID),
human papillomavirus infection (HPV), and herpes sim-
plex virus (HSV) infection. This chapter addresses com-
mon reproductive health disorders among HIV-infected
adolescents, and also includes a description of risk factors
unique to adolescents that contribute to the acquisition of
sexually transmitted infections as well as age-appropriate
recommendations for secondary prevention. Most repro-
ductive health disorders among HIV-infected adolescent
girls are best managed by an adolescent medicine physi-
cian. Certain patients, such as those with delayed puberty,
amenorrhea, and hyperandrogenism should be managed
in collaboration with an endocrinologist.

15.2 Common non-infectious reproductive and
gynecological conditions

HIV-infected adolescents, similar to their uninfected coun-
terparts, may experience delayed puberty and menstrual
disorders. In addition to these conditions, we will discuss

particular considerations related to contraception and
pregnancy.

15.2.1 Delayed puberty

Diagnosing delayed puberty may be difficult due to wide
ethnic and regional variations in normal development
[1–5]. Pubertal maturation in girls begins with the accel-
eration of growth followed by onset of breast development
(thelarche) between the ages of 8 and 13 years. Later signs
of pubertal maturation include development of pubic or
axillary hair (adrenarche), which generally occurs after age
8 years (mean age: 12.5 years, range: 10–15 years) and onset
of menses (menarche) between 9.1–17.7 years (median
12.8) [1, 6]. The failure to have breast budding by age 13
years or menarche by age 15 years is considered indicative
of delayed sexual maturation.

Although delayed onset of puberty is often reported in
young women suffering from many chronic conditions
including HIV infection, the prevalence of pubertal delay
associated with HIV infection in girls has not been firmly
established. The effect of chronic illness on pubertal devel-
opment depends upon the severity and duration of the dis-
ease as well as individual factors. In general, the earlier the
onset and the longer and more severe the illness, the greater
are the repercussions on pubertal development [6, 7].

The mechanism responsible for delayed puberty is not
well understood but seems to be multifactorial. Total body
weight seems to be an important factor; it is believed that
girls must reach a critical body weight of 47.8 kg in order
to achieve menarche. However, more important than total
body weight is the shift in body composition to a greater
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percent fat (from 16–23.5%), which in turn is influenced by
the nutritional state [7, 8]. This theory is supported by the
association between leptin and pubertal onset. Leptin is a
peptide secreted in adipose tissue; it circulates in the blood,
and acts on the central nervous system neurons, which
regulate eating behavior and energy balance. Low leptin
levels are present in girls with delayed puberty [9–13]. In
addition to leptin, other growth hormone disorders have
been associated with nutritional deficiency. For example,
it appears that inadequate nutritional intake relative to
energy utilization, perhaps aggravated by chronic illness,
and resulting in markedly lowered body fat leads to dis-
ruption of hypothalamic gonadotropin releasing hormone
(GnRH) production. Low body weight results in dimin-
ished gonadotropin synthesis and secretion, or hypogo-
nadotropic hypogonadism resulting in a very late and slow
pubertal process, which may prevent the completion of sex-
ual maturation. These adolescents may also present with
short stature. Abnormalities of the growth hormone (GH)–
insulin-like growth factor 1 (IGF-1) axis and gonadotropin
secretion have been described in patients with other
chronic illnesses such as chronic renal failure, cystic fibro-
sis, and Crohn’s disease. In addition, cytokine production
during the course of chronic diseases such as juvenile
idiopathic arthritis may affect the GH–IGF-1 axis [14–18].

Although malnutrition associated with HIV infection
may lead to delayed puberty with hypogonadotropic
hypogonadism, other causes may be ruled out once the
body composition is corrected. The differential diagnosis of
delayed puberty in girls, including those with HIV infection,
can be divided between those processes associated with
short stature and those associated with normal stature. The
differential diagnosis of delayed puberty is summarized in
Table 15.1 [18].

Medical assessment is required for any girl with delayed
sexual maturation or with extremely slow pubertal progres-
sion (e.g. breast development but persistent amenorrhea
for 5 years). The medical evaluation must include a history,
physical examination, and laboratory testing. The history
must include growth records to determine the timing and
form of any deviations from the norm. The family history
would determine whether there is a history of later puberty
in other family members. The height of parents, siblings,
and grandparents should be ascertained as well as the age
at menarche of the mother and sisters. Most teens with con-
stitutional delay have a positive family history. The review
of systems should concentrate on HIV disease progression
and the presence of other chronic conditions. A complete
physical examination should include assessment of nutri-
tional status and body measurements (height, weight, body
mass index, upper/lower body segment ratios). A normal

Table 15.1 Differential diagnosis of delayed puberty in

HIV-infected girls

Pubertal delay with short stature:
1. Chronic diseases: HIV-infected teens with other

HIV-associated chronic conditions such as wasting
syndrome, chronic infections, respiratory illnesses,
chronic anemia, gastrointestinal disease, and renal
disturbances may be at highest risk for pubertal delay
and short stature

2. Constitutional delay of puberty and normal variant
short stature

3. Panhypopituitarism: Congenital or acquired
infections; viral infection, tuberculosis, sarcoidosis,
histiocytosis, posttraumatic, central tumors,
sarcoidosis, and histiocytosis

4. Congenital syndromes: An array of genetic disorders,
and syndromes of primary gonadal dysfunction with
hypergonadotropic hypogonadism, including Turner
and Klinefelter syndromes, and a group of acquired
and genetic abnormalities

5. Glucocorticoid excess

Pubertal delay without short stature:
1. Constitutional delay of puberty
2. Chronic diseases: HIV, hyperthyroidism, asthma,

inflammatory bowel disease, celiac disease, juvenile
rheumatoid arthritis, systemic lupus erythematous

3. Acquired gonadotropin deficiency:
CNS infections: viral encephalitis, tuberculosis
Central hypothalamic-pituitary tumors:

craniopharyngioma, hypothalamic glioma,
astrocytoma, pituitary adenomas

Head trauma
Histiocytosis X
Sarcoidosis

4. Congenital gonadal disorders: Klinefelter syndrome,
enzyme defects on androgen and estrogen production

5. Androgen receptor defects: ‘testicular feminization’

Reference: 18

ratio is usually found in growth hormone deficiency, con-
stitutional delay, and chronic illness states. Sexual mat-
uration rate is important to determine whether puberty
has started or is delayed. The clinician should also pay
attention to examining the thyroid, the chest for evidence
of chronic pulmonary disease, the heart, and abdomen.
A pelvic examination is essential. A careful visual examina-
tion including ophthalmoscopy and visual fields will help
to rule out cranial tumors.
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Initial laboratory studies are driven by the history and
physical examination; consultation with an endocrinol-
ogist is highly recommended. If HIV-associated malnutri-
tion is suspected, the initial assessment should concentrate
on nutritional assessment, routine complete blood cell
count to evaluate anemia and co-infections, chemistry pro-
file (glucose, creatinine, calcium, phosphorus, serum albu-
min, protein), and liver function tests. Urinalysis for evi-
dence of renal disease and sedimentation rate should also
be included in these studies. Determination of bone age
is essential when used in conjunction with height age and
chronological age. Delayed bone age can be seen in adol-
escents with chronic illnesses and hypothyroidism. Basic
measurements of gonadotropin levels (luteinizing hor-
mone (LH) and follicle stimulating hormone (FSH)) are
obtained if gonadal failure (high levels) or hypothalamic-
pituitary failure (low levels) are suspected. Further investi-
gation and other tests such as IGF-1, IGF-binding protein
3, and GnRH should be conducted with the guidance of an
endocrinologist [19–21].

The goals of therapy are to induce a pubertal growth
spurt, to prevent potential short- and long-term psycho-
logical and social handicaps, and to achieve full functional
sexual maturation. For a short girl concerned about height,
GH therapy to try to enhance height outcome can be con-
sidered in consultation with an endocrinologist. Growth
hormone has also been used in non-GH deficient patients
with good results. In a small randomized trial, non-GH
deficient peripubertal girls were treated with GH (0.34
mg/kg each week); a highly significant increment in height
occurred in the treated group compared with the control
group [22].

When the diagnosis of hypogonadism is made, hormonal
substitution therapy can be initiated, in consultation with
an endocrinologist, to achieve normal pubertal develop-
ment (see Chapter 35). In girls, estrogen administration
when the girl is emotionally and socially ready for the devel-
opment of secondary sex characteristics is likely to achieve
temporally correct maturational changes. Although estro-
gen has psychological benefits, it should be used with cau-
tion since estrogen accelerates skeletal maturation, which
can result in a lower adult height than might otherwise be
expected [23–25].

15.2.2 Menstrual disorders

Menstrual disorders are a common problem during adol-
escence. These disorders may cause significant anxiety for
patients and their families. Menstrual disorders among
adolescent girls, including HIV-infected girls, include

abnormal uterine bleeding, dysmenorrhea, and premen-
strual syndrome.

Abnormal uterine bleeding
Abnormal uterine bleeding, defined as a significant varia-
tion from normal menstrual bleeding patterns, includes
amenorrhea (lack of bleeding), oligomenorrhea (very
scanty bleeding), menorrhagia (profuse menstrual bleed-
ing, see Section 15.2.5), and dysfunctional uterine bleed-
ing (DUB; the ultimate diagnosis if the cause of abnormal
uterine bleeding is not anatomical). In the first 1–2 years
following menarche, menstrual cycles generally conform
to a cycle length of 21–40 days, with duration of less than
7 days of menstrual flow. Although abnormal uterine bleed-
ing can occur in women of all ages, it is a particularly com-
mon problem for adolescents in those first couple of years
and it is mostly caused by immaturity of the hypothalamic-
pituitary-ovarian axis, resulting in anovulation. Abnormal
uterine bleeding is a common complaint of adolescents
and is responsible for approximately 50% of gynecologic
visits in this age group [26].

Neither HIV infection nor the associated immunosup-
pression appear to have clinically relevant effects on men-
struation [27]. Most HIV-infected older adolescents and
women menstruate about every 25–35 days, suggesting
monthly ovulation and an intact hypothalamic-pituitary-
ovarian axis. However, HIV-infected women with histories
of substance abuse have increased rates of amenorrhea,
menstrual cycle intervals greater than 6 weeks in length,
and fewer premenstrual breast symptoms than their coun-
terparts [28]. This association may be due to persistent ele-
vation of plasma prolactin levels, reflecting chronic drug-
induced derangement in neural dopaminergic regulatory
systems [29].

15.2.3 Amenorrhea

There are two types of amenorrhea: primary amenorrhea,
or lack of onset of menses age 15 years, and secondary
amenorrhea, defined as the absence of menses for a period
longer than 3 months at any time after the onset of regular
menses. Primary amenorrhea is associated with pubertal
delay, discussed earlier, and is likely to be more common
among girls with perinatally transmitted HIV infection [30].

Most amenorrhea among HIV-infected adolescent girls
is secondary amenorrhea, which falls into two categories:
amenorrhea associated with low body weight and wast-
ing syndrome, and amenorrhea common to adolescents in
general, associated with pregnancy, with long-acting hor-
monal contraceptives, and with endocrine and hypotha-
lamic pituitary dysfunction. Amenorrhea associated with
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low body weight appears to be caused by disruption of
the pulsatile release of GnRH, interrupting the release
of gonadotropin from the pituitary gland, resulting in
inadequate follicular development. Girls with perinatally-
acquired HIV infection may be at risk for secondary amen-
orrhea associated with low levels of body fat, as well as
for primary amenorrhea associated with delayed puberty,
as discussed earlier. Adolescents with perinatally acquired
HIV infection are a newly emerging population; many
of these issues remain unstudied. However, most HIV-
infected adolescent girls who have acquired HIV during
adolescence, are at the early stages in their HIV disease
progression, and have not experienced significant body fat
loss. They are susceptible to secondary amenorrhea as are
their uninfected peers [31–32].

Pregnancy is the most common cause of amenorrhea
in sexually active adolescents and the clinician must be
suspicious of pregnancy in any adolescent presenting with
amenorrhea. The second most common cause of amenor-
rhea is long-acting hormonal contraceptive use. Endocrine
conditions associated with amenorrhea include thyroid
dysfunction, hyperprolactinemia, and pituitary tumors. In
addition, polycystic ovary syndrome (PCOS), an endocrine
disorder frequently associated with obesity, is also asso-
ciated with amenorrhea. This disorder is characterized by
high levels of androgens, which can be converted to estro-
gens in peripheral and hepatic tissue. The excessive lev-
els of both androgens and estrogens may suppress the
hypothalamic-pituitary production of gonadotropins and
inhibit follicular development, which may result in the
accumulation of multiple small cysts within the ovarian
cortex [26]. Marijuana and other illicit drug use blocks
release of GnRH and can produce amenorrhea, which is
reversible after marijuana use is discontinued [33].

The diagnostic workup for amenorrhea should include,
at a minimum, a history, physical examination including
a pelvic examination, and a pregnancy test to rule out the
most common causes of secondary amenorrhea. The his-
tory should include indicators of abnormal growth and
development; current, past, or anticipated sexual activity;
hormonal contraceptive use and symptoms of pregnancy.
Medication or drug use history should include marijuana,
heroin, and methadone use. The review of systems includes
symptoms of hypo- or hyperthyroidism, galactorrhea, and
neurological symptoms. It should be determined if there
is any family history of hirsutism or endocrinopathies, and
the menstrual histories and fertility of family members also
should be described [34].

The physical examination should be directed towards
signs of systemic disease or malnutrition. When malnu-
trition is suspected, plotting the adolescent’s height and

weight on growth charts is often the key to establish-
ing the diagnosis. A failure to gain weight or a fall-off
in both height and weight may be the clue to the diag-
nosis of nutritional insufficiency producing amenorrhea.
Staging of puberty and measurements of breast size with
areolar and glandular tissue dimensions are relevant in
the patient whose puberty is incomplete. Examination
also includes inspection of the skin for signs of andro-
gen excess, including acne, acanthosis nigricans, and hir-
sutism. The neck should be inspected for goiter and nodu-
larity, and the breasts should be examined for galactorrhea.
The pelvic examination includes inspection of the vagi-
nal introitus to assess current estrogen effects including
enlargement of the labia minora, thickened and pale pink
mucosa, and clear or white vaginal secretions. An enlarged
clitoris of more than five millimeters in diameter of the
glans implies exposure to androgen excess. A maturation
index of a vaginal smear can also be obtained by intro-
ducing, if patient permits, a cotton-tipped applicator to
the vagina which is then fixed with a Papanicolaou fixa-
tive. Superficial cells predominate with increasing estro-
gen effect and parabasal cells predominate in the absence
of estrogen [35]. In adolescent girls who are not sexually
active, a speculum exam with a Huffman speculum should
be attempted to visualize the vagina and cervix. If the
hymenal opening is too small to permit a vaginal bimanual
examination, a recto-abdominal examination in the litho-
tomy position may permit palpation of uterine and adnexal
masses. In sexually active girls, a full pelvic examination
should be performed, to identify signs of pregnancy such
as softening and discoloration (purple or hyperemic) of the
cervix and uterine enlargement, in addition to a pregnancy
test [30, 36].

Laboratory evaluation of the adolescent with amenor-
rhea should be based on the differential diagnoses sug-
gested by the history and physical examination. For sec-
ondary amenorrhea, the initial screening includes a urine
or serum beta human chorionic gonadotropin (�HCG).
If the results of the �HCG assay are negative and there
is absence of menses for over 6 months, more exten-
sive work up is required to identify androgen excess or
hypothalamic-pituitary dysfunction. Evaluation of poss-
ible androgen excess or hypothalamic-pituitary dysfunc-
tion would ideally be conducted in consultation with an
endocrinologist and would involve laboratory tests includ-
ing serum LH, FSH, LH:FSH ratio, prolactin, testosterone,
dihydroepiandrosterone sulfate (DHEAS), estradiol, thy-
roid stimulating hormone (TSH), and free levothyrroxine
(T4). Because stress, eating, sleep, and stimulation of the
breast tissue can increase prolactin levels, samples should
be drawn in a fasting state and the adolescent should
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be instructed to avoid stress and breast manipulation.
If thyroid function is normal and prolactin is increased
(>20 ng/mL), consultation with an endocrinologist is ne-
cessary to eliminate prolactin-secreting pituitary hormone
and other disorders [37].

In general, more extensive evaluation of amenorrhea
is recommended if neoplasia is suspected or if signs and
symptoms related to other organ systems accompany the
amenorrhea. For example, headache, visual changes, and
visual fields abnormalities in the presence of amenorrhea
suggest a possible pituitary tumor. In these cases, magnetic
resonance imaging (MRI) with gadolinium enhancement is
recommended [30].

The diagnosis of amenorrhea can include a challenge
test with medroxyprogesterone acetate 10 mg orally for
five–ten days to cause withdrawal bleeding and to deter-
mine whether the endometrium is responding to hormonal
stimulation. A positive response to this challenge indicates
the presence of an adequate estrogen level and an intact
uterine-vaginal tract. The lack of response to progesterone
generally indicates hypothalamic-pituitary dysfunction or
PCOS. The combination of the lack of response and a low
or normal FSH level indicates hypothalamic-pituitary dys-
function. On the other hand, a high FSH level indicates
ovarian failure. In general, the lack of withdrawal from a
progesterone challenge is indicative of low levels of estra-
diol. In these patients, the FSH is usually normal and most
do not require an MRI evaluation if their prolactin levels are
normal. However, if lack of menses persists despite weight
correction, prolactin levels are indicated every 6–12 months
[36].

Management of amenorrhea depends on whether it
is primary or secondary. Primary amenorrhea should be
managed in consultation with an endocrinologist and will
not be the focus of this discussion. The management of sec-
ondary amenorrhea with normal secondary sexual charac-
teristics varies according to the cause. In young women
with amenorrhea associated with weight loss, bone min-
eral density loss can occur soon after amenorrhea devel-
ops. Therefore, these patients may be at highest risk of
developing osteoporosis and stress fractures. The efficacy
of estrogen replacement therapy in this setting is an area
of debate. However, estrogen has beneficial effect on bone
and other tissues [32]. The use of combination estrogen and
progesterone is indicated after pregnancy and neoplasias
have been excluded. In addition to the bone effect, cyclic
estrogen and progesterone therapy also can be beneficial
through restoration of the menstrual pattern desired by the
adolescent. In hypothalamic-pituitary failure and ovarian
failure, the cause should be evaluated and corrected if pos-
sible. These adolescents also require cyclic estrogen and

progestin therapy and should be managed in collaboration
with an endocrinologist [30].

15.2.4 Oligomenorrhea and hyperandrogenism

Oligomenorrhea is usually the result of anovulatory cycles
and is defined as abnormal menses that are infrequent
or irregular, of variable duration, and characterized by
painless scanty bleeding. Oligomenorrhea is one of the
signs and symptoms of androgen excess (hyperandro-
genism) along with hirsutism, acne, weight gain and, if
severe, virilization or masculinization. Hirsutism refers to
an increase in length and coarseness of the hair, in a male
pattern, in areas such as the upper lip, chin, cheeks, inner
thighs, lower back, periareolar, sternal, abdominal, and
intergluteal regions. Signs of virilization include hirsutism,
deepened voice, increased muscle mass, increased libido,
clitoromegaly (more than five millimeters in diameter),
hair loss with male pattern, and acne. Adolescents with
hyperandrogenism are often worried about their appear-
ance and the potential relationship to infertility. Andro-
gen excess can be associated with metabolic disturbances
that include decreased high-density lipoprotein choles-
terol level, insulin resistance, decreased sex hormone-
binding globulin (SHBG), and alterations in the balance
between thromboxane and alpha 2 prostacyclin [38].

The differential diagnosis is summarized in Table 15.2.
Polycystic ovary syndrome is the most common cause of
hyperandrogenism, accounting for 80–90% of all cases of
androgen excess in adolescent girls and women. A diag-
nosis of PCOS is important, particularly in HIV-infected
adolescents, because the metabolic defects of PCOS (glu-
cose intolerance leading to type 2 diabetes and dyslipi-
demia leading to cardiovascular disease) have major impli-
cations for the management of HIV-infected young women
on antiretroviral therapy [39–40].

The cause of PCOS is not known but may be related to
abnormal hypothalamic-pituitary function, ovarian dys-
function, abnormal adrenal androgen metabolism, or
insulin resistance. Genetic factors have been associated
with this disorder and it is believed that PCOS has a domi-
nant mode of inheritance and its degree of expression may
vary within the same family. Although the insulin receptor
genes and the LH beta-subunit gene have been mapped
to chromosome 19, chromosomal studies of patients with
PCOS have shown no consistent abnormality. Some fac-
tors have been associated to the development of PCOS
and include: insulin increases at the time of puberty,
causing mitogenic effects on the ovaries, and theca cell
hyperplasia, leading to excessive androgen production.
This in turn produces follicular atresia, impairing estradiol
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Table 15.2 Differential diagnosis of hyperandrogenism

Endocrine disorders Characteristics

Ovarian
Polycystic ovary syndrome (PCOS) Chronic anovulation with menstrual irregularities, with or without skin

manifestations and absence of other androgen disorders. Supportive labs
include LH:FSH ratio >2:1 provided that LH level is <8 mIU/mL; mild
elevation of testosterone and DHEAS and hyperprolactinemia (20%)

HAIRAN syndrome Insulin resistance and acanthosis nigricans. Similar metabolic features of PCOS,
myocardial hyperophy, insulin receptor mutations, circulating antibodies to
the insulin receptor, postreceptor signaling defects. Fasting basal insulin levels
of > 80 �U/mL compared with reference range of about 7–8 �U/mL, peaks of
>1000 �U/mL (60 �U/mL in healthy individuals)

Ovarian tumors Palpation of ovarian mass; testosterone level > 200 ng/ml; DHEAS (levels
> 700 �U/mL is suggestive of ovarian or adrenal tumor); non-suppression of
androgens with dexamethasone

Adrenal
Late onset 21-hydroxylase (21-OH) Presentation similar to PCOS, onset in adolescence. Elevated serum 17-OHP

(17-hydroxyprogesterone), large increase after 0.25 mg single-dose injection of
adrenocorticotropin hormone (ACTH) is diagnostic. Elevated 11-deoxycortisol
or DHEAS and 17-hydroxypregnenolone levels are found in 11-hydroxylase
and 3 �-hydroxysteroid dehydrogenase deficiencies

Cushing’s syndrome Lack of cortisol suppression after dexamethasone (0.5 mg q.i.d. for 5–7 days)
Adrenal tumors Rare and associated with rapid feminization. Palpable mass; elevated 17-KS,

DHEAS, and DHEA levels. Subnormal suppression with dexamethasone
administration. Mass on ultrasound or CT scan

Other
Idiopathic hirsutism Ovulation regularly, normal levels of androgens. Mechanism remains to be

determined
Exogenous: androgenic drugs Anabolic steroids, testosterone, DHEAS, androgenic protestins, danazol,

corticotropin, high-dose corticosteroids, metyrapone, derivatives of
phenothiazine, acetazolamide

Exogenous: non-androgenic drugs Phenytoin, valproate, cyclosporine, diazoxide, minoxidil, hexachlorobenzene,
psoralens

Central nervous system lesions Encephalitis

LH, luteinizing hormone; FSH, follicle stimulating hormone; HAIRAN, hyperandrogenic-insulin resistant acanthosis nigri-
cans syndrome; DHEAS, dihydroepiandrosterone sulfate

production. Obesity, a frequent finding in PCOS patients,
also is associated with increased peripheral aromatiza-
tion of androgens to estrogens, decreased levels of sex
hormone-binding globulin (SHBG), and hyperinsulinemia
[41–44].

Patients with PCOS often present with hirsutism (66–
70%), oligomenorrhea (47–64%), obesity (38–43%), acne
(11–34%), amenorrhea (16–19%), polymenorrhea (2–4%),
and acanthosis nigricans (2%) [39, 44–45]. Polycystic
ovary syndrome includes its variant, the hyperandrogenic-
insulin resistant acanthosis nigricans (HAIRAN) syndrome.

The HAIRAN syndrome is characterized by acanthosis
nigricans, a velvety hyperpigmented change of the crease
areas of the skin found mostly in black people, fasting glu-
cose levels that are relatively normal despite extremely high
circulating levels of insulin (generally over 80 U/mL in the
fasting state and over 300 U/mL following an oral glucose
tolerance test [OGTT]), and androgen excess [45].

Polycystic ovary syndrome is often a diagnosis of exclu-
sion after other causes have been ruled out. Criteria
for diagnosis include chronic anovulation with a pre-
menarcheal onset of menstrual irregularities [46], and
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biochemical or clinical evidence of androgen excess (pri-
marily ovarian in origin). Polycystic ovary syndrome is usu-
ally characterized by an elevated LH : FSH ratio of 2 : 1 or
greater (provided that the LH level is not below 8 mIU/mL);
elevated circulating levels of free testosterone; a reduc-
tion of sex hormone-binding globulin (SHBG); variable
increases in total testosterone; abnormally high DHEAS
levels (in 50% of patients); and mildly elevated prolactin
levels (in 10% of patients). Patients with PCOS also may
have elevated levels of cholesterol, triglycerides, and low-
density lipoprotein cholesterol (LDL-C), and lower lev-
els of high-density lipoprotein cholesterol (HDL-C) and
apolipoprotein A-I. These abnormalities are largely asso-
ciated to hyperinsulinemia. Approximately 50% of women
with PCOS are insulin resistant with or without obesity. The
exact pathogenesis is not known but it is believed to be asso-
ciated to excessive serine phosphorylation of the insulin
receptor. The typical histologic changes of the polycystic
ovary can be encountered with any size ovary. Therefore,
increased size of the ovaries is not a critical feature, nor is it
necessary for diagnosis. Although “polycystic ovaries” are
common, not all patients with PCOS demonstrate ovaries
that are “polycystic,” nor are “polycystic ovaries” diagnostic
for PCOS [38, 45].

Initial laboratory evaluation includes measurements of
LH, FSH, LH : FSH ratio, free testosterone, DHEAS, pro-
lactin, thyroid function tests, glucose and insulin levels,
and lipid profile. As a rule, all anovulatory women who are
hyperandrogenic should be assessed for insulin resistance
and glucose tolerance with measurements of the fasting
glucose : insulin ratio; a ratio of less than 4.5 is consistent
with insulin resistance. Another assessment includes the
2-hour glucose level after a 75 g glucose load. A value is con-
sidered normal if it is less than 140 mg/dL, impaired values
are between 140–199 mg/dL, and non-insulin dependent
diabetes mellitus is 200 mg/dL or higher. Follow-up evalu-
ation of hyperandrogenic patients requires frequent mon-
itoring of glucose intolerance, insulin resistance, and dys-
lipidemia. Further evaluation to rule out ovarian or adrenal
tumor is required for any girl with severe acne, hirsutism,
virilization, or markedly elevated levels of serum testos-
terone and DHEAS. This evaluation requires a computed
tomography (CT) scan or an ultrasound examination of the
adrenal glands and ovaries, along with consultation with an
endocrinologist [38–39, 45, 47].

The overall goals of treatment include reduction of the
production of circulating androgens; protection of the
endometrium against the effects of unopposed estrogen;
achievement of normal body weight; lowering the risk
of cardiovascular disease by reducing hyperinsuline-
mia and diabetes mellitus; and induction of ovulation.

Specific management strategies for PCOS [39–40, 45, 48–
49] include:
1. Weight loss to reduce circulating androgen levels and

decrease unbound testosterone. Weight loss can reduce
insulin levels, thereby reducing testosterone and subse-
quently, hirsutism [42].

2. Hormonal management with combination oral con-
traceptives with low androgenic progestins (norethin-
drone or norgestimate) for abnormal uterine bleeding
and endometrial hyperplasia. Oral contraceptives also
decrease androgen production by lowering LH levels,
thus decreasing androgen production; increasing SHBG,
thereby lowering free androgens; decreasing adrenal
androgen production; and decreasing 5 �-reductase
activity. Therefore, oral contraceptives may improve
hirsutism but the response is slow [38].

3. Management of hirsutism. This can be accomplished
with cosmetic approaches such as chemical depilato-
ries, electrolysis, and laser photodermodestruction. In
addition to combination oral contraceptives, antian-
drogenic agents such as spironolactone can be used.
Spironolactone, an aldosterone-antagonist diuretic,
competes at the androgen receptor peripherally and
inhibits 5 �-reductase. The impact of spironolactone
treatment on hirsutism is related to dosage and a better
effect is seen with a dose of 200 mg daily. The starting
dose is 50 mg/day and can be increased by 25 mg every
1–2 weeks to a maximum of 200 mg/day; after a period
of time, a maintenance dose of 25–50 mg daily may be
sufficient. Side-effects are mild and include dry mouth,
diuresis, fatigue, and menstrual spotting. Because of the
possibility of hyperkalemia, this drug should be used
with caution in young women with diabetes mellitus. In
adolescents, spironolactone is usually indicated when
patients find oral contraceptives unacceptable or the
response is disappointing [38, 45].

4. Management of diabetes. Insulin-sensitizing agents
(antidiabetic agents) can be used for overt diabetes and
are the focus of current research. These agents include
metformin, a biguanide approved to treat type 2 dia-
betes, but not currently approved to treat PCOS. Gas-
trointestinal symptoms are the most common side-
effects of this drug. Therefore, clinicians start at a low
dose of 500 mg/day and increase the dose by 500 mg
per dose at weekly intervals. There is a small risk of
lactic acidosis among women taking metformin (< 0.1
cases/per 1000 patient years). Although no clinical
trials have evaluated the long-term efficacy of met-
formin use in adolescents, other short-term trials with
metformin have shown promising effects in lowering
insulin secretion, improving insulin sensitivity, restoring
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normal menstrual cycles, and correcting lipid abnor-
malities. Primary prevention of diabetes and cardio-
vascular lifestyle modifications, regular exercise, and a
balanced diet are also important, especially for
those HIV-infected young women taking highly active
antiretroviral therapy (HAART) [38, 49].

5. Treatment with clomiphene to induce ovulation. Such
treatment is reserved for patients with infertility. These
patients should be referred to a reproductive endocrin-
ologist.

15.2.5 Dysfunctional uterine bleeding

Dysfunctional uterine bleeding (DUB) is defined as irregu-
lar, painless bleeding of endometrial origin that can be
excessive, prolonged, or unpatterned. The bleeding is
related to endometrial sloughing in the absence of struc-
tural pathology and is usually due to anovulation. Ovula-
tory DUB occurs secondary to defects in local endome-
trial hemostasis. Anovulatory DUB, a systemic disorder
occurring secondary to endocrinologic, neurochemical, or
pharmacologic mechanisms, is the most common and may
result from prolonged amenorrhea leading to endometrial
hypertrophy [50–51].

Since DUB is a diagnosis of exclusion, the following
diagnostic possibilities must be considered and excluded
(Table 15.3) [50]: pregnancy and complications of preg-
nancy; use of exogenous hormones, leading to anovu-
latory breakthrough or withdrawal bleeding; infections;
local pathology; hormonal imbalance; coagulopathies and
hematologic conditions; and neoplasias.

The evaluation involves a thorough history, physical
examination, and appropriate laboratory studies. A men-
strual and sexual history, a history of hormonal contra-
ceptive use, and a family history, including a history of
PCOS or bleeding disorders, should be obtained. The review
of systems should include specific questions about tachy-
cardia, palpitations fatigue, lightheadedness, easy bruises,
and epistaxis or gum bleeding [51, 53, 54].

The physical examination should include an assessment
of hemodynamic stability, i.e. blood pressure in supine, sit-
ting, and standing positions and pulse to identify ortho-
static changes. In addition, height, weight, and sexual
maturity rating should be evaluated. A skin examination
is performed to identify signs of hyperandrogenicity or
bleeding disorders; the thyroid should be palpated to detect
enlargement and nodularities; and breasts should be exam-
ined for galactorrhea. Pelvic examination is essential to
identify structural abnormalities and to assess the amount
of bleeding. A gross assessment of the severity of the bleed-
ing can be estimated by observing the bleeding from the os,

Table 15.3 Differential diagnosis of dysfunctional uterine

bleeding (DUB)

Category Comments

Pregnancy and
complications of
pregnancy

Spontaneous and incomplete
abortion

Ectopic pregnancy
Use of exogenous

hormones leading
to anovulatory
breakthrough or
withdrawal
bleeding

Estrogen breakthrough bleeding
that occurs when excess
estrogen stimulates the
endometrium to proliferate

Estrogen withdrawal bleeding
occurs after stopping
exogenous estrogen therapy or
just before ovulation in the
normal menstrual cycle and is
usually self-limited

Progesterone breakthrough
bleeding: occurs when the ratio
of progesterone to estrogen is
high, the endometrium
becomes atrophic and more
prone to frequent, irregular
bleeding. This occurs with the
use of progesterone-only
contraceptive methods

Infections Sexually transmitted infections
Local pathology Trauma

Foreign body
Lesions of the cervix or vagina

Hormonal
imbalance

Hypothyroidism
Hyperthyroidism
Androgen excess
Insulin resistance
Obesity

Coagulopathies and
hematologic
conditions

Thrombocytopenic disorders
related or unrelated to HIV
infection

Idiopathic thrombocytopenic
purpura

Abnormal platelet function due to
drugs (aspirin)

Systemic illness or anticoagulant
therapy

Von Willebrand’s disease
(diagnosed when patient
presents with excessive vaginal
bleeding upon menarche)

Neoplasia Rare, but screening for cervical
dysplasia highly recommended
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considering the duration of the bleeding, and by obtaining
hemoglobin values. Grossly, presence of blood in the vagi-
nal vault and the cervix indicates moderate bleeding but
duration should be taken into consideration. Continuous
blood dripping from the cervical os usually indicates severe
bleeding and the patient may rapidly become anemic
[50, 55].

The initial laboratory evaluation of DUB includes assess-
ment of hematologic status with a complete blood count to
detect anemia and thrombocytopenia and a pregnancy test
to rule out pregnancy. Sexually transmitted disease (STD)
screening is indicated for adolescents who have had sex-
ual intercourse. No further laboratory testing is necessary
in adolescents with mild anovulatory DUB associated with
physiological immaturity. Depending on the history and
the physical findings, other tests may be required. Thy-
roid function tests and other endocrine tests are indicated
if endocrinologic dysfunction is suspected. Prothrombin
time and partial thromboplastin time should be performed
if a coagulopathy is suspected. A bleeding time will help
diagnose von Willebrand’s disease and should be per-
formed before initiation of any hormonal therapy, since
hormonal therapy may slightly prolong bleeding time.
Other tests for Von Willebrand’s disease include Von Wille-
brand’s factor binding activity and antigen levels, and a
multimer analysis of von Willebrand factor subtypes. A
transabdominal pelvic ultrasonography is recommended
to evaluate uterine and ovarian anatomy in patients who
do not tolerate a pelvic examination. Transvaginal ultra-
sonography is indicated if the pregnancy test is positive or
a mass is palpated on pelvic examination and tubo-ovarian
abscess (TOA) or ectopic pregnancy should be ruled out.
Endometrial sampling is rarely recommended in adoles-
cents [52, 56].

The treatment of DUB depends on the severity of the
bleeding. Once DUB is diagnosed, hormonal management
with oral contraceptives is frequently successful. Low-dose
oral contraceptives are as effective as contraceptives with
higher estrogen doses. They establish regular menses with
decreased menstrual flow, preventing long intervals of
amenorrhea and subsequent endometrial hyperplasia with
resultant profuse bleeding. The dosage of combined oral
contraceptives is guided by the severity of the bleeding.
For immediate treatment of moderate bleeding (moderate
flow and Hb levels 10–12 g/dL), oral contraceptives may
be administered up to one tablet four times a day, with
antiemetics prescribed with these high doses. The dose
is reduced slowly based on daily assessment of bleeding.
Depot medroxyprogesterone acetate (DMPA) 150 mg intra-
muscularly every 12 weeks has also been used to produce
amenorrhea in these cases but has not been traditionally

the first choice for the initial management of moderate
to severe dysfunctional uterine bleeding. Severe bleeding
(heavy flow and hemoglobin <10 g/dL) usually requires
intravenous estrogen and hospitalization. Surgical man-
agement is rarely required and is reserved for situations in
which medical therapy has been unsuccessful or is con-
traindicated [52–53, 56–57].

Hormonal contraceptives are also used in the manage-
ment of ovulatory DUB involving endometrial hemosta-
sis. The management is directed at decreasing menstrual
frequency or inducing endometrial atrophy. Combined
OCs (21-day packet), one pill daily continuously, is recom-
mended. Discontinuation of the pill for one week every
3 months prevents excessive endometrial proliferation.
Endometrial atrophy also can be induced by adminis-
tration of DMPA 150 mg IM every 3 months once the
endometrial stability has been achieved and the bleeding
is controlled. Gonadotropin releasing hormone analogs are
reserved for severe cases and should not be used for more
than 6 months [51, 54, 56, 58].

Dysmenorrhea
Dysmenorrhea, characterized by lower abdominal pain
that is usually cramping in nature, occurs in two types. Pri-
mary dysmenorrhea refers to cyclic pain associated with
the menstrual flow without evidence of pelvic pathology.
It is associated with ovulatory cycles and is due to endome-
trial contractions induced by prostaglandins originating
in the secretory endometrium. Secondary dysmenorrhea
refers to pain associated with menses due to organic disease
such as endometriosis, outflow tract obstruction, or pelvic
infections. Dysmenorrhea is a common gynecological dis-
order affecting 60% of menstruating adolescents, 14%
of whom report it as the cause of school absenteeism [59].

There are no studies of the prevalence of dysmenor-
rhea in HIV-infected adolescents. However, HIV-infected
and -uninfected women have similar prevalences of dys-
menorrhea [52], so it is likely that prevalence of dys-
menorrhea among HIV-infected adolescents is similar to
that among uninfected teens. Among adult HIV-infected
women, dysmenorrhea appears to be independent of CD4+

lymphocyte count [52].
The most common type of dysmenorrhea in adolescents

is primary dysmenorrhea. It appears within 1–2 years of
menarche, when ovulatory cycles have been established,
and may persist through adulthood as long as the patient is
ovulating. Primary dysmenorrhea is caused by an increased
production of prostaglandin F2� and prostaglandin E2

(PGE2). F2� is the most important cause of dysmenorrhea
and produces stimulation of uterine contractions, vaso-
constriction, and ischemia, and mediates pain sensation.
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Prostaglandin E2 causes vasodilation and platelet disag-
gregation. Women with this condition have an increased
production of prostaglandins and higher vasopressin con-
centrations than asymptomatic women. For example, in
the late luteal phase, there is a three-fold elevation in F2�

and PGE2 levels, followed by a further increase during
menstruation that is more intense in the first 48 hours
of menses [60]. This mechanism would account for the
observation that the pain of primary dysmenorrhea usually
begins a few hours prior to the onset of menstrual bleed-
ing and may last as long as 2–3 days. Increased urinary
excretion of leukotrienes, inflammatory mediators known
to cause potent vasoconstriction and uterine contractions,
also have been found in adolescents with dysmenorrhea
[58, 61]. The pain of dysmenorrhea is described as supra-
pubic cramping and can be accompanied by nausea, vom-
iting, diarrhea, dizziness or syncope, and lumbosacral
back pain. Signs include suprapubic tenderness without
rebound on palpation. Bimanual examination reveals uter-
ine tenderness but absence of cervical motion tenderness.

Secondary dysmenorrhea usually develops years after
menarche and can occur with anovulatory cycles. This con-
dition is rare in adolescents and pelvic abnormalities such
as endometriosis or uterine anomalies may be found in
approximately 10% of adolescents with severe dysmen-
orrhea [62]. Gynecologic disorders, including salpingo-
oophoritis, endometriosis, adhesions, imperforate hymen,
transverse vaginal septum, cervical stenosis, and uterine
anomalies, represent the most common cause of secondary
dysmenorrhea in adolescents. Prostaglandins also have
been shown to be locally elevated in cases of secondary
dysmenorrhea such as endometriosis [63]. The pain of
secondary dysmenorrhea can be diffused in the pelvic or
localized in areas outside the pelvis such as the rectum
or the back. The examination may show cervical motion
tenderness such as with PID. Tenderness or nodularity of
the uterosacral ligaments and cul-de-sac or ovary can be
found in patients with endometriosis [64]. The differential
diagnosis of secondary dysmenorrhea also includes less
frequent causes such as gastrointestinal disorders (irrit-
able bowel syndrome, ulcerative colitis, and Crohn’s dis-
ease), genitourinary disorders (ureteral obstruction and
pelvic kidney), and neurologic disorders). Musculoskeletal
causes are rare, and include scoliosis, kyphosis, spondylol-
ysis, and spondylolisthesis [62].

The diagnosis depends on the history of the cyclic nature
of the pain and absence of underlying pelvic pathology
as determined by pelvic examination. The onset of pain
is usually a key factor. Primary dysmenorrhea starts 6–
12 months after menarche or when the cycles become
ovulatory, and peaks at age 17 and 18 years. Secondary

dysmenorrhea should be considered if the pain starts with
the onset of menarche after the age of 20 years. A sexual
history including previous STDs helps eliminate infection
as a cause. History of cigarette smoking has been associ-
ated with increased duration of dysmenorrhea [65]. Associ-
ated symptoms include nausea or vomiting (89%), fatigue
(85%), nervousness (67%), dizziness, diarrhea and back-
ache (60%), and headache (45%). The review of systems
should include a complete review of gastrointestinal, gen-
itourinary, neurological, and musculo-skeletal systems.
Screening for pregnancy and for STDs, and obtaining a
complete blood cell count and an erythrocyte sedimen-
tation rate, are essential to rule out pregnancy, PID, and
inflammatory bowel disease, respectively. Ultrasound is
indicated when complications of pelvic infections or a
müllerian abnormality are suspected and when masses are
palpated [62].

The most effective treatments for primary dysmen-
orrhea are prostaglandin synthetase inhibitors such as
non-steroidal anti-inflammatory drugs (NSAIDs) and OCs;
NSAIDs are the most common pharmacologic treatment
and are effective in approximately 80% of primary dysmen-
orrhea cases. They should be taken before or at the onset
of pain and then every 6–8 hours for the first 3 days of the
menstrual period. This approach prevents the re-formation
of prostaglandin by-products. An additional effect may be
related to decreased prostaglandins from the platelets par-
ticipating in menstrual clotting. The benefit depends on
dose and duration of treatment. A loading dose of NSAIDs
(typically twice the regular dose) should be used as initial
treatment for dysmenorrhea in adolescents followed by a
regular dose until symptoms abate. The most commonly
used class of NSAIDs are the carboxylic acids, of which there
are different subgroups: salicylic acids (aspirin); acetic
acids (indomethacin); propionic acids (ibuprofen 400 mg
q4–6h; naproxen 500 mg initial dose, followed by 250 mg
q6–8h, and naproxen sodium 550 mg initial dose, followed
by 275 q6–8h); and fenamates (mefenamic acid) and keto-
profen. Mefenamic acid has an additional mechanism of
action (competition for prostaglandin binding sites). The
typical dosage is 500 mg as an initial dose, followed by
250 mg every 6 hours. For those adolescents who also desire
contraception or those who do not respond after 3 months
of treatment with NSAIDs, combined OCs represent the
agent of choice for treating dysmenorrhea. OCs produce
an endometrial proliferation similar to the proliferative
phase of the early menstrual cycle when prostaglandin
concentrations are lowest. Treatment with desogestrel-
containing low-dose OCs has also shown reduced men-
strual pain severity and significantly less menstrual cramp-
ing in women with dysmenorrhea when compared with
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those receiving placebo. However, no significant change in
bloating, anxiety, weight gain, or acne was reported in the
treatment group [66]. If dysmenorrhea is not relieved by
the above measures, a trial of up to 6 months is indicated,
with necessary changes in doses and medications before
the therapy is considered a failure. If symptoms persist after
6 months, the clinician should suspect secondary causes
of dysmenorrhea such as endometriosis and the patient
should be referred to a gynecologist [58, 62].

Premenstrual syndrome
Premenstrual syndrome (PMS) is characterized by behav-
ioral, somatic, affective, and cognitive disorders appear-
ing in the luteal phase of the menstrual cycle and usually
disappearing a few days after the onset of menses. The
exact prevalence is unknown but it is estimated that up
to 85% of women have some degree of symptoms before
menses and that 5–10% have severe symptoms and have
restrictions of daily activities [67]. Among adolescents, a
longitudinal study reported a prevalence of 14% and was
associated with self-reported anxiety, inattention, and poor
health [68]. In another study most adolescents reported at
least one premenstrual symptom of minimal (96%) or mod-
erate (89%) severity, while many reported symptoms they
considered severe (59%) or extreme (43%) [69]. Common
complaints of adolescents experiencing PMS include phys-
ical symptoms such as abdominal bloating, breast tender-
ness, weight gain, edema of lower extremities, headaches
and joint or muscle pain, fatigue, increased appetite, and
food cravings. Psychological symptoms include emotional
instability, irritability, anxiety, depression, decreased con-
centration, clumsiness, insomnia or hypersomnia, tearful-
ness, a sense of being out of control, social withdrawal,
and changes in libido [69].

The exact mechanism of PMS is unknown. However, pro-
posed etiologies include estrogen excess or deficiency, pro-
gesterone deficiency, alterations in prolactin, growth hor-
mone, thyroid hormone, adrenal activity, LH, FSH, insulin,
antidiuretic hormone, aldosterone, and cortisol. Vitamin
(A, E, thiamine, B6), magnesium and zinc deficiencies, as
well as alterations in glucose metabolism, also have been
implicated as mechanisms. More recently, neuroendocrine
studies have contributed to a growing list of findings that
suggest an underlying neurobiological vulnerability in PMS
and it is believed that women with this condition have an
alteration in the delicate equilibrium between sex steroids
and central neurotransmitters [70–72].

Premenstrual syndrome can have a major impact on an
adolescent’s quality of life (e.g. it is a major cause of school
absence among adolescent girls). Diagnosis requires track-
ing the patient’s complaints over at least two menstrual

cycles along with a thorough physical exam. The diag-
nosis is made by prospectively charting the cyclic nature
of the symptoms, which occur in the luteal phase and
resolve within a few days after onset of menses. The symp-
toms must be recurrent and severe enough to disrupt
normal activities. The most severe form of PMS is the
premenstrual dysphoric disorder (PMDD), in which the
symptoms markedly interfere with work, school, usual
activities, or relationships with others, and are not the
exacerbation of another disorder [73]. The patient his-
tory should include an assessment of the patient’s lifestyle,
diet, stress level, and a history of previous psychiatric
disorders [72].

The differential diagnosis for PMS includes exacerbation
of existing psychiatric conditions such as major depres-
sion, dysthymia, panic or personality disorders, and medi-
cal disorders such as seizures, migraine headaches, irrit-
able bowel syndrome, asthma, and allergies. Clinicians
must remember that menstrual exacerbation of exist-
ing psychiatric or medical disorders does not constitute
PMS [70].

Treatment of PMS may be complex. Because the causes of
PMS remain unknown, management can be difficult. Stress
management, dietary changes, and increased exercise have
relieved symptoms in some adolescents. Treatment to sup-
press ovulation with combined OCs, depot medroxypro-
gesterone, and GnRH analogues also have been shown
to alleviate PMS symptoms. However, the use of GnRH
analogues in adolescents is limited due to the hypoe-
strogenic effects and the risks of bone density. Selec-
tive serotonin reuptake inhibitors (SSRIs) are the drugs
of choice for severe PMS and for PMDD. Fluoxetine 20–
60 mg/day and sertraline 50–150 mg/day are effective.
In some cases, the use of these drugs only during the
luteal phase has resulted in improvement of symptoms
[72, 74–75].

15.2.6 Contraception and pregnancy

Contraception
Nearly 60% of couples worldwide are now using effective
contraception. However, this figure hides wide disparities
between the industrialized countries of North America,
Western Europe, Australia, and New Zealand, with the high-
est rates of use, and the developing countries, where many
barriers to use of effective contraception result in rates as
low as 15% of couples in Africa [76].

An estimated 350 million couples around the world lack
information about contraceptives and/or adequate access
to effective, acceptable methods and services. There are
wide variations in the access of women in the developing
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world to knowledge regarding where and how to receive
family planning services [77].

Adolescents and unmarried women are particularly
affected by limited access to contraceptives in many areas
and cultures where they are prevented or discouraged
from using reproductive health services, including family
planning services [76]. The use of modern contraceptives
among married adolescents ranges between 1% in sub-
Saharan African countries to 60% in Latin America. Only
10% of unmarried adolescents use modern contraceptives
in 4 out of 19 sub-Saharan countries. Therefore, unmarried
adolescents in these sub-Saharan countries are more likely
to use modern contraceptives than those who are married
[83].

15.2.7 The clinician’s role in adolescent contraception

The many contraceptive choices now available, thanks to
advances in contraceptive technology, combined with con-
siderations related to adolescent development, require the
adolescent girl’s full participation in the process of choos-
ing the most appropriate contraceptive method. In addi-
tion to a complete history and physical examination to
rule out contraindications to hormonal contraceptives, the
clinician must review the young woman’s lifestyle, assess
whether she has disclosed or plans to disclose her sexual
activity to her parents/legal guardians, and evaluate her
comfort level with various potential methods and their
side-effects. Ideally, the clinician would provide basic unbi-
ased information about the general choices available (daily
and long-term hormonal, and barrier methods) includ-
ing a comparison of advantages, disadvantages, and non-
contraceptive health benefits as they relate to the teen.
For example, teens with acne or with dysmenorrhea could
experience additional benefits from some hormonal con-
traceptives. The adolescent should be encouraged to share
her opinions about what she thinks will work best for her.
Finally, the clinician should make recommendations after a
careful evaluation of all these factors and after responding
to patients’ questions or concerns. This patient-focused
interactive counseling is likely to encourage adherence
to the desired method [79]. Regardless of the contracept-
ive method chosen, ideally the clinician should discuss
emergency contraception options with the adolescent, and
together develop a plan for responding to situations in
which she may have unprotected sex [80–81]. Adolescents
infected with HIV also require intense counseling concern-
ing their reproductive health including their desire for preg-
nancy, contraceptive practice, and decisions and choices if
an unintended pregnancy occurs.

15.3 Types of contraceptive methods

There are numerous types of contraception. Barrier meth-
ods include male and female condoms, spermicides,
diaphragms, cervical caps, and vaginal sponges. The latter
three barrier methods are not widely used in the adoles-
cent population, and will not be addressed in detail in this
chapter. Hormonal contraceptives, either combined estro-
gen/progestin or progestin-only contraceptives, are taken
orally, or in certain cases injected. Intrauterine devices
(IUDs), natural methods (such as coitus interruptus) as
well as voluntary sterilization also exist as contraceptive
methods, but are not used often in the adolescent popu-
lation [26] and will not be addressed in detail in this
chapter. Diaphragms, cervical caps, and vaginal sponges
leave a portion of the vagina unprotected and their pro-
tection against the acquisition of HIV/STDs is still not
determined. Even more so, vaginal sponges are not highly
recommended due to recent data showing a lower effic-
acy rate than diaphragms [82]. The risk of adverse affects
with IUDs, including increased risk of BV, appear to
be higher in adolescents and, therefore, they should
be used with caution [83–84]. New, recently approved
or soon-to-be approved long-acting hormonal con-
traceptives offer additional useful options for young
women. Recently approved methods include new hor-
monal monthly injections, contraceptive skin patches,
and vaginal rings. Other methods in development include
biodegradable implants, pellets, microspheres, and micro-
capsules [26].

Studies have shown that women who learned through
voluntary testing and counseling programs that they were
HIV-infected reported lower levels of desired fertility than
did women in the general population. Their knowledge
about contraception and access to family planning ser-
vices may be limited. Interventions are needed to offer
these women more control over their reproductive lives,
and serve as a strategy to prevent perinatal HIV infection
[85–86].

15.3.1 Barrier methods

Condoms
Following the advent of the HIV/AIDS epidemic, condoms,
which had long been eclipsed in the USA by hormonal and
other effective contraceptives, have experienced a resur-
gence in use, with many women, including adolescents,
relying on them for contraception. Additionally, the HIV
epidemic, as well as the high prevalence of many serious
STDs, mandates that adolescents be informed about and
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strongly encouraged to use male or female condoms to
protect themselves from STDs, including HIV, no matter
what other method they may use to prevent pregnancy.

The recommended male condom is made of latex and its
integrity should be protected by avoiding use of oil-based
lubricants and by educating the patient in proper appli-
cation techniques, including appropriate lubricants, and
storage strategies to prevent punctures and heat damage.
The female condom consists of a lubricated polyurethane
sheath with loose (15 cm) soft rings at each end; it is avail-
able in one size, and should be used in conjunction with a
lubricant. The inner ring is placed as high as possible in the
vagina. The outer ring covers the perineum and thus pro-
vides protection against perineal contact with infectious
organisms. Like the male condom, it is designed for one
time use, and is sold over the counter. Besides abstinence,
only condoms, if used consistently and correctly, offer pro-
tection against HIV transmission and may substantially
reduce the risk for many STDs. Condoms do not offer as
much protection against HPV and genital herpes, which
can be transmitted by contact with infected skin areas not
covered by the condom [26].

The conscious decision at each episode of sexual activity
required for effective use of either male or female condoms
for contraception or infection prevention is a major disad-
vantage. As shown in the REACH study, although growing
numbers of young women are choosing to rely on condoms
for contraception, pregnancy rates and incidence of STDs
among those choosing condoms suggest that many do not
use them with each sexual encounter, or have difficulties
in using them correctly [85].

Vaginal spermicides
Vaginal spermicides containing nonoxynol-9 (N-9)
enhance the contraceptive effectiveness of barrier meth-
ods. They are not effective in preventing cervical gonorrhea,
chlamydia, and HIV infection. In addition, frequent use of
N-9-containing products has been associated with genital
lesions and sloughing of endothelial cells, which may be
associated with an increased risk of HIV transmission.
N-9-containing products have more damaging effects
upon the rectal mucosa than upon the vaginal mucosa.
Adolescent women who engage in anal intercourse, a
strategy sometimes used by young women to avoid the risk
of conception or to maintain “technical virginity,” should
be cautioned against the use of N-9-containing products as
sexual lubricants. Both diaphragm and spermicide use has
been associated with an increased risk of bacterial urinary
tract infection in girls; the sponge has been associated
with increased risk of candidiasis [87].

Microbicides
Microbicides are being extensively researched as a means
to develop a safe, acceptable chemical barrier to prevent
HIV transmission during sexual intercourse. Many of these
compounds are in different stages of clinical trials, show-
ing promising results. Issues that are being addressed by
these research studies are the maintenance of normal vagi-
nal pH and flora, ease of use, length of effect, potential
adverse effect on sperm and integrity of mucosal tissue,
and behavioral issues related to acceptability and use in
sexual relationships [88].

15.3.2 Hormonal contraception

Hormonal contraceptives include combined or single drug
oral contraceptive, long-acting estrogen and progesterone
or progesterone only methods, and emergency contracep-
tion. Table 15.4 summarizes the currently available hor-
monal contraceptive methods [81, 89–94].

Oral contraceptives
Oral contraceptives are among the most popular birth con-
trol methods among teenagers. They are divided in two
groups: (1) combination OCs that include an estrogen and
a progestin; and (2) progestin-only pills that contain no
estrogen. Combination OCs prevent pregnancy by sup-
pressing FSH and LH. The estrogen alters the secretion and
cellular structure of the endometrium, leading to edema
and dense cellularity. The progestin prevents ovulation by
suppressing LH surge, produces thickening of the cervical
mucus and decreases sperm motility [81].

Combination OCs come in monophasic packs that con-
tain the same dosage of estrogen and progestin in every
pill and multiphasic packs that contain different dosages
of estrogen, progestin, or both during the cycle. The lat-
ter offers no significant benefit over the monophasic. The
pills are also packaged in 21 and 28-day packs. The 28-
day pack contains seven placebo pills and is preferred
because adolescents are less likely to lose track of the pill-
free interval. New products include a shortened placebo
interval followed by a low-dose estrogen to reduce break-
through bleeding. The estrogen component of most OCs
of preparations approved in the USA is ethinyl estra-
diol at a dose of 20–35 �g per pill. The 20–30 �g pills
are usually referred as “low dose” OCs. The progestins
in OCs can be classified in two families: (1) the estrane
family, including norethindrone, norethindrone acetate,
ethynodiol diacetate, and norethynodrel (not available in
the USA); and (2) the gonane family, including norgestrel,
levonorgestrel, norgestimate, desogestrel, and gestodene
(not available in the USA). Norgestimate and desogestrel
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have the lowest androgenicity effect and have less adverse
impact on lipoprotein metabolism than levonorgestrel and
norgestrel. These lower androgenic progestins may be more
appropriate for youths with hyperandrogenism, excessive
acne, and hirsutism [81].

In general, among the various options for hormonal oral
contraception, very low-dose OCs containing gonane pro-
gestins decrease the incidence of estrogen-related side-
effects, and are associated with lower rates of breakthrough
bleeding. Low-dose OCs have a low margin for error; preg-
nancy may result if doses are taken at different times of day
or if a dose is missed. Despite the obvious disadvantage
of the daily requirement for taking a pill, OCs are popular
among teenagers [95]. Additional non-contraceptive bene-
fits of OCs, such as improvement of acne and dysmenor-
rhea, increase the adherence of adolescents to the method
and should always be reviewed with young patients [96].

Progestin-only OCs prevent pregnancy by thickening
the cervical mucus and preventing sperm from ascend-
ing through the cervical os. There is also alteration of
the endometrial lining and some suppression of ovula-
tion. They are usually reserved for those adolescents for
whom combination OCs are contraindicated and who do
not desire injectable, implantable, or dermal methods.
The advantages include lack of interference with breast-
feeding quality, or quantity of milk production, in lacta-
ting teen mothers; decreased menstrual cramps, menstrual
flow, PMS, and breast tenderness. The major disadvan-
tage is that progestin-only OCs have a shorter half-life
than do combination OCs, causing unpredictable patterns
of menstrual bleeding and breakthrough bleeding, the
most common side-effect and reason for discontinuation.
This method requires daily dosing without hormone-free
intervals. Other side-effects include weight gain, increased
appetite with subsequent weight gain, headaches, moodi-
ness, fatigue, and breast enlargement [96].

Long-acting hormonal contraceptive methods
Depot medroxyprogesterone acetate (DMPA, or Depo-
Provera) injections administered every 3 months (150 mg)
have become a more popular hormonal contraceptive
method for both HIV-infected and -uninfected adolescents
[97]. It prevents ovulation by suppressing the LH surge,
increasing pulses of GnRH, and augmenting both the secre-
tion of FSH and the responsiveness of FSH to GnRH stimu-
lation. In addition, DMPA decreases estradiol secretion,
with inhibition of follicular development and maturation.
As with OCs, discontinuation rates are high. Adolescents
will often discontinue the use of DMPA unless close med-
ical supervision is possible and side-effects are carefully
monitored and aggressively managed [85, 97]. Side-effects,

primarily menstrual irregularities (26%) and weight gain
(18%), are the primary reasons for DMPA discontinuation
reported among adolescents [98]. A significant propor-
tion of adolescents who received at least one injection of
DMPA failed to present for subsequent scheduled appoint-
ments for additional DMPA injections [98]. Restart rates
were observed to be lowest among those who report irregu-
lar bleeding (15%), weight gain (9%), and hair loss (10%),
and highest among those discontinuing because of missed
appointments (87%). High pregnancy rates among those
who discontinue DMPA (19%) warrant close follow-up after
DMPA discontinuation [98].

The contraceptive patch is a one-and-three-quarter inch
square skin patch consisting of three layers containing
progesterone and estrogen. It delivers continuous lev-
els of norelgestromin and ethinyl estradiol for a 7-day
period. Three hormone-releasing patches, used in succes-
sive weeks, comprise one cycle. The patch can be worn
in several areas of the body, and it is recommended that
different areas of skin be used for consecutive patches, to
avoid skin irritation. The patches adhere well to the skin,
allowing young women to continue any athletic activities
including exercise and swimming. It has demonstrated effi-
cacy, safety, and a side-effect profile similar to that of com-
bination OCs. Additionally, the once-weekly dosing results
in statistically better adherence than with OCs. A common
complaint among adolescents about the patch is its visibil-
ity [92–94].

Hormonal implants involve a two-rod system contain-
ing levonorgestrel-filled capsules that are inserted sub-
dermally in the upper arm. A single rod system also con-
tains progestin. Implants are the most effective method of
birth control (except for continuous abstinence). Left in
place, implants can protect against pregnancy for 5 years.
However, implants are not very popular among adoles-
cents because they require insertion, and discontinuation
requires removal by a trained clinician [98].

Emergency contraception
Emergency contraception (EC) should be available to adol-
escents for immediate use in the event that a post-coital
method becomes necessary. It provides an option that
reduces the number of unplanned pregnancies with lit-
tle or no long-term risk and, like other contraceptive
methods, prevents ovulation, fertilization, and/or implan-
tation. Emergency contraception is extremely safe and
highly effective. Two hormone regimens, ethinyl estradiol
(100 �g) with levonorgestrel (0.5 mg) or high-dose lev-
onorgestrel (0.75 mg), given within 72 hours of intercourse
and repeated 12 hours later, are available for this purpose.
These regimens are packaged as labeled USA Food and
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Drug Administration dedicated products or they can be
adapted for use from standard OCs. Levonorgestrel and
mifepristone seem to offer the highest effectiveness with an
acceptable side-effect profile. Mifepristone, while effective,
is not yet licensed for this use as EC in the USA. One disad-
vantage of mifepristone is that it causes delays in onset of
subsequent menses, which may induce anxiety. However,
this seems to be dose-related, and low doses of mifepris-
tone (10 mg dose) minimize this side-effect without com-
promising effectiveness [80, 99–100]. For young women
with a past history of deep vein thrombosis, pulmonary
embolism, stroke or heart attack, progestin-only regimens
may be the preferred EC method. A history of ectopic preg-
nancy is not a contraindication for EC use. However, these
patients require more careful follow up because they are at
risk for repeat ectopic pregnancies. All EC patients require
follow up for several reasons, including determination of
the success of the EC and provision of additional educa-
tion about other contraceptive methods [80].

Hormonal contraception and drug interactions
With the numerous medications required by HIV-infected
individuals, drug interactions between OCs (estrogen-
progestin combinations or progestin-only products) and
other drugs, including antiretroviral drugs and drugs for
prevention or treatment of opportunistic infections (OIs),
are likely. Such interactions can result in either an increase
or decrease in plasma concentrations of OCs and other
drugs (see Chapter 19).

Hormonal contraception and STDs
Counseling about acquisition and transmission of STDs,
including HIV, prior to prescribing and during use of
hormonal contraceptive methods is essential to minimize
the incidence of STDs. Clinicians should emphasize that
hormonal contraceptives do not protect against STDs,
including HIV [96].

15.4 Pregnancy

Irrespective of their HIV infection status, pregnant adol-
escents may confront social stigma, lack of support from
partner and/or family, financial difficulties, and other psy-
chosocial stressors. In many cases, the young woman first
learns of her HIV infection during her pregnancy, and is
coping with a double burden of anxiety, dilemmas and
choices, and stress. Some young women with HIV infec-
tion incur unplanned pregnancies, and still others actively
wish to become pregnant. HIV-infected girls in a national

study of adolescents who acquired HIV through sexual
activity or injection drug use (IDU) had pregnancy rates
twice as high (20.6 per 100 persons/year) as the national
rate among adolescents [81, 101–102]. However, the like-
lihood of a new pregnancy among adolescent girls with
living children was lower among those with HIV infection
[81, 102].

The main clinical issues confronting HIV-infected adol-
escent girls and women regarding pregnancy are: the pos-
sibility of transmitting the virus to their child or to their
uninfected sexual partner; the potential impact of a preg-
nancy on disease progression; and the potential effects of
HIV treatment on the pregnancy and/or the baby.

Perinatal transmission rates have decreased substan-
tially with the use of antiretroviral drugs, cesarean section
before labor and before ruptured membranes, and avoid-
ance of breastfeeding. Ideally, the prospective mother
with chronic HIV infection would have already initiated
antiretroviral therapy before becoming pregnant. However,
the implications of current antiretroviral treatment guide-
lines, suggesting delay of therapy until particular clinical,
immunologic, or virologic parameters have been reached,
are that many HIV-infected adolescent girls and women
confronting an unplanned pregnancy will not have initi-
ated antiretroviral therapy. Moreover, many women do not
discover they are infected until tested during the course
of prenatal care. Fortunately, efficacious interventions to
prevent mother-to-child transmission of HIV which can be
initiated during pregnancy exist. The selection of the par-
ticular antiretroviral combination is complex, taking into
account the woman’s stage of disease progression, history
of antiretroviral treatment, co-existing infections or con-
ditions, and other issues; treatment regimens may vary
depending on the stage of pregnancy [103]. Some highly
effective antiretroviral medications are not suitable for use
during pregnancy. It is likely that perinatal transmission
among women with known HIV infection could be essen-
tially eliminated if appropriate care is available before preg-
nancy, and pregnancy is delayed until HIV disease is sta-
bilized. Ideally, they would also be free from other STDs,
and be committed to using barrier methods during preg-
nancy to prevent these infections. Ideally, pregnant, HIV-
infected teens should receive prenatal care from providers
who specialize in both obstetric and HIV care. Access to
such providers is generally limited to areas in which HIV
prevalence is particularly high. In other cases, it is essential
that there be close collaboration between clinicians man-
aging the HIV infection and those managing the pregnancy
and delivery.

Current evidence suggests that pregnancy does not exac-
erbate the progression of the HIV infection [104]. Many
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pregnant young women appear to be more conscientious
in adhering to HIV treatment regimens than they had been
before becoming pregnant, suggesting that pregnancy may
indirectly improve their clinical status [104]. On the other
hand, HIV infection may affect the pregnancy. HIV-infected
mothers may be more likely to spontaneously abort than
uninfected mothers [104], and be more likely to deliver low-
birth weight babies than uninfected mothers [105]. The
risks of preterm birth and low birth weight are higher in
those HIV-infected women co-infected with STDs or BV,
as may be the risk of transmitting HIV from mother to
baby [106–110]. Limited data exist regarding the long-term
effects of exposure to antiretroviral drugs on HIV-infected
mothers and their children.

The subject of future pregnancy and childbearing should
be discussed proactively with any HIV-infected adolescent.
Experience with HIV-infected adolescent girls suggests that
a number of them become anxious to have a baby after
learning their diagnosis, believing themselves to be under a
death warrant, and therefore having limited time for moth-
erhood, or believing that it would be much better for them
to have a baby sooner rather than later when their disease
may be more serious. Family and friends and health care
professionals may project the opposite attitudes, that HIV
infection should preclude pregnancy and childbearing. A
major goal of any comprehensive program for HIV-infected
adolescents and young adults is to encourage and facilitate
them in living normal lives. Accordingly, clinicians should
encourage them to be teens during their teen years – dis-
cover who they are, proceed with schooling, get jobs and
learn how to handle money, plan and begin to work towards
their futures, spend time with friends and have some fun,
and delay parenthood until after their teenage years. More
than other teens, adolescents with HIV infection need to be
encouraged to envision and plan for a future, since many
assume they have no future. We emphasize that making
decisions is part of growing up, and we respect their right to
make their own decisions about pregnancy and childbear-
ing. In that context, we encourage them to consult and work
together with their clinician if they do intend to become
pregnant, or if they experience an unplanned pregnancy,
so that we can help to ensure the best possible outcome for
them and their babies [85].

Pregnant HIV-infected adolescents should be counseled
about all of their options: (a) childbearing and raising the
child; (b) childbearing and placing the child up for adop-
tion; and (c) abortion. Providers can help the adolescent to
identify individuals who can be truly supportive in helping
her to make a decision and understand the implications
of her decision for her and her family [86, 94, 111–112]. It
is important to avoid assumptions about the supportive-

ness of family members, friends, and partners, especially
if the girl is contemplating an abortion, and in some cases
when she is planning to continue the pregnancy and raise
her child. The adolescent should be referred to appropriate
counseling and social service facilities. Close collaboration
between an infectious disease specialist and the prenatal
care providers is essential throughout the pregnancy and
through delivery and the postpartum period, and between
an infectious disease specialist and pediatrician during the
neonatal period.

In a national study of adolescents with sexually or IDU-
acquired HIV infection, the pregnancy rate among HIV-
infected adolescents was twice as high as the national rate
for American adolescents. No major differences in many
variables were found between HIV-infected adolescents
and “high-risk” (involved in sexual activity or IDU) unin-
fected counterparts on many variables, which could influ-
ence fertility. Irrespective of HIV infection status, older
adolescents and those not using hormonal contraception
were more likely to become pregnant. Conversely, those
with increased problem-solving capacity and increased
spiritual hope were less likely to become pregnant. Spirit-
ual hope was defined as measurements on the Likert Scale
involving descriptors such as “prayed hard for a good end-
ing to the situation,” “trusted your belief in God,” “started
going to place of worship more often,” and “compromised
or bargained with higher being” [86].

15.5 Sexually transmitted diseases

15.5.1 Introduction

An estimated global total of 333 million new STD cases
among both males and females ages 15–49 occurred in
1998, with 167 million of these cases occurring in devel-
oping countries. The total figure includes 89.1 million
cases of chlamydia, 62.2 million cases of gonorrhea, and
12.2 million cases of syphilis. Rates for adolescent girls
were not available [113]. In the USA, approximately 3 mil-
lion teenagers acquire STDs each year with adolescent
girls (ages 15–19 years) having the highest gonorrhea and
chlamydia rates of any age group [114]. Although rates
decrease with the implementation of aggressive screen-
ing and treatment policies, chlamydia rates are typically
6–18% among adolescent women. The gonorrhea rates vary
depending on both the reporting facility and the popula-
tion seeking health care. For example, rates of over 15%
are reported in STD clinics and juvenile detention facilities
while the rate is approximately 3–6% in adolescent clin-
ics. Trichomonas vaginalis infection rates are up to 14% in
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adolescent women and HSV seropositivity is up to 30%;
HPV rates are between 33–80% of some clinical samples
[114–116]. Similar to the US adolescent population as a
whole, HIV-infected adolescent girls have high rates of
STDs [117–119]. Reported overall prevalence rates among
US girls aged 12–19 years are: gonorrhea (10%), chlamydia
(22%), both gonorrhea and chlamydia (6%), Trichomonas
sp. (13%), and syphilis (9%) [118–119]. The only major dif-
ference between the HIV-infected and uninfected girls was
a higher prevalence of trichomoniasis among the HIV-
infected girls. HIV-infected girls also had high HPV infec-
tion rates (77.4%), specifically the high-risk HPV types
[115]. Studies of HIV-infected women report somewhat
conflicting results, with one study reporting similar rates
of infections between HIV-infected and uninfected women
[120], and another study reporting higher rates of vaginal
infections including BV, vulvovaginal candidiasis, and tri-
chomonal vaginitis in HIV-infected women than among
their uninfected counterparts [121].

Sexually transmitted diseases among adolescents, both
HIV-infected and -uninfected, have important implica-
tions, and present challenges to care providers. Sexually
transmitted diseases characterized by inflammation such
as gonorrhea and chlamydia can increase vulnerability to
HIV infection from sexual activity with an HIV-infected
partner; high rates of these STDs among adolescents sug-
gest a high level of risk of HIV infection among adoles-
cents [122–124]. The increased vulnerability to HIV infec-
tion caused by inflammatory STDs is also an important
issue for adolescents who are already HIV-infected, as they
can become super-infected with additional HIV strains,
some of which may be resistant to various antiretroviral
drugs, seriously complicating effective management of the
HIV infection [125–126].

Among HIV-infected youth, STDs can be particularly
problematic. Adolescent girls have the highest age-specific
rates of complications of STDs; immunosuppression due
to HIV dramatically increases the severity of these com-
plications [122–123, 127–129]. For example, gonorrhea and
chlamydia are more likely to progress to PID, even in young
women who are not severely immunosuppressed [130–
133], and PID is likely to be more difficult to diagnose and
treat in HIV-infected young women [134]. Human papil-
lomavirus infections among HIV-infected young women
(even those not severely immunosuppressed) are more
likely to involve strains associated with dysplasia and cer-
vical cancer than those occurring among young women
without HIV infection [115, 130]. Not only does the HIV
infection affect the body’s response to STD infection, but
STDs and other infections are associated with increases in
viral loads and with decreases in CD4+ lymphocyte counts

as the already challenged immune system confronts addi-
tional pathogens.

The health education about their condition, which
should be an integral component of primary and HIV care
for any HIV-infected adolescent, should include a candid
discussion about the serious implications of STDs to their
health and to effective management of their HIV infec-
tion. The challenges facing many HIV-infected adolescents
in using condoms consistently and effectively cannot be
overestimated. Effectively encouraging responsible sexual
behavior, including consistent condom use, is one of the
most difficult challenges facing health care providers for
this population. Screening for STDs should be included in
routine quarterly examinations of HIV-infected youth, and
the youths should also be encouraged to call for appoint-
ments at the first sign of STD, rather than waiting in the
hopes that it will improve on its own [114, 135].

Adolescents with HIV, particularly those who acquired
HIV sexually, are at a greatly increased risk of acquiring
other STDs. Practitioners caring for HIV-infected adoles-
cents should make every effort to aggressively educate
patients about the special risks STDs pose for HIV patients
and urge them to use safe sexual practices or to abstain
from sexual activity.

15.5.2 Sexually transmitted diseases and HIV:
the role of immunity

The common mucosal immune system contributes to
immune defense in the female reproductive tract. Cer-
vical secretions contain high concentrations of intrinsic
immune components (e.g. complement and defensins)
and immunoglobulins that are the first line of defense
against invasive pathogens. Additional protection is pro-
vided by cellular immune components. Although the regu-
lation of local immune responses in women is not well
understood, precise regulation is presumably critical;
uncontrolled immune responses may cause non-specific
tissue damage that could alter reproductive function [136–
137].

An intricate cytokine feedback mechanism controls
both stimulation and inhibition of an immune response.
Whether the induced immune response is mediated by
antibodies or T-lymphocytes, it may be regulated by timing
and by exposure to cytokines secreted either by epithelial
cells or by T-helper cells. Two patterns of cytokine produc-
tion have been described: T-helper cell type 1 (Th1) that
produces interleukin 2 (IL-2), lymphotoxin and interferon
� . These cytokines produce a cell-mediated response and
are important in the resolution of virus infections or intra-
cellular pathogens. The T-helper cell type 2 (Th2) produces
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IL-4, IL-5, IL-6, IL-10, and IL-13; these cytokines produce
humoral immune responses. Another important cytokine
in this feedback system is interleukin 12 (IL-12), which is
produced by dendritic cells and monocytes. IL-12 drives
helper T-cells type 0 into a Th1 pathway. Local produc-
tion of these cytokines may determine which arm of the
immune response is stimulated and may influence the
magnitude of immune protection available in the genital
tract. Many different cytokines have been detected in the
cervical and vaginal secretions of women. The constitutive
level of cytokine expression suggests that the healthy gen-
ital tract has a Th2 type of immune environment. Further
studies are necessary to determine whether the cervical
cytokine responses of adolescent girls are different from
those of women [136–137].

Notable differences are observed between HIV-infected
and uninfected adolescent girls in the physiology and local
immune system of the genital tract. Studies have shown that
genital tract viral infections influence the level of cytokine
expression. This effect was evaluated in a study of HIV-
infected adolescents examining the association among
mucosal cytokine concentrations, HIV infection status, and
STDs. Higher levels of IL-10 and IL-12 were found in the
HIV-infected adolescent girls compared with uninfected
girls. Significant alterations in local cervical cytokine pro-
duction, including cytokine profiles associated with Th1 or
Th2 responses, were also found among the HIV-infected
adolescents. The levels of IL-2, IL-10, and IL-12 were not
influenced by the age or race of the subjects. When com-
pared by HIV infection status, HIV-infected adolescent girls
had significantly higher levels of IL-10 and IL-12; no differ-
ence according to HIV infection status was found for IL-2
[136].

Additional differences in genital tract cytokine produc-
tion distinguish women infected with HIV but who have no
HPV infection from those HIV-infected women co-infected
with HPV, and also distinguish adolescents from adults
[136]. Among HIV-infected adolescents, HPV co-infection
was the principal factor predicting the high IL-10 concen-
tration found in this cohort; whereas HPV co-infection and
the presence of another STD were associated with high lev-
els of IL-12. These findings were present early in HIV infec-
tion with CD4+ T-cell counts above 500 cells/�L. Therefore,
in HIV-infected adolescents, local immunity may be altered
before significant declines in total peripheral CD4+ T lym-
phocytes develop. The clinical relevance of these Th1/Th2
cytokine profiles is being examined longitudinally to eval-
uate the progression of HPV infections in HIV-infected and
-uninfected adolescents. Although the data demonstrate
that in adolescent girls, co-infection with HIV and HPV

is associated with increased IL-10 concentrations, other
STIs do not influence the probability of having increased
IL-10 concentrations. Still, HIV-uninfected patients with
HPV infection have lower IL-10 concentrations than
HIV-infected counterparts, suggesting an appropriate
switch away from Th2 responses during viral infection
[137, 138].

15.5.3 Sexually transmitted diseases and
STD syndromes

Vulvovaginitis
Vulvovaginitis is the inflammation of the vulva and vagina
that is characterized by symptoms such as vaginal dis-
charge, odor, irritation, vulvar or vaginal itching, burn-
ing, and dyspareunia. It is frequently caused by infec-
tion. The primary infectious causes of vulvovaginitis in
adolescent girls are BV (Garderella vaginalis, anaerobes,
and Mycoplasma hominis), vulvovaginal candidiasis (VVC)
(Candida species), and trichomoniasis (Trichomonas vagi-
nalis). Given the significant differences in pH, leukocyte
count on wet mount (a microscopic examination of a vagi-
nal smear after the addition of one to two drops of normal
saline to the specimen), and Gram stain appearance, these
three common infections are easy to distinguish and dif-
ferentiate [106, 114].

Other, non-infectious causes of vulvovaginitis include:
physiologic causes such as menses, ovulation, hypoestro-
genism, physiologic leukorrhea; foreign bodies; cervicitis
[114, 139–141]; hypersensitivity, irritant, or allergic vulvo-
vaginitis, including cases resulting from intravaginal med-
ications or personal hygiene products or cases represent-
ing latex condom allergy; idiopathic focal vulvovestibulitis;
and cytolytic vaginosis [106]. Vaginal aphthae, like oral and
esophageal aphthous lesions, have been described among
HIV-infected women [142].

15.5.4 Bacterial vaginosis

Vulvovaginitis due to bacterial vaginosis is common, result-
ing from overgrowth of bacteria (a mixed flora consisting of
Haemophilus sp., Bacteroides sp., Gardnerella sp.) replac-
ing the normal vaginal flora (Lactobacillus). The prevalence
of BV varies by population, ranging from 10–31% in sexu-
ally inexperienced adolescents in the USA [106]. Bacterial
vaginosis has been associated with a variety of gynecologic
and obstetric complications, including PID, post-abortal
infection, vaginal cuff cellulitis, preterm birth, low birth
weight, prolonged rupture of membranes, and postpartum
endometritis.
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The clinical and laboratory characteristics associated
with BV are shown in Table 15.5. As many as 50% of young
women with BV are asymptomatic. When symptomatic, the
primary symptom is malodorous vaginal discharge (non-
viscous homogeneous, white, uniformly adherent) with an
amine odor that is more noticeable after menses or inter-
course. Itching and irritation also are present in 67% of the
cases [106].

Bacterial vaginosis can be diagnosed clinically based on
three of the four Amsel’s criteria [143–144] (Table 15.5).
Among patients with BV, this test reveals clue cells and very
few white blood cells (WBCs). These simple and inexpen-
sive tests provide the most accurate and efficient results
to diagnosis of BV [143–144]. A Gram stain of a vaginal
smear is considered more reliable than saline microscopy
because it can be saved for later review and is useful for
research purposes. However, Gram stains are often not
performed in clinical practice. Cultures for Gardnerella or
Mycoplasma species have little use in the diagnosis of BV
and more expensive tests are not necessary [114, 145]. As
some patients with BV are asymptomatic, screening using
pH strips, wet mount and KOH should be performed rou-
tinely on HIV-infected adolescent girls.

In longitudinal studies using these clinical criteria,
women with HIV infection were more likely than unin-
fected women to have persistent BV, and those with
greater immunosuppression (CD4+ cell counts less than
200 cells/�L) were more likely than those with CD4+ cell
counts above 500 cells/�L to have persistent and severe
BV infections [146–148]. Because HIV infection may pre-
dispose these patients to more severe BV infections, per-
haps leading to PID, and because the risk of HIV trans-
mission may be greater among women with BV, clinicians
should consider treating asymptomatic BV in HIV-infected
adolescent girls [106].

Suggested treatment regimens for BV are shown in Table
15.5. Acceptable treatment options include metronida-
zole or clindamycin [106, 114]. Because of the interaction
between metronidazole and alcohol, adolescents needing
treatment for BV should be screened for alcohol abuse, and
those who are unlikely to be able to abstain from alcohol
as needed, should be treated with an alternative antibiotic,
e.g. clindamycin.

Useful preventive approaches are difficult to define due
to the poor understanding of microbiologic and host risk
factors. Recurrence after treatment has been reported to be
as high as 80% [149–156]. Such high recurrence rates could
be due to persistence of BV-associated organisms and fail-
ure of Lactobacillus species flora to recolonize. Prevention
includes abstinence and avoidance of douching and/or the

use of intravaginal soaps. The results of clinical trials indi-
cate that a woman’s response to therapy and the likelihood
of relapse or recurrence are not affected by treatment of her
sex partner(s). Therefore, routine treatment of sex partners
is not recommended [114].

15.5.5 Vulvovaginal candidiasis

Vulvovaginal candidiasis (VVC) remains one of the most
common infections of the female genital tract. Although it
is uncommon before age 17 years, the incidence increases
rapidly with age thereafter; by age 25 years, 55% of college
women have been diagnosed with this condition and as
many as 20% of women may be colonized with Candida
albicans. Furthermore, this diagnosis will be confirmed
in 30% of symptomatic women by isolation of Candida
species [157]. Factors that increase the risk of VVC include
pregnancy, contraceptive use, diabetes, antibiotics (such as
tetracycline, ampicillin, and oral cephalosporins), and sex-
ual activity including receptive oral sex [157]. Vulvovaginal
candidiasis is most commonly caused by C. albicans (80%)
and less frequently by other species such as C. glabrata, C.
parapsilosis, C. tropicalis, C. lusitaniae, and Saccharomyces
cerevisiae (20%).

The clinical and laboratory characteristics associated
with VVC are shown in Table 15.5. Symptoms include vul-
var/vaginal itching and or soreness or discomfort, dysuria,
and thick discharge. The thick vaginal discharge is clumpy,
white, and resembles cottage cheese. Examination fre-
quently reveals vulvar and/or vaginal inflammation and
erythema. The diagnosis of VVC requires the combination
of clinical and laboratory (microscopy, culture) findings.
Patients with vaginitis symptoms can be diagnosed with
VVC by examining the vaginal secretions under the micro-
scope. A wet mount or saline preparation should show yeast
cells and mycelia and few WBCs. If large numbers of WBCs
are present along with yeast cells and mycelia, there is likely
a mixed infection. Patients with signs and symptoms of
VVC and negative microscopy should have a vaginal cul-
ture. Although vaginal cultures are the most sensitive for
detecting Candida organisms, a positive test does not indi-
cate that yeast is responsible for the vaginal symptoms since
Candida organisms are isolated from the lower genital tract
of an estimated 20% of asymptomatic healthy women with-
out abnormal discharge. Among women with symptoms
of VVC, 29.8% had yeast isolated, confirming the diagno-
sis of VVC [157]. Patients are treated when there is clinical
evidence of yeast infection or when the wet mount test
with saline shows budding yeast with pseudohyphae. Cul-
ture is expensive and time consuming. The culture may be
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useful in the individual with recurrent symptoms consis-
tent with Candida vulvovaginitis but negative results from
KOH preparation.

Candida vaginitis infection rates in HIV-infected women
are unknown, and reports of refractory fungal vaginitis have
not been substantiated [158]. HIV-infected women appear
more likely to have non-C. albicans isolates than women
without HIV infection. In one study, oral and vaginal iso-
lates were recovered prospectively over a period of 2 years.
Among those with C. albicans isolates, resistance of the iso-
late to antifungal agents (such as fluconazole) was rare. In
contrast, non-C. albicans isolates frequently had reduced
susceptibility to fluconazole, and subjects with non-C. albi-
cans isolates had more infections. The non-C. albicans
species most closely associated with the development of
fluconazole resistance were C. glabrata and C. tropicalis
[159]. HIV infection may or may not enhance susceptibility
to vaginal candidiasis. Studies suggest that local immunity
is more important than systemic immunity for host defense
against Candida vaginitis [158].

Treatment options for VVC are listed in Table 15.5. An
estimated 5% of women suffer complicated VVC, which
is defined as recurrent VVC (more than four episodes per
year), severe symptomatology, or infections caused by non-
C. albicans isolates. This diagnosis should be confirmed
by cultures before therapy is instituted. Vaginitis due to
C. albicans responds well to available therapy. There are
also many effective topical agents. All of these azoles treat
uncomplicated VVC (i.e. mild-to-moderate, sporadic, non-
recurrent disease with normally susceptible C. albicans)
[114, 140].

In contrast, vaginitis due to C. glabrata is associated
with a high treatment failure rate [159] and requires a
longer duration of therapy (i.e. 10–14 days) with either
topical or oral azoles [114, 142]. The management of
recurrent VVC requires an induction course of either oral
or vaginal antimycotic therapy, which must be continued
daily until the patient is completely asymptomatic or the
culture becomes negative. Failure to initiate a mainte-
nance regimen will result in a clinical relapse of VVC in
50% of cases. Three maintenance suppressive therapy
regimens are effective and include ketoconazole 100 mg
daily, 100 mg fluconazole orally once weekly and 500 mg
clotrimazole suppositories once a week. The treatment of
sexual partners adds no benefit to this regimen and the
role of yogurt in preventing VVC remains unproven.
Hyposensitization with Candida antigen prepar-
ations has shown encouraging results in subgroups
of patients but further double-blind placebo studies are
required [157].

15.5.6 Trichomoniasis

Trichomoniasis vaginalis infection is prevalent in sexually
active adolescents, e.g. in 12.6% of HIV-infected adoles-
cents and in 3.4% of HIV-uninfected adolescents [119].
Sexual activity is the most common predisposing factor for
T. vaginalis infection. Prevalence rates have ranged from
5–10% in women in the general population to as high as
50–60% in incarcerated women and commercial sex work-
ers. An increased risk of this infection is described in women
with multiple sexual partners, poor personal hygiene, and
low socio-economic status.

The clinical and laboratory characteristics associated
with trichomoniasis are delineated in Table 15.5. The symp-
toms of T. vaginalis infection include vaginal itch and
frothy, malodorous, and gray or yellow-green colored dis-
charge. In HIV-infected women, T. vaginalis also can infect
Skene’s ducts, Bartholin’s glands and the urethra, where
organisms may not be susceptible to topical therapy [160].
The clinical manifestations of vaginal trichomoniasis vary
from asymptomatic carriage to severe vaginitis. This range
of clinic symptoms is influenced by host factors, which vary
during the course of the menstrual cycle and may influence
the expression of T. vaginalis virulence. The proportion of
women who have symptoms vary from 20–50% depend-
ing on the population, selection criteria, and diagnostic
method [161]. Physical examination may demonstrate cer-
vical petechiae (“strawberry cervix”) in 5–10% of cases, and
the cervix, urethra, and bladder can be inflamed. Defini-
tive diagnosis of T. vaginalis infection requires microscopic
and/or laboratory examination as other pathogens cause
similar symptoms. In addition, women with trichomoni-
asis are more likely to be colonized by G. vaginalis and
Bacteriodes spp. (90%), Ureaplasma urealyticum and/or
Mycoplasma hominis (over 90%), N. gonorrhoeae (30%),
yeast (20%), and C. trachomatis (15%) than women with
normal flora. Culture has greater diagnostic sensitivity than
wet mount and DNA probe. A special ‘Trich pouch’ has been
developed to facilitate culturing and isolating T. vaginalis
in the clinic setting. However, clinicians must still be pro-
ficient at microscopic examination. Although T. vaginalis
may be identified on Pap smear, Pap smears have low levels
of sensitivity and specificity for T. vaginalis and should not
be relied on for diagnosis [161].

Trichomonas vaginalis infection of the lower genital tract
may be associated with PID. In an African STD clinic study,
trichomoniasis was associated with a significantly higher
risk of PID (P = 0.03). If T. vaginalis infection is present,
the risk of PID is significantly higher among HIV-infected
compared with uninfected patients (P = 0.002) [162].
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Treatment regimens for T. vaginalis infections are shown
in Table 15.5 [114, 163]. Treatment generally involves one
of two agents: metronidazole or clindamycin. These agents
should not be used together because of possible toxici-
ties. Metronidazole is the treatment of choice for both men
and women. If the patient is pregnant, the only approved
treatment is a single 2 g PO dose of metronidazole. This
treatment is highly effective, with cure rates ranging from
82–88%. Simultaneous therapy for sexual partners
increases the cure rate to 95% or more with single-dose
treatment. Infected women should avoid sexual inter-
course until they are cured. Because T. vaginalis often
infects the urethra and periurethral glands, systemic
therapy is superior to a topical regimen.

Metronidazole can produce malaise, nausea, and occa-
sionally vomiting; the nausea and vomiting may be par-
ticularly problematic with the 2 g dose. However, for those
who can tolerate the one-time larger dose, malaise tends to
disappear quickly, whereas those taking smaller doses for a
week may feel varying degrees of malaise during the entire
time, a factor likely to interfere with compliance. It is also
important to note that metronidazole produces antabuse-
like reactions with nausea, flushing, headaches, and con-
vulsions in people who drink any alcohol while taking the
medication. Women given the single-dose therapy should
be alcohol free for 72 hours afterwards. Those taking the 7-
day regimens must be prepared to abstain from alcohol for
the entire period and through 72 hours after the last dose
[114].

If treatment failure occurs, the patient should be
retreated with the same agent and an extra effort should
be made to ensure treatment of sex partner(s). If the sexual
partner(s) are treated and intercourse has been halted, then
oral metronidazole 2 g QD for 3–5 days should be consid-
ered for patients experiencing previous treatment failure.
Metronidazole resistance is rare. HIV-infected individuals
with trichomoniasis are treated in the same manner as
HIV-uninfected patients [161].

15.5.7 Atypical infections of the female genital tract

Atypical infections of the female reproductive tract gen-
erally are more severe manifestations of infections due
to common genital tract infectious agents, e.g. HSV and
Candida species. As mentioned previously, inflammatory
STDs such as gonorrheal and chlamydial infections, and
trichomoniasis, appear to be more likely to progress to
PID among immunosuppressed women [161, 162, 164].
Opportunistic infections associated with HIV infection
or immunosuppression that affect other organ systems
can theoretically affect the female genital tract, although

cytomegalovirus (CMV) has been the only opportunistic
infection reported to date to have gynecological manifes-
tations. Cytomegalovirus disease of the female genital tract
can result in significant morbidity, including ulcerations,
fever, pain, bleeding, and superinfection [165].

Cervicitis
There are two main types of cervicitis: endocervicitis, also
called mucopurulent cervicitis (owing to characteristic yel-
lowish mucopurulent exudates from the endocervix) and
ectocervicitis, characterized by inflammation of the out-
side of the cervix. Ectocervicitis is usually caused by infec-
tions with T. vaginalis or Candida species. Among adoles-
cent girls, ectocervicitis may be easily confused during a
gynecologic speculum examination with cervical ectopy,
characterized by the columnar epithelium of the endo-
cervix extending beyond the cervical os into the region
normally occupied by the squamous epithelium of the ecto-
cervix [114]; the brighter red color of the columnar epithe-
lium can easily be mistaken for inflammation.

Mucopurulent cervicitis, common in sexually active
women and adolescent girls, is usually caused by sexu-
ally transmitted pathogens, including C. trachomatis and
N. gonorrhoeae. Sexual activity is the main risk factor for
cervicitis. Both pathogens infect columnar or transitional
epithelium and produce superficial mucosal infections,
which may be asymptomatic. Annually in the USA, there are
approximately 3 million new infections of Chlamydia tra-
chomatis among adolescents, and 650 000 new infections
of Neisseria gonorrhoeae [114, 139–141, 166]. The major-
ity of cases go undiagnosed because asymptomatic infec-
tion is common. In the REACH study, prevalence rates of
C. trachomatis and N. gonorrhoeae were similar between
the HIV-infected adolescent girls and the high risk, HIV-
uninfected girls [119]. Other pathogens causing cervicitis
include T. vaginalis, Candida species, and HSV.

The clinical and laboratory characteristics of mucopuru-
lent cervicitis are delineated in Table 15.6. A presumptive
diagnosis of chlamydial or gonorrheal endocervicitis may
be made based on the presence of mucopurulent endocer-
vical discharge, cervical friability, and more than 15 WBCs
per high power-field seen on either wet mount or Gram
stain of endocervical specimens. The diagnosis is defini-
tive if a culture, direct fluorescent antibodies (DFA), DNA
probe, or nucleic acid amplification tests (NAAT) shows
positive results for C. trachomatis and/or N. gonorrhoeae.
The latter two are the most sensitive diagnostic tests cur-
rently available to detect both pathogens. Ectocervicitis is
usually associated with vaginitis and the diagnosis is often
made with the identification of T. vaginalis and Candida
species on wet mount. Herpes simplex virus infection is
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Table 15.6 Mucopurulent cervicitis: clinical and laboratory characteristics, treatment

Mucopurulent cervicitis Chlamydia trachomatis Neisseria gonorrhoeae

Etiology C. trachomatis, N. gonorrhoeae
Symptoms Women may be symptomatic or

asymptomatic.
Yellow mucopurulent endocervical

exudates

Women may be symptomatic or
asymptomatic.

Dysuria, yellow mucopurulent
vaginal discharge

Abnormal vaginal discharge,
spotting, abnormal menses,
dysuria.

Women may be asymptomatic.
Anorectal and pharyngeal

infections are common and
may or may not be
symptomatic

Discharge 1. Yellow, mucopurulent endocervical
exudate on white cotton-tipped swab.

2. Presence of increased number of
polymorphonuclear leukocytes on
Gram stain specimen has low
predictive value

Presence of yellow, mucopurulent
endocervical exudate on white
cotton-tipped swab.

Gram stain is not sensitive and
should be confirmed by
culture, DNA probe, or NAAT;
mucopurulent discharge

Diagnosis Positive chlamydia (culture, DFA, DNA
probe, or NAAT) and gonorrhea
(culture, DNA probe, or NAAT) test
results

Positive chlamydia test (culture,
DFA, DNA probe, or NAAT)

Growth on selective medium
demonstrating typical
colonial morphology, positive
oxidase reaction, and typical
Gram stain morphology

Treatment Based on testing results.
If patient is unreliable or in a high

prevalence area, treat presumptively
covering for both organisms

If pregnant, avoid tetracycline and
quinolones

Azithromycin 1 g PO in a single
dose, OR

doxycycline 100 mg PO BID for 7
days, OR

erythromycin base 500 mg PO QID
for 7 days

If pregnant:
Azithromycin 1 g PO × 1,

amoxicillin 500 ng PO TID for
7 days, OR

erythromycin base 500 mg PO QID
for 7 days

Cefixime 400 mg PO in a single
dose, OR

ceftriaxone 125 mg IM in a single
dose, OR

ciprofloxacin 500 mg PO in a
single dose, OR

ofloxacin 400 mg PO in a single
dose

If pregnant, avoid quinolones

Complications Untreated infections may ascend causing
endometritis, salpingitis, and
subsequent infertility

10–20% of women develop PID if
untreated

Follow-up As appropriate No need for retesting after therapy
completion unless symptoms
persist or reinfection is
suspected. Rescreening is
recommended in 3–4 months
since reinfection is common,
especially in adolescents

No need for retesting after
therapy for patients with
uncomplicated gonorrhea.

Treatment failure most likely
due to reinfection

Partner treatment Sex partners should be referred for
evaluation and treatment. Referral of
partners within the last 60 days is
recommended. Sexual intercourse
should be avoided until patient and
partners are cured

Same Same

DFA = Direct Immunofluorescence Assay; NAAT = Nucleic Acid Amplification Test. Adapted from [106, 114].
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highly correlated with cervical ulcers or necrotic lesions,
whereas T. vaginalis is correlated with colpitis macularis
or “strawberry cervix.” A positive cervical culture confirms
the diagnosis of HSV cervicitis and viral isolation permits
the differentiation between HSV-1 and HSV-2, which has
prognostic importance, since HSV-1 is less likely than HSV-
2 to produce recurrent episodes [106].

Treatment options for mucopurulent cervicitis due to C.
trachomatis or N. gonorrhoeae are shown in Table 15.6 [114].
If a symptomatic adolescent is an unreliable historian or
resides in an area of high prevalence for both C. trachomatis
and N. gonorrhoeae, she should be treated presumptively
for both organisms. HIV-infected girls should receive the
same treatment as HIV-uninfected girls. It is important that
any male sex partner during the 60 days preceding the cer-
vicitis diagnosis be referred for evaluation and treatment.
Patients and their partners should refrain from sexual inter-
course until their infections have been cured. Treatment
of HSV infection and trichomoniasis causing ectocervicitis
are addressed elsewhere in this chapter.

When discussing prevention of cervicitis, adolescents
should be counseled about the use of spermicides, in par-
ticular Nonoxynol-9 (N-9). This spermicide was thought to
also have antimicrobial effects against pathogens causing
common STDs, and once appeared to have in vitro anti-
HIV activity. However, studies of its in vivo effectiveness in
preventing HIV infection in women have been inconclu-
sive. Moreover, its repeated use has been associated with
increased vulnerability to HIV infection. Finally, no signif-
icant effects of N-9 on N. gonorrhoeae or C. trachomatis
infections have been reported. Therefore, this spermicide
can no longer be considered a potential method of pre-
venting HIV, and should not be encouraged as an adjuvant
protective method against STDs [138].

Pelvic inflammatory disease
Pelvic inflammatory disease (PID) represents an acute clin-
ical syndrome resulting from ascending spread of microor-
ganisms from the vagina or cervix to the endometrium,
fallopian tubes, ovaries, and contiguous structures. Pelvic
inflammatory disease is the most common serious com-
plication of STDs; with its long-term sequelae including
ectopic pregnancy, chronic pelvic pain, and tubal infertil-
ity [167]. Over one million women in the USA experience an
episode of PID each year, with sexually active adolescents
having the highest age-specific rates of PID, with those
under 19 years of age accounting for one in five cases of
PID [168]. Sexually active adolescents are more vulnerable
to PID than older women, with sexually active 15-year-old
girls estimated to have 10 times the risk of developing PID
in a given year than 24-year-old women in the USA [168,

169]. The higher relative risk of PID for younger women
has been attributed to their greater biologic vulnerability
(for example, due to the incomplete transition from colum-
nar to epithelial cells in the cervix) and behavioral risk
factors. Women with STDs (especially infections due to
gonorrhea, chlamydia, and BV) are at greater risk of devel-
oping PID; having had a previous PID infection increases
the risk of another episode because the body’s defenses are
often damaged during the initial bout of upper genital tract
infection. The more sexual partners an adolescent has, the
greater her risk of developing PID. Smoking, alcohol use,
and use of other drugs have also been identified as risk fac-
tors. Recent data suggest women who douche once or twice
a month are more likely to have PID than those who douche
less than once a month, as douching may push bacteria
into the upper genital tract. Douching also may relieve dis-
charge caused by an infection, leading the woman to delay
seeking healthcare [168].

Pelvic inflammatory disease may have a more compli-
cated course in HIV-infected women [161]. HIV-infected
women with PID appear to be more likely than women
without HIV infection to present with sonographically diag-
nosed adnexal masses (TOAs) [170], to require hospital-
ization, and to require surgery for PID [114, 134, 171].
In general, HIV-seropositive women with acute salping-
itis respond well to appropriate antibiotic therapy [131,
133]. Duration of hospitalization tends to be longer among
women with CD4 percentages of <14% [133]. General
immune suppression may contribute to the altered patho-
genesis of PID in HIV-infected women, but there also
appear to be some specific, local, genital tract defects in
host defenses in HIV-infected women that predispose them
to more serious PID.

The etiology of PID is usually polymicrobial (both aero-
bic and anaerobic). The most common organisms detected
in cultures of cervical secretions include C. trachomatis,
N. gonorrhoeae, and genital Mycoplasma species. Although
the prevalence of C. trachomatis and N. gonorrhoeae is sim-
ilar between HIV-infected and uninfected women with PID,
Mycoplasma organisms and streptococci have been iso-
lated more commonly from HIV-infected women with PID
than from HIV-uninfected women [170]. In the most seri-
ous cases, N. gonorrhoeae and C. trachomatis have been
isolated from the upper genital tract in less than one third
of women with PID undergoing laparotomy. Other microor-
ganisms causing PID include anaerobic bacteria (e.g. Pep-
tococcus, Peptostreptococcus, Bacteriodes, and Provetella
species) and facultative aerobes (e.g. Escherichia coli, group
B streptococcus, Gardnerella vaginalis, and Haemophilus
influenzae). As discussed earlier, trichomoniasis has also
been associated with PID.
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Women with PID due to gonorrhea usually present with
acute (less than 3 days) and severe symptoms, leading
to rapid diagnosis. In contrast, women with PID due to
chlamydia may be asymptomatic or have only mild symp-
toms, resulting in a longer period of time until diagnosis,
usually more than one week [168].

Pelvic inflammatory disease can be difficult to diagnose.
Diagnostic criteria for PID include the following: uterine or
adnexal tenderness or cervical motion tenderness (CMT).
Additional criteria for diagnosis include: (1) an oral tem-
perature greater than 38.3 ◦C (101 ◦F); (2) mucopurulent
cervical or vaginal discharge; (3) WBCs on wet mount
preparations of vaginal secretions; (4) elevated erythrocyte
sedimentation rate (ESR) or C-reactive protein (CRP) levels;
and (5) positive test results for chlamydial infection or for
gonorrhea [168].

Most girls with PID have mucopurulent cervical dis-
charge or evidence of WBCs on a vaginal fluid wet mount
preparation. If the cervical discharge appears normal and
there are no WBCs noted on wet mount, the diagnosis of
PID is unlikely and alternative causes of pain should be
considered and investigated. Elevated levels of CRP are a
more sensitive and specific predictor than an elevated ESR
[167, 168].

Additional procedures are required for a definitive
diagnosis: ultrasound to view the pelvic area to determine
whether the fallopian tubes are enlarged or whether there is
an abscess, laparoscopy to allow for visual inspection and to
collect specimens for cultures and pathology, laparotomy
when scarring or abnormal conditions make laparoscopy
technically difficult, and endometrial biopsy to document
endometritis. Definitive criteria include: (1) histopatho-
logic evidence of endometritis on endometrial biopsy;
(2) thickened fluid-filled fallopian tubes with or without
free pelvic fluid or TOA on ultrasound or other radiologic
tests; and (3) laparoscopic abnormalities consistent with
PID. The most rapid, least invasive definitive diagnostic
method is ultrasonography. Sonography is indicated in
patients in whom a TOA is suspected. Patients with a pal-
pable adnexal mass or persistent fever should be evaluated
for TOA. It is also important to appreciate that many adol-
escents with PID have unrecognized TOAs [114, 139,
140, 172, 174]. Indications for hospitalization include: (1)
the inability to exclude surgical emergencies (i.e. appen-
dicitis, ectopic pregnancy); (2) TOA; (3) pregnancy; (4)
immunosuppression; (5) inability to follow or tolerate out-
patient oral antibiotic therapy; (6) failure to respond clini-
cally to oral antibiotic therapy; and (7) severe illness includ-
ing severe nausea and vomiting or high fever.

Treatment regimens for PID are shown in Table 15.7.
HIV-infected adolescents who are significantly immuno-

compromised should be hospitalized for treatment. Inad-
equate treatment of PID in adolescents may lead to seri-
ous complications, long-term sequelae, or recurrent infec-
tions. HIV-infected adolescents who are not significantly
immunocompromised and who are clinically stable may
be treated as outpatients, but the clinician should have a
low threshold for hospitalization if the patient’s condition
fails to improve or if the patient does not adhere to the
prescribed outpatient therapy [114, 134, 167].

15.5.8 Human papillomavirus

Human papillomavirus infection is the most prevalent STD
in the USA. Human papillomavirus causes external genital
warts, cervical intraepithelial and invasive neoplasia, low-
and high-grade squamous intraepithelial lesions (SILs),
and genital squamous cell cancers. Numerous HPV sub-
types have been described and are categorized into low-
risk (types 6, 11, 42, 43, and 44) or high-risk (types 16,
18, 31, 33, and 35) types depending on their oncogenic
potential. Studies among sexually active adolescent girls
have described prevalence rates for HPV infection rang-
ing from 20–83% [116]. HIV-infected women have a higher
prevalence of HPV infections [175–179] than uninfected
women. Human papillomavirus infections among HIV-
infected women and adolescent girls differ from those of
uninfected women in several ways: they persist for a longer
period of time [178, 180]; they are more likely to involve
multiple HPV subtypes [181]; and they are more likely to
include oncogenic subtypes, particularly subtypes 16 and
18 [175, 182].

HIV, HPV, and cervical dysplasia
Several varieties of abnormal cervical cytologies are associ-
ated with HPV infection, especially in the presence of HIV
infection. The risk for the development of SILs among HIV-
infected and -uninfected women with HPV is most closely
associated with infection by high- and intermediate-risk
HPV types. In contrast to dysplasias among women, associ-
ated with CD4+ and viral load levels indicative of advanced
HIV disease [177, 183–185], the degree of immune sup-
pression is not highly predictive of SIL. HIV-infected and
high-risk HIV-uninfected adolescent girls have compar-
able rates of HPV infection and SILs. However, contrary
to findings among women, among HIV-infected adoles-
cent girls, increasing severity of HPV infection, evidenced
by dysplasia, appears to be independent of HIV disease
progression, indicated by low CD4+ cell counts and high
viral loads. Therefore, in adolescents, it appears that HIV
infection may have a synergistic effect on the HPV infec-
tion through additional mechanisms not directly linked to
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Table 15.7 Treatment regimens for pelvic inflammatory disease

Inpatient therapy
Parenteral regimen A Cefotetan 2 g IV every 12 hours, OR

Cefoxitin 2 g IV every 6 hours, PLUS doxycycline 100 mg PO or IV every 12 hours
Parenteral regimen B Clindamycin 900 mg IV every 8 hours, PLUS gentamicin loading dose IV or IM (2 mg/kg),

followed by maintenance dose (1.5 mg/kg) every 8 hours
Alternative regimens Oflaxacin 400 mg IV every 12 hours, OR

Levofloxacin 500 mg IV QD WITH OR WITHOUT metronidazole 500 mg IV every 8 hours, OR
Ampicillin/sulfbactam 3 g IV every 6 hours, PLUS doxycycline 100 mg PO or IV every 12 hours

Comments Both parenteral regimens (A and B) offer excellent coverage for polymicrobial infections, with
Regimen B more appropriate when anaerobic coverage is desired.

Parenteral therapy may be discontinued 24 hours after patient’s condition improves clinically,
oral therapy with doxycycline should continue until completion of 14-day course.

When TOA is present, anaerobic coverage is better achieved by combining use of clindamycin
or metronidazole with doxycycline

Outpatient therapy
Oral regimen A Oflaxacin 400 mg PO BID for 14 days, OR

Levofloxacin 500 mg PO QD, WITH OR WITHOUT metronidazole 500 mg PO BID for 14 days
Oral regimen B Ceftriaxone 250 mg IM once, OR

Cefoxitin 2 g IM, plus probenicid 1 g PO in a single concurrent dose, OR
Other parenteral 3rd generation cephalosporin (ceftizoxime or cefotaxime) PLUS
doxycycline 100 mg PO BID for 14 days, WITH OR WITHOUT
metronidazole 500 mg PO BID for 14 days

Comments Regimen A covers gonorrhea and chlamydia effectively, but also provides excellent anaerobic
coverage.

Patients need to return to clinic in 72 hours to assure improvement has occurred and to assess
compliance with therapy

Sources: [114, 168]
TOA, tubo-ovarian abscess.

low CD4+ cell counts, particularly early in the course of HIV
infection [115].

HIV-infected women who are highly immunocompro-
mised are more likely to experience progression of their
dysplasias than HIV-uninfected women. All HIV-infected
women, except those with exceptionally well-controlled
disease, are less likely to show regression of dysplasia than
uninfected women [184].

Several studies have attempted to explain the associa-
tion between HIV and HPV infection. For example, the
results of a recent study suggest that HIV infection may
increase the risk of cervical dysplasia in women who are
co-infected with HPV through high levels of HIV expres-
sion and/or multiple HPV infections [179]. In another study,
the association of HIV and cervical intraepithelial neopla-
sia (CIN) was fully explained by repeated HPV positivity in
HIV-infected women [180]; this suggests that the immune
response of those with HIV infection is altered, affecting the
immune response to HPV. For example, the histology of the

lymphoid follicles following HPV infection differs in HIV-
infected women compared with HIV-uninfected women.
Due to these recent findings, it is becoming more evident
that HPV infection manifests differently in immunosup-
pressed HIV-infected women [186].

Uncomplicated human papillomavirus infections
External genital warts (EGW) or condylomata are the most
common manifestation of HPV in the vulvar area and are
often caused by HPV types 6, 11, and 42–44. These lesions
usually manifest as hyperkeratotic or warty type lesions in
the vulva and perianal areas, and can easily be detected
after the application of 5% acetic acid to the area. After this
application, the cells undergo dehydration and this pro-
duces the characteristic “acetowhite” changes. Although
rare, both vulvar SIL and cancers can occur and can present
as hyperpigmented raised lesions in the vulva. This is of
particular importance in patients with HIV infection. The
treatment of EGW includes application of trichloroacetic
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acid (TCA) directly into the lesion as first-line therapy.
Podophylin is a potent antimitotic agent but TCA seems
to work better on keratotic lesions. Self-applied therapy
should also be offered to patients. They include imida-
zoquinolone compounds such as imiquimod (5% cream,
single dose packets). It is applied directly to the lesion
at bedtime for up to 16 weeks on a schedule of 3 alter-
nate days/week. The cream is washed off in 6–10 hours.
These compounds generate proinflammatory cytokines
and a Th1 cell-mediated response with the generation of
cytotoxic effects. Unfortunately, these therapies are costly
and patients may need to wait several weeks to notice an
improvement [187].

Invasive cervical cancer in HIV disease
In 1993, the case definition of AIDS was expanded by
the Centers for Disease Control and Prevention (CDC)
to include invasive cervical cancer. Although high-grade
changes in cervical cytology and progression to invasive
disease are still relatively uncommon among HIV-infected
women [184], there is some evidence that the invasive cer-
vical cancer rate in HIV-infected women is higher than in
uninfected women [188–190]. Invasive cervical cancer is
more severe in HIV-infected women; HIV-infected women
are more likely than uninfected women to have cervical
cancer which presents at a younger age [191], presents at
more advanced stages, metastasizes to unusual sites (e.g.
psoas muscle, clitoris, meninges), responds poorly to stan-
dard therapy, has higher recurrence and death rates, and
has shorter intervals to recurrence or death [192, 193].

Papanicolaou smear screening and colposcopy
Screening tests include the traditional Papanicolaou (Pap)
smear, which has a false negative rate of 10–25%. Newer
Pap smear screening techniques, such as those modified
to employ liquid-based media and other modifications to
increase sensitivity and decrease inadequate smears, help
to reduce, but not eliminate, false-negative results. These
modified techniques also offer the opportunity to perform
direct testing for both oncogenic and non-oncogenic types
of HPV. The reliability of Pap testing to detect cervical
abnormalities is significantly increased with regular, peri-
odic screening. Results should be reported according to the
Bethesda System [194].

HIV-infected women and sexually active adolescents
should have a complete gynecologic evaluation including
a Pap smear and pelvic exam as part of an initial evalua-
tion when the diagnosis of HIV infection is first made [114,
140]. A Pap smear should then be obtained twice in the
first year after the diagnosis of HIV infection. If Pap results
are normal, annual examinations are recommended. Indi-

cations for more frequent Pap smears are: (1) a previ-
ously abnormal Pap smear; (2) an HPV infection; (3) previ-
ous treatment of cervical dysplasia; or (4) more advanced
HIV disease (including CD4+ cell counts < 200 cells/mm3.
The American College of Obstetricians and Gynecologists
(ACOG) recommends Pap smears every 3–4 months for the
first year after treatment of pre-invasive cervical lesions,
followed by Pap smears every 6 months [195]. The role of
anal cytology is currently under study.

Atypical squamous cells of undetermined significance
(ASCUS) represent the mildest cytologic abnormality in the
Bethesda system. HIV-uninfected patients with an initial
report of ASCUS should have a prompt repeat Pap smear. If
the repeat Pap smear also shows ASCUS, the patient should
be referred for colposcopy. Studies in HIV-infected women
with ASCUS have found a higher frequency of under-
lying dysplasia than in non-infected women [196, 197].
Therefore, in HIV-infected women, colposcopy should be
performed with any ASCUS result. Women with a diag-
nosis of atypical glandular cells of undetermined signifi-
cance (AGCUS) have a significantly higher risk of under-
lying pathology than patients with ASCUS. Approximately
17–34% of patients with AGCUS have associated significant
intraepithelial or invasive lesions [198–200]. Colposcopy
and endocervical and endometrial sampling are indicated
with any AGCUS result.

Recent studies suggest that HIV-infected women are
at increased risk for the development of invasive vulvar
carcinoma. Women with any degree of vulvar abnormal-
ity, except for typical exophytic condylomata acuminata,
should be referred for colposcopy and biopsy so that pre-
invasive or invasive disease can be ruled out. The studies
have not targeted specific adolescent female populations,
therefore no conclusive adolescent specific data can be
given [197]. For HIV-infected women, colposcopy should
always include thorough examination of the entire lower
genital tract (vagina, vulva, and perianal region).

Management of cervical lesions
High-grade cervical lesions require treatment with stan-
dard excisional or ablative therapy. HIV-infected women
are more likely to have recurrent disease after treatment
(over 50%) than HIV-uninfected women, and HIV-infected
women with immunosuppression are even more likely to
have recurrent disease [201, 202]. Cryotherapy leads to
the highest rate of recurrences and should be avoided
if other treatment methods are available. Topical vaginal
5-fluorouracil (5-FU) cream (2 g biweekly for 6 months)
has been shown to reduce recurrence rates after standard
treatment for high-grade cervical dysplasia in HIV-infected
women. Disease has also been shown to recur more slowly
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in HIV-infected women who receive effective antiretroviral
therapy [203]. HIV-infected adolescent girls and young
women with a history of abnormal Pap smears or a history
of cervical dysplasia should continue to be followed closely
for evidence of lower genital tract neoplasia, regardless of
antiretroviral therapy or stage of HIV disease.

15.5.9 Herpes simplex virus

There are two herpes simplex virus subtypes that cause
genital infections, HSV-1 and HSV-2. Herpes simplex virus
infections are discussed in more detail in Chapter 41. Her-
pes simplex virus infections are the most prevalent cause
of genital ulcers in the USA. Approximately 22% of individ-
uals aged 12 years or older in the USA are infected [204].
The majority of genital herpes lesions (60–95%) are caused
by HSV-2. Transmission of HSV infections likely occurs
through close contact with a person who is shedding the
virus, e.g. in genital or oral secretions.

For HIV-infected patients, HSV infections can be more
frequent, prolonged, and severe, especially with progres-
sive immunosuppression. Lesions can also be atypical in
appearance or location. Viral shedding increases in indi-
viduals with lower CD4+ cell counts [205], in those using
oral contraceptives or depot-medroxyprogesterone, and in
individuals with severe vitamin A deficiency [206].

The lesions are typically single or multiple vesicles that
are painful, that ulcerate and heal without scarring, and
that can appear anywhere on the genitalia. As with most
other herpes viruses, HSV causes lifelong infection. Fol-
lowing a primary infection, the virus can remain latent
within cells. The latent virus can reactivate when the patient
experiences certain stimuli or triggering events including
stress, worsening immunosuppression, or even hormonal
changes. Some women experience periodic recurrences in
association with menses. The primary, or initial, infection
can produce systemic symptoms such as fever, photopho-
bia, malaise, and headache. However, primary infections
can be sub-clinical such that an individual could experi-
ence a first, clinically apparent infection when antibodies to
HSV are present. The lesions accompanying primary infec-
tion can last longer (mean duration, 12 days) than those
accompanying reactivated disease, and viral shedding fol-
lowing a primary infection can continue for days to weeks
or more. Recurrent episodes, representing reactivated dis-
ease, are generally milder and shorter, with a mean dura-
tion of 4–5 days. They can occur at variable frequency and
consist of more localized lesions. Viral shedding and sex-
ual transmission can occur during asymptomatic, latent
periods. Reactivated disease can sometimes be quite seri-

ous, even life-threatening, in patients with severe immuno-
suppression. The lesions can sometimes have an atypical
appearance, particularly in immunosuppressed patients,
so the practitioner should be alert to the possibility of HSV
disease [205, 206].

A presumptive diagnosis of HSV infection can be made on
the basis of clinical presentation with or without one of the
following: direct identification of multinucleated giant cells
with intranuclear inclusions on a scraping from a lesion
(Tzanck preparation), direct immunofluorescent assay per-
formed on material scraped from lesions, or detection
of HSV antigens by monoclonal antibody detection sys-
tems. Definitive diagnosis can be made using an HSV tis-
sue culture. Observation of typical HSV morphology with
electron microscopy of material scraped from lesions or
other clinical specimens can also be used for diagnosis
[114].

Systemic administration of antiviral drugs (acyclovir,
valacyclovir, and famciclovir) can be used to treat primary
and recurrent infections. For troublesome, recurrent dis-
ease, the drugs can be used as daily suppressive therapy.
However, these drugs neither eradicate latent virus nor
affect the risk, frequency, or severity of recurrences after
the drug is discontinued [114].

Treatment of HSV infections is outlined in Table 15.8.
For severe, clinically apparent infections with HSV (severe
infections generally requiring hospitalization such as dis-
seminated infection, pneumonitis, hepatitis, or complica-
tions of the central nervous system), if lesions persist or
recur in a patient receiving antiviral treatment, HSV resist-
ance should be suspected and a viral isolate obtained for
sensitivity testing. Such patients should be managed in
consultation with a specialist, and alternate therapy should
be administered. The CDC has reported a 6.4% resistance
rate to acyclovir among HIV-infected patients, as well as
cross-resistance to famciclovir and valacyclovir [207]. Fac-
tors associated with acyclovir resistance include low CD4+

counts and long-term acyclovir exposure. Most of these iso-
lates are susceptible to other antiviral drugs such as fos-
carnet or cidofovir. Foscarnet has several potentially seri-
ous side-effects and should only be used in severe cases in
consultation with specialists, and patients should be mon-
itored carefully for signs of toxicity. Topical cidofovir gel 1%
is not commercially available and must be compounded at
a pharmacy [114].

Because HSV infection can recur more frequently and
with greater severity in HIV patients, suppressive ther-
apy may be needed. Daily suppressive therapy reduces
recurrence frequency by more than 75% among patients
who suffer from frequent HSV episodes (i.e. six or more
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Table 15.8 Recommended treatment of herpes simplex virus infections

Drug and dose

First clinical episode Acyclovir 400 mg PO tid for 7–10 days, or
Acyclovir 200 mg PO 5×/day for 7–10 days, or
Famciclovir 250 mg PO tid for 7–10 days, or
Valacyclovir 1 g PO bid for 7–10 days

Recurrent episodes Acyclovir 400 mg PO tid for 5 days, or
Acyclovir 200 mg PO 5×/day for 5 days, or
Acyclovir 800 mg PO bid for 5 days, or
Famciclovir 125 mg PO bid for 5 days, or
Valacyclovir 500 mg PO bid for 3–5 days, or
Valacyclovir 1 g PO qd for 5 days

Daily suppressive therapy Acyclovir 400 mg PO bid, or
Famciclovir 250 mg PO bid, or
Valacyclovir 500 mg PO qd, or
Valacyclovir 1 g PO qd

Severe disease Acyclovir 5–10 mg/kg body weight IV q 8 hours for
5–7 days or until clinical resolution is achieved

Acyclovir-resistant HSV Foscarnet 40 mg/kg body weight IV q 8 hours or
60 mg/kg IV every 12 hours for 3 weeks

Cidofovir 1% gel topical application to lesions qd for
5 consecutive days

Source: [114]

recurrences per year). Suppressive therapy can reduce but
may not eliminate viral shedding.

15.5.10 Secondary prevention of sexually
transmitted diseases

HIV-infected adolescents have high STD rates, suggesting
that they continue to engage in risky sexual behaviors. HIV-
infected adolescent patients should receive careful coun-
seling on a continuing basis aimed at promoting healthy
behaviors and at decreasing their risks for further infec-
tions. In counseling HIV-infected adolescents, providers
should assess their sexual practices, the presence of sub-
stance abuse, and their understanding of their HIV disease
and other STDs. Patients should be carefully informed of
the risks of STDs and of super-infection with HIV [119, 171,
208].

Many adolescents erroneously believe that, if they have
unprotected sexual encounters with a steady sexual part-
ner, they are not at risk for acquiring STDs and, conse-
quently, they do not take precautions against acquiring
STDs [117, 208, 209]. When counseling adolescents,
providers should carefully assess their mental health. Sub-

stance abuse has been associated with an increased risk
of acquiring STDs. Depression and anxiety were asso-
ciated with frequent alcohol use and with a previous
history of unprotected sex [117]. Prevention-oriented inter-
ventions aimed at reducing risky behaviors and preventing
the development of more significant health, mental health,
or substance abuse disorders are needed [117, 208, 209].

Appropriate HIV prevention interventions are based on
a solid understanding of developmental, societal, cul-
tural, and gender issues affecting each individual. Gender
inequality is an important consideration when, in many
cases, adolescent girls feel inferior to adolescent boys.
Intimate relationships may then result in increased vul-
nerability to HIV among the adolescent female. Violence
and sexual abuse may also prevent girls from express-
ing their desires to practice preventative behaviors. Many
behavioral interventions involve the development of self-
efficacy and equipping the young woman with negotiating
skills to encourage condom use or to abstain from sexual
intercourse. These approaches may not be appropriate in
certain cultures where negotiating is unlikely and unac-
ceptable for girls. Therefore, other means of HIV preven-
tion and behavior interventions must be used. The female
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condom is becoming more popular because it does not
necessarily require negotiation by the female [210].

HIV-infected adolescents have limited knowledge of the
impact of HIV on their STDs and vice versa [115]. Clear
explanation of these interactions as well as prevention mes-
sages, early detection, and management of STDs are crucial
elements to improve the health of these adolescents. HIV-
seropositive adolescents have little understanding of the
concept of secondary infection with new HIV strains and
the risk of being secondarily infected with drug-resistant
strains of HIV [125, 126]. Reducing the risk of transmis-
sion of drug-resistant HIV requires careful assessment of
the HIV-infected adolescent’s sexual practices and health
education messages that include discussion about the pos-
sibility of acquiring a new, potentially drug-resistant virus.

15.6 Conclusions

The clinician’s approach to detecting gynecological con-
ditions in the HIV-infected adolescent female is guided
by a complete medical history and physical examination
and the clinician’s suspicion of common gynecological
disorders. The most practical approach when consider-
ing the most common gynecological disorders of HIV-
infected adolescents is to identify if the adolescent is sex-
ually active or not. Among non-sexually active girls with
perinatally acquired HIV infection, the most common con-
ditions include delayed pubertal development and men-
strual disorders related to an immature hypothalamic-
pituitary axis. Sexually active HIV-infected adolescents are
susceptible to many other conditions as a result of their
sexual behavior. The most common conditions among this
group are similar to those that affect sexually active, HIV-
uninfected adolescents. These conditions include STDs,
pregnancy, and abnormal uterine bleeding.

A complete gynecological history including risk behav-
iors greatly facilitates the diagnosis of these disorders. An
adolescent medicine specialist may conduct the evaluation
of all these conditions. Endocrinology consultation is ne-
cessary for management of pubertal delay and appropriate
referrals to obstetricians and gynecologists are required for
complications of pregnancy and pelvic infections.
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In recent years, growth, nutrition, and metabolism of HIV-
infected children have been receiving increased attention
for several reasons. It has been recognized for the past
decade that HIV-infected children generally do not grow
as well as their uninfected counterparts, but more recent
evidence suggests that this is often true even in the face of
adequate virologic control. Given also that growth is a pre-
dictor of survival, there has been closer scrutiny of nutri-
tional and metabolic factors that can contribute to poor
growth. Additionally, potentially serious metabolic com-
plications of HIV infection and/or antiretroviral therapies
overlap with nutritional aspects of the infection and have
prompted attention to the pathophysiology of malnutrition
in these children.

The current state of knowledge regarding the complex
interrelationships of nutrition, HIV disease, antiretroviral
therapy, and growth is reviewed in this chapter. Recom-
mendations for nutritional monitoring and support are
discussed, as are therapies for certain recognized causes
of malnutrition in HIV-infected children. Briefly described
are the complications and recommended treatments for fat
redistribution, hyperlipidemia, insulin resistance, osteone-
crosis, and mitochondrial toxicity. Finally, nutritional
issues most germane to resource-poor settings are
highlighted, as are areas in which further research is
needed.

16.1 Definitions: malnutrition and growth failure

Pediatric HIV disease can lead to multiple nutritional defi-
ciencies. Deficiencies of adequate macronutrients (protein
or calories) and/or micronutrients (vitamins, minerals) to

maintain optimal health status is referred to as undernu-
trition or, more commonly, malnutrition. Many definitions
for growth failure or failure to thrive (FTT) exist. In this
chapter, the terms are used interchangeably and refer to
a child who is failing to grow (gain weight and/or height)
as expected for age, or who is losing weight. Children with
growth failure or FTT can be further classified into those
who have decreased weight for height or length (wasting)
and those who have abnormal linear growth or decreasing
height or length for age (stunting). Malnutrition by itself
initially causes weight loss or weight growth failure. With
prolonged malnutrition, linear growth is affected. Mech-
anistically, growth failure can be defined as any of the
following:
1. Serial weight or height measurements which down-

wardly cross two major centile lines (e.g. 95th, 75th,
50th, etc.) on reference growth charts (freely available
for downloading via the Internet from the National
Center for Health Statistics at http://www.cdc.gov/
nchs/about/major/nhanes/growthcharts/charts.htm),
or the equivalent z-score (distance in standard devia-
tion units above or below the reference median z-score
of 0.0 [50th percentile] for a given age and sex) decrease
of 1.4 or more.

2. Failure of the slope of serial growth measurements to
parallel or better the standard growth curve in a child
previously below the 5th percentile of weight for age.

3. Loss of 5% or more of body weight.
4. Growth velocity below the 3rd percentile for weight or

height measurements taken 6 months apart.
5. Weight for height below the 5th percentile.

The use of growth velocities or z-scores is particularly
useful to assess change in children whose growth percentile
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values are near the tails of the distribution (e.g. below the
5th percentile). Reference curves are available to quan-
tify 6-month growth velocities [1]. A minimum interval of
3 months between measurements is recommended to
determine growth velocity, as shorter intervals may not be
accurate due to the saltatory nature of growth. Z-scores pro-
vide a standardized measure of the relative magnitude of
weight or height change, regardless of location on or off the
curve. Growth failure is considered clinically significant if
the above criteria are met within 3 months in an infant, or
within 6 months in a child 1–3 years of age, but even more
gradual changes should prompt concern in children at high
risk for malnutrition, such as those with HIV infection.

It should be noted that the NCHS reference growth
charts represent children in the USA, and may not ideally
represent children of all genetic backgrounds. Neverthe-
less, the World Health Organization (WHO) has adopted
them as the international standard, based on evidence
that growth patterns of well-nourished preschool chil-
dren from different ethnic backgrounds are similar, i.e.
genetic variations are relatively minor compared with the
effects of malnutrition. The World Health Organization has
a global database of child growth and malnutrition which
details growth data and references from many individual
countries. It can be found at www.who.int/nutgrowthhdb/
p-child pdf/index.html.

16.2 Effects of malnutrition

16.2.1 General

The term malnutrition covers a broad array of situations
and can present variably, largely dependent upon which
nutrients are deficient. Deficiencies can impact a wide vari-
ety of metabolic functions. Nutrition plays important roles
in immune function, central nervous system (CNS) matu-
ration, and physical growth. Malnutrition can cause a broad
array of immunodeficiencies, globally referred to as nutri-
tionally acquired immune deficiency syndromes. Chronic
protein-calorie malnutrition (PCM) adversely affects T-
lymphocyte number and function, delayed type hyper-
sensitivity, complement levels, and new primary antibody
responses, and causes atrophy of lymphoid tissue, espe-
cially in children. Single-nutrient deficiencies, particularly
of vitamins A and C, and of trace metals iron and zinc,
often co-exist with PCM. Alone or in conjunction with PCM,
they affect cell-mediated immunity and immunoglobulin
G responses [2, 3]. Furthermore, deficiency of nutrients
which affect nucleic acid metabolism (vitamin A, zinc, and
nucleotides), or protein (essential amino acids, iron, zinc,

selenium, copper, and vitamin C), or eicosanoid (polyun-
saturated fatty acids) synthesis also can impair host
defenses. Other essential nutrients also have been shown to
have an effect on cell-mediated immunity, including argi-
nine, glutamine, and pyridoxine [3].

Malnutrition in the first 2 years of life can cause deficient
myelinization and abnormal growth of neurons, potentially
resulting in irreversibly impaired intelligence or behavior.
Both the CNS and peripheral nervous system (PNS) remain
susceptible beyond 2 years of age to PCM as well as to
micronutrient deficiencies (most notably of B vitamins).

Caloric deficiency impairs growth. Initially, ponderal
(weight) growth alone is affected, but with chronic mal-
nutrition, linear (height) growth also is affected, as is head
growth in young children. Micronutrient deficiencies also
can result in poor growth, and zinc supplements have
been noted to improve both ponderal and linear growth,
with greater response seen when initial weight-for-age and
height-for-age are more severely affected [4]. Iron, copper,
vitamin D, and iodine deficiencies can result in impaired
growth. Animal studies report a wider variety of trace
element deficiencies resulting in growth retardation (e.g.
manganese, cobalt, chromium, and molybdenum) [5].

16.2.2 HIV infection

HIV-infected children can present with FTT. Both weight
and height are affected within the first 6 months of life
[6–9]. Weight for length is also decreased, but less so than
weight and length for age. Brain growth as reflected by head
circumference also can be affected in the first months of
life. On average, body mass index (BMI) decreases in the
first 6 months and then recovers to normal by 12 months.
Children with AIDS are more stunted than children with
less severe illness [2]. Chronic malnourishment can be
associated with pubertal delay during adolescence. Wast-
ing syndrome is an AIDS-defining illness and contributes
significantly to morbidity and mortality in HIV-infected
children [10].

The immunodeficiency of HIV can be exacerbated by
malnutrition. Survival in HIV infection, as in other chronic
diseases, is directly related to nutritional status. Survival
in HIV-infected adults is correlated with body cell mass
[11], visceral protein status [12], and micronutrient status,
including zinc inadequacy and copper : zinc ratio [13].
Higher vitamin E levels have been shown to protect against
disease progression [14], and reduced vitamin A and B12

levels are associated with lower CD4+ cell counts [14, 15].
Magnesium has been shown to have a direct impact on
immune response during HIV infection [16].
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In HIV-infected children, height growth velocity predicts
survival, regardless of plasma viral load, age, or CD4+ cell
count [17]. In HIV-infected Ugandan children, low weight-
for-age (z-score <−1.5) was associated with a five-fold
increase in death, and similar associations with increased
disease progression and/or decreased survival have been
reported in the USA [18, 19]. An association between weight
and disease progression has not been described independ-
ent of factors previously considered to confound this effect,
such as plasma viral load. Secondary analysis of Pedi-
atric AIDS Clinical Trials Group (PACTG) protocol 300 did
describe weight growth velocity as an independent predic-
tor for disease progression or death [20], but this finding
was confounded by inclusion of weight growth failure as a
clinical endpoint.

Selenium deficiency has been shown to be a significant
independent predictor of mortality in HIV-infected chil-
dren [21]. HIV-infected children have been found to
exhibit lower mean serum levels of lycopene, retinol, beta-
carotene, and vitamin E and lower plasma glutathione lev-
els, and are more likely to have low serum levels of vitamin
B6, vitamin B12, and zinc compared with uninfected chil-
dren [22]. Several of these vitamins and minerals in adults
can affect CD4+ cell counts. While effects of such deficien-
cies in children are not entirely clear, lower plasma glu-
tathione levels were associated with higher plasma viral
load and lower CD4+ cell counts [23], and beta-carotene
levels in children with AIDS were half those of HIV-infected
children without AIDS [24]. Glutathione removes hydrogen
peroxide from cells, and beta-carotene scavenges free rad-
icals directly, as do vitamins A and E. Increased oxidative
stress from these deficiencies can play an indirect role in the
immunodeficiency of HIV through multiple mechanisms.
For example, tumor necrosis factor-alpha (TNF-�) induces
apoptosis, and this effect is mediated by oxidative stress via
macrophage activation. Nuclear factor-kappa B (NF-kappa
B) promotes HIV replication via a mechanism involving free
radicals [24]. Few micronutrient supplementation trials in
HIV-infected children have been undertaken. Vitamin A
supplements given to children in Tanzania reduced mor-
tality in those with HIV more than in uninfected children
[25].

The association between HIV morbidity and malnutri-
tion can be bi-directional. Malnourishment appears to
affect progression of HIV disease, but HIV infection can
itself affect nutritional status via decreased nutrient intake,
malabsorption, increased utilization of nutrients, and/or
dysregulation of metabolism, particularly when HIV dis-
ease is complicated by opportunistic and other infections.

HIV infection can alter body composition, a more accu-
rate measure of nutritional status than weight growth

velocity. An early analysis of children in the Women
and Infant Transmission Study (WITS) reported impaired
growth in HIV-infected children and decreased body mass
index (BMI), a crude measure of body composition [26].
Conflicting data about preservation of lean body mass
(LBM) in HIV-infected children exist. Preliminary informa-
tion indicated that LBM is lost preferentially to fat mass
in HIV-infected children [27]. A subsequent study found
that although fat free mass (FFM) was less in HIV-infected
children than in age-matched controls, FFM as a percent-
age of body weight was not different between infected and
uninfected children (i.e. infected children weigh less than
uninfected children but they also are stunted, such that
relative lean/fat ratios are unaffected) [28]. A later study
examined FFM in HIV-infected children with and without
linear growth failure, and found a significant inverse cor-
relation between FFM and viral load, suggesting again that
dynamics of viral replication and/or the associated host
immune response impair anabolism [29]. Lastly, results to
date in WITS demonstrate a trend towards decreased arm
muscle mass and resistance index (an indirect measure of
total LBM measured by bioelectrical impedance analysis
[BIA]) in infected compared with uninfected children [30].

The associations between HIV viral load, antiretroviral
therapy, and growth remain ambiguous. Two small stud-
ies performed in children not receiving protease inhibitors
(PIs) have shown growth velocity to correlate inversely
with viral load [29, 31]. Another notes higher viral loads
in children with FTT [32]. However, secondary analysis
of PACTG 152, a large trial of antiretroviral-naı̈ve children
beginning nucleoside reverse transcriptase inhibitor ther-
apy, revealed no significant correlation between weight or
height growth velocity and viral load [17], although there
was a trend towards improved linear growth with lower viral
loads. This is similar to results described in hemophilic chil-
dren and adolescents, most of whom also were not receiv-
ing highly active antiretroviral therapy (HAART, generally
combination antiretroviral treatment regimens including a
PI). There, baseline plasma viral load and CD4+ cell count
correlated with subsequent weight and height. However,
plasma viral load was not associated with height velocity
independent of CD4+ cell count [33]. On this basis, it is
postulated that CD4+ cell count better reflects host patho-
physiology (e.g. cytokine milieu) than plasma viral load.

An early study of children on HAART showed declines
rather than improvements in weight-for-age z-scores
(WAZ) and height-for-age z-scores (HAZ), even in those
with the best virologic control [34]. More recently, reports
suggest improved linear and ponderal growth on PI
therapy. One long-term follow-up study found PI treat-
ment to be associated with statistically, but not clinically,
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significant per-year z-score gains of 0.13 in height and 0.05
in weight, relative to expected growth on non-PI therapy
[35]. Another small study reported improvement in height
and weight only for virologic responders on HAART, with
this response delayed until 96 weeks on HAART [36]. It
is unclear yet whether improved growth sometimes seen
with PI therapy is a result of inhibition of human pro-
teases, immune restoration, improved virologic control, or
another mechanism.

16.2.3 Importance of prevention and
early intervention

Nutritional support should be an integral component of all
medical management for children with HIV disease. Recog-
nition of nutrition’s central role should result in prevention
or early diagnosis and treatment of malnutrition. Nutri-
tional intervention with higher quality supplements begun
in asymptomatic HIV-infected adults in Uganda resulted in
stabilization of CD4+ cell counts. Earlier research in adults
also demonstrated prospectively that nutrient intake was
inversely related to the risk of developing AIDS [37]. Antici-
pation of clinical situations which can impair availability,
absorption or utilization of sufficient nutrients is critical.

The goals of nutritional support for the HIV-infected
child include maintenance of normal growth and
development; provision for catch-up growth as necessary;
correction of nutritional deficiencies; prevention of fur-
ther immunologic compromise; enhancement of a sense
of well-being and ability to maintain age-appropriate
activities; lessened morbidity from secondary infections;
and treatment of underlying gastrointestinal and infectious
disease.

Prevention of malnutrition is facilitated by regular nutri-
tional assessment of all HIV-infected children. Prevention
of specific causes of malnutrition is important. For exam-
ple, enteric infections increase metabolic needs and can
impair absorption of nutrients and therapeutic agents.
Enteric infections can be prevented by avoiding ingest-
ing contaminated water or ice, swimming in contaminated
water, and eating undercooked meat, and by carefully fol-
lowing food safety precautions. Fever increases metabolic
needs and should be treated aggressively in these children.
Other components of prevention include routine provision
of up to 200% of the appropriate Dietary Reference Intake
(e.g. Recommended Dietary Allowance [the average daily
dietary nutrient intake level sufficient to meet the nutrient
requirement of nearly all healthy persons in a particular
life stage and gender group; RDAs provide a safety factor
and exceed the actual requirements of most individuals]),
with care not to exceed the Tolerable Upper Intake Level

(the highest average daily nutrient intake level which is
likely to pose no risk of adverse health effects in almost
all individuals in the general population) for vitamins and
minerals and 150% for calories and protein. Cultural and
ethnic background of the family is important to consider
when assisting with food choices. As developmental delays
and multiple caretakers have been reported with greater
frequency in children with HIV infection and FTT [38],
availability of a primary caretaker and screening for devel-
opmental delays can be important components of preven-
tion. If the parent(s) is HIV-infected, anticipation of their
healthcare needs, including nutritional support, should be
considered as part of the child’s management.

16.3 Routine nutritional assessment

Nutritional assessment should begin in infancy and con-
tinue regularly in all HIV-infected children, in an effort
to prevent malnutrition and growth failure. The baseline
nutritional evaluation ideally should be performed by a reg-
istered dietitian at the first or second visit. Thorough follow-
up evaluation every 4–6 months is sufficient if no signs of
faltering growth develop. For children with growth abnor-
malities, poor intake, vomiting, diarrhea, or disease pro-
gression, nutritional follow-up should be more frequent,
such as every 1–3 months, depending on clinical severity
[39]. Guidelines for nutritional assessment are summarized
in Table 16.1.

16.3.1 Anthropometric measurements

Height, weight, head circumference, triceps skinfold thick-
ness (TSF) and mid-arm circumference (MAC) should be
measured on a regular basis. Older children should have
waist and hip circumferences and truncal (sub-scapular
and/or abdominal) skinfolds measured. Serial measure-
ments of height, weight and head circumference (for chil-
dren less than 3 years old) are essential and should be
performed at every routine visit. More frequent weight
checks are needed if weight loss or lack of weight gain is
present. Skinfold and arm circumference measures evalu-
ate adipose and muscle (somatic protein) mass and should
be measured every 4–6 months and any time significant
weight loss (>5%) occurs. Reference values for arm circum-
ference and triceps skinfold measurements are found in
Table 16.2. For sites unable to measure skinfold thickness,
the BMI (calculated as weight (in kg) divided by height (in
meters) divided by height (in meters), or (weight in kg)/
[height in meters × height in meters]) gives indirect infor-
mation about body composition. Normal BMI values for
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Table 16.1 Recommended nutritional assessment for

HIV-infected childrena,b

Anthropometric measurements
a. Height, weight, head circumference, TSF, MAC, waist

circumference, hip circumference, truncal skin fold
(e.g. sub-scapular, abdominal)

b. Weight and height growth velocities, weight and height
for age, weight for height

Comprehensive dietary history
a. Calorie and protein intake
b. Symptoms of gastrointestinal disturbances
c. Access to food and food preparation facilities
d. Available diet (including food frequencies)
e. Food safety

Laboratory studies
a. Protein status∗ (Short term: pre-albumin or retinol-

binding protein; Long term: albumin or transferrin)
b. Complete blood count with differential
c. Other studies based on clinical features and dietary

history∗

Assessment of body composition and fat distribution
a. TSF, MAC, sub-scapular or abdominal skin fold
b. Waist circumference or waist/hip ratio, body mass index

calculation
c. BIA and/or DEXA scan

Estimation of energy and protein requirements

a Abnormal results:
Estimate and counsel regarding requirements
Multi-disciplinary evaluation: intake, loss, requirements
Early intervention∗

Nutritional follow-up every 1–3 months.
b Normal results:

Anthropometrics and nutritional follow-up every 4–6
months.
∗ Individualize (see text);
TSF, triceps skinfold thickness;
MAC, midarm circumference;
BIA, bioelectrical impedance analysis;
DEXA, dual energy x-ray absorptiometry.

children are presented in Table 16.3. The child’s weight and
height growth velocities, weight and height for age, BMI,
and fat and muscle mass should be assessed, abnormalities
evaluated, and comparisons made with previous measures.
Children who are crossing percentile lines downwardly on
reference growth charts, or who are below the fifth per-
centile and not paralleling the curve, need to be identified
promptly. Establishing trends in a child’s growth, LBM, and

fat stores is more valuable than any individual measure-
ment. Standardized procedures for anthropometric meas-
urement accuracy and reproducibility are available and
should be followed uniformly; these guidelines are sum-
marized in Table 16.4.

16.3.2 Comprehensive dietary history

A comprehensive dietary history includes an evaluation
of: (1) calorie and protein intake; (2) symptoms of gas-
trointestinal disturbances (e.g. anorexia, dysphagia, nau-
sea, vomiting, diarrhea, early satiety, heartburn, fever);
(3) access to food and food preparation facilities (e.g.
electricity, refrigeration, cooking appliances and utensils,
resources for food transport); (4) available diet (including
type and frequency of food and beverage consumption);
and (5) food safety (i.e. knowledge and facilities to provide
safe food preparation and storage).

Current nutrient intake can be calculated using a 24-hour
dietary recall along with food and beverage frequency ques-
tionnaires. Reasons for decreased intake or feeding prob-
lems should be explored and an assessment of the parent–
child interaction should be made. The dietary history is
used as a basis for comparing current intake with estimated
energy and protein needs (see ‘Estimation of energy and
protein requirements’ below).

16.3.3 Laboratory studies

Visceral protein status can be assessed by use of short-
term markers, such as prealbumin (half-life of 2 days) and
retinol-binding protein (half-life of 11 hours) levels, or more
long-term markers, such as albumin and transferrin (half-
lives of 21 and 20 days) levels. Serum iron, total iron-binding
capacity or transferrin, folate and B12 levels should be
evaluated in patients with anemia. A more extensive lab-
oratory evaluation, guided by history (symptoms, disease
progression, and diet including vitamin, mineral, and other
dietary supplements) and physical examination findings,
can be helpful when sub-optimal nutrition is suspected.
For example, children with diarrhea should be monitored
for electrolyte imbalance and deficiencies of magnesium
and zinc. If there is significant fat malabsorption, vitamin
A and E levels should be checked. Additional clinical signs
on physical examination that may signal deficiency include
dermatitis (vitamin A, zinc, biotin, essential fatty acids),
cheilosis (riboflavin, biotin, zinc), or peripheral neuropa-
thy (vitamins B6 or B12).

Monitoring of micronutrients such as selenium, zinc,
copper : zinc ratios, beta-carotene, and vitamins A, B12,
and E can be beneficial in patients with evidence of



Table 16.2 Reference arm measurements

Percentiles of upper arm circumference (mm) and estimated upper arm muscle circumference (mm) for whites of
the United States Health Examination Survey 1 of 1971–1974

Arm circumference (mm) Arm muscle circumference (mm)

5th 50th 95th 5th 50th 95th 5th 50th 95th 5th 50th 95th

Age (years) Males Females Males Females

1–1.9 142 159 183 138 156 177 110 127 147 105 124 143
2–2.9 141 162 185 142 160 184 111 130 150 111 126 147
3–3.9 150 167 190 143 167 189 117 137 153 113 132 152
4–4.9 149 171 192 149 169 191 123 141 159 115 136 157
5–5.9 153 175 204 153 175 211 128 147 169 125 142 165
6–6.9 155 179 228 156 176 211 131 151 177 130 145 171
7–7.9 162 187 230 164 183 231 137 160 190 129 151 176
8–8.9 162 190 245 168 195 261 140 162 187 138 160 194
9–9.9 175 200 257 178 211 260 151 170 202 147 167 198

10–10.9 181 210 274 174 210 265 156 180 221 148 170 197
11–11.9 186 223 280 185 224 303 159 183 230 150 181 223
12–12.9 193 232 303 194 237 294 167 195 241 162 191 220
13–13.9 194 247 301 202 243 338 172 211 245 169 198 240
14–14.9 220 253 322 214 252 322 189 223 264 174 201 247
15–15.9 222 264 320 208 254 322 199 237 272 175 202 244
16–16.9 244 278 343 218 258 334 213 249 296 170 202 249
17–17.9 246 285 347 220 264 350 224 258 312 175 205 257
18–18.9 245 297 379 222 258 325 226 264 324 174 202 245
19–24.9 262 308 372 221 265 345 238 273 321 179 207 249

Percentiles for triceps skinfold for whites of the United States Health and Nutrition Examination Survey 1 of
1971–1974

Triceps skinfold percentiles (mm)

Age (years) Males Females

N 5 10 25 50 75 90 95 N 5 10 25 50 75 90 95
1–1.9 228 6 7 8 10 12 14 16 204 6 7 8 10 12 14 16
2–2.9 223 6 7 8 10 12 14 15 208 6 8 9 10 12 15 16
3–3.9 220 6 7 8 10 11 14 15 208 7 8 9 11 12 14 15
4–4.9 230 6 6 8 9 11 12 14 208 7 8 8 10 12 14 16
5–5.9 214 6 6 8 9 11 14 15 219 6 7 8 10 12 15 18
6–6.9 117 5 6 7 8 10 13 16 118 6 6 8 10 12 14 16
7–7.9 122 5 6 7 9 12 15 17 126 6 7 9 11 13 16 18
8–8.9 117 5 6 7 8 10 13 16 118 6 8 9 12 15 18 24
9–9.9 121 6 6 7 10 13 17 18 125 8 8 10 13 16 20 22

10–10.9 146 6 6 8 10 14 18 21 152 7 8 10 12 17 23 27
11–11.9 122 6 6 8 11 16 20 24 117 7 8 10 13 18 24 28
12–12.9 153 6 6 8 11 14 22 28 129 8 9 11 14 18 23 27
13–13.9 134 5 5 7 10 14 22 26 151 8 8 12 15 21 26 30
14–14.9 131 4 5 7 9 14 21 24 141 9 10 13 16 21 26 28
15–15.9 128 4 5 6 8 11 18 24 117 8 10 12 17 21 25 32
16–16.9 131 4 5 6 8 12 16 22 142 10 12 15 18 22 26 31
17–17.9 133 5 5 6 8 12 16 19 114 10 12 13 19 24 30 37
18–18.9 91 4 5 6 9 13 20 24 109 10 12 15 18 22 26 30
19–24.9 531 4 5 7 10 15 20 22 1060 10 11 14 18 24 30 34

Adapted from Frisancho A. R. New norms of upper limb fat and muscle areas for assessment of nutritional status.
Am. J. Clin. Nutr. 34 (1981), 2540.
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Table 16.3 Body mass index reference values (percentile values

of body mass index)

Percentile

Age (years) 5 10 25 50 75 90 95

Males

1 14.6 15.4 16.1 17.2 18.5 19.4 19.9

2 14.4 15.0 15.7 16.5 17.6 18.4 19.0

3 14.0 14.6 15.3 16.0 17.0 17.8 18.4

4 13.8 14.4 15.0 15.8 16.6 17.5 18.1

5 13.7 14.2 14.9 15.5 16.3 17.3 18.0

6 13.6 14.0 14.7 15.4 16.3 17.4 18.1

7 13.6 14.0 14.7 15.5 16.5 17.7 18.9

8 13.7 14.1 14.9 15.7 17.0 18.4 19.7

9 14.0 14.3 15.1 16.0 17.6 19.3 20.9

10 14.2 14.6 15.5 16.6 18.4 20.3 22.2

11 14.6 15.0 16.0 17.2 19.2 21.3 23.5

12 15.1 15.5 16.5 17.8 20.0 22.3 24.8

13 15.6 16.0 17.1 18.4 20.8 23.3 25.8

14 16.1 16.6 17.7 19.1 21.5 24.4 26.8

15 16.6 17.1 18.4 19.7 22.2 25.4 27.7

16 17.2 17.8 19.1 20.5 22.9 26.1 28.4

17 17.7 18.4 19.7 21.2 23.4 27.0 29.0

18 18.3 19.1 20.3 21.9 24.0 27.7 29.7

19 19.0 19.7 21.1 22.5 24.4 28.3 30.1

Females

1 14.7 15.0 15.8 16.6 17.6 18.6 19.3

2 14.3 14.7 15.3 16.0 17.1 18.0 18.7

3 13.9 14.4 14.9 15.6 16.7 17.6 18.3

4 13.6 14.1 14.7 15.4 16.5 17.5 18.2

5 13.5 14.0 14.6 15.3 16.3 17.5 18.3

6 13.3 13.9 14.6 15.3 16.4 17.7 18.8

7 13.4 14.0 14.7 15.5 16.7 18.5 19.7

8 13.6 14.2 15.0 16.0 17.2 19.4 21.0

9 14.0 14.5 15.5 16.6 18.0 20.8 22.7

10 14.3 15.0 15.9 17.1 19.0 21.8 24.2

11 14.6 15.3 16.2 17.8 19.8 23.0 25.7

12 15.0 15.6 16.7 18.3 20.4 23.7 26.8

13 15.4 16.0 17.1 18.9 21.2 24.7 27.9

14 15.7 16.4 17.5 19.4 21.8 25.3 28.6

15 16.1 16.8 18.0 19.9 22.4 26.0 29.4

16 16.4 17.1 18.4 20.2 22.8 26.5 30.0

17 16.9 17.6 18.9 20.7 23.3 27.1 30.5

18 17.2 18.0 19.4 21.1 23.7 27.4 31.0

19 17.5 18.4 19.8 21.4 24.0 27.7 31.3

From National Health and Nutritional Examination Survey,

1971–1974 (NHANES 1); and Hammer, L. D., Kraemer, H. C.,

Wilson, D. M. et al. Standardized percentile curves of body-

mass index for children and adolescents. Am. J. Dis. Child. 145
(1991), 972.

malnutrition or disease progression, as deficiencies have
been associated with disease progression in children
and/or adults. Finally, deficiencies of other micronutri-
ents have been reported among HIV-infected patients, and
therefore consideration should be given to monitoring car-
nitine, as well as vitamins C and D, in addition to those
micronutrients mentioned above [40–42]. There is little
information and less consensus regarding contribution of
most of these deficiencies to clinical manifestations of dis-
ease in pediatric patients. One report suggests deficiencies
of selenium, zinc, and vitamin A are uncommon among
HIV-infected children in the USA [43]. In HIV-infected
adults, however, deficiencies of vitamins A, E, B6, B12, and
zinc are reported to be common [44].

Baseline evaluation should be performed when the
patient is clinically stable because acute illness can affect
levels of these micronutrients. Furthermore, plasma levels
are not always indicative of mild deficiency, particularly
in the case of zinc. In the case of vitamin A, levels should
be obtained in conjunction with retinol-binding protein to
assess the cause of abnormal values.

16.3.4 Assessment of body composition
and fat distribution

As discussed above (see ‘Effects of malnutrition – HIV infec-
tion’), the bulk of evidence suggests that children with
HIV infection lose LBM early in the course of the dis-
ease. Lean body mass is known to correlate with survival
in many diseases, including adult HIV infection. There-
fore, assessment of body composition should be performed
routinely, at least in children with any evidence of mal-
nutrition or other significant symptoms of HIV infection,
to see if changes in LBM are beginning to occur. Anthro-
pometric measurements of MAC and TSF provide rough
measures of body composition. Bioelectrical impedance
analysis (BIA) is another simple, non-invasive method to
determine body composition and equations have been
developed for use with HIV-infected children [45]. Dual
energy x-ray absorptiometry (DEXA) scans are one of the
most reliable measures of body composition. While the lat-
ter methods are currently used most commonly in research
settings, consideration should be given to clinical use of
these measures – particularly when deviations from the
norm are clinically suspected. For sites unable to measure
body composition, calculation of BMI (weight in kg/[height
in meters × height in meters]) gives indirect information
about body fat. Trends observed in body composition are
more important than any single isolated measure.

Body fat distribution also should be monitored. Accu-
mulation of central fat and loss of limb fat can occur
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Table 16.4 Anthropometric measurement guidelines

General rules of measurement technique
1. Always document measurement conditions. For example, indicate the scale used, whether a length or height measure

was taken, or if a child was unstable or moving during the measurement.
2. Calibrate equipment according to individual facility policy.
3. Remember that accuracy of measurements is directly dependent on subject cooperation.
4. Measurements of weight, height/length, and head circumference should be plotted on NCHS growth charts and

followed closely, monitoring trends.

Weight
1. Use an electronic scale or beam scale with non-detachable weights.
2. Zero scale prior to each measure. Calibrate scales when needed.
3. Weigh infants and young children lying down with infants wearing only a dry diaper during measurement and small

children in a gown or very light clothing.
4. Weigh children who can stand on a beam scale, preferably ones with “handle bars” for support. Calm children and

reduce movement as much as possible for accurate measurements. Take a child’s weight while in a gown or very light
clothing.

5. For children too large for the infant scale who have disabilities that prevent them from standing on a beam scale,
using a bed scale is most accurate. However, if equipment is not available, a staff member or caretaker can hold the
child on a beam scale, take his/her own weight on the same scale, and subtract to calculate the child’s estimated body
weight. When using this method, take the average of two measures.

Length
1. Measure children’s recumbent length up to 24 months of age and, for those unable to stand, up to 36 months of age on

a calibrated length board with a stable headboard and a sliding footboard.
2. Two people are required to perform an accurate length measurement. One person holds the head in place with two

hands while the other slides the footboard and takes the reading. The child’s foot should be flat against the footboard
with toes pointing straight upward and legs should be straight at the time of measurement.

3. If a child has hypertonicity and cannot be held in the above position, other forms of measurement should be
performed (e.g. tibial length, below).

Tibial length (Validated only in children over 3 years of age [117])
1. With child sitting or lying down, use a non-stretchable, flexible measuring tape to measure the distance from the tip

(superomedial edge) of the tibia to the lower edge of the medial malleolus. In lay terms, measure the inner lower leg
from the middle of the knee where the tibia inserts to the bottom edge of the ankle bone.

2. Measure the left leg whenever possible.
3. Measure to the nearest 0.1 centimeter.
4. Take the average of two measures on the same leg.
5. Calculate estimated height using the following equation:

S = (3.26 × TL) + 30.8
S: Stature in centimeters
TL: Tibial length in centimeters

6. Consistently measure individual patients and plot on NCHS growth charts.
7. In children less than 3 years of age, a crown rump measure can be used:

Using a length board, hold head in place at head board. Have a second measurer slide the foot board up to the infant’s
buttocks, holding the torso as straight as possible. Average crown rump measures and normal increments are
available in the literature [51] or an individual’s trends can be used.

(cont.)
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Table 16.4 (cont.)

Height
1. Once a child is greater than 24 months of age and can stand upright, stature is measured using a calibrated

stadiometer.
2. For best results, measure children while he/she wears a gown or clothing in which one can visualize body position.

Children need to stand with bare feet close together, body and legs straight, arms at sides, relaxed shoulders, and
head, back, buttocks, and heels up against the wall or shaft of the stadiometer.

3. Instruct child to look straight ahead and stand tall, keeping heels on the ground.
4. Bring headboard down to top of the child’s head while at eye-to-eye level with child and record measure to nearest 0.1

centimeter.
5. Take the average of three measures.

Head circumference
1. Measure head circumference in children regularly at routine physical exam appointments up until 36 months

of age.
2. Have the infant or child sit on caretaker’s lap or stand if capable.
3. Remove any hair pieces that could interfere with measurement.
4. Place non-stretchable measuring tape just above the eyebrow and ears and straight around the occipital bulge in the

back of the child’s head.
5. Compress hair with tape and record measure to the nearest 0.1 centimeter.

Mid-arm circumference
1. Use a non-stretchable centimeter tape, with millimeters delineated. On the non-dominant arm bent at a 90 degree

angle with palm facing up, mark the midpoint between the acromion and olecranon processes. Make sure clothing is
pushed up above the shoulder or removed if interfering with arm tissue.

2. Measure the distance around the arm at the mark and record to the nearest 0.1 centimeter.

Triceps skinfold thickness
1. Grasp vertical fold of fat about 1–2 centimeter above the midpoint using forefinger and thumb.
2. Measure skinfold with calipers at the midpoint after needle stabilizes while continuing to hold fold with hand.
3. Average three measures.
4. Edematous tissue and very squirmy children are two main factors that prevent accuracy of this measurement.
5. Measure to the nearest 0.5 millimeter.

Mid-arm muscle circumference
1. Use the following equation to calculate mid-arm muscle circumference:

MAMC = MAC − (TSF × 3.14)/10 MAC = Mid-arm circumference in centimeters
MAMC = Mid-arm muscle circumference in centimeters

TSF = Triceps skinfold thickness in millimeters

in HIV-infected children (see ‘Metabolic abnormalities and
associated therapies’ in this chapter, as well as Chapter 20).
In children as in adults, a relative central or abdominal
distribution of body fat has been associated with adverse
lipid and insulin concentrations independently of weight,
height, and age [46]. Truncal fat can be measured by vari-
ous anthropometric or imaging methodologies. Data are
accumulating which suggest that waist circumference itself
can be a good measure of central adiposity. Taylor and col-
leagues noted the 80th percentile for waist circumference
was 89% and 87% sensitive in detecting girls and boys with
high trunk fat mass (z-score ≥ 1), respectively, and 94% and

92% specific [47]. Freedman et al. noted that waist circum-
ference (adjusted for weight, height, and age) showed the
most consistent and generally strongest association with
adverse risk factors, but the association was similar in mag-
nitude when quantified by waist:hip ratio or comparison
of the waist circumference to the sum of hip circumfer-
ence and triceps skinfold thickness [46]. Differentiation of
abdominal and visceral adiposity is aided by measures of
abdominal and sub-scapular skinfold thicknesses, in addi-
tion to waist circumference, height, and ethnicity [48].

While DEXA accurately measures body composition, it
is unable to differentiate between intra-abdominal and
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subcutaneous fat. Nevertheless, truncal fat mass as meas-
ured by DEXA has been shown to strongly correlate
with intra-abdominal fat in young children and correla-
tion between lipid profiles and fat distribution is similar
whether measured by central fat on DEXA or visceral fat on
MRI images.

16.3.5 Estimation of energy and protein requirements

Recommended daily allowances for children infected with
HIV are not well established because energy requirements
engendered by HIV infection itself are not defined. Asymp-
tomatic HIV-infected adults do have increased resting and
total energy expenditure, but clinical experience in chil-
dren suggests that energy requirements are relatively nor-
mal when children are well. Two studies of HIV-infected
children confirmed the absence of hypermetabolism dur-
ing times of well-being [29, 49]. At minimum, there are
increased energy requirements during periods of stress
such as infection, and these children may not compen-
sate well for these increased needs. Accordingly, some
recommend estimating both energy and protein require-
ments at 150% of the Recommended Dietary Allowance for
healthy children. Alternatively, a range can be calculated
using weight for actual height as the minimum and median
(50th percentile) reference weight for actual age as the
maximum.

The following formula can be used to grossly estimate
caloric requirements for normal children: 100 kcal/kg for
the first 10 kg of body weight; 50 kcal/kg for the second 10
kg of body weight; 20 kcal/kg for each kg over 20 kg of body
weight. This simple method produces estimates towards
the lower end of the range of normal needs. Alternatively,
Table 16.5 offers age-adjusted energy and protein require-
ments for normal children.

Children often have increased energy and protein
requirements during illness, particularly during periods
of fever or infection. Approximate increases in caloric
needs are as follows: 12% for each degree centigrade
rise, 25% for acute diarrhea, and 60% for sepsis. It has
been estimated that increasing the Recommended Dietary
Allowance for protein by 50–100% will provide for increased
protein requirements during periods of fever or infection.
These estimates of energy and protein requirements are
generic recommendations for children under stressful con-
ditions, and applicability to HIV infection has not been con-
firmed. Early treatment for fever and infection can limit
the metabolic impact. As children recover from illness,
they often enter a period of catch-up growth. The follow-
ing formula can be used to estimate caloric and protein

Table 16.5 Recommended daily energy and protein intake by

age

Age/years Kcal/kg
Protein/kg
(grams)

0–0.5 108 2.2
0.5–1 98 1.6
1–3 102 1.2
4–6 90 1.2
7–10 70 1.2
11–14 (males) 55 1.0
11–14 (females) 47 1.0
15–18 (males) 45 0.8
15–18 (females) 40 0.8

From Food and Nutrition Board, National Academy of Sci-
ences National Research Council. Recommended Dietary
Allowances. Washington, DC: National Academy Press,
1989.

requirements during this phase:

Daily energy requirement, in kcal per kg of body weight

= (RDA Kcal for weight agea) × (ideal weight for height)b

(actual weight)

Daily protein requirement, in grams protein per kg

of body weight

= (RDA protein for weight agea) × (ideal weight for height)b

(actual weight)

a Weight age is the age at which the patient’s present
weight would be at the 50th percentile.

b For those children recovering from acute illness who
tend to have a weight for height greater than the 50th per-
centile, the “ideal weight for height” in the catch-up equa-
tion can be goal weight based on 90th percentile weight
growth velocity averages for age added to current weight.
Tables are available for both younger and older children
[50, 51].

16.4 Causes of malnutrition and
associated therapies

There are many different potential causes of malnutri-
tion in HIV-infected children, such as decreased intake,
increased nutrient losses, increased nutrient requirements,
and metabolic dysregulation. The relative contribution of
each of these to the problem of malnutrition among HIV-
infected children is not well understood. Malabsorption,
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increased energy expenditure, and endocrinopathies have
been postulated but not documented as etiologic in most
HIV-infected children with growth failure [29, 49, 52, 53].
Specific causes of malnutrition and suggested therapies
are summarized in Table 16.6 and are discussed in further
detail in the text that follows. Appropriate interventions
can be divided into those that treat the underlying prob-
lem (e.g. identifying and removing a drug that is causing
anorexia), symptomatic interventions (e.g. use of appetite
stimulants for anorexia), and supportive interventions (use
of nutritional supplements to achieve adequate intake
despite anorexia). Understanding the difference between
starvation and cachexia can be helpful in determining the
appropriate intervention. Starvation is weight loss from
inadequate intake or malabsorption of nutrients. It nor-
mally results in loss of fat mass initially. Cachexia is loss of
weight or growth retardation with preferential catabolism
of LBM over fat mass. Why this occurs is not clear, but it
could be secondary to increased cytokine production by
macrophages. For example, tumor necrosis factor (TNF)
and interleukin-1 (IL-1) have both been shown to result in
inefficient use of energy substrates. Tumor necrosis fac-
tor specifically causes peripheral lipolysis and resultant
increased circulation of free fatty acids which are then
cycled from liver back to adipose tissue, i.e. futile cycling.
IL-1 has catabolic effects on several tissues including liver
and connective tissues, resulting in loss of both visceral and
somatic protein stores.

Because malnutrition in this population is often multi-
factorial in etiology, a multi-disciplinary team approach
to evaluation and management is important. Family-
centered care is ideal. The assistance of community agen-
cies is of particular importance. For example, home health
nurses and aides, or community organizations that pro-
vide services such as meal delivery can be of tremendous
benefit.

16.4.1 Decreased oral intake

As noted above, many factors can contribute to malnu-
trition in HIV-infected children, and often more than one
etiology is present in an individual child. Many of these
causes result in decreased oral intake. In fact, several
studies document reduced energy intake in HIV-infected
children [29, 54], with some reports noting an associa-
tion between decreased energy intake and poor growth
[49]. Other authors documented decreased intake but did
not observe an association with poor growth, theorizing
that inadequate intake during frequent illnesses combined
with energy intake inadequate for catch-up growth when

children are well might explain the observed lack of asso-
ciation on cross-sectional examination [49]. One group of
investigators examining the effect of viral load on growth
noted that the association of decreased energy intake was
not independent of viral load, suggesting the effect of viral
load on growth could be mediated in part by poor intake
[29]. Decreased oral intake, in turn, can result from diverse
causes including anorexia, food aversion or refusal (often
to avoid symptoms such as vomiting, diarrhea, oral pain,
etc.), barriers to food access or preparation, dysgeusia, early
satiety, or neurologic dysfunction.

Anorexia is associated with many of the medications
used in this population, including reverse transcriptase
inhibitors (e.g. zidovudine [ZDV], stavudine [d4T], lamivu-
dine [3TC]), PIs (e.g. ritonavir, indinavir, nelfinavir), dap-
sone, antifungal drugs (e.g. fluconazole, ketoconazole), and
antiviral medications (e.g. ganciclovir, acyclovir). Addition-
ally, clarithromycin has been associated with dysgeusia.
If anorexia or other side-effects are debilitating and alter-
native therapeutic options exist, consideration should be
given to changing therapies. Additional causes of anorexia
in this population include micronutrient deficiency, pain,
and depression.

Several appetite stimulants can be considered for
anorectic children. Megestrol acetate (Megace) results
in weight gain primarily by increasing body fat mass.
Almost no data are available on the use of this progesta-
tional hormone in children. Doses of megestrol acetate
that have been used to increase weight gain include 7.9
mg/kg/day (median dose) [55], 4–15 mg/kg/day, and 200–
400 mg/m2/day. Megestrol acetate has known glucocor-
ticoid activity [56], and adrenal suppression [57, 58] as
well as glucose intolerance [59] has been observed among
HIV-infected children receiving this medication. Cypro-
heptadine (Periactin) (0.25–0.5 mg/kg/day or 8 mg/m2/day
divided in two to three daily doses) has been used with
anecdotal reports of limited success. Dronabinol (Marinol;
2.5 mg twice daily before meals) also has been used for
appetite stimulation although psychological side-effects
may limit its use in children.

Micronutrient deficiencies can exacerbate malnutrition
by causing anorexia, dysgeusia, etc. and must be addressed.
Excesses as well as deficiencies of micronutrients, partic-
ularly zinc, iron, and selenium, are harmful to the immune
system, and extremely large doses are not recommended.
Recommended doses for some of the more commonly sup-
plemented micronutrients are provided in Table 16.7. Chil-
dren with low iron-binding capacity should not be given
supplemental iron. Caution should be exercised with vita-
min A supplements in the presence of low retinol-binding
protein.
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Table 16.6 Causes of malnutrition and associated therapies

Part 1: Decreased oral intake

Cause Intervention

All causes Referral to registered dietitian
1. Anorexia Supportive: Increase nutrient density of foods, high kcal infant formula, small

frequent meals, calorie boosting instructions, nutritional supplements (per
tube if needed). Symptomatic: appetite stimulants∗

Nutritional deficiency Treat deficiency (zinc, carnitine, vitamin A, B6)
Depression/despair Treat depression
Pain Acute and chronic pain management
Drug-induced∗ Remove offending agent if possible
Cytokine production Control primary and secondary infections; cytokine modulators untested
Neurologic dysfunction See below

2. Food aversion/refusal
Symptom avoidance: (nausea,

vomiting diarrhea, abdominal
pain)

Referral to feeding/speech therapy

Drug-induced∗ Remove offending agent if possible; medications after or between meals
Infections Treat infection
Behavioral Reinforce parenting skills;∗ self-feeding
Upper gastrointestinal tract lesions

Oral lesions: gingivitis, aphthous
ulcers, stomatitis, dental
abscesses

Treat infections (CMV, HSV, Candida); symptomatic relief (see text);
meticulous oral hygiene

Esophagitis: reflux, infectious Antacids, H2 blockers; soft diet; treat infection (CMV, HSV, Candida)
gastritis, duodenitis: infectious,

peptic
Treat infection; antacids, H2 blockers if peptic

3. Barriers to food access or
preparation

Co-ordinate with social work;
Refer: WIC, soup kitchens, food pantries, food stamps, meal delivery programs

Caretaker limitation As above; home health assistance
Limited food availability (money,

transportation, etc.)
Evaluate food availability∗

4. Altered taste (dysgeusia)
Zinc deficiency Zinc supplements
Neurologic dysfunction See below
Drug related∗ Remove offending agent if possible

5. Early satiety Small frequent meals
Cytokine-related +/or dysmotility Consider trial of agent to improve GI motility

6. Neurologic dysfunction:
Developmental delay Modify consistency of food and bottle or spoon feed as necessary; reduce

inconsistencies in care; daily routine; 1 or 2 caretakers.
Dysphagia As above for developmental delay
Dysguesia As above for developmental delay; consider zinc deficiency
Gastroesophageal reflux Standard reflux therapies.

(cont.)
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Table 16.6 (cont.)

Part 2: Increased nutrient losses

Cause Intervention

All causes Referral to registered dietitian; parenteral nutrition indicated if enteral
nutrition not tolerated

1. Vomiting
Gastritis See above
Pancreatitis Standard supportive care

Drug-related (ddI, ddC, d4T,
pentamidine)

Remove offending agent

Infectious (CMV, MAC) Treat infection
Drug Related∗ Remove offending agent as necessary

2. Diarrhea
Enteric infection∗ Treat infection
Drug-related∗ Symptomatic: loperamide, Kaopectate; remove agent as necessary
Idiopathic Symptomatic (as above)

3. Malabsorption∗ Dietary management;∗ antibiotics for bacterial overgrowth

Part 3: Increased nutrient requirements

Cause Intervention

All causes Referral to registered dietitian; supportive care: increase intake to meet
requirements as for anorexia

1. Fever Fever control, identify source
2. Secondary infection Treat infection
3. End-organ complications (cardiac,

neurologic, dermatologic hematologic,
renal)

Supportive care

Part 4: Metabolic and endocrine dysregulation

Cause Intervention

Cytokine production Cytokine modulators untested; consider oxandrolone for wasting
TNF, interleukins 1 and 6 Control primary disease (antiretroviral therapy)

Endocrine dysregulation (thyroid, Treat deficiencies
adrenal, growth hormone, IGF-1) Growth hormone may improve growth in the absence of deficiency

∗See text for further details
CMV, cytomegalovirus, HSV, herpes simplex virus; MAC, Mycobacterium avium complex; WIC, Special Supplemental Nutri-
tion Program for Woman, Infants and Children.

The child may eat less to avoid exacerbation of symptoms
such as nausea, vomiting, diarrhea, or oral or abdominal
pain. One or more of these symptoms can be caused by
medications that the child is taking. For example, abdom-
inal pain may be associated with didanosine (ddI), 3TC,
zalcitabine (ddC), ritonavir, saquinavir, nelfinavir, indi-
navir, pentamidine, or antibiotics such as sulfonamides
and macrolides. Zidovudine alone can cause nausea, vom-
iting, and esophageal ulcers. Stomatitis, esophagitis, and

gastritis all can be caused by opportunistic infections, in
addition to the etiologies in healthy children. Food aver-
sion or refusal can be behavioral in origin, and particular
attention should be paid to the parent–child interaction.

Symptomatic relief for painful oral lesions often can be
achieved by avoiding irritating foods such as orange juice
and hot spices, using a straw to bypass the lesions, giving
cold foods such as popsicles before meals, and using top-
ical medications before meals. In older children, viscous
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Table 16.7 Recommended therapeutic doses for selected micronutrient deficiencies

Nutrient Dose Comments

Zinc 0.5–1.0 mg elemental Zn/kg/day PO with food.
Selenium 50 �grams/day
Carnitine 25–350 mg/kg/day PO ÷ bid-tid (maximum 3 g

daily dose)
Begin with 50 mg/kg/day if cardiomyopathy

present, 25 mg/kg/day if absent; titrate to
clinical response and levels; Consider if
suspect mitochondrial toxicity; may give iv
for adjunctive therapy for lactic acidosis

Copper Infants: 2–3 mg copper sulfate/day (400–600
�g copper)

Folate Infants: 15 �g/kg/day: max 50 �g/day; children
1 mg/day

(PO, IM, IV, SC)

Magnesium Mg oxide salt: 65–130 mg/kg/day ÷ qid PO,
MgSO4 salt: 100–200 mg/kg/dose qid PO

Vitamin A 100 000 IU/dose 6–12 months. 200 000 IU/dose
>1 year
Give 2 doses PO qd × 2 +repeat 1 dose 1–4

weeks later

Malabsorption syndrome prophylaxis: >8
years: 10 000–50 000 IU/day water miscible
product

Vitamin B1
(thiamine)

Children: 5 mg PO qd for mild disease;
10 mg PO bid for severe disease

Consider if suspect mitochondrial toxicity;
high adult dose is 100 mg/day

Vitamin B2
(riboflavin)

Infants: 0.5 mg PO twice weekly
Children: 1 mg PO tid for several weeks
Adults: 2 mg PO tid for several weeks

Consider if suspect mitochondrial toxicity;
may give iv for adjunctive therapy for lactic
acidosis; high adult dose is 50 mg/day

Vitamin B6
(pyridoxine)

5–25 mg/day for 3 weeks Up to 50 mg/day for drug-induced neuritis;
(PO preferred, may give IM or IV).

Vitamin B12 Hematologic signs: 30–50 �g/24 h IM or SC for
≥ 14 days to total of 1000–5000 �g. Follow
with maintenance. Neurologic signs: 100
�g/24 h IM or SC qd × 10–15 days then once
or twice weekly for several months. Taper to
250–1000 �g monthly by 1 year.
Maintenance treatment after deficiency:
100–250 �g/dose IM or SC q 2–4 weeks

Vitamin C 100–300 mg/day ÷ qd-bid for at least 2 weeks PO preferred, can give IM, IV, SC
Vitamin E Preterm and newborn infants: 25–50

IU/day × 6–10 weeks
Older children: 1 IU/kg/day PO

1 mg DL-tocopherol acetate = 1 IU, use water
miscible form with malabsorption; follow
levels

Ubidecarenone
(Ubiquinone,
Coenzyme Q)

1–10 mg/kg/day PO ÷qd-qid Consider if suspect mitochondrial toxicity;
may give iv for adjunctive therapy for lactic
acidosis

lidocaine 2% (20 mg/mL) can be applied directly to the
lesions at a maximum dose of 3 mg/kg, not to be repeated
before 2 hours. Diphenhydramine syrup can be used as
a swish and swallow in the usual dose of 5 mg/kg/day in
divided doses before meals.

Additionally, ‘non-organic’ causes of malnutrition such
as food availability should be evaluated (e.g. with the food

sufficiency questionnaire [60]), ideally by a visiting nurse in
the home, and social service agencies should be involved
as necessary. Barriers to food preparation can increase with
parental illness common to these families. The absence of
a primary caretaker or adequate parenting skills should be
noted. Family difficulties and behavioral problems of the
child can adversely affect the child’s nutritional intake.



258 C. J. Chantry and J. Moye, Jr

Neurologic dysfunction is common in HIV-infected chil-
dren, and even subtle neurologic involvement can result
in feeding difficulties. This can take the form of oral-motor
dysfunction or prolonged feeding duration. Frank develop-
mental delay may require significant modification of food
consistency and routines.

Regardless of the cause of decreased oral intake, enteral
formulas can constitute an important form of supplemen-
tal nutritional support and should be considered to sup-
ply unmet nutritional requirements. There are many com-
mercially available formulas. The daily quantity of a given
enteral feeding formula necessary to provide for the child’s
caloric or protein needs can be calculated and prescribed.
The following factors should be considered when choosing
a formula:
� Integrity of the gastrointestinal tract.
� Type of protein, fat, and carbohydrate required.
� Density of protein and energy provided and the relative

ratio.
� Sodium, potassium, and phosphorus content (especially

for patients with cardiac, renal, or hepatic dysfunction).
� Palatability.
� Taste preference.
� Cost.

Enteral feeding formulas for adults can be used for
older children but may have too much sodium or protein
for younger children, especially those younger than four
years. Instant breakfast powders added to whole milk and
supplements such as Ensure, Sustacal, or Nutren have sim-
ilar nutritional values. These supplements are appropriate
for older children with intact gastrointestinal tracts. Sup-
plements with higher protein content, such as Sustacal or
Ensure High Protein or Ensure Plus (also more calories)
may be necessary. Alternatively, children with high-protein
needs can use powdered skim milk or protein supplements
(e.g. ProMod, Casee) directly mixed with food or bever-
ages, including supplemental formulas. Toddler formulas
are available for use in younger children, such as Kindercal
(high in fiber), Pediasure (with or without fiber), and Nutren
Jr, and are appropriate for those without specialized nutri-
ent needs. For children with evidence of malabsorption,
supplements which maximize absorption should be cho-
sen. Specialized supplements are available with hydrolyzed
protein and medium-chain triglycerides with or without
lactose or sucrose. These are discussed in more detail below
under “Increased nutrient losses.”

In addition to commercial supplements, other calorie-
boosting tips include use of whole milk or cream rather
than water (e.g. when cooking hot cereals or soups) if lac-
tose intolerance is not an issue and use of fats such as
peanut butter, cheese, or butter when serving vegetables,

fruits, and breads. Calorie content can be boosted further
by direct addition of powdered glucose polymers (e.g. Poly-
cose, Moducal) to food or beverages.

Children who are unable to ingest sufficient calories by
mouth may require tube feedings. Tube feedings increase
fat mass but may not increase LBM significantly [61]. Such
weight gain is associated nonetheless with decreased hos-
pitalization and mortality rates [62]. Nasogastric tube feed-
ings are painful, increase the likelihood of sinusitis, and
limit oral intake. However, they can supplement nutri-
tional intake acutely and help to evaluate the potential
efficacy of long-term gastrostomy feedings. Gastrostomy
tubes generally are better tolerated than nasogastric tube
feedings, do not restrict normal activities, and can result
in improved quality of life in children with nutritional
difficulties.

There are a variety of different feeding progression sched-
ules available, with little information to support one regi-
men over another. Generally tube feeding is begun with a
hypo-osmolar concentration, which is gradually increased
to full concentration formula over one to several days.
Increases in volume follow, assessing tolerance of bolus vol-
umes by measuring remaining volume in the stomach prior
to the next feed. If the residual volume is less than 50% of
the prior feed, volume can be increased by 25–30% until the
desired volume is attained. Continuous feedings are used if
bolus feeds are not tolerated, or for overnight feeding when
necessary. Residuals also are checked when advancing
continuous feeds, at least every 2–4 hours. If residual vol-
ume is greater than that infused during the previous 2
hours, the infusion should be stopped for 1–2 hours. When
residuals are not a problem, the volume can be increased
one to five mL/hour. An alternative method to begin tube
feedings uses very small volumes of full concentration for-
mula from the start, with slow increases in volume there-
after as tolerated [63].

16.4.2 Increased nutrient losses

Despite adequate intake, malnutrition can result from
increased nutrient loss as occurs with chronic vomiting,
diarrhea, or malabsorption. Nausea, vomiting, and diar-
rhea are extremely common side-effects of medications
used in HIV-infected children. Examples of such drugs are
antiretroviral medications (ddI, 3TC, and most of the PIs),
antibiotics, antifungal medications, and antiviral drugs.
Vomiting also can be an indirect result of drugs via pan-
creatitis caused by antiretroviral medications or pentami-
dine. Vomiting and/or diarrhea may be the result of gas-
trointestinal infections such as gastritis, gastroenteritis, or
pancreatitis. Besides organisms that cause vomiting and



Growth, nutrition, and metabolism 259

diarrhea in the normal host, opportunistic pathogens can
cause chronic gastrointestinal disease in children with HIV
infection. In addition, chronic diarrhea may be either the
cause or the result of malabsorption.

Malabsorption occurs more commonly in HIV-infected
children than healthy controls. It can result from enteric
infections, malnutrition, small bowel bacterial overgrowth,
or HIV enteropathy, which is villous atrophy associated
with HIV infection in the absence of other detectable
pathogens. Drug-induced diarrhea can result in malab-
sorption if transit time is substantially reduced. Carbo-
hydrate (particularly lactose), fat, and protein malab-
sorption have been described in 32–40%, 30–39%, and
17% of HIV-infected children, respectively [52, 64, 65].
Although exocrine pancreatic insufficiency is often cited
as a possible cause of fat malabsorption in this popula-
tion, Sentongo and colleagues found adequate pancreatic
function in the 39% of their population demonstrat-
ing qualitative steatorrhea [52]. The authors recommend
that evaluation of fat malabsorption in HIV-infected chil-
dren focus on other potential causes such as bacterial
overgrowth. Cross-sectional analyses have not demon-
strated an association between malabsorption and growth
failure.

Appropriate dietary therapy or supplementation or both
should be instituted for children with evidence of malab-
sorption. Enteral feeding formulas containing fewer sim-
ple carbohydrates present less osmotic load and have
better gastrointestinal tolerance. Carbohydrate intolerance
requires reduction or removal of the specific sugar from
the diet. For lactase deficiency, there are many lactose-
free supplements for all ages, such as Kindercal, Nutren
Jr, and Pediasure for toddlers and young children, and
similarly, Ensure, Sustacal, and Nutren for older chil-
dren. Alternatively, microbial-derived lactase (e.g. Lac-
taid) can be added directly to milk and milk products or
ingested with meals. Milk containing lactase is commer-
cially available. Formulas with no sucrose are available for
those with other (non-lactase) disaccharidase deficiency.
Examples are Lactofree and Vivonex Pediatric for younger
children and Isocal, Peptamen, and Vivonex for older
children.

Children with fat malabsorption should be placed on
low-fat diets with medium-chain triglyceride oil used
directly as a dietary additive for supplementation or as
the primary lipid in supplements modified specifically for
them (e.g. Lipisorb). Calories also can be increased in
patients with fat malabsorption by addition of glucose poly-
mers (Polycose or Moducal) to the diet. While exocrine pan-
creatic sufficiency was not the cause in patients with steat-
orrhea in one report noted previously, it was found in 9% of

the patients not presenting with steatorrhea [52]. Pancre-
atic enzymes (e.g. Cotazym, Pancrease, and others) can be
offered in doses of lipase of 1000 U/kg/meal, generally not
to exceed 20 000 U, with frequent evaluation for improve-
ment. Doses can be titrated to eliminate diarrhea and steat-
orrhea and to avoid signs of excessive dosage, such as
perianal irritation, occult gastrointestinal bleeding, hyper-
uricemia, and others. Enzymes should be discontinued if
there has not been symptomatic improvement within 2
weeks of consistent administration with meals and snacks.
Fat-soluble vitamins (A, D, E, and K) may be deficient in the
presence of fat malabsorption, and annual monitoring of
their levels should be considered (particularly those vita-
mins of which deficiencies are associated with HIV disease
progression, i.e. vitamins A and E).

Protein malabsorption generally necessitates supple-
ments with hydrolyzed protein (e.g. Peptamen or Pepta-
men Jr) or amino acids (e.g. Vivonex, Vivonex Pediatric,
or Neonate One Plus), depending on the severity. Special-
ized infant formulas for carbohydrate, fat, or protein mal-
absorption are available also. Absorption may be further
enhanced by continuous gravity tube feedings, if neces-
sary.

Parenteral nutrition can provide essential nutrition for
children unable to maintain growth with enteral support
alone. However, because of the expense and risks, including
infectious complications, total parenteral nutrition should
be used only in children unable to tolerate enteral feedings.

16.4.3 Increased nutrient requirements

The third major category of conditions which may result
in malnutrition is increased nutritional requirements. A
child may not grow despite apparently adequate intake
and absorption of normal requirements if their individual
requirements are in excess of the norm.

It has been postulated that total energy expenditure
is increased in children with HIV infection secondary
to basal metabolic increases, as demonstrated in HIV-
infected adults [66]. However, multiple studies have failed
to detect increased basal metabolic rates in HIV-infected
children when they are well [29, 49]. Specifically, Johann-
Liang et al. documented that resting and total energy
expenditure in HIV-infected children was not greater than
expected for normal children, nor different between HIV-
infected children with and without growth failure [48].
Arpadi compared total and resting energy expenditures
in HIV-infected children with and without growth failure
and was unable to demonstrate a hypermetabolic state in
those with growth failure. Rather, there was a trend toward
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decreased total energy expenditure in the children with
poor growth, as occurs with chronic undernutrition [29].

Lack of a demonstrable hypermetabolic state in clinically
stable HIV-infected children notwithstanding, increased
requirements may occur periodically during acute febrile
illnesses to which these children are prone. Marginal
intake during well times may not allow for the extra
nutrition required for catch-up growth after acute ill-
nesses. Additionally, end-organ complications, such as HIV
encephalopathy or cardiomyopathy, may result in extra
caloric requirements.

In addition to increasing enteral or parenteral intake to
account for increased energy requirements, therapy for
malnutrition due to increased requirements should be
directed at treatment of the underlying cause (e.g. conges-
tive heart failure). Fevers and infections should be aggres-
sively treated to minimize nutritional impact.

16.4.4 Metabolic and endocrine dysregulation

Poor growth may be a manifestation of endocrine dis-
ease, which can complicate HIV infection. In particular,
thyroid abnormalities, adrenal insufficiency, and classic
growth hormone (GH) deficiency have been described [67–
70]. Other abnormalities of the growth hormone axis also
occur. Reduced insulin-like growth factor-1 (IGF-1) levels
have been described in malnourished adults with AIDS and
in HIV-infected children, particularly those with FTT [71].
IGF-1 stimulates protein accretion in normal individuals,
as does GH, and is probably the best-integrated indicator
of GH action [72]. Insulin-like growth factor-1 actions at
the target tissue level are modulated by high-affinity IGF
binding proteins (IGFBPs), abnormalities of which have
been detected in children with HIV. Specifically, catabolic
patients with AIDS have increased proteolysis of and there-
fore diminished serum levels of IGFBP-3, which tracks with
growth [71, 73]. In HIV-infected adolescents, linear growth
failure may be due in part to delayed sexual maturation [74].
Therefore, appropriate endocrinologic evaluation should
be performed if FTT does not readily respond to nutritional
interventions (see Chapter 35).

It is hypothesized that, in some cases, the malnutri-
tion associated with HIV infection in children is secondary
to metabolic dysregulation produced by inflammatory
cytokines, analogous to HIV wasting syndrome in adults,
which has been related to overproduction of tumor necrosis
factor [75]. Cytokine-mediated malnutrition may overlap
with endocrine dysregulation of the growth hormone axis.
Interleukin-6 (IL-6) release from mononuclear cells from
HIV-infected children was related to height growth veloc-
ity and IGF-1 in one report [76]. A similar report documents

increased IL-6 activity and decreased IGF-1 levels in HIV-
infected children with growth failure [49]. These findings
support the theory that growth failure is related to cytokine
overproduction. In turn, diminished IGF-1 availability at
the tissue level may impair protein accretion and affect
anabolism and growth. One plausible mechanism by which
growth stunting could occur in association with increased
IL-6 activity is via IGFBP-1; IGFBP-1 production is medi-
ated by proinflammatory cytokines such as interleukin-6
(IL-6) and is known to inhibit somatic linear growth and
weight gain. Documentation of increased IGFBP-1 in adult
AIDS patients with wasting supports this hypothesis [77],
as do recent data that significant decreases in IGFBP-1
occur in HIV-infected children after beginning or chang-
ing antiretroviral therapy [78]. Furthermore, IGFBP-1 is
strongly associated with insulin sensitivity in conditions
associated with insulin resistance [77], and thus could be
involved in other metabolic abnormalities related to HIV
infection.

Effective therapeutic strategies have yet to be developed
for growth failure not amenable to traditional nutritional
interventions. Cytokine modulators (e.g. thalidomide) and
treatment with IGF-1 could have a role but are untested
in children. One report documents tolerability of daily
growth hormone injections in five prepubertal children
with HIV-associated growth failure but normal growth hor-
mone peaks [79]. Weight, IGF-1, and IGFBP-3 all increased
over 28 days. Fat-free mass did not increase in this short
trial. The two patients who continued treatment long-term
increased height-for-age z-score dramatically. Other trials
of growth hormone in HIV-infected children are ongoing.
Growth hormone accelerates bone age commensurate with
height compared with other anabolic agents, which may
accelerate bone age out of proportion to linear growth.

In addition to growth failure, wasting syndrome remains
a significant contributor to morbidity and mortality in
HIV-infected children. One 3-month trial of oxandrolone
in HIV-infected children demonstrated increased average
LBM and decreased fat mass [80]. Of note, there was no
anabolic response when steroids were given in the set-
ting of inadequate energy intake. Therefore, for children
with clearly diminished LBM, consideration can be given to
oxandrolone. The maximum recommended pediatric dose
is 0.1 mg/kg daily. Therapy can be repeated intermittently,
as indicated.

Growth hormone, in supraphysiologic doses, does result
in increases in both body weight and LBM in HIV-infected
adults [81] and also has been shown to have an anabolic
effect in HIV-infected adolescent wasting [82]. Adminis-
tration of GH to patients with AIDS resulted in increased
IGF-1 production in one trial, demonstrating lack of GH
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resistance [77] but in another small trial hypogonadal
patients did have GH resistance that improved upon testos-
terone administration [83]. The anabolic response to GH
in adults with HIV infection decreases with advancing dis-
ease. Serum concentrations of soluble TNF-� receptor type
2 have been shown to predict poor anabolic response to GH
by muscle protein.

16.5 Metabolic abnormalities and
associated therapies

16.5.1 Lipodystrophy syndrome

Fat redistribution has been noted to occur in HIV-
infected adults and children. It may be associated with
metabolic abnormalities, most notably hyperlipidemia
(with increases in low density lipoprotein [LDL], choles-
terol, and triglyceride levels) and insulin resistance. This
triad of findings has been referred to in adults as the “fat
redistribution” or “lipodystrophy” syndrome. There can be
lipoatrophy (loss of subcutaneous fat) in the face, buttocks
and extremities, with concomitant increase in abdominal
visceral fat, increased breast size in women, and sometimes
development of a dorsocervical fat pad (“buffalo hump”).
Cross-sectional clinical studies find that these signs can
occur in isolation, e.g. fat redistribution without metabolic
changes and vice versa. Specifically, hyperlipidemias are
known to occur with increased frequency in HIV-infected
persons, and can occur prior to antiretroviral treatment and
without noticeable body shape changes.

Those affected with any or all of the three components
(insulin resistance, hyperlipidemia, and visceral adiposity)
may be at increased risk of cardiovascular disease, partic-
ularly children. The etiology of this syndrome likely is mul-
tifactorial, and research continues to search for potential
causes, associations and treatments. A complete discus-
sion of the current state of knowledge of these metabolic
alterations is beyond the scope of this chapter. More infor-
mation on these abnormalities, including pathophysiology,
is found in Chapter 20.

Studies in children
Research in children thus far has focused primarily on
defining the prevalence of these abnormalities and asso-
ciated clinical findings. Care is needed in interpreting and
comparing research findings as different authors use dif-
fering definitions. Fat redistribution has been reported
with highly variable prevalence (18–100%) in HIV-infected
children, depending on population and methodology.

Clinically evident changes have been noted in 8–33% in
the same populations [84–88]. The prevalence of hyper-
lipidemia in HIV-infected children is also highly vari-
able and depends on the definition used. Twenty-six to
seventy-three percent of subjects have abnormal lipid
values; hypercholesterolemia is much more common than
hypertriglyceridemia, and appears to be exaggerated in
those patients receiving PI therapy [85–88]. Insulin resist-
ance, measured by fasting glucose, insulin, C-peptide lev-
els and/or insulin:glucose ratios, has been reported in 8–
35% of HIV-infected children, depending on the population
studied [85, 87, 88].

Potential treatments
No trials in children for treatment of fat redistribution or
associated metabolic abnormalities have been reported,
nor is there consensus regarding whether and when fat
redistribution, insulin resistance without glucose intoler-
ance, or hyperlipidemia should be treated. A variety of
treatments have been studied in HIV-infected adults with
lipodystrophy syndrome, with varying success. Growth
hormone administration improves morphologic abnor-
malities in adults with fat redistribution syndrome. In addi-
tion to increasing LBM, GH (3 mg/day) can reduce excess
visceral adipose tissue and buffalo hump size [81]. Wanke
and colleagues reported decreased waist:hip ratios and
improved mid-thigh circumferences in 10 patients treated
with 6 mg daily over 12 weeks [89]. Metformin, an insulin-
sensitizing agent, was successful in reducing abdominal
adiposity and insulin resistance [90].

Trials of substituting and interrupting PI therapies have
been undertaken. One randomized trial of PI substitution
led to improvement in lipid levels and decreased intra-
abdominal fat, but peripheral lipoatrophy was exacerbated
and insulin resistance unchanged [91]. Interruption of ther-
apy for 5–10 weeks was noted to improve lipid levels, but
had no effect on insulin resistance or anthropometric mea-
sures [92].

Preliminary guidelines for the evaluation and manage-
ment of dyslipidemias in the HIV-infected adult population
have been made by the Adult AIDS Clinical Trials Group
Cardiovascular Disease Focus Group [93]. Their recom-
mendations are to evaluate and treat on the basis of exist-
ing guidelines for hyperlipidemias in the general popula-
tion, with the additional caveat that drug interactions with
antiretrovirals should be avoided. Dietary interventions
have been successful in some patients, and drug therapy
with pravastatin had a similar magnitude of effect as with
endogenous hyperlipidemia [94]. Atorvastatin also prob-
ably is safe in combination with PIs. Experience with these
drugs in children is very limited. Fibrates are the drug of
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choice if hypercholesterolemia and hypertriglyceridemia
both are present. Combined aerobic and resistance train-
ing in adults over 10 weeks achieved an 18% reduction in
cholesterol and 25% reduction in triglyceride levels [95].

16.5.2 Osteopenia and osteonecrosis

Adults and children with HIV infection have been reported
to be at increased risk of osteopenia. Specifically, there
are three reports of decreased total bone mineral content
(BMC) or bone mineral density (BMD) in HIV-infected chil-
dren, two of which included uninfected children for com-
parison, controlling for appropriate confounders of age,
sex, height, weight, and race [96, 97]. The difference in
Arpadi’s report was significant at all ages studied (4–17
years), increasing in magnitude with age. There was no
association with duration of antiretroviral therapy or use of
PIs. Association with NRTI therapy could not be assessed
as all of the children were receiving this class of drugs [96].
This contrasts with other studies in adults and children
that report increased osteopenia on HAART. In adult HIV-
infected men, a doubled relative risk of osteoporosis when
receiving PI therapy was reported compared with those not
receiving PIs. Osteoporosis did not correlate with fat redis-
tribution in this population [98]. Children on HAART com-
pared with untreated or uninfected children were found by
Mora to have decreased adjusted lumbar spine and total
body BMD. Further analysis demonstrated that the chil-
dren with lipodystrophy were those with lessened BMD
[97]. O’Brien et al. assessed BMC in HIV-infected girls aged
6–15 years, and compared the results to those predicted for
height, gender, and ethnicity. Mean total BMC/predicted
BMC was 1.1 standard deviations below normal [99].

Decreased BMD may be secondary in part to increased
bone resorption as evidenced by increased serum and urine
markers of bone turnover, including bone specific alka-
line phosphatase, serum N-terminal propeptide of type I
procollagen, and urinary N-terminal telopeptide of type I
collagen [97]. Increased bone turnover has been reported
in HIV-infected adults, both those who are untreated and
in association with PI use [100]. Calcium insufficiency
may contribute to increased bone resorption [99]. Calcium
intake in HIV-infected girls studied by O’Brien was 20–
50% below that recommended, with 25% having abnormal
increases in 1,25-dihydroxyvitamin D, and 12% having ele-
vated parathyroid hormone. Furthermore, elevated 1,25-
dihydroxyvitamin D correlated with urinary N-telopeptide,
suggesting that calcium insufficiency does contribute to
increased bone resorption. Finally, serum osteocalcin, a
protein produced by osteoblasts that correlates histolo-
gically with bone formation, has been noted to be increased

in HIV-infected children on PI therapy compared with
both uninfected children and HIV-infected children not
receiving PI agents [101]. The serum concentration of C-
telopeptide, a degradation product of type I collagen which
correlates histologically to bone resorption, was not differ-
ent between infected children receiving PI therapy versus
those who were not, but was slightly lower in those receiv-
ing PI therapy compared with uninfected children.

Possibilities consistent with the above biochemical find-
ings in the face of decreased bone mineral density include:
bone resorption is increased to a greater degree than bone
formation and C-telopeptide alterations are confounded
by altered growth in HIV-infected children, or osteocalcin
is increased because the PIs interfere with its degradation.
Since osteocalcin is a negative regulator of bone formation,
reduced osteocalcin degradation would lead to reduced
bone formation. Bone formation and resorption are cou-
pled, and reported decreases in C-telopeptide in children
on PI therapy compared with uninfected children may be
due to reduced bone resorption subsequent to reduced
bone formation.

Osteonecrosis has been described with increased fre-
quency in HIV-infected children and adults compared with
the general population. Several reports in adults exist, one
documenting an incidence in HIV-infected adults 45 times
greater than expected [102]. As with osteopenia, the cause
may be multifactorial. There simply may be an increased
incidence of risk factors such as hyperlipidemia in HIV-
infected individuals, or HIV infection itself may somehow
contribute.

The most common form of osteonecrosis in children is
Legg–Calvé–Perthes disease, or osteonecrosis of the cap-
ital femoral epiphysis. Perinatally infected children have
been shown to have a 4.8-fold increase in age-adjusted inci-
dence of Legg–Calvé–Perthes disease [103]. As with studies
in adults, there was no clear association with antiretrovi-
ral therapy in these children. Abnormal growth has been
reported as a risk factor in the general population, and this
may explain the increased risk in HIV-infected children.
Thrombophilia also can be a risk factor for osteonecrosis
[104], and decreased free protein S has been reported to be
common in HIV-infected children [105].

16.5.3 Mitochondrial toxicity

An additional metabolic complication noted in HIV-
infected patients who receive antiretroviral treatment is
mitochondrial toxicity and a subsequent decrease in oxida-
tive phosphorylation. Nucleoside analogue reverse tran-
scriptase inhibitors agents have been established to cause
some of their toxicity via inhibition of the human DNA
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polymerase � , the enzyme that replicates mitochondrial
DNA, leading to depletion of the same. When DNA levels
reach approximately 20% of normal, symptoms of hyper-
lactatemia can develop, e.g. fatigue, weight loss, abdominal
pain, nausea, and shortness of breath [106]. Mitochondrial
dysfunction may contribute to NRTI side-effects as diverse
as lactic acidosis, pancreatitis, proximal renal tubular dys-
function, hepatic steatosis, myopathy, cardiomyopathy,
peripheral neuropathy, encephalopathy, developmental
delay, hyper- or hypotonia, seizures, ataxia, retinopathy,
ophthalmoplegia, deafness, and growth failure [107, 108].

Management of potential mitochondrial toxicity dur-
ing NRTI therapy remains a challenge. A range of treat-
ments which protect mitochondria have been suggested
by in vitro studies. Substitution of better tolerated alter-
native NRTIs or other classes of drugs for the probable
causative agent represents the current mainstay of man-
agement for mitochondrial toxicity [109]. However, a mul-
tivariate analysis of all cases in the literature described
a significantly lower mortality rate among patients with
nucleoside-associated lactic acidosis who received ther-
apy with an essential cofactor [110]. Co-factor therapies
included thiamine, riboflavin, L-carnitine, prostaglandin
E, or coenzyme Q, all of which have been used for congen-
ital mitochondrial diseases. High doses of thiamine and
riboflavin in particular have been suggested as potentially
useful in secondary prevention of hyperlactatemia [111].
Carnitine specifically interacts with cardiolipin and mod-
ifies membrane permeability, protecting mitochondrial
function. This is the hypothesized mechanism by which
carnitine is able to protect against myopathy induced
by NRTI agents [112]. Other antioxidants, e.g. N-acetyl
cysteine, also could serve this function.

16.6 Resource-poor settings

Discussed earlier in this chapter (see “Effects of Malnutri-
tion”) was the bi-directional association between HIV mor-
bidity and malnutrition, with most data from and recom-
mendations primarily fashioned for resource-rich settings.
Discussed below is what is known about the interaction
of malnutrition and HIV infection in children in resource-
poor settings, both the effect of malnutrition on HIV disease
as well as the effect of HIV on malnutrition.

Malnutrition is more common by far in resource-poor
compared with resource-rich settings, with associated
greater risk of morbidity and mortality. Many of the excess
deaths in children under 5 years of age in resource-
poor settings, regardless of HIV, are attributed to nutri-
tional immunodeficiencies, and the synergistic effect of

malnutrition and infectious diseases [22]. This synergy
undoubtedly contributes to more rapid disease progres-
sion and heightened mortality among HIV-infected chil-
dren in resource-poor settings. The probability of death
for HIV-infected children in sub-Saharan Africa aged 12
months and 5 years, respectively, is 0.23–0.35 and 0.57–0.68,
with malnutrition one of the three most common causes
of death. This compares with data from Europe prior to
HAART of 0.1 and 0.2, for the same ages.

Relationships between micronutrient status and mor-
bidity and mortality among HIV-infected and uninfected
children may be different in resource-poor settings, where
deficiencies are more common and/or severe. For example,
perinatally HIV-exposed infants in Malawi were more likely
to have growth failure or die when their mothers had low
plasma vitamin A concentrations, but a study in the USA
revealed no association in the general population between
vitamin A status and childhood growth or mortality. HIV-
infected children in the USA have been shown to have more
rapid disease progression when maternal vitamin A stores
were lower. As would be expected, results of vitamin A and
zinc supplementation trials vary by population and risk of
deficiency. Some, but not all, studies of vitamin A supple-
mentation show dramatically reduced mortality. Incidence
and severity of infections also vary by site. For example, sup-
plemented children were hospitalized less frequently than
control children in Ghana but not in Brazil. There are several
trials of vitamin A supplementation in HIV-infected chil-
dren. Periodic supplementation provided to HIV-infected
children in Tanzania resulted in a large reduction in
mortality in HIV-infected children [113], and a 50% reduc-
tion in diarrheal morbidity in South Africa. Vitamin A, when
given prenatally to women in South Africa, had the effect
of preventing subsequent deterioration of gut integrity in
their HIV-infected infants [114]. Pooled analysis of random-
ized zinc supplementation trials from resource-poor set-
tings has shown decreased incidence of both diarrhea and
pneumonia, but the effect specifically on HIV-infected chil-
dren has not been reported. Although multivitamin admin-
istration to HIV-infected pregnant women in Tanzania was
shown to substantially improve CD4+ cell counts, this study
has yet to be done in children [115].

HIV infection may alter the presentation of malnutrition
in resource-poor settings. Zambian children who were HIV-
seropositive had lower weight-for-age scores than their
seronegative counterparts, but were also more likely to have
marasmus compared with seronegative children, who were
more likely to have kwashiorkor. Marasmus was associated
with higher mortality [116].

No discussion of nutrition and pediatric HIV infec-
tion in resource-poor settings would be complete without
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mention of the controversy surrounding recommendations
for feeding infants of HIV-infected mothers. This topic
is beyond the scope of this chapter and is discussed in
Chapter 8.

16.7 Future research

Despite the dramatic gains in the past decade in know-
ledge in many areas of pediatric HIV disease, such as pre-
vention of mother-to-child transmission of HIV and treat-
ment of HIV-infected children with antiretroviral therapy,
our understanding of the causes, effects, and appropriate
interventions for malnutrition and growth failure in this
population remains incomplete.

Little is known about prevalence of micronutrient defi-
ciencies in HIV-infected children, or the effects of such
deficiencies on disease progression. Vitamin A supplemen-
tation in resource-poor settings has been demonstrated
clearly to affect mortality in these children, but it is likely
that additional micronutrient and early protein/calorie
supplementation could affect disease progression as well.
This may be true in both resource-rich and resource-poor
settings. Interventions should be studied with the aim to
maintain the best possible quality of life for as long as
possible.

The pathophysiology of growth failure is elusive.
Our understanding even of the major determinants
of poor growth remains largely speculative. Conceiv-
ably, adjunctive interventions that may improve growth,
e.g. anticytokine therapies or treatment with IGF-1, may
affect anabolism generally and hence disease progression
and survival. More research to understand the mechanisms
and consequences of poor growth in HIV-infected children
and to identify safe and effective therapies clearly is needed.

The incidence, nature, and etiology of metabolic dis-
turbances related to HIV infection and/or antiretroviral
therapy are even less well understood in children than in
adults. Hyperlipidemia, glucose intolerance, fat redistribu-
tion, and osteopenia all have potential to affect morbidity
and mortality significantly in HIV-infected children.
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Infants and children infected with human immunode-
ficiency virus-type 1 (HIV-1) are at increased risk for
developing central nervous system (CNS) disease char-
acterized by cognitive, language, motor, and behavioral
impairments. The severity of HIV-related CNS manifesta-
tions in children range on a continuum from subtle impair-
ments in selective domains to severe deterioration of global
developmental skills.

HIV-related CNS dysfunction in children is primarily the
result of HIV-1 infection in the brain [1, 2]. HIV-1 has been
isolated from the CNS tissue of fetuses [3] and the cerebral
spinal fluid (CSF) of adults soon after infection [4, 5] sug-
gesting early CNS invasion. The timing of CNS infection
for infants is variable and likely influences neuropathol-
ogy and neurodevelopmental effects [3, 6–8]. Astrocytes,
macrophages, and microglia may be infected with HIV-1,
while neurons seem to remain largely uninfected. Various
neurotoxic factors released by the virus and host cells are
postulated as the main cause of neurologic damage [2, 9].
Secondary CNS complications due to immune deficiency,
such as brain tumors, other infections, or cerebrovascular
diseases, also may cause CNS manifestations but are less
common and usually occur in older children [10].

Early in the epidemic, approximately 50–90% of children
with HIV-1 infection exhibited severe CNS manifestations
[11, 12] termed HIV encephalopathy. More recent stud-
ies, however, report that the prevalence of encephalopathy
in HIV-infected children is approximately 13–23% [13–16].
Children exhibit CNS disease more frequently than adults
(16% vs 5%) [16] with new pediatric cases of encephalopa-
thy occurring primarily during the first 2 years after
birth [16] and often as the initial AIDS-defining symptom
[16, 17]. Adults, as well as older children and adolescents,

may develop CNS complications several years after infec-
tion during more advanced stages of the disease [17, 18].

This decline in the prevalence of severe HIV-related
CNS manifestations may be related in part to the ear-
lier and more generalized use of combination antiretro-
viral treatment (ART), including highly active antiretrovi-
ral therapy (HAART) that combines various agents with at
least one protease inhibitor (PI) or non-nucleoside reverse
transcriptase inhibitor (NNRTI) [19–22]. Highly active
antiretroviral therapy is effective in suppressing systemic
viral replication [23], which in turn may reduce the number
of HIV-infected cells entering the CNS. However, the CNS
is a separate compartment from the rest of the body and it
may serve as a reservoir for persistent HIV-1 infection [24].
Many antiretroviral agents, including PIs, do not penetrate
well into the CNS [25, 26]. Since HAART has become avail-
able, a proportional increase in AIDS dementia complex
compared with other AIDS defining illnesses has occurred
in adults with HIV-1 disease [27]. Thus, combination ART
may provide systemic benefits but not be as effective in
treating the CNS [28] so that HIV-infected patients with
well-controlled systemic disease may still be at risk for
developing CNS manifestations.

In addition to the effects of HIV-1 on the developing
brain, infected children also may have other medical and
environmental risk factors that can contribute to neurobe-
havioral abnormalities. Thus, assessment of neurobehav-
ioral functioning throughout childhood and adolescence is
important for identifying and monitoring the effects of HIV-
1 on the CNS over time, evaluating response to antiretroviral
therapy, making treatment decisions, and planning educa-
tional and rehabilitative interventions. Neuropsychologi-
cal test scores also can provide information, beyond that
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obtained from medical surrogate markers of HIV status,
that is predictive of later disease progression [29, 30].

17.1 Clinical presentation of HIV-related CNS
disease in children

Pediatric HIV-related encephalopathy has characteristic
features and distinct patterns, although the clinical presen-
tation varies in onset, severity, and prevalence in different
subgroups. Factors associated with variations in the pre-
sentation of HIV-related CNS manifestations include age
at infection, route and timing of transmission, maternal
and child disease status, genetic factors, treatment history,
and other medical and environmental conditions.

Infants and young children tend to exhibit the highest
rates of HIV-related CNS disease (66–75%) and the most
severe neurodevelopmental impairments [31–33] while
older children and adolescents tend to have the lowest rates
and less severe manifestations of CNS disease (33%) [13,
33, 34]. The greatest risk for encephalopathy occurs dur-
ing the first year of life, when it is often the initial AIDS-
defining symptom [14–17]. Children with early onset of HIV
encephalopathy, before the age of 1 year, have smaller head
circumference and lower body weight at birth, suggesting a
different pathophysiology compared with later-occurring
encephalopathy [16].

Vertically infected children with in utero transmission
(positive HIV-1 cultures at birth or DNA PCR at birth) dis-
play more severe HIV disease [35] and poorer neurode-
velopmental function [8] compared with children with
presumed intrapartum infection. Children with vertically
acquired infection tend to have more severe CNS mani-
festations than children who were infected via blood or
blood products, even in the perinatal period [17]. Adoles-
cents infected with HIV, often through sexual transmission,
also appear to have fewer CNS symptoms, with a clinical
presentation resembling that seen in adults [18].

The risk of encephalopathy is higher in HIV-infected chil-
dren born to mothers with more advanced disease as meas-
ured by CD4+ cell count and viral load at the time of
delivery [36]. In addition, high plasma viral loads [15, 16,
37, 38], more severe immunodeficiency early in life [14–
16, 35], and genetic factors in the child [39, 40] are asso-
ciated with more rapid HIV disease progression, including
encephalopathy. HIV-infected children who are naı̈ve to
ART [33] or who might be on monotherapy [34] appear to
be at greater risk of developing CNS manifestations than
children on combination ART, such as HAART [22]. How-
ever, children with HIV-1 infection exposed to ZDV in utero
and for 6 weeks after birth did not differ in the incidence of

encephalopathy or cognitive function compared with chil-
dren who had not been treated [16, 41].

Finally, other medical and environmental conditions,
such as maternal substance abuse during pregnancy, low
birthweight, preterm birth, exposure to toxic substances
(i.e. lead), other CNS infections, impoverished socioeco-
nomic and environmental background, and psychosocial
difficulties, also may negatively influence the development
of children with HIV-1 infection. As vertically infected chil-
dren live longer, such conditions will have a greater impact
on neurobehavioral function and need to be considered
when assessing the effects of HIV-1 on the developing CNS.

17.1.1 Patterns of HIV-related CNS disease in children

Despite variations in the presentation of CNS dis-
ease among different subgroups of children with HIV-1
infection, three main patterns have been described:
encephalopathy, CNS compromise, and apparently not
affected [42, 43].

HIV-related encephalopathy is characterized by perva-
sive and severe CNS dysfunction. Children with HIV-
related encephalopathy exhibit global impairments in
cognitive, language, motor, and social skills as well as
significant neurologic impairments that affect their day-
to-day functioning. Although overall functioning gener-
ally is impaired in encephalopathic children, differential
deficits may be observed in selective functions. For exam-
ple, expressive language is often more severely impaired
or may deteriorate more quickly than receptive language.
HIV-related encephalopathy can be progressive (subacute
or plateau subtypes) or static [44–46]. Subacute progressive
encephalopathy, the most severe subtype, is characterized
by progressive, global deterioration and loss of previously
acquired abilities and skills. In the plateau course of progres-
sive encephalopathy, the acquisition of new skills becomes
slower compared with their previous rate of development
or may stop, but previously acquired milestones are not
lost. Both subacute and plateau subtypes result in a signif-
icant decline in standardized scores on repeated neurode-
velopmental testing. Children with static encephalopathy
continue to consistently gain new skills and abilities but at
a slower rate than their normally developing peers. Thus,
their scores on standardized tests are below average but
remain stable over time. The prevalence of encephalopa-
thy appears to be declining in pediatric HIV disease, most
likely due to earlier treatment and improved therapeutic
options. New cases of encephalopathy are seen most often
in infants and young children [13, 14, 16], particularly those
naı̈ve to ART [33], and older children in advanced stages of
disease [18]. In the revised Centers for Disease Control and
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Prevention (CDC) classification system for HIV infection
in children less than 13 years of age, encephalopathy is a
condition listed in Category C [47].

HIV-related CNS compromise is characterized by over-
all cognitive functioning that is within normal limits but
with either significant decline in psychometric test scores
in one or more areas of neurobehavioral functioning,
which remains above the low average range, or signifi-
cant impairments in selective neurodevelopmental func-
tions [43, 48]. Patients who were functioning within normal
limits but exhibited significant improvements after initia-
tion or change in ART also are included in this category.
Children with HIV-related CNS compromise continue to
have adequate functioning in school and activities of daily
living. With the widespread availability of HAART, chil-
dren displaying CNS disease are more likely to exhibit this
more subtle form of CNS compromise rather than the more
severe and pervasive encephalopathy that was frequently
seen during the first decade of the AIDS epidemic. Central
nervous system compromise is not yet a condition listed in
the revised CDC classification system for HIV infection in
children [47].

The CNS of children is considered to be apparently not
affected by HIV when their cognitive functioning is at least
within the normal range and without evidence of HIV-
associated significant deficits, decline in functioning, neu-
rological abnormalities that affect day-to-day functioning,
or therapy-related improvements.

Children infected with HIV-1 also may have non-HIV-
related CNS impairments. Some HIV-1-infected children
may be at greater risk for these non-HIV-related CNS
impairments because of their complicated medical his-
tories and/or difficult social situations. It is possible for
children to exhibit both HIV and non-HIV-related impair-
ments. Determining whether developmental deficits are
related to HIV-1 disease or other etiologies is complex but
important for making treatment decisions.

The specific criteria used by the neurobehavioral team
at the HIV and AIDS Malignancy Branch of the National
Cancer Institute to classify the above patterns of CNS
disease in children with HIV-1 infection is presented in
Table 17.1. These criteria were developed to determine
a child’s CNS classification in a consistent and objec-
tive manner to help standardize neurobehavioral research
efforts in pediatric AIDS.

17.1.2 Domains of neuropsychological impairment

General cognitive function
In children with frank HIV encephalopathy, the effects
of the disease on the CNS tends to be generalized with

cognitive function and brain structures severely and glo-
bally affected [43, 49, 50], although some domains (i.e.
receptive/expressive language, gross/fine motor) may be
differentially impaired. Furthermore, measures of gen-
eral cognitive functioning are sensitive to HIV-related
changes in CNS function and correlate well with informa-
tion obtained through other studies, such as brain imaging
[49, 51], cerebrospinal fluid analysis [1, 52] and virological
and immunological parameters [53]. However, in children
with less severe CNS manifestations, mild cortical atrophy
on CT brain scans tends to be more anterior than posteri-
or [7]. Thus, selective functions may be differentially
affected by HIV while general cognitive ability is pre-
served, particularly in the less advanced stages of the dis-
ease. Neuropsychological features characteristic of pedi-
atric HIV disease are described below by various domains of
functioning.

Language
Children with symptomatic HIV-1 infection frequently
exhibit speech and language abnormalities [12, 54–56],
which may appear prior to declines in general cognitive
function [54, 57] and even when receiving ART [57]. Expres-
sive language is significantly more impaired than recep-
tive language in pediatric HIV disease. Although children
with HIV-1 encephalopathy exhibit more deficient over-
all language skills than non-encephalopathic children, the
degree of discrepancy between receptive and expressive
language is similar for both these groups [56]. Further-
more, uninfected siblings score higher than their HIV-
infected siblings on tests of both expressive and receptive
language and do not show a discrepancy between these
two language components [56] suggesting that the deficit
is related to HIV disease and not environmental factors.
Such language deficits may be due in part to an impov-
erished representation of words and objects likely related
to reduced neural networks in the brain [58]. The differen-
tial deficit in expressive language also may reflect a more
general HIV-associated impairment of expressive beha-
vior [59], including motor function and emotional language
[60].

Attention
Attention deficits have been frequently noted in children
with HIV-1 infection, however, it is unclear whether an
increased prevalence of attentional problems exists in
these children and whether these problems are directly
attributable to HIV [61, 62]. Attention has many com-
ponents, such as divided, focused, and sustained atten-
tion, which may be differentially affected in pediatric HIV
disease. Several studies found increased rates of attentional
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Table 17.1 Specific criteria for classification of HIV-related CNS disease in children used at the HIV and AIDS Malignancy Branch of the

National Cancer Institute

HIV-related encephalopathy
One or more of the following criteria must be met:

Loss of previously-acquired skills
Significant drop in cognitive test scores, generally to the borderline/delayed range with functional deficits (deficits in

day-to-day functioning)
Cognitive test scores are in the borderline/delayed range with functional deficits (and no history of significant drop or

previous testing available)
Significantly abnormal neurologic exam with functional deficits (i.e. significant tone, reflex, cerebellar, gait, or

movement abnormalities)
Significant improvement in cognitive test scores over approximately a 6-month period associated with a new

treatment when baseline scores are in the borderline to delayed range (no history of previous testing) with or
without significant brain imaging or neurologic abnormalities (retrospective classification).

Subtypes of HIV encephalopathy
Progressive:

Subacute: Children exhibit a loss of previously acquired skills, resulting in a significant decline in raw and standard
score on psychometric tests, and new neurologic abnormalities

Plateau: Children either do not gain further skills or exhibit a slowed rate of development compared with their
previous rate of development, resulting in a significant drop in standard scores on psychometric tests

Static: Children exhibit consistent but slower than normal development in the delayed range or their
neuropsychological functioning remains stable for at least 1 year after a significant decline (IQ scores remain
below average and without significant decline for at least 1 year).

HIV-related CNS compromise
One or more of the following criteria must be met:

Significant drop in cognitive test scores, but generally still above the delayed range, with or without mild brain imaging
abnormalities, with no loss of previously acquired skills and no apparent functional deficits (adaptive behavior and
school performance stable) or

Cognitive test scores in the borderline range, with no significant functional deficits (and no history of significant drop
or previous testing)

Cognitive test scores within normal limits (low average range or above) with no significant functional deficits and
moderate to severe brain imaging abnormalities consistent with HIV-related changes

Abnormal neurologic findings but not significantly affecting function
Significant improvement in cognitive test scores over approximately a 6-month period associated with a new

treatment when baseline scores are in the low average to average range (no history of previous testing) and no
neurologic or brain-imaging abnormalities (retrospective classification)

Non-HIV-related CNS condition
Overall cognitive test scores or selective areas of deficits below the Low Average range, but careful review of medical and

family history suggests factors other than HIV disease most likely explain the low scores

Considerations for classification of HIV encephalopathy or CNS compromise
No other factors can reasonably explain the drop in cognitive test scores, compromised/delayed cognitive functioning,

and/or abnormal neurologic exam (such as myopathy, neuropathy, cord lesions, CNS opportunistic infections,
neoplasms, or vascular diseases, non-HIV-related developmental or learning disabilities, behavioral problems, or
psychosocial/environmental circumstances), and the impairments are considered most likely due to HIV, classify as
either HIV-related encephalopathy or CNS compromise (depending on the criteria met)

If other factors (i.e. behavioral, acute illness, other infection, etc.) may possibly explain the drop in scores or low cognitive
functioning, do not classify as HIV-related CNS compromise or encephalopathy and re-evaluate at a later time
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Table 17.1 (cont.)

Definitions used in the criteria
Significant decline in cognitive function:
For infants from birth to 42 months (on the Bayley Scales)a,b

A decline of 2 standard deviations (30 points) in the Mental Developmental Index (MDI) on the Bayley Scales, or
A decline of 1 standard deviation (15 points) in the MDI to the mildly delayed range or below on the Bayley Scales

(< 85), maintained over two assessments (separated by at least 1 month), or
A loss of raw score over any period greater/equal to 2 months

For children > 30 months (on IQ tests)a,b

A loss of ≥ 1 standard deviation in McCarthy GCI (16 points) or Wechsler Full Scale IQ (15 points) and at least 15%, or
A loss of ≥ 20 IQ points in either the Verbal or Performance Composite Scores,

aThe significant drop in scores occurs within approximately 1 year.
bCannot attribute the decline in cognitive functioning to other factors (such as change in test, behavioral/emotional

factors, lack of appropriate schooling, acute illness, medication effects, other diseases of the CNS, etc.)

Significant improvement in cognitive function:
For infants from birth to 42 months (on the Bayley Scales)c

An increase of 1 to 2 standard deviations in the MDI (15 to 30 points) maintained over at least 2 assessments,
dependent in part on the age of the child.

For children > 30 months (on IQ tests)c

The same degree of change as with a significant decline, except test scores increase rather than decrease.
cOccurs within approximately 6-months of starting a new antiretroviral treatment.
dCannot be attributed to other factors, such as a change in environment of caregivers, effect of other medications,

improvement in test behavior, etc.

Ranges used in the criteria:
Cognitive functioning: Brain Imaging:
Average range 90–110 Degree of cortical atrophy (mild = 1, moderate = 2, severe = 3)
Low average range 80–89 Absence = 0/presence = 1 of basal ganglia calcifications
Borderline range 70–79
Delayed range < 70 Rating of severity:

Mild = 1
Moderate = 2
Severe = 3 +

∗ This pediatric HIV CNS classification system was developed by Wolters, Brouwers, and Civitello

problems in HIV-positive children, but also in various unin-
fected control groups [61–63], suggesting an etiology other
than HIV. On the other hand, studies assessing attention
using continuous performance tasks suggest that children
and adults with HIV-1 infection exhibit deficits in sustained
attention [64, 65] that appear related to HIV disease since
these deficits are not found in uninfected control groups.
Attention deficits in children with HIV-1 may contribute to
school and learning problems and may respond to stimu-
lant medication.

Memory
In general, studies of children with vertically acquired
HIV-1 infection have documented memory impairments
[66–68] while studies of children with transfusion-acquired
HIV infection, either for hemophilia or neonatal problems,
have not found deficits in memory function [62, 63, 69, 70].
More recently, however, declines in memory functioning
over time were found in HIV-infected hemophiliacs with
low CD4+ counts [71]. In addition, children with evidence
of HIV CNS compromise exhibited significantly poorer
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performance on verbal learning and recall trials compared
with children without CNS compromise, while these two
groups performed similarly on a recognition task [72, 73].
Such a pattern suggests a retrieval deficit, which is sim-
ilar to findings from studies of memory in HIV-infected
adults, and may indicate subcortical pathology [74–76].
Since the memory deficits are more frequent and severe
in children with neurologic abnormalities [68, 72, 73] and
poorer immune function [71], the etiology is likely related
to HIV infection rather than other factors.

Behavioral functioning
In addition to cognitive deficits, children with HIV-1 infec-
tion also may display behavioral abnormalities. Behavioral
functioning may be negatively influenced by the effects of
HIV disease on the CNS, the psychological stresses of living
with a chronic illness, and other familial genetic factors.
As assessed by a standardized parent report scale, chil-
dren with encephalopathy exhibited more severe impair-
ments in everyday behaviors, such as daily living skills
and socialization skills, compared with children with-
out encephalopathy [77]. Futhermore, deficits in adaptive
behavior were associated with CT brain scan abnormali-
ties [51] and immune status [78], and improved with ART
[77], suggesting that impairments in adaptive functioning
are related to the effects of HIV-1 on the CNS. In contrast,
several studies found similar levels of emotional and beha-
vioral problems, including hyperactivity, when comparing
HIV-infected children with HIV-exposed but uninfected
children [61, 79] and/or with a demographically matched
non-HIV-exposed control group [61, 80] as assessed on
behavior checklists completed by the primary caregiver.
These findings suggest that some behavior problems are
not related to the effects of HIV on the CNS but rather to
other etiologies, such as environmental conditions, biolo-
gical factors, or psychosocial difficulties.

Motor functioning
Children with HIV-1 CNS disease frequently exhibit motor
impairments, which often co-exist with cognitive deficits
[33, 81, 82]. In a large multicenter clinical trial, approx-
imately 23% of symptomatic children who were naı̈ve
to antiretroviral therapy exhibited some type of motor
dysfunction [33]. Infants less than 1 year of age devel-
oped motor impairments more frequently than school-
age children (45% vs 9%, respectively) [33]. Children
with encephalopathy exhibit the most severe motor
involvement and may lose previously attained motor mile-
stones [44]. Gross motor function, particularly running
speed and agility, tends to be more impaired than fine
motor skills [83]. Oral-motor functioning also may be

affected, resulting in articulation problems, expressive lan-
guage deficits, and feeding and swallowing difficulties [55].
Motor deficits may interfere with developmental progress
and the performance of everyday living skills. Furthermore,
motor dysfunction is highly predictive of later disease pro-
gression [30]. Thus, the evaluation of motor skills is an
important part of the neurobehavioral assessment. Please
see Chapter 26 for more information on motor dysfunction
in pediatric AIDS.

17.2 Neurobehavioral assessment of children and
adolescents with HIV-1 infection

17.2.1 Purposes of neurobehavioral assessment

Psychological assessment is a critical component of the
comprehensive multidisciplinary evaluation of children
and adolescents with HIV-1 disease and serves three
main purposes: (1) to determine whether neurobehavioral
deficits may be attributed to HIV associated factors, which
is important when considering therapeutic options; (2) to
monitor neurobehavioral growth over time to assess the
longitudinal effects of HIV on the CNS and evaluate
the effectiveness and possible toxicities of antiretroviral
therapies; and (3) to identify strengths and weaknesses in
neurobehavioral functioning to assist the multidisciplinary
team with planning for rehabilitative, educational, and psy-
chosocial interventions [84]. Furthermore, deficient scores
on neuropsychological tests and motor dysfunction pre-
dict later disease progression, independently from virolog-
ical and immunological markers [29, 30], and thus, may be
useful to predict long-term outcomes in children with HIV
infection.

17.2.2 Methodological issues in longitudinal
neurobehavioral assessment

Repeated assessments are necessary to monitor neurobe-
havioral development over time. When conducting lon-
gitudinal assessments of children and adolescents with
HIV-1 disease the following methodological issues need
to be considered: (1) Selection of domains for assessment;
(2) evaluation of developmental change over time; (3) fre-
quency of repeated testing and practice effects; (4) special
test administration procedures; and (5) interpretation of
test results, specifically the attribution of observed impair-
ments or changes to HIV, its treatments, or other factors.

Selection of domains for assessment
Many abilities may be affected by HIV and should be evalu-
ated in the neurobehavioral assessment or by professionals
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Table 17.2 List of the neurobehavioral functions to be assessed and psychometric tests that can be used as part of

a comprehensive psychological assessment of children with HIV infection

Function Psychometric test Age range∗

General Bayley Scales of Infant Development (Mental)-2nd edn. [116] 1–3.5
intelligence Mullen Scales of Early Learning [117] 0–5.8

Differential Abilities Scale – Preschool and School Age Levels [118] 2.6–17.11
McCarthy Scales of Children’s Abilities [119] 2.4–8.6
Wechsler Preschool and Primary Scale of Intelligence-III [120] 2.6–7.3
Wechsler Intelligence Scale for Children-4th edn. [121] 6–16.11
Wechsler Adult Intelligence Scale-III [122] 16–74

Language Peabody Picture Vocabulary Test-III [123] 2.5–90
Expressive Vocabulary Test [124] 2.6–90
Verbal Fluency [125] > 2.5
Preschool Language Scale [126] 0–6
Clinical Evaluation of Language Fundamentals – III [127] 6–21

Visuospatial Developmental Test of Visual-Motor Integration-4R [128] 3–17.11

Memory Children’s Memory Scale [129] 5–16.11
and learning California Verbal Learning Test-Children’s Version [130] 5–16.11

McCarthy Memory Scale [119] 2.4–8.6
Stanford-Binet Memory Scale-5th edn. [131] 2–90

Attention Digit Span Subtest [121, 122] ≥ 6
Trail Making Test [132] ≥ 6
Connors’ Continous Performance Task II [133] ≥ 6

Concept formation Ravens Progressive Matrices [134] ≥ 5.5

Motor function Bayley Scales of Infant Development (Motor)-2nd edn. [116] 0–2 1/2
Peabody Developmental Motor Scales [135] 0.5–6
Bruininks–Oseretsky Test of Motor Proficiency [136] > 5.5
Grooved Pegboard [137] > 5

Behavior Vineland Adaptive Behavior Scales [138] 0–19
Achenbach Child Behavior Checklist [139] 2–16
Connors’ Rating Scales [140] 3–17
Behavior Assessment System for Children [141] 2.6–18
Behavior Rating Inventory of Executive Function [142] 5–18

∗ Age range in years, for which the test is standardized.

from other disciplines, including neurology, neuroradiol-
ogy, and rehabilitation medicine.

Neurobehavioral assessment
The neurobehavioral assessment battery should include an
age-appropriate measure of general mental abilities such
as an intelligence test. In addition, one should include tests
that evaluate specific abilities such as language (receptive,
expressive), attention (sustain, shift), visuospatial func-
tion, motor (fine, gross), memory (visual, verbal), and

executive function, which may identify the more subtle
effects of HIV on the CNS that may not be found when
using an overall general cognitive measure [57]. In addi-
tion to evaluating neurocognitive functioning, measures
of the child’s relevant everyday behaviors and quality of
life in the home environment should be obtained, such
as a measure of adaptive behavior. Assessment of socio-
emotional functioning and academic achievement are also
recommended particularly when the child or adolescent is
exhibiting difficulties in these domains. Table 17.2 lists the
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neurobehavioral functions to be assessed and representa-
tive tests to be used as part of a comprehensive psycholog-
ical assessment for different ages of children and adoles-
cents with HIV-1 infection.

Referral for assessment by other disciplines
Deterioration in gait or speech, a slowed rate of devel-
opment, or decline in neurobehavioral test scores, may
suggest HIV-related CNS disease and a child with any of
these symptoms should be referred to a neurologist for fur-
ther evaluation. Focal neurobehavioral deficits or abrupt
changes in mental status, even in those with pre-existing
HIV-related CNS disease, may indicate secondary CNS
complications, including opportunistic infections, stroke,
and neoplastic processes [48]. Such changes in function-
ing should prompt immediate and thorough medical, neu-
roimaging, and neurologic evaluations. In addition, chil-
dren who exhibit oral-motor or speech deficits should be
referred to a speech pathologist while children with motor
dysfunction should be referred to a physical and occupa-
tional therapist for further evaluation and rehabilitation
services [55, 85].

Assessing developmental change over time
When longitudinally assessing children it is imperative to
use standardized tests with reliable age norms. Most chil-
dren will show developmental growth over time but the crit-
ical factor is to determine whether the rate of this growth
is the same, greater, or smaller than the normative group.
Differences in the growth rate of neurobehavioral func-
tions, reflected by changes in the standardized test scores
of children with HIV-1 infection, may be related to the CNS
effects of HIV disease or antiretroviral treatment. However,
the impact of socio-environmental, psychosocial, and edu-
cational factors should also be taken into consideration.
Studies of children with other disorders have indicated
that environmental, socio-demographic, and family fac-
tors (family distress, family functioning, family resources,
parent adjustment, and family interactions) may modify
neurodevelopmental course and affect outcome following
an insult to the CNS [86, 87].

As the child grows older, test instruments need to be
changed to utilize age-appropriate measures and norms,
since most standardized psychometric tests for children
have restricted age ranges [88]. If the child is part of a lon-
gitudinal study, it is best to continue using the same test
administered at baseline for as long as possible so congru-
ent comparisons can be made over time. Age overlap exists
between most commonly used tests, allowing for some flex-
ibility in changing to the next age-appropriate measure. It
is often difficult to interpret the meaning of interval change

when a new test is administered. Therefore, the change to a
new instrument should be done when the child is consid-
ered healthy with no new developmental concerns. When
transitioning from the child to the adult version of the
Wechsler intelligence test, often used in longitudinal HIV
studies, minimal effects have been found [89]. Therefore,
if the scores decline significantly when changing between
these tests, the drop may be due to HIV-related CNS dis-
ease. In this situation, re-administering the new test or the
one that was previously given should be done as soon as
repeat testing is considered valid for a chronically ill popu-
lation (i.e. in 6 months) to continue monitoring the child’s
CNS status.

Frequency of repeated testing and practice effects
When planning for a follow-up neurobehavioral evalua-
tion, several factors need to be considered including the
child’s potential risk of developing CNS disease, the rate of
disease progression, possible treatment effects, and poten-
tial practice effects. For example, infants and young chil-
dren with HIV-1 infection have a higher risk of developing
severe CNS disease than older children or adults and prac-
tice effects are less of a concern for this young age group.
Therefore, shorter intervals between testing are recom-
mended for infants and young children. On the other hand,
school-age children and adolescents with HIV-1 infection
have a lower probability of developing CNS disease, tend
to exhibit more subtle neurocognitive changes, and are
more likely to demonstrate practice effects. Thus, test-
retest intervals need to be longer in older children and
adolescents, particularly in those without evidence of HIV-
related CNS disease or those with higher IQs who may show
more benefit from repeated assessments [89]. However, IQ
scores from the Wechsler Intelligence Scales in children
and adolescents were found to be highly reliable and free
of significant practice effects over several years, support-
ing their use in longitudinal studies [89]. In consideration
of these assessment issues, the recommended neurobeha-
vioral testing schedule for children with HIV-1 is presented
in Table 17.3.

Special test administration procedures
Some children with HIV-1 infection may exhibit special
needs that require modification of the psychological test
battery or procedures to obtain a valid assessment of
their cognitive function. For example, children with HIV-
related CNS disease may have impaired gross and/or fine
motor skills, sensory defects, or diminished expressive lan-
guage. Some children may exhibit high activity levels, short
attention spans, and uncooperative behaviors, or become
fatigued during the test session, which can make the
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Table 17.3 Recommended neurodevelopmental serial

assessment schedule for children with HIV-1 infection at

various ages

Age of child Serial assessment schedule

< 2 year Evaluate every 6 months due to a higher
risk of developing CNS disease

2–8 years Evaluate every year unless they exhibit
neurodevelopmental deficits, in which
case they should be assessed every
6 months∗

> 8 years Evaluate every 2 years if child exhibits
stable functioning in the average range;
otherwise, evaluate every year∗

∗ Shorter batteries of individual subtests and specific
function tests can be administered between the major
evaluations to further decrease the testing burden on
children while still monitoring the effects of the disease.

evaluation process difficult to complete. Finally, some chil-
dren may not be fluent in English.

For children who cannot be assessed with the stan-
dard assessment battery due to visual, hearing, or physical
impairments, alternative tests that are designed specifically
for children with these disabilities or non-standard assess-
ment procedures (i.e. use of interpreters or eye gaze instead
of a pointing response) should be used. For a child who is
easily fatigued or exhibits behavioral difficulties, the exam-
iner may need to use behavior management techniques or
multiple test sessions. Testing should be conducted when
the child is in an optimal state. Thus, the child should not
be febrile, hungry or sleep deprived, and testing after cer-
tain medical procedures, such as sedation, eye dilation, or
those that are upsetting to the child, should be avoided.

Differential diagnosis
The determination of whether a child’s neurobehavioral
deficits or change in functioning is related to HIV disease
as opposed to other medical, environmental, or social fac-
tors is critical for the formulation of an effective treatment
plan. If a change in neurobehavioral function is abrupt, or
the manifestations are focal or lateralized, the etiology may
be due to non-HIV-related medical causes, such as oppor-
tunistic infections, stroke, or neoplastic processes [48]. In
such cases, immediate referral for a neurologic evaluation,
neuroimaging studies, and examination of CSF is critical
for determining the appropriate diagnosis and treatment.
If a change in neurobehavioral functioning is attributed to
HIV-1 infection, then the selection of a treatment regimen

that may be relatively more effective at inhibiting viral repli-
cation within the CNS is important. If the changes or the
deficits are more consistent with other non-HIV associated
factors, such as birth trauma, or are considered a static
expression of earlier HIV-associated CNS insult, then spe-
cific treatments targeting CNS viral replication are less of
a concern. Determining the etiology of CNS manifesta-
tions in children with HIV infection is challenging due to
the wide range of functions that may be affected, the pro-
gressive nature of the disease, and the pre-existing med-
ical conditions or environmental factors that may con-
found the effects of HIV on the CNS. Following is a brief
description of information to be considered when inter-
preting neurobehavioral test results and changes in CNS
function.

(a) Birth and medical history. Birth trauma, hypoxia,
severe prematurity, low birth weight, maternal substance
abuse, exposure to toxic substances (i.e. lead), CNS infec-
tions other than HIV, head injuries, and chronic ill-
nesses may alter neurobehavioral development, resulting
in delays and deficits. Thus, such factors need to be con-
sidered when determining whether CNS manifestations are
related to HIV.

(b) Developmental and educational history. A loss or
no substantial gain over previously acquired develop-
mental milestones in young children or declining school
performance in older children may indicate HIV-related
CNS effects. Lack of appropriate environmental stimula-
tion or schooling, however, also may result in a gradual
decline in psychometric test scores over time [90]. Thus,
the child’s caregiver should be carefully interviewed about
these issues.

(c) Psychometric test results. Comparing current test
scores with previous results is important for evaluating
whether changing neurobehavioral functioning may be
related to HIV-1 infection and its treatment. Obtaining test
results from assessments done at the child’s school also
may facilitate the interpretation of current neurobehavioral
scores. A significant decline in test scores may indicate a
progression in HIV-related CNS disease [32], suggesting the
need for a possible adjustment of antiretroviral treatment,
while a significant improvement may suggest a reversal of
deficits related to treatment effects.

Inspection of the neuropsychological profile also is
useful to identify patterns of deficits that have been related
to HIV disease. For example, patients in the milder stages
of CNS compromise tend to exhibit somewhat more pro-
nounced patterns of strengths and weaknesses in select-
ive domains such as language, memory, psycho-
motor speed, and attention, compared with children
with encephalopathy who display a more global pattern
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of severe impairment. Deviations from such profiles may
require a more in-depth assessment to rule out alternative
explanations.

(d) Environment and family factors. Various environ-
mental factors, such as culture, education, and socioeco-
nomic status can influence the development of a child’s
cognitive abilities [90, 91] as well as their response to
brain injury [86, 87]. The general cognitive ability of chil-
dren and their parents and siblings are strongly corre-
lated [92] and some behavioral and learning problems are
hereditary [93]. When previous test results are not avail-
able for comparison, consideration of the environment
and family can help to grossly estimate whether delays or
deficits may be associated with HIV disease. Such inter-
pretations should be done with extreme caution since
many other factors may influence cognitive development,
including lack of regular school attendance and lengthy
hospitalizations.

(e) Neuroimaging findings. Children with HIV-related
CNS disease often exhibit neuroimaging abnormalities
that may be correlated with their level of neurocognitive
functioning [7, 49]. Brain imaging studies together with
the psychometric test results can help determine whether
neurobehavioral deficits may be related to HIV. In partic-
ular, the presence and severity of cortical atrophy may be
a good indicator of the degree of HIV-related CNS com-
promise in children [45, 94]. As assessed by computed
tomography (CT) brain scans, intra-cerebral calcifications
in young vertically infected children have been associ-
ated with poor prognosis and encephalopathy, particularly
when moderate to severe cortical atrophy is also noted.
These calcifications tend to progress despite treatment,
even when improvements in neurocognitive functioning
or other imaging measures are observed [94]. This pat-
tern suggests that cerebral calcifications, once present, do
not reflect disease progression. Minor white matter abnor-
malities detected on MRI have not been associated with
altered cognitive function [95]. More extensive white mat-
ter changes, i.e. when they become evident on CT scans,
have been associated with cognitive impairments [51].

Proton magnetic resonance spectroscopy (1HMRS)
allows for non-invasive measurement of brain metabo-
lites associated with different aspects of cell function [96],
which may provide early markers of HIV infection in the
brain that are detectable prior to changes in cognitive func-
tion or structural neuroimaging [97, 98]. Studies in chil-
dren with symptomatic HIV infection, particularly those
with HIV-associated CNS disease, have commonly found a
decrease in N-acetyl aspartate (NAA) signal or the NAA/Cr
(creatine) ratio, which both suggest a decrease in neu-
ronal density, and an increase in the lactate signal, which

may indicate active inflammation or severe tissue damage
causing impaired blood perfusion and resulting ischemia
[98–101]. In one study, initiation of antiretroviral therapy in
two children with progressive encephalopathy resulted in
an increase in the NAA/Cr ratio and a decrease in the lac-
tate peak [101]. Magnetic resonance spectroscopy is not a
standard component of the clinical evaluation of children
with HIV but clearly offers possibilities to further monitor
HIV-associated CNS disease, evaluate the effects of therapy,
and investigate the neuropathogenesis of neurobehavioral
manifestations.

(f) Neurological findings. Motor and cognitive deficits
are each frequent indicators of HIV-related CNS disease
but may be found independent of one another [44].
Tone abnormalities, such as spastic diplegia and cen-
tral hypotonia, and movement disorders, such as rigid-
ity, bradykinesia, and dystonia that affect day-to-day func-
tioning suggest HIV-related encephalopathy. Neuropathies
as potential side effects of treatment or manifestations of
HIV disease also need to be evaluated. As stated earlier, if
changes in neurobehavioral function are acute, focal, or
lateralized, the patient should be referred immediately for
further medical and neurological evaluations to investigate
non-HIV-related etiologies. See Chapter 26 for more details.

(g) Behavioral observations. Direct observation by the
examiner of the child’s behavior during the interview and
testing, including affect, attention, activity level, response
style, dealing with difficulties and failures on various sub-
tests, and parent–child interaction is critical for interpret-
ing neuropsychological test results. Behavioral ratings of
the child’s functioning in the home and school environ-
ment obtained from parent, teacher, and self-report ques-
tionnaires, provide additional information. In conjunction
with the neurocognitive test scores, such behavioral infor-
mation can help determine whether some behaviors are
attributable to HIV or other factors.

(h) Immunological and virological testing. Low CD4+

T lymphocyte counts and high plasma HIV-1 RNA con-
centrations strongly predict HIV disease progression [102,
103] and have been associated with more severe cognitive
impairments and brain imaging abnormalities [38, 53]. Fur-
thermore, a decrease in the fraction of lymphocytes that are
CD4+ T cells have been associated with increases in cog-
nitive dysfunction and brain-imaging abnormalities [45].
The concentrations of HIV-1 RNA in the CSF were higher
and detected more often in encephalopathic children than
those without encephalopathy [1, 104] and were associated
with the degree of cortical atrophy [94]. However, the level
of HIV-1 RNA in the plasma is not consistently correlated
with such levels in the CSF and may not be a good indi-
cator of the effects of HIV on the CNS in children [1, 94].
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These data seem to suggest that the CNS may be a distinct
compartment with regard to viral replication. Immune and
plasma virologic measures can thus be utilized to evaluate
the significance of neurobehavioral test data but should be
used with caution due to inter- and intra-patient variability,
compartmentalization of the CNS, and the modifying fac-
tor of treatment, which may act differently on the markers of
the immunologic, virologic [105], and neurologic domains.
This potential CNS compartmentalization of HIV-1 repli-
cation may have important implications for the evolution
of resistant virus during ART, particularly considering the
inefficient penetration of many antiretroviral agents into
the CNS.

(i) Other evaluations. Children with HIV-1 infection are at
risk for opportunistic infections that may impair vision and
hearing, which in turn can negatively affect developmen-
tal and psychological test performance. Thus, audiologi-
cal and ophthalmological evaluations are very important
for interpreting psychometric test results. Physical, occu-
pational, and speech therapy evaluations provide addi-
tional valuable data regarding the child’s neurobehavioral
functioning. Social workers can supply useful information
regarding the child’s family history and current home envi-
ronment. All members of the multidisciplinary team con-
tribute data that can be useful for determining if the child’s
neurobehavioral functioning has been affected by HIV or
other factors.

17.3 Effects of antiretroviral treatment on
cognitive function

Antiretroviral treatment may be preventative and/or thera-
peutic for HIV-associated CNS disease. With the availability
of effective HAART, the prevention of CNS disease appears
to be related to the suppression of systemic viral repli-
cation, which reduces or eliminates the invasion of HIV-
carrying cells into the CNS. However, the CNS is a sepa-
rate compartment from the rest of the body and it may
serve as a reservoir for persistent HIV-1 infection [24].
Some antiretroviral agents have been found to penetrate
the blood–brain barrier [26, 106, 107], inhibit viral repli-
cation in the CNS [108, 109], and reduce the neurotoxic
effects of the virus on the brain [9, 110]. In children with
evidence of HIV-associated CNS manifestations, treatment
studies have shown that some antiretroviral drugs, partic-
ularly used in combination [28], may improve neurobe-
havioral functioning [111–113] as well as cortical atrophy
[114]. These improvements in CNS functioning are likely
due to treatment-related decreases in viral replication in
the brain [109, 115]. Thus, children with HIV-related neu-

robehavioral deficits should be given antiretroviral therapy
that includes at least one agent that has adequate CNS pen-
etration, such as ZDV or stavudine (d4T). Therapy for HIV
disease is discussed in more detail in Chapters 18 and 22.

17.4 Summary

Neurobehavioral deficits can be a significant morbidity of
pediatric HIV-1 infection. Since no current measure can
predict which children may develop HIV-related CNS dis-
ease, regular psychometric testing can identify early neu-
robehavioral changes in functioning. The development of
HIV-related neurobehavioral deficits indicates the need for
antiretroviral therapy that is active within the CNS. Lon-
gitudinal neurobehavioral assessments are important for
evaluating response to treatment. Findings from psycho-
metric testing also are useful for planning appropriate indi-
vidual educational, rehabilitative, and psychosocial inter-
ventions. In addition, as older children and adolescents
with HIV infection become increasingly responsible for
taking their medications, adherence to complex treatment
regimens may be negatively affected by neurobehavioral
deficits, which should be monitored and taken into consid-
eration when instructing these patients about their medi-
cations. Periodic monitoring of neurobehavioral function-
ing is critical for the appropriate management of HIV-1
infection in children and adolescents and should be used
in conjunction with other data to plan an effective treat-
ment strategy for the child or adolescent and their family.
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18.1 Introduction

The ultimate goal of antiretroviral therapy for HIV is to
cure the patient of infection. Since this objective is not
yet achievable, the second target is to provide a simple,
inexpensive, well-tolerated regimen that is able to control
the infection for a long period of time, even indefinitely.
Unfortunately, even this objective is elusive, and current
therapies are generally complex, rigid, and burdened by
toxicities. They are time-limited in their efficacy, but the
length of time the therapies remain effective has been
steadily improving, particularly for patients who adhere
to their regimens. Much of the recent progress has been
attributable to a better understanding of HIV biology,
which has made drug selection and use more rational. This
chapter will summarize the currently available antiretrovi-
ral drugs and outline some basic strategies for their use.

18.2 The biology of HIV and antiretroviral therapy

Chapter 2 describes the HIV life cycle and outlines the steps
in the life cycle targeted by antiretroviral drugs, includ-
ing drugs currently in clinical use, those under develop-
ment, and those which did not prove to be clinically useful.
The viral targets of antiretroviral agents are outlined in
Chapter 2, Figures 2.2 and 2.4, and Table 2.1. The antiretro-
viral drugs in current clinical use inhibit either the
viral reverse transcriptase, which makes a cDNA copy of
the viral genomic RNA; the viral protease, which cleaves
the viral Gag and Gag-Pol polyprotein into the subunits
required to make a fully mature, infectious virion; or block

the fusion of the viral envelope with the plasma membrane
of its would-be future host cell. Additional viral targets are
the subject of drug development efforts, but there are no
currently approved antiviral drugs directed at these other
targets (e.g. the viral integrase or chemokine receptors).

There are two classes of reverse transcriptase inhibitors
(RTIs), the nucleoside analogue RTIs (NRTIs) and the non-
nucleoside RTIs (NNRTIs). Nucleoside-analogue reverse
transcriptase inhibitors (NRTIs) are modified nucleosides
that are designed to lack a 3′OH group (see Chapter 2,
Figure 2.4). They are phosphorylated by host cell kinases
and then incorporated into the elongating polynucleotide
chain. Their incorporation produces a prematurely termin-
ated cDNA molecule because another nucleotide cannot
add to the chain due to the absent 3′ OH. The viral reverse
transcriptase has a greater relative affinity for the modi-
fied nucleosides than does the human DNA polymerase,
which is the reason nucleoside analogues have a tolera-
ble therapeutic index. The non-nucleoside RT inhibitors,
NNRTIs, act through a different mechanism than the NRTIs.
The NNRTIs interfere with binding at the active site of the
reverse transcriptase. The NNRTIs have no effect on cellu-
lar DNA polymerases and are so specific they have no effect
on the reverse transcriptase of HIV-2. Non-nucleoside RTIs
and NRTIs have very different side-effect profiles. Non-
nucleoside RTIs can be used in combination with NRTIs,
often with synergistic activity (see also Chapter 21).

HIV’s Gag virion structural proteins and the Pol proteins
are synthesized as a long polyprotein. The polyprotein must
be cleaved into many smaller proteins by the viral protease
in order to produce a fully mature and infectious virion. The
HIV protease is an aspartyl protease with some similarities
to cellular aspartyl proteases, but several relatively specific
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inhibitors of the HIV protease have been developed. Several
of these protease inhibitors (PIs) have excellent antiviral
activity.

The fusion inhibitors (like enfuvirtide, also known as
T-20, and its related follow-on compound, T-1249) bind
to the gp41 envelope glycoprotein and inhibit the forma-
tion of the gp41 structure required for insertion of the gp41
fusion peptide into the host cell plasma membrane, inhibit-
ing the fusion of the lipid bilayer of the virus and that of the
host cell membrane. These drugs are peptides, and require
parenteral, rather than oral, administration.

Sub-optimal antiretroviral dosing or lack of adherence
can permit continued viral replication in the presence of
low concentrations of drug, promoting the development
of resistance to the agents. The development of resist-
ant viruses can have important implications for the long-
term efficacy of antiretroviral therapeutic regimens (see
Chapter 21).

The doses of antiretroviral agents are summarized in
the formulary section of the Appendices. The formulary
includes doses both for FDA-approved drugs for children
and, so that readers may have some appreciation of drugs
currently under development, the doses for antiretrovi-
ral drugs that are in advanced stages of pediatric clin-
ical development. Some of the drugs are not specifically
approved for use in pediatrics and dosing recommenda-
tions for those drugs represent estimates that are based on
the available literature and clinical experience, and may
not be correct. Dosing and indications may change. New
side-effects and drug interactions may become known.
Clinicians should take care to consult a current version of
the package insert when prescribing antiretroviral agents,
particularly newer agents. Many antiretroviral drugs have
serious side-effects and potentially harmful interactions
with other drugs. Patients must be carefully monitored for
these potential problems. Antiretroviral therapy should be
managed by or in close consultation with an expert in the
care of pediatric HIV disease.

18.3 Antiretroviral agents

18.3.1 Nucleoside analogue reverse
transcriptase inhibitors

The NRTIs were the first class of antiretroviral drugs to
be used in HIV disease. They can be divided into two
categories: the thymidine derivatives and non-thymidine
NRTIs. The two thymidine derivatives are zidovudine (ZDV)
and stavudine (d4T). These two agents are antagonistic,
probably because the two compete with each other for

a cellular kinase. In general, most combination regimens
include at least two RTIs, beginning with either ZDV or
d4T. The second agent is generally selected from among
lamivudine (3TC), didanosine (ddI), and zalcitabine (ddC).
The role of nucleotide analogues like tenofovir (Gilead
Sciences), which has assumed an increasingly important
role in HIV therapy for adults, has yet to be established in
pediatrics. More details concerning the choice of antiretro-
viral agents, and the recommended criteria for starting and
changing antiviral therapy, can be found in Chapter 22.

The effective pharmacokinetic properties of the NRTIs
are determined by the pharmacokinetic properties of the
intracellular tri-phosphate form of the drug. The serum
half-life of the unphosphorylated native drugs is relatively
short, and most are rapidly excreted, some after hepatic glu-
curonidation. However, within the cell, the phosphorylated
forms of the drugs may have a prolonged half-life, which
allows for less frequent dosing intervals than the serum
half-life would suggest.

Zidovudine (ZDV)
Overview
Zidovudine, (AZT or ZDV, Retrovir – GlaxoSmithKline;
Combivir, as a fixed dose combination with lamivudine –
GlaxoSmithKline; Trizivir, as a fixed dose combination with
lamivudine and abacavir – GlaxoSmithKline), was the first
FDA-approved antiretroviral drug. It is a chain termina-
ting, thymidine-derived NRTI. The drug has substantial,
although tolerable, side-effects, and demonstrated clin-
ical efficacy in children. However, while ZDV monotherapy
has clinical benefits, resistance develops over time, so the
drug is now used only in combination regimens, except in
the setting of regimens designed to interrupt vertical trans-
mission (see Chapters 8 and 22). Zidovudine is available as
both liquid and capsules.

Antiviral activity
As monotherapy, ZDV typically produces a 0.5 to 0.7
log decline in RNA copy number. The effect lasts for
several months to years. In children, ZDV monotherapy
produces only mild improvements in CD4+ lymphocyte
counts [1]. It improves weight growth, at least in the short
term, and can improve cognitive function in children with
HIV encephalopathy [1].

The primary resistance mutations to ZDV are at codons
41, 67, 70, 210, 215, and 219. The first to appear is at
codon 70, while the most important site is 215. Both con-
tribute to multidrug resistance against NRTIs. A complex
of mutations including codon 151 may also produce multi-
nucleoside resistance.
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Pharmacokinetics
Zidovudine has a short serum half-life (roughly 1 hour) in
children beyond the first few months of life. The drug is first
glucuronidated in the liver, then renally excreted. In young
infants, the half life is prolonged, both because of limited
glucuronidation capability, and because of immature renal
function. The active form of ZDV is zidovudine triphos-
phate. The drug is phosphorylated by cellular kinases. The
intra-cellular half-life is approximately 3 hours, explaining
why ZDV can be given as infrequently as twice per day.

Clinical trials
The first placebo-controlled trial of ZDV in adults demon-
strated the efficacy of ZDV, and the study was halted early
in 1986 [2]. Two hundred and eighty-two patients with
AIDS or advanced AIDS-related symptoms were treated
with ZDV or placebo. Of the 145 ZDV-treated patients, only
1/145 died. In comparison, 16/137 patients in the placebo
group died. The outcome was highly significant. While this
result unequivocally showed the short-term clinical benefit
of ZDV, many questions were left unanswered, including
issues such as when to start therapy, how long the treat-
ment would last, and what role resistance would eventually
play.

The first pediatric trial of ZDV was performed from
1986–87. It demonstrated that ZDV could be used in chil-
dren in a manner very similar to adults, although children
may have had fewer adverse events [3]. Benefits of ZDV
treatment included faster than anticipated weight gain,
decreased hepato-splenomegaly, and lowering of IgG and
IgM concentrations toward more normal values. The first
large Phase II trial of ZDV in children had very similar
results, confirming the positive effects of ZDV treatment
on growth [1].

Pediatric AIDS Clinical Trials Group Protocol (PACTG)
152 demonstrated that ZDV plus ddI, or ddI alone were
clinically superior to ZDV monotherapy [4]. Similarly,
PACTG Trial 300 demonstrated that either combination
ZDV/ddI or ZDV/3TC were superior to ddI monotherapy.
Pediatric ACTG protocol 338 demonstrated that combina-
tion regimens containing ritonavir (RTV) and ZDV/3TC or
d4T, produced better short-term virus suppression than
ZDV/3TC alone.

Pediatric ACTG protocol 076 established that ZDV
monotherapy had a role in the prevention of vertical
HIV transmission (mother-to-infant) [5]. For details, see
Chapter 8. Zidovudine also has been used in post-exposure
prophylaxis regimens aimed at blocking infection follow-
ing occupational exposures. This is discussed in more detail
in Chapter 24. Zidovudine has been used in combina-
tion regimens during pregnancy that have reduced the

transmission rate to < 2%. Whether ZDV should be used as
monotherapy after delivery when a combination regimen
was used during pregnancy remains an open question (see
Chapter 8).

Adverse effects
Alone or in combination, ZDV has a significant adverse
event profile [1]. The most common problems are hemato-
logic: anemia and neutropenia. These may respond to dose
adjustment, although care should be taken to remain in a
therapeutic range. Some physicians use erythropoietin or
filgrastim (g-CSF) to combat these side-effects. Thrombo-
cytopenia is rarely produced by ZDV. Zidovudine reliably
produces an increase in red cell volume (MCV), and can
lead to an erythrocytic macrocytosis, with MCVs >100 fl.
Indeed, the absence of an increase in MCV in patients for
whom ZDV has been prescribed can be a clinically use-
ful indication of poor compliance. Zidovudine has been
associated with myopathy and cardiomyopathy, probably
through a toxic effect on mitochondrial polymerases. The
mitochondrial problems can also manifest through lactic
acidosis, sometimes associated with hepatic steatosis.
Zidovudine can also produce restlessness, mild headaches,
nausea, and fatigue, particularly in older children. There
are some theoretical concerns regarding potential long-
term and transplacental carcinogenicity of ZDV, and pre-
sumably other NRTIs, and while ZDV has mutagenic and
carcinogenic potential in certain animal models, there are
no human data to support these concerns. Long-term
follow-up studies of children exposed to ZDV in utero and as
newborns as a component of strategies to prevent mother-
to-infant transmission have not exhibited any significant
long-term toxicities [6].

Didanosine (ddI)
Overview
Didanosine (ddI, Videx – Bristol Myers Squibb) is an NRTI
that is metabolized from di-deoxyinosine (ddI) to its active
form, di-deoxyadenosine (ddA). It has a good side-effect
profile in children; its use in young children is limited
primarily by inconvenient dosage regimens, principally
caused by its chemical instability in acid conditions such
as those found in the stomach and its consequent require-
ment for oral co-administration of substantial buffering,
and by taste problems [7, 8]. Didanosine is available as
a liquid mixed in antacid (usually Maalox), as a chew-
able/dispersible tablet, and as an extended release, enteric-
coated capsule (Videx EC). The last formulation is the most
practical for patients because of its superior palatability
and convenience.



290 R. McKinney, Jr

Antiviral effects
Didanosine monotherapy has antiviral effects similar to
ZDV, as measured by surrogate markers. It has somewhat
better durability as a monotherapy than ZDV, but it is now
almost always given in combinations [4, 9].

The resistance mutations most often associated with
ddI are at codons 65 and 74, although it is difficult to
demonstrate antiviral resistance to ddI in vitro. Since the
drug’s beneficial effects can be exhausted (as demonstrated
by surrogate marker changes), clinical resistance occurs
despite the failure to show resistance in vitro.

Pharmacokinetics
Didanosine is acid labile, but to a lesser degree than ddA.
Acid in the stomach will inactivate ddI, but the drug can be
adequately absorbed if it is administered simultaneously
with an antacid. Didanosine is typically given to young
children as a pre-mixed suspension in flavored antacid.
The intracellular half-life of ddA-triphosphate is quite long
(more than 24 hours), so that it may be possible to admin-
ister ddI once daily, a considerable advantage given the
complexity of many antiretroviral regimens. The concept of
once-daily dosing has yet to be demonstrated to be effective
in children, although adult trials appear promising.

Didanosine should be given, when possible, on an empty
stomach, ideally 1 hour before or 2 hours after a meal. How-
ever, with small children who eat often this may not be pos-
sible, and the importance of the daily schedule for compli-
ance should be weighed against a relatively small loss in
absorption due to food.

Didanosine liquid is not stable at ambient temperatures.
It needs to be stored under refrigerated conditions, and
some clinics give patients ice chests to use in transporting
ddI suspension home from the pharmacy. The shelf-life,
even refrigerated, is only 30 days. The chewable tablets are
somewhat more convenient, but the taste can be challeng-
ing for children. If tablets are used, the minimum dose is two
tablets at a time, since the tablets contain an antacid and
two tablets are needed to supply enough antacid to provide
adequate buffering capacity. The enteric coated prepara-
tion is by far the most convenient, but young children may
not be large enough for the minimum size capsule (and may
not be able to swallow capsules in any case). The enteric
coating protects the ddI during its transport through the
stomach, then allows the drug to be absorbed in the more
basic environment of the intestinal tract.

Clinical trials
Pediatric ACTG protocol 152 demonstrated that ddI
monotherapy was more effective than ZDV alone, and
perhaps as effective as combination ZDV/ddI [4]. How-

ever, PACTG protocol 300 then found that both ZDV/3TC
and ZDV/ddI were more effective than ddI monotherapy,
both clinically and with regard to surrogate markers
[10]. Didanosine monotherapy should only be used infre-
quently, if at all, and then only in families with marginal
medication adherence as a stopgap approach. However,
children who received ddI monotherapy did better clin-
ically than those who were given ZDV, confirming the drug’s
beneficial clinical effects.

Adverse effects
Didanosine is generally well tolerated, although some
patients have difficulty taking the drug because of its taste.
The most common adverse events are peripheral neuropa-
thy and pancreatitis. The neuropathy usually presents as
paresthesias, most often of the feet, and may appear as
a gait disturbance in younger children. Pancreatitis typi-
cally presents as abdominal pain, nausea, and vomiting. As
opposed to other causes of abdominal pain, pancreatitis
is usually associated with a rise in amylase and lipase
levels, and may be confirmed in some instances through
the use of ultrasonography. There is, however, no utility in
routinely monitoring serum amylase levels for patients on
ddI, since most episodes of pancreatitis are relatively acute
and signaled first by pain. In addition, high amylase con-
centrations are often released by the salivary glands in chil-
dren with HIV. In order to determine whether an elevated
serum amylase is attributable to pancreatitis or parotitis,
a fractionated amylase can be performed. This assay can
distinguish between pancreatic and salivary isoenzymes.
However, the isoenzyme assays have some overlap, so that
a very high salivary amylase will give a falsely elevated pan-
creatic fraction. To improve the predictive value of amylase
measurements, a serum lipase can be obtained. In most
instances where both enzyme concentrations are high,
pancreatitis should be suspected.

Some children experience abdominal symptoms such as
diarrhea, pain, or nausea during treatment with ddI. Some
of the effects may be from the antacid.

Stavudine (d4T)
Clinical overview
Stavudine (d4T, Zerit – Bristol Myers Squibb) is a thymidine-
derived nucleotide with clinical potency roughly equiva-
lent to ZDV. The advantages of d4T are that it can be given
on a twice-daily dosing schedule, side-effects are relatively
uncommon in children, and timing around food is not an
issue. Stavudine is available in an FDA-approved liquid
preparation, as well as capsules. An extended release form
of d4T has recently been FDA approved, and offers larger
children the option of once-daily dosing.
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Antiviral effects
Stavudine is similar to ZDV in effect, producing a 0.7–0.8
log10 decrease in viral RNA concentration when used
as monotherapy. Resistance to d4T involves mutations
at essentially the same reverse transcriptase amino acid
residues as ZDV, although mutations at amino acid 75 can
also contribute to resistance. As with ddI, in vitro resis-
tance is hard to document, although clinical exhaustion of
potency is clearly demonstrable using surrogate markers.

Pharmacokinetics
Stavudine has a relatively long intracellular half life
(3–4 hours) and can be given on a twice-daily schedule.
No special arrangements for mealtime are required since it
is well absorbed on a full or empty stomach. Because d4T
is renally excreted, dosage adjustment may be required in
patients with renal problems. As with all of the nucleoside
analogue drugs, d4T is phosphorylated intracellularly to
the active triphosphate form. Zidovudine competes with
d4T for the kinase that accomplishes the phosphorylations,
so ZDV inhibits D4T phosphorylation. Therefore, ZDV and
D4T should not be used simultaneously.

Clinical trials
Trials with d4T in children have demonstrated a good safety
profile. It has been studied as monotherapy [11] and in com-
bination with ddI [9] and 3TC (Adult ACTG Trial 306). The
clinical effects of combination therapy with ddI or 3TC are
similar to those seen with ZDV in combination with both
those drugs. Stavudine can also be combined with PIs or
NNRTIs. It should not be co-administered with ZDV.

Adverse effects
Stavudine is generally well tolerated by children. In adults,
d4T is associated with peripheral neuropathy in a high pro-
portion of patients. However, neuropathy appears to be less
common in children. Stavudine is also associated rarely
with anemia, pancreatitis, headache, and gastrointestinal
disturbances. A major concern with d4T has been an inter-
action with ddI. There appears to be an increased rate of
lactic acidosis, at times with fatal outcome, in all patients,
although the incidence is still uncommon. In pregnant
women, however, the incidence of lactic acidosis appears
to be markedly elevated, which has meant the combina-
tion of d4T with ddI in pregnant women is now contraindi-
cated. Some anecdotal evidence also suggests that the risks
of pancreatitis may be worse when d4T and ddI are used
together.

Lamivudine
Overview
Lamivudine (3TC, Epivir – GlaxoSmithKline; Combivir, as
a fixed dose combination with zidovudine – GlaxoSmith-
Kline; Trizivir, as a fixed dose combination with zidovudine
and abacavir – GlaxoSmithKline) is a well-tolerated cyto-
sine analogue and is a relatively potent NRTI in the absence
of resistance, but a single nucleotide substitution in RT dra-
matically increases resistance to the drug. The drug is well
tolerated, and frequently is used together with ZDV and d4T
as the ‘nucleoside backbone’ component of combination
regimens. Liquid and tablet preparations are available.

Antiviral effect
As monotherapy, 3TC can produce up to one log10

decreases in plasma concentrations of HIV RNA. How-
ever, resistance to 3TC monotherapy occurs quickly and
requires only a single point mutation at amino acid 184 in
the RT gene. Lamivudine is virtually always used in com-
bination with another NRTI, particularly d4T or ZDV (the
two thymidine-analogue NRTIs). The benefits of 3TC were
confirmed in Pediatric ACTG protocol 300, where ZDV/3TC
was clinically superior to monotherapy ddI [10]. Lamivu-
dine also appears to make tenofovir more effective, par-
ticularly when the M184V mutation is present. In order to
maintain the M184V mutation and its tenofovir hypersen-
sitizing effect, 3TC should be continued even when resist-
ance appears to be present. Resensitization and hyper-
susceptibility are discussed in more detail in Chapter 21.
Lamivudine, even considering the potential problems with
resistance, is widely used as one of the NRTI components
in HAART regimens.

Pharmacokinetics
Lamivudine has a relatively long half-life and is renally
excreted. It may be given every 12 hours, and has recently
been approved in adults for once-daily dosing. There are no
food-related interactions. The dosage should be reduced in
patients with renal impairment.

Clinical trials
Pediatric ACTG Trial 300 compared ZDV/3TC with ddI
monotherapy. The combination was superior in regard to
clinical outcomes and surrogate markers. In adult trials,
lamivudine has been demonstrated to be a potent agent
when added to the regimen of patients who were already
on ZDV. Lamivudine has also been shown to potentiate the
therapeutic effects of tenofovir in adult trials, particularly
when the 184V mutation is present.
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Adverse effects
Lamivudine is a well-tolerated compound. The only major
side-effect has been pancreatitis, which was primarily seen
in a very ill, multiply-antiretroviral treated group of chil-
dren at the National Cancer Institute. Subsequent studies
have demonstrated that pancreatitis is quite rare. For exam-
ple, there were no instances of 3TC-associated pancreati-
tis in PACTG protocol 300 (patients followed a median of
11 months), while there were eight cases of pancreatitis in
patients treated with DDI-containing regimens. Lamivu-
dine can occasionally cause headaches, gastrointestinal
upset, fatigue, and elevated hepatic transaminases. None
of these is a common reason for dosage adjustment.

Zalcitabine
Overview
Zalcitabine (ddC, Hivid – Roche) has been used relatively
sparingly in children, because there is no liquid formula-
tion, because of its side effects profile, and because there is
extensive cross resistance between ddC and other NRTIs,
notably ddI and 3TC (see below). The available capsule
formulation is geared toward adult dosing.

Antiviral effects
Zalcitabine is roughly comparable to ddI in activity, and
HIV exhibits a considerable degree of cross-resistance
between ddI and ddC, and between 3TC and ddC. In gen-
eral, once a patient has had ddI experience, there will be
little benefit from a shift to ddC. The most important resist-
ance mutations occur at RT amino acid residues 65, 69, 74,
and 184. The 184 methionine to valine mutation that con-
fers high-level resistance against 3TC also confers resist-
ance against ddC, making ddC generally not useful for
patients who have failed 3TC therapy.

Pharmacokinetics
Zalcitabine is given every 8 hours. There are some medi-
cations which affect ddC’s renal clearance (cimetidine,
amphotericin, foscarnet, and aminoglycosides). Antacids
may decrease absorption.

Clinical trials
Two large trials of ddC have been completed in children,
PACTG studies 138 [12] and 190 [13]. The first was a phase
II/III trial of two dosage regimens of ddC monotherapy for
children who had progressed while receiving ZDV or were
intolerant of it. In that study, ddC was generally well toler-
ated. More than half the children had stabilization of growth
and a decline in p24 antigen concentrations. Thirty percent
of the children had an increase in CD4 counts and gained
weight. In PACTG protocol 190, ddC (0.03 mg/kg/day) or

placebo was added to ZDV in patients who were clinically
stable. There were relatively few differences in the two arms,
although children who received ZDV/ddC had a slower
decline in CD4 cell counts.

Adverse effects
Zalcitabine has been associated with a peripheral neuropa-
thy that most frequently affects the distal extremities, espe-
cially the feet. While the symptoms of neuropathy usu-
ally begin with numbness or paresthesias, it can be quite
painful, and may persist for several weeks after discontinu-
ation of the ddC. Zalcitabine is rarely associated with pan-
creatitis or painful oral ulcerations. Headache and fatigue
can sometimes occur.

Abacavir
Overview
Abacavir (ABC, Ziagen – GlaxoSmithKline; Trizivir, as a
fixed dose combination with zidovudine and lamivudine –
GlaxoSmithKline) is a relatively potent novel carbocyclic
guanosine analogue nucleoside that has excellent activity
when used as initial antiviral therapy. Both capsule and
liquid preparations are available. Its major drawback has
been a hypersensitivity syndrome, generally seen in the first
few weeks of dosing. Those patients who have rash, fever,
and abdominal pain during their first few weeks on ABC
should, in most cases, have it stopped immediately. They
should not be re-challenged, since profound hypotension
has been seen in some patients on re-institution of ABC
after interruption.

Antiviral effects
Abacavir is probably the most potent of current NRTI
compounds as initial therapy, but resistance to it has
been observed even when patients have not been exposed
to ABC, presumably due to cross-resistance with other
NRTIs (see below). Most studies have evaluated abacavir in
combination with other antiretroviral agents. When used
with PIs in therapy-naı̈ve adults, ABC produced two log10

decreases in RNA copy number.
There is substantial cross-resistance between ABC and

other nucleosides, particularly the thymidine analogues.
Resistance sites also include the ddI resistance codons
like 65, 74, and 115, and the 3TC resistance codon 184,
although the relative importance of each remains to be
determined.

Pharmacokinetics
Abacavir is administered on an every 12-hour schedule.
The drug is cleared by glucuronidation and by the alco-
hol dehydrogenase system, which produces a carboxylic
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acid metabolite. The serum half-life is approximately one
hour. There is no food effect on absorption. ABC crosses
the blood–brain barrier in a manner similar to ZDV, with a
CSF/plasma ratio of approximately 0.2.

Clinical trials
The first pediatric study to use ABC, PACTG protocol 330,
evaluated monotherapy ABC in a cohort of very therapy-
experienced children [14]. Unfortunately, in that setting,
the drug had little virologic effect. The study had a phase
where a second NRTI was added to the ABC monotherapy,
but again little benefit was seen, probably due to
already established antiviral resistance. Studies of ABC in
adults have demonstrated good antiviral activity, compar-
able with PIs and NNRTIs, with average decreases in viral
load of 1.5–2.1 logs. Penta 5 was a European evaluation
of initial ABC/3TC vs ZDV/3TC vs ABC/ZDV as the nucleo-
side component in an initial treatment regimen for therapy-
naı̈ve patients. Combination ABC/3TC was the most effect-
ive regimen and continued to be through 160 weeks, both in
terms of viral load and patient growth [15]. There has been
considerable interest in the trizivir fixed dose combina-
tion as an all NRTI regimen, particularly in adolescents, but
recent results suggest that this combination may be infe-
rior to combination regimens that include a PI or NNRTI
(see below).

Adverse effects
The main concern with ABC is an idiosyncratic allergic reac-
tion manifested by rash, fever, abdominal pain, nausea, and
vomiting. This reaction seems to occur most often in the
first 3 weeks of therapy, and if it occurs there should be no
ABC re-challenge. Patients have progressed to shock and
even death as a result of re-challenge after an episode of
hypersensitivity. This reaction can be difficult to distinguish
from the rash syndrome of nevirapine and even from some
infectious conditions (adenovirus, scarlet fever). There
appears to be a definable genetic pre-disposition to the
reaction in that patients with certain HLA subtypes may
have an increased risk of developing the hypersensitivity
reaction.

Tenofovir
Overview
Tenofovir disoproxil fumarate (TDF, Viread – Gilead Sci-
ences) is a nucleotide analogue reverse transcriptase
inhibitor, unlike the other members of the class, which
are nucleoside analogues. A nucleotide is a phosphory-
lated nucleoside, which means that TDF, as adminis-
tered, is already monophosphorylated. Both the nucleoside
analogue reverse transcriptase inhibitors and TDF must be

phosphorylated by cellular kinases to the triphosate form
before they can function as substrates for reverse tran-
scriptase, but TDF bypasses the first phosphorylation step.
(Thus, as a nucleotide analogue the active form of the drug
is tenofovir diphosphate.) Since the kinases that catalyze
phosphorylation to the monophosphate may be less active
in resting cells, TDF may offer some advantages in that it
may have greater activity in resting cells.

Antiviral effects
Tenofovir is similar to ZDV in potency. As monotherapy,
it produces a 0.6–1.5 log10 decrease in plasma virus RNA
concentration [16]. Resistance is conferred by mutations
at RT codon K65R, although there are probably contribu-
tions from M41L and L210W. Virus with several nucleo-
side analogue-associated mutations (NAMS; see also
Chapter 21) appears to be relatively resistant. Codon T69D
may also play a role in resistance, although data are still pre-
liminary. The 69 insertion mutation complex that confers
high-level resistance to the NRTIs also confers high level
resistance to tenofovir.

Tenofovir is also active against hepatitis B, although
studies in pediatric patients are limited.

Pharmacokinetics
Tenofovir disoproxil fumarate is a pro-drug which is
converted to tenofovir in the gastrointestinal tract. Oral
bioavailability in adults is roughly 25% (fasted), and the
drug is better absorbed when taken with food. Tenofovir
is cleared renally, with no involvement of the cytochrome
P450 system. Its long intracellular half-life means the drug
can be administered once a day.

Tenofovir interacts with ddI, causing increased ddI expo-
sure. When the drugs are used in combination, a reduced
ddI dose is probably indicated. TDF causes decreases
in atazanavir levels (see below) and the combination of
atazanavir and TDF should either be avoided or atazanavir
should be boosted with ritonavir.

Clinical trials
Clinical information on TDF in children is still preliminary.
A pediatric Phase I/II trial is underway to evaluate TDF at
the National Cancer Institute using a dose of 175 mg/m2,
and further phase II/III studies are in development. In adult
phase III trials, TDF is comparable to d4T as first line treat-
ment in naı̈ve patients (when combined with 3TC and EFV),
and has been used successfully as part of second and third-
line regimens for patients treated previously with other
antiretroviral drugs.
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Adverse effects
Gastrointestinal problems (diarrhea, nausea, vomiting)
can occur, but are not frequent. Liver transaminase eleva-
tions have been reported. Nephrotoxicity may rarely occur.
As with the nucleoside RT inhibitors, lactic acidosis has
been reported with TDF. In studies of young animals, higher
doses of TDF have caused decreases in bone mineral den-
sity, a finding that suggests that if the drug is used in children
there should be careful consideration given to this potential
toxicity.

Emtricitabine (FTC)
Overview
Emtricitabine (FTC, Emtriva – Gilead Sciences) is a NRTI
very similar in its resistance profile to 3TC. Studies are in
progress in children (for example, PATCG protocol 1021),
and while it appears to have predictable pharmacokinetics
and activity, it is not yet approved.

Antiviral effects
Emtricitabine is similar to ZDV in potency. Resistance is
conferred by mutations at RT codon M184V/I, as it is for
3TC. Cross resistance with 3TC and zalcitabine is present
in most FTC resistant isolates.

Pharmacokinetics
While studies in children are still preliminary, FTC pharma-
cokinetics appear to be relatively predictable in children.
Food does not affect absorption, and the oral bioavailabil-
ity of capsule FTC is 93% in adult studies (according to the
Emtriva package insert). The half-life is approximately 10
hours, and clearance is renal (a mix of filtration and active
tubular secretion). Dosage should be downwardly adjusted
in renal failure. Drug interactions have been minimal to
date. A dose of 6 mg/kg/day gave an AUC comparable with
the standard adult dose of 200 mg/day [17].

Clinical trials
Clinical information on FTC in children is still preliminary.
A pediatric Phase I/II trial is underway to evaluate FTC in
combination with DDI and Efavirenz in a once-daily dos-
ing scheme. In a comparable adult study, 78% of therapy-
naı̈ve patients maintained a viral load of less than 50 RNA
copies/mL at 48 weeks.

Adverse effects
Adverse effects of FTC have been relatively uncommon. The
most notable adverse effect has been hyperpigmentation
of the palms and/or soles. The mechanism is unknown.
Lactic acidosis and severe hepatomegaly with steatosis is a
rare but severe problem for all NRTIs.

18.3.2 Non-nucleoside Reverse Transcriptase
Inhibitors

There are three licensed NNRTIs, nevirapine (NVP), delavir-
dine (DLV), and efavirenz (EFV), which are similar in their
activity. Efavirenz is the most widely used NNRTI, but there
are few data on its use in children under age 3 years.
Nevirapine is the most widely used NNRTI in young chil-
dren, since there is a liquid formulation of NVP. Efavirenz
has a liquid formulation, but that formulation is not
approved in the USA, and pediatric dosing is based on giv-
ing multiples of small capsules. Because it lacks a liquid
preparation and is probably less potent, DLV is the least
used and studied of the three. Single amino acid change
mutations, for example mutations at codon 103, confer
high level resistance to all the available NNRTIs. Cross
resistance among these three agents is almost complete, so
if a patient becomes unresponsive to one NNRTI another
NNRTI should not be substituted.

Nevirapine
Overview
Nevirapine (NVP, Viramune – Roxane/Boehringer Ingel-
heim) is a benzodiazepine NNRTI that was developed
simultaneously in children and adults, although the adult
preparation was FDA-approved substantially before the
pediatric. The drug is quite potent, even as monotherapy,
but rapidly selects for resistant virus.

Antiviral effects
A single point mutation, at codon 103 or at codon 181 of the
RT, leads to high level NVP resistance [18] (see Chapter 21).
Codons Y188L and V106A can also decrease NVP sensitivity.
Used as monotherapy, almost complete drug resistance can
be seen consistently after as little as 4–6 weeks, and appre-
ciable resistance can be found in some patients following
even a single dose. When NVP is part of a combination, the
drug has activity similar to PIs, although clinically the rapid
development of resistance can still be significant.

Pharmacokinetics
The pharmacokinetics of NVP are complex. The drug is
lipophilic and distributes into body tissues well. Nevirapine
administration auto-induces its metabolism, so that the
same dose given over time leads to a decreasing serum
concentration. The change in clearance is approximately
1.5–2-fold. Because the induction of metabolism plateaus
over time, NVP is given once per day for the 14 days, then
twice daily dosing is initiated. The adult serum half-life is
approximately 25 hours. In neonates, hepatic immaturity
means NVP metabolism is very slow, and a single oral dose
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can produce several days at a therapeutic concentration.
This effect of NVP, combined with its potency, low cost,
and the fact that NVP crosses the placenta well, are the rea-
sons a two-dose NVP regimen (one maternal dose plus one
newborn dose) was evaluated for perinatal prophylaxis.

Clinical trials
Nevirapine was used in combination with ZDV and ddI in
PACTG protocol 180, an attempt to aggressively treat new-
born infants [19]. It was also included as part of a salvage
regimen in PACTG protocol 245, a study in advanced HIV
disease [20]. In the former case, most children appeared to
have some benefit from the combination of ZDV/ddI/NVP,
and two children had nearly complete virus suppression.
Pediatric ACTG protocol 180 was not, however, a compara-
tive study. Pediatric ACTG protocol 245 compared ZDV/ddI,
ddI/NVP, and ZDV/ddI/NVP. The last approach appeared
to be the most effective.

Adverse effects
Nevirapine is associated with two primary adverse effects.
First, early after initiation of therapy, hepatitis and/or ele-
vated hepatic transaminases can develop. The other major
side effect is rash, which occurs in approximately 8% of chil-
dren. Nevirapine rash begins as a macular-papular erup-
tion, most often within 5 weeks of starting therapy. In
most cases the rash evolves to include fever and malaise.
Nevirapine should be stopped if rash occurs because
the exanthem can evolve to severe Stevens–Johnson
syndrome.

Delavirdine
Overview
Delavirdine (DLV, Rescriptor – Pfizer) is the second FDA-
approved NNRTI. It has no liquid formulation, and there are
almost no data about its use in children. It is dosed three
times per day and there is a high-level of cross-resistance
with NVP. The major side-effect, rash, is less severe than
that of NVP. Since there is no liquid formulation and since it
offers no apparent benefit over the other available NNRTIs
it is not widely used in pediatrics.

Antiviral effects
Delavirdine is similar to other NNRTIs in potency. The
resistance pattern varies slightly, although the key sites
appear to be RT amino acid mutations K103N and Y181C
(in common with other NNRTIs), along with Y188L, P236L,
and V106A. Delavirdine has been evaluated in combina-
tion with NRTIs, which can delay the development of DLV
resistance. However, some investigators feel the benefits of
DLV are less than the other NNRTIs.

Pharmacokinetics
Delavirdine has not been studied in children. Dosing in
adults is every 8 hours. The drug is hepatically excreted.
Delavirdine inhibits the cytochrome P450 system, in con-
trast to NVP, and so tends to increase PI concentrations.
Systemic exposure to ritonavir, for example, is increased
by 70%.

Clinical trials
Data on DLV are quite limited. An adult trial compared
DLV/ZDV/3TC to ZDV/3TC and ZDV/DLV in a group
of largely antiretroviral naı̈ve adults. The triple therapy
group had a larger drop in RNA copy number than
the ZDV/3TC group, which was in turn better than the
ZDV/DLV cohort (mean decreases in HIV plasma RNA con-
centrations at week 24: −2.25 log10/mL, −1.32 log10/mL,
and −0.55 log10/mL, respectively) [21].

Adverse effects
The main adverse effect of DLV is rash. The rash is milder
than that seen with NVP, and most cases occur within the
first month of treatment. The rash is generalized, macu-
lopapular, and can be pruritic.

Efavirenz
Overview
Efavirenz (EFV, Sustiva – Bristol Myers Squibb; outside the
USA: Stocrin – Merck) was FDA approved for adults and
children older than 3 years in September 1998. Solid and
liquid formulations exist, but only the solid formulation
has been approved and is available in the USA. Efavirenz
(Stocrin) liquid is available in certain countries outside the
USA. Efavirenz has a long half-life, which allows once a day
administration. Because of its activity and because of con-
cerns about the metabolic side-effects of the PIs, efavirenz
has become an increasingly widely used component of ini-
tial highly active antiretroviral therapy (HAART) regimens.

Antiviral effects
Efavirenz has activity similar to other NNRTIs. The resist-
ance pattern is also similar to other NNRTIs, since mutation
K103N in the RT gene produces a nearly 20-fold decrease
in susceptibility. Studies indicate that efavirenz may some-
times retain effectiveness in the face of the Y181C RT
mutation that affects most NNRTIs, as well as the P236L
delavirdine-associated mutation, but the spectrum of other
mutations in RT apparently influences the degree of resist-
ance when the Y181C mutation is present. Other resist-
ance substitutions have been seen at codons L100I, V108I,
Y181C, Y188L, G190S, and P225H.
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Pharmacokinetics
Efavirenz is hepatically excreted. The drug induces
cytochrome P450 isoform CYP 3A4, which may decrease
PI concentrations. The half-life is long, 40–55 hours, allow-
ing daily dosing. There is good CNS penetration. Efavirenz
decreases the levels of saquinavir, to a degree that the drugs
should generally not be used together, although it may be
possible to use SQV boosted by ritonavir.

Clinical trials
Efavirenz, in combination with nelfinavir and one or
more nucleoside RT inhibitor, was demonstrated in PACTG
protocol 382 to be effective in children who were naı̈ve to
NNRTIs and protease inhibitors [22]. Seventy-six percent
of the children had a viral load less than 400 copies/mL at
week 48. Studies have also used EFV in combination with
emtricitabine (FTC) and ddI in a once-daily regimen with
good preliminary efficacy, although the FTC component is
not yet FDA approved [23]. In studies in adults, initial highly
active antiretroviral therapy regimens utilizing efavirenz in
combination with two NRTIs are as effective as regimens
employing a PI with two NNRTIs.

Adverse effects
The most common EFV-related problems are rash, dizzi-
ness, and other minor central nervous system (CNS) abnor-
malities. Patients also sometimes report CNS side-effects,
including dizziness, impaired concentration, somnolence,
hallucinations, and vivid dreams. The impact of these side-
effects may be less when the drug is given at bedtime, as
recommended. Rash, most often a maculopapular erup-
tion, occurred in 30–40% of children, with 7% reporting
severe rash. The rash usually resolves with continued treat-
ment. However, the most problematic toxicity concern is in
pregnant women. While efavirenz has not yet been docu-
mented to cause birth defects in humans, 3 of 20 pregnant
monkeys dosed with efavirenz gave birth to infants with sig-
nificant birth defects. The three had cleft palate, microph-
thalmia, and anencephaly with unilateral anophthalmia.
It is recommended that women not use EFV during preg-
nancy, particularly early in gestation, and that birth control
be used while a woman is on efavirenz.

18.3.3 HIV-protease inhibitors

The HIV structural proteins are initially translated as long
poly-proteins that must be proteolytically cleaved by the
viral protease into their viral mature form for infectious
virus to be produced (see Chapter 2). The HIV PIs are effect-
ive because they can specifically inhibit the HIV protease
while not affecting host proteases. The most closely related

human proteases are in the renin-angiotensin converting
enzyme family. Most of the current protease inhibitors
are peptitidomimetic: they emulate the substrate of the
enzyme; they bind the HIV protease enzyme active site
in ways similar to the normal HIV polyprotein substrate,
but inhibit the enzyme rather than being cleaved by it.
Unfortunately, the protease inhibitors can be difficult to
use in children. They are relatively hydrophobic and so
are not readily made into suspensions or water-based
solutions, and require agents such as ethanol, propylene
glycol, or vitamin E to help solubilize them in liquid
preparations. The PIs taste bad, and they interact with the
liver’s P450 cytochromes in complex ways. Some protease
inhibitors induce certain P450 isoforms, while inhibit-
ing others. Ritonavir, as an example, is a relatively broad
inhibitor of the P450 enzyme system and it induces its
own metabolism. Ritonavir’s complicated pharmacoki-
netic interactions complicate the use of many other drugs.

Multi-protease inhibitor resistance has been demon-
strated as mutations accumulate at L10F/I/R/V, M46I/L,
I54V/M/L, V82A/F/T/S, I84V, and L90M. In addition, each
PI has specific, associated mutations. Use of any PI begins
the progression toward multi-drug resistance, although
some like nelfinavir seem less likely to induce multi-drug
resistance.

Amprenavir
Overview
Amprenavir (APV, Agenerase – GlaxoSmithKline) has a rel-
atively unique resistance pattern, which makes it a candi-
date for use in combination with other protease inhibitors.
There are both capsule and liquid formulations. The drug
is approved by the FDA for adults and children 4 years old
and older.

Antiviral effects
Amprenavir has a potent antiviral effect, similar to other
protease inhibitors. When used as monotherapy, the pre-
dominant resistance mutation selected is I50V. In standard
combination therapy, mutations are selected that include
V32I, M46I/L, I47V, I54L/M, and I84V. Amprenavir has been
evaluated in combination with other PIs, and there appear
to be enough differences in its resistance pattern so that
using APV with other PIs can sometimes be beneficial.
Interactions with IND and NLV appeared to be particularly
favorable in vitro [24].

Pharmacokinetics
Amprenavir is cleared by the cytochrome P450 system,
which it also inhibits. However, APV does not appear to
induce or inhibit its own metabolism. Specifically, APV
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inhibits the CYP3A4 isoform of the cytochrome P450 sys-
tem, the most common isoform. The plasma half-life is
somewhat variable, but is approximately 7 hours, which
is very suitable for twice-daily dosing. The liquid form of
APV currently contains propylene glycol and large quanti-
ties of vitamin E and is not suitable for children under the
age of 4 years.

Clinical trials
Published clinical experience with APV is still relatively lim-
ited in children. It has good virological effect when used
in combination with NRTIs, producing undetectable viral
loads in most treatment-naı̈ve patients. In combination
with 2 NRTIs, the median HIV viral load decreased 1.41 log10

in protease inhibitor-naı̈ve children [25].

Adverse effects
The most common adverse effects with APV are gastroin-
testinal. Some patients have headache, malaise, or fatigue.
There may be some cutaneous reactions. Amprenavir is
related to sulfonamides, so should be used with caution
in patients with severe sulfa allergy.

Indinavir
Clinical overview
Indinavir (IDV, Crixivan – Merck) is widely used to treat
adult patients, but pediatric experience is very limited to
date. Indinavir is potent, has a similar resistance pattern to
ritonavir, and produces several adverse effects. Although
pediatric studies are not complete, it appears IDV will be
administered every 8 hours in children, and should be given
on an empty stomach. The medication is only soluble at
an acid pH, so food in the stomach buffers the pH and
makes the IDV less available. The every 8-hour dosing, the
need for an empty stomach, and the lack of an approved
liquid formulation make the drug relatively unappealing
for pediatric use, especially in young children.

Like the other protease inhibitors, IDV has interactions
with numerous other medications (see Chapter 19). The
extent of these interactions is somewhat less than with
RTV, which makes drug interactions somewhat easier to
manage.

Antiviral effects
Indinavir is a potent agent, comparable with RTV. The pat-
tern of mutations seen is almost identical to that of RTV,
and there is a high degree of cross-resistance. It was in the
initial trials of IDV that it was learned that low doses of the
agent allowed the evolution of PI-resistant quasi-species.
When patients were subsequently switched to higher doses
of IDV, no antiviral effect was seen due to the existence of

mutations which had evolved at the lower dose. Thus, sub-
therapeutic dosing, either by mis-prescription or erratic
compliance, will allow permanent PI resistance to occur.

Pharmacokinetics
Indinavir is only soluble at low pH. As a result, it needs to be
taken on an empty stomach. Once absorbed, it is carried
on plasma proteins and metabolized by glucuronidation
and the cytochrome P450 system. Some IDV is excreted
through the kidneys. Because of urine’s neutral pH, the
IDV can precipitate and produce kidney stones. Indinavir
has interactions in both directions with drugs that affect
the cytochrome P450 system. It inhibits the metabolism
of many drugs, and its many interactions are reviewed in
Chapter 19.

Clinical trials
Pediatric experience with IDV is somewhat limited. A phase
I/II study was performed at the National Cancer Institute
and collaborating centers. Patients received monother-
apy for the first 16 weeks, then combination therapy with
ZDV/3TC. Several patients had hematuria, some with flank
pain. In adults, when IDV and 3TC were added to patients
who had been on long-term ZDV, the effects were striking.
Twenty-eight of the 31 patients treated with three drugs
reached < 500 RNA copies/mL by week 24, compared with
none of the patients who received only 3TC in addition to
ZDV, and 12/28 who added only IDV [26].

Adverse effects
Because of its solubility characteristics, IDV can form crys-
tals in the kidney after filtration through the glomerulus.
These crystals can agglomerate into small kidney stones.
In order to minimize the formation of IDV stones, patients
treated with IDV should drink large amounts of water or
other fluids. The proportion of children who will have
stones is not yet known, although some studies have sug-
gested a higher peak IDV plasma level after oral dosing in
children, which might lead to more stone formation.

Other side-effects of IDV include: hyperbilirubinemia,
which occurs in 5–10% of patients; nausea; abdominal pain;
headache; and rarely, diabetes. As with the other protease
inhibitors, some adult and pediatric patients exhibit a pat-
tern of fat re-distribution and dyslipidemias in association
with IDV.

Lopinavir plus ritonavir
Clinical Overview
Lopinavir (LPV, – Abbott) is available only in a fixed-ratio
combination with ritonavir (LPV/r, Kaletra). LPV/r is prob-
ably the most potent of the PIs. Lopinavir by itself has a very
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short half-life, so the ritonavir (RTV) is co-administered to
inhibit LPV metabolism by the cytochrome P450 enzyme
system. The combination can be given every 12 hours.
Liquid Kaletra is, like liquid ritonavir, a bad-tasting solu-
tion with 42% ethanol. There is significant debate among
clinicians concerning LPV/r’s optimal role in antiretroviral
therapy. Some studies suggest that it is more potent and
produces a more durable virologic response than other
available PIs, leading some clinicians to suggest that it
be used for initial therapy. Other clinicians note that LPV
resistance is associated with a somewhat different spec-
trum of resistance mutations than the other PIs, so that
LPV/r can often be used to good effect in a second line
“salvage” treatment regimen, and thus suggest that other
PIs be used for initial treatment and that LPV/r be held
in reserve. Lopinavir plus ritonavir is FDA approved for
children 6 months of age and older.

Antiviral effects
Kaletra is probably the most potent PI currently licensed.
There are 11 mutations which have been linked to LPV
resistance: L10F/I/R/V, K20M/R, L24I, M46I/L, F53L,
I54V/L, L63P, A71V/T, V82A/F/T/S, I84V, and L90M. The
presence of 6–8 mutations produce high level resistance
and is associated with clinical failure.

Pharmacokinetics
Lopinavir plus ritonavir can be dosed every 12 hours, and
is available as either a capsule or liquid. Attention must be
paid to drug–drug interactions, because the ritonavir com-
ponent, in particular, inhibits the cytochrome P450 sys-
tem resulting in extensive drug interactions. In addition,
Kaletra liquid is 42% ethanol. Lopinavir plus ritonavir
should be taken with food, both to enhance absorption and
improve tolerability.

Clinical trials
One Abbott-sponsored trial, Study 940, assessed the clinical
efficacy of LPV/r in 100 children, 44 antiretroviral naı̈ve and
56 experienced. After 48 weeks of the study, 80% of the 44
naı̈ve patients had plasma HIV RNA levels below 400 copies
per mL, while 71% of the antiretroviral-treatment experi-
enced patients had plasma HIV RNA levels below 400 copies
per mL. The mean CD4+ lymphocyte count increases were
404 and 284 cells/�L for the naı̈ve and experienced patients,
respectively [27].

Adverse effects
The most common adverse experiences are gastrointesti-
nal upset and diarrhea. As with other PIs, triglyceride levels
and elevated cholesterol are fairly common. Pancreatitis

has been rarely reported in association with LPV/r.
Exacerbation or new onset of diabetes mellitus has also
been associated with LPV/r.

Nelfinavir
Clinical overview
Nelfinavir (NLV, Viracept, – Agouron/Pfizer) is a less con-
venient drug to administer than ritonavir, but has fewer
adverse reactions. The medication is available in tablets
and a granular powder. The powder is somewhat bulky and
there are sufficient questions about its bioavailability that
many centers prefer to use the caps dispersed in a solution
like milk or formula.

Antiviral effects
Nelfinavir is similar to other PIs in its antiviral effect.
It requires a different set of resistance mutations than
ritonavir or indinavir. The most important mutation is
D30N, which was found in 56% of patients who received
NLV monotherapy by 12 to 16 weeks. There is marked
cross-resistance between NLV and the other PIs, although
patients who fail NLV and have only low-level resistance
may respond to other PIs or PI combinations. HIV with
high level NLV resistance is also resistant to other PIs. For
these HIVs with high level resistance, 65–80% of isolates
with more than 10-fold resistance to NLV also had more
than a four-fold increase in resistance to other PIs [28]. HIV
that is resistant to other PIs usually has significant resist-
ance to NLV, so treatment with NLV offers little benefit if a
patient has failed therapy with another PI.

Pharmacokinetics
Nelfinavir is hepatically metabolized by multiple
cytochrome P450 isoforms, including CYP3A. The adult
plasma half-life is 3.5–5 hours. The drug is highly protein
bound, and relatively little is cleared through the kidneys.
Most of the drug is excreted through the gastrointestinal
tract and feces. The standard dosage interval is every
8–12 hours. The granular powder is difficult for most
children to take, and many centers use a dispersed capsule
if the correct dosage can be achieved.

Clinical trials
The phase I/II trial of NLV in children demonstrated a
potent antiviral effect when NLV was given in combina-
tion with NRTIs. The best effect was seen in children who
received at least one new NRTI when NLV was started. In
those children, 8/11 followed to 34 weeks had undetectable
virus loads [29]. Nelfinavir may be somewhat less effect-
ive in children who have already been treated with mul-
tiple agents, although several centers have noted CD4+
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lymphocyte counts improve even after the level of virus
suppression becomes marginal.

In adults, NLV combined with ZDV/3TC in treatment-
naı̈ve patients was very effective. Eighty-one percent of
adults treated with 750 mg NLV plus ZDV/3TC were able
to achieve plasma HIV RNA concentrations below the lim-
its of detection, compared with 18% of subjects assigned
ZDV-3TC alone.

Adverse effects
Nelfinavir has a tolerable level of adverse drug effects.
The most common adverse effect is diarrhea, which is
generally manageable with symptomatic measures. Some
children may, however, be unable to tolerate NLV due
to diarrhea. Less common problems include tiredness,
abdominal pains, and rashes. Diabetes can occur rarely,
as it does with all PIs.

Ritonavir
Clinical overview
Ritonavir (RTV, Norvir, – Abbott) was the first protease
inhibitor FDA approved for children. It is available in both a
liquid formulation and gel-caps. The liquid has a bad taste
and contains 43% ethanol. Ritonavir is potent, but because
of significant side-effects and drug interactions, needs to
be used with care.

Antiviral effects
Ritonavir is very potent and has a relatively complex pattern
of resistance mutations. The mutations conferring resist-
ance to RTV are, however, almost identical with those con-
ferring resistance to IDV, so patients who are failing therapy
with one drug are unlikely to benefit from a switch to the
other. The main mutations associated with RTV resistance
have been at protease codons 82, 84, and 90. Some patients
with high-level resistance to NLV will also be refractory to
RTV, although it depends on which anti-NLV mutations are
present.

Pharmacokinetics
The pharmacokinetics of RTV are complicated by its effect
on hepatic enzymes. Ritonavir is hepatically metabolized
by the cytochrome P450 system. Complicating its clear-
ance, RTV generally inhibits P450, but induces its own
metabolism. Ritonavir is begun at half the normal dose,
then increased after a period of induction. Because of the
induction of metabolism, this strategy of a low dose moving
to a higher one will yield drug concentrations that are fairly
constant. Ritonavir metabolism appears to be saturable,
so that increasing doses beyond some threshold level may
produce higher than expected levels.

Ritonavir is well absorbed orally, regardless of food.
The half-life is 3–4 hours. There are many interactions
with other medications that can affect the metabolism of
the RTV as well as the other compounds. These important
interactions are reviewed in Chapter 19.

Ritonavir as a boosting agent
Because of RTV’s effect on cytochrome P450 enzymes, it
is often used to prolong the half life of other drugs, partic-
ularly other PIs. This aspect of RTV was exploited in the for-
mulation of LPV/r (Kaletra), but will be used to improve the
pharmacokinetic properties of many of the PIs. The aspect
of RTV is still being developed, but recommendations will
be forthcoming regarding optimum use of other drugs in
combination with RTV.

Clinical trials
The pediatric benefits of RTV have been demonstrated
by PACTG protocol 338. Ritonavir-containing regimens
(ZDV/3TC/RTV or D4T/RTV) had a larger suppression
of viral load and a better CD4 cell response than did
a ZDV/3TC containing regimen when given to stable,
therapy-experienced children. The study was not powered
to answer clinical efficacy questions [30, 31].

Adverse effects
Ritonavir is associated with many problematic side-effects.
Nausea and vomiting are produced both by the RTV
itself, and by the ethanol solvent. In some children the
nausea becomes chronic and does not decrease with time.
Ritonavir can also produce diarrhea, anorexia, headaches,
circumoral paresthesias, and elevated hepatic transam-
inases. In rare circumstances, it may produce diabetes.
Hypercholesterolemia and hypertriglyceridemia are both
common.

Care should be taken in co-administering any drug with
RTV. There is a long list of absolute and relative contraindi-
cations, including many drugs commonly used in HIV
disease (see Chapter 19). The common thread is clearance
by the cytochrome P450 enzyme system.

Saquinavir
Clinical overview
There is less information about pediatric use of saquinavir
(SQV, Invirase [hard gel capsule] or Fortivase [soft-gel
capsule – see below], Roche) than other PIs, primarily
because the only approved formulation is adult-sized cap-
sules. Saquinavir is most often used in combination with
ritonavir. This combination is rational both because SQV
has a distinct resistance pattern, and because RTV increases
serum SQV levels. Some patients who have failed NLV may
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respond to the combination of RTV and SQV, although
they will do best if new NRTIs are introduced at the same
time.

Although there is no pediatric dose for SQV yet, it seems
probable the dosing interval will be every 8 hours. In most
cases it will be given in combination with RTV. The adult
capsules are relatively large and several must be taken at
each dosing interval. The drug interactions of SQV are very
much like the other PIs, although are less significant than
those of RTV.

Antiviral effects
While some mutations that confer resistance to the other
PIs also confer resistance to SQV, for example L10R/V, V82A,
I84V, and L90M, the SQV resistance pattern also has some
unique features. The key mutations conferring resistance
to SQV are G48V and L90M. In its soft-gel preparation, it is
probably similar to other PIs in potency.

Pharmacokinetics
Saquinavir is administered as a soft-gel capsule (Fortivase).
The previous formulation (Invirase) was not adequately
bioavailable (less than 5% absorbed). The soft-gel capsule is
enjoying wider use than the hard-gel capsule. However, the
levels of SQV and the clinical effects are much improved
when the hard-gel capsule is administered together with
ritonavir. While absorption of the soft gel capsules in chil-
dren is similar to adults, children appear to clear oral
SQV somewhat more rapidly, and a higher mg/kg dose is
required [31]. Food increases SQV absorption in the soft-
gel formulation. Saquinavir is cleared almost entirely by
cytochrome P450 CYP3A4. The plasma half-life is 1.6 hours,
and the standard dosing interval is every 8 hours. Con-
comitant NLV, IND, or RTV therapy increase SQV levels
by inhibiting hepatic metabolism (approximately 4-fold,
6-fold, and 20-fold, respectively). Ritonavir can, in fact,
increase the serum half-life of SQV so that only twice-daily
dosing is required. Saquinavir does not penetrate well into
the CSF.

Clinical trials
There is very little clinical information on SQV in children.
The new soft-gel capsules improved the clinical effects
seen in adults. The first large study of SQV, ACTG 229,
used the original SQV preparation in a three-way com-
parison of SQV/ZDV, ZDV/DDC, and SQV/ZDV/DDC in
treatment-experienced patients. The SQV/ZDV combina-
tion produced the least improvements in CD4+ lympho-
cyte counts and plasma HIV RNA concentrations. The triple
combination was better, but the positive effects of the
combination were relatively short-lived. The new soft-gel

capsule combined with ZDV/3TC is more potent. In
antiretroviral naı̈ve-patients, SQV/ZDV/3TC was able to
decrease the plasma HIV RNA concentrations in 61% of
the patients to below the level of detection (20 copies/mL)
[32].

Adverse effects
Saquinavir is generally well tolerated. The most com-
mon adverse experiences are diarrhea, abdominal pain,
headache, and nausea. Diabetes may rarely occur. Photo-
sensitivity can occur with SQV, so sunscreen and protective
clothing are suggested.

Atazanavir
Clinical overview
Atazanavir is a protease inhibitor which has been FDA
approved for adults. It has two advantages in adults:
(1) once daily dosing; (2) minimal changes in lipid con-
centrations, unlike most of the other protease inhibitors.
However, ATZ appears to have a shorter half-life in children
and adolescents, which means that to achieve once-daily
dosing, RTV boosting is required. The RTV boosting may
then negate atazanavir’s decreased likelihood of causing
dyslipidemia. Cross resistance between ATZ and other PIs
is common, so the drug does not offer much promise in
second-line or salvage regimens.

Antiviral effects
The primary mutation isolated from patients failing ATZ
therapy has been I50L, often in combination with A71V.
Resistance is also associated with I84V, L90M, A71V/T,
N88S/D, and M46I (according to the Reyataz package
insert).

Pharmacokinetics
Pharmacokinetic studies of ATZ in children are ongoing.
Determining a correct dose has not been as easy as sim-
ply extrapolating from adult regimens, and to obtain a
once-daily regimen in children has required RTV boost-
ing. Atazanavir has many pharmacokinetic interactions
because it is an inhibitor of CYP3A and UGT1A1, a pat-
tern typical of PIs. It interacts with antacids, includ-
ing proton pump inhibitors like omeprazole, leading to
decreased absorption of ATZ. Stomach acid neutralizing
agents should not be used with ATZ. Concomitant admin-
istration of ATZ and TDF lead to significant decreases in
ATZ concentrations (a ∼40% in Cmin and a ∼25% in AUC).
If for some special reason this combination must be used,
then ATZ should be boosted with ritonavir.
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Clinical trials
There is very little clinical information on ATZ in children.
Pediatric ACTG protocol 1020A, a study of ATZ in therapy-
naı̈ve and experienced patients is ongoing.

Adverse effects
Atazanavir produces total hyperbilirubinemia in 35–50% of
patients. In roughly 10% of patients, this effect will be severe
enough to produce jaundice and scleral icterus. As a result,
because of concerns about kernicterus, ATZ is contraindi-
cated in children less than 3 months old. Other adverse
effects are similar to other PIs and NNRTIs.

18.3.4 Fusion inhibitors

Enfuvirtide
Overview
Enfuvirtide (ENF, Fuzeon – Trimeris/Roche) is the first in a
novel category of antiretroviral drugs, the fusion inhibitors.
Enfuvirtide is a 36 amino acid peptide that is homologous
to a portion of the viral gp41 envelope glycoprotein. It acts
by mimicking the native viral portion of gp41, complex-
ing with the virus gp41 and blocking the conformational
changes in that molecule that allow fusion of the virus’s
lipid bilayer and the cell membrane (see Chapter 2). The
limitations to ENF include its expense and the fact that it
must be administered through injection. Although the drug
has been licensed, its availability will likely be limited for
some time because it is difficult and expensive to produce.

Antiviral effects
Enfuvirtide acts to block viral fusion with the host cell
membrane. Resistance mutations occur in the gp41 enve-
lope gene, primarily in the region of the first heptide repeat
(HR-1). Several candidate resistance mutations have been
noted: G36D/S, I37V, V38A/M, Q39R, N42T, and N43D.
Resistance appears to develop relatively rapidly if ENF is
used as monotherapy.

Pharmacokinetics
Enfuvirtide is a synthetic peptide, and administration of the
active form requires subcutaneous injection on an every
12-hour schedule. It does not interact with or alter the
metabolism of most other antiretroviral drugs.

Clinical trials
In adults, the benefits of ENF were demonstrated by com-
paring ENF plus a combination of other antiretroviral
drugs selected using knowledge of the patient’s antiretro-
viral history and an assessment of the resistance profile of
the patient’s virus (an “optimized background regimen”)

versus the optimized background regimen alone in highly
antiretroviral-experienced patients. In the ENF group,
32.7% of patients achieved plasma HIV RNA concentra-
tions below 400 copies/mL, while 15% of the control
group achieved plasma HIV RNA concentrations below
400 copies/mL [33]. There is one pediatric phase I study,
which demonstrated pharmacokinetics and safety similar
to adults, but only limited efficacy data are available.

Adverse effects
By far the most common adverse effect is the generation
of injection site reactions. Whether there are other drug-
associated adverse reactions is not yet established.

18.3.5 Combination antiretroviral regimens

Antiretroviral drugs are virtually always given in combi-
nations. While monotherapy with several drugs in clinical
trials has demonstrated significant clinical benefit, single-
drug regimens yield only limited decreases in plasma HIV
RNA, modest increases in CD4+ lymphocyte numbers, and
lead to rapid emergence of drug resistance. As a result,
multi-drug regimens, HAART, are standard. Virtually all
first-line combination regimens begin with an NRTI “back-
bone.” One of the greatest limitations in current therapeu-
tic strategies is that there are a limited number of NRTIs,
and cross resistance is probably more of a problem than
was originally believed. For example, there are currently
only two thymidine-derived NRTIs, ZDV and d4T, and one
or the other will form a component of most regimens. How-
ever, these two drugs have a considerable degree of cross-
resistance. Tenofovir may eventually be another option, but
experience is currently limited, and it may present partic-
ular problems for pediatrics. Zidovudine and d4t should
not be used simultaneously in the same regimen, since
both drugs require phosphorylation by the same kinase and
will compete with each other for the first phosphorylation
step.

After starting with a thymidine-derived NRTI, most com-
binations add 3TC or ddI. The combination of ddI and d4T
has a higher rate of adverse side-effects than other combi-
nations, including metabolic problems such as lactic aci-
dosis, and pancreatitis, and so is a combination currently
viewed with disfavor. The problems with lactic acidosis are
particularly frequent in pregnant women; the combination
of d4T and ddI is clearly contraindicated during pregnancy.

The other available nucleoside, abacavir, can be used in
combination with both ZDV and 3TC, or simply with 3TC.
It appears to be the most potent of the nucleosides, par-
ticularly when used in a first-line regimen. Abacavir is less
effective as second-line therapy.
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The convenience of fixed-dose combination tablets
makes some combinations more appealing in children
large enough to take the tablets. The fixed dose combi-
nation of ZDV and 3TC as Combivir (Glaxo SmithKline),
and ABC, ZDV, and 3TC as trizivir (Glaxo SmithKline), both
of which are dosed twice a day, offer some advantages in
decreasing pill burden and potentially improving adher-
ence. Trizivir used alone, in particular, has garnered con-
siderable interest from clinicians caring for adolescents
because of its low pill burden and the increased potential
for adherence. However, recent results indicate that Trizivir
alone is less effective than Trizivir plus a PI, or Combivir plus
a PI, so Trizivir used alone will probably be less-favored
approach in the future.

After the nucleoside backbone has been chosen, a third
and sometimes a fourth drug will be added, depending
on the patient’s clinical details, prior antiretroviral therapy,
resistance testing, if available, the patient’s age, and adher-
ence considerations. Among the protease inhibitors, there
is no clear choice for first-line therapy. Nelfinavir is often
given because of its relatively good tolerability, and because
second-line PI regimens are somewhat easier to construct
after NLV failure than after other PIs. Lopinavir plus riton-
avir is probably the most potent option, but its taste and
the ethanol content of the liquid preparation are obsta-
cles for many children. The NNRTIs, either NVP (for young
children) or EFV (in older children), are convenient and
viable options for components of first-line therapy, as
long as the family appears to be likely to be medication-
adherent. Because high-level resistance develops rapidly
when the currently available NNRTIs are used alone, many
clinicians would not construct an antiretroviral combi-
nation therapeutic regimen using the NNRTIs if there
are doubts about the ability of the family to be strictly
adherent.

The decisions regarding initial therapy cannot be made
casually. Many factors, particularly a family’s ability to
adhere to complex medical regimens, need to be consid-
ered. Erratic compliance with any antiretroviral drug is
likely to select resistant virus that limits the future effective-
ness of other drugs in the same class. Thus, care must be
taken in selecting the regimen, including information like
the family’s daily schedule, their history of medical com-
pliance, school attendance, and whether the school system
knows the child’s diagnosis. These issues will be considered
further in Chapter 22.

In selecting a salvage therapy for children failing their
initial regimen, the choice will usually include the other
thymidine-derived NRTI (ZDV or d4T) or possibly TDF, an
alternate non-thymidine NRTI (3TC or ddI), and one or two
drugs from among the PIs and NNRTIs. As discussed above,

even if the patient had been previously treated with 3TC,
many clinicians would continue to treat with 3TC because
of its ability to hypersensitize to other NNRTIs (e.g. AZT,
TDF). The choice will depend on the patient’s prior expe-
rience and resistance testing. Once a patient has docu-
mented resistance to an antiretroviral, they will maintain
‘archived’ reservoirs of virus resistant to that agent for life,
and the resistant species will rapidly reappear if therapy
with that antiretroviral is reinstituted (see also Chapters 4
and 5). However, antiretroviral-resistant virus is less “fit”
and in some ways less pathogenic than the wild-type virus,
so even after viral breakthrough has occurred there contin-
ues to be an advantage to using an antiretroviral regimen.
This advantage must be weighed against the ongoing selec-
tion of resistance while drugs are used in the face of ongoing
replication.

There are relatively limited therapeutic options currently
available for children. As a result, there is a finite number of
effective changes in antiretroviral regimens available, prob-
ably no more than three regimens in toto, using currently
available drugs. Other regimens will have limited bene-
fit, with either incomplete suppression or a short period
of complete suppression. Regimen switches should not be
made casually, and careful consideration should be given
for the clinical need to change, taking into account fac-
tors like adherence, symptoms, CD4+ lymphocyte count
changes, and viral load. Hopefully, the number of options
and potential switches will increase as progress is made in
pediatric antiretroviral research.
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Treatment of HIV-infected patients requires unavoidable
polypharmacy, during which drug interactions can occur.
Pharmacokinetic interactions are those that affect the
absorption, distribution, metabolism, or excretion of a
drug. Interactions that produce antagonistic, additive, or
synergistic effects are considered pharmacodynamic inter-
actions. Not all interactions are clinically adverse and in
some cases, interactions can be beneficial. The objective of
this chapter is to provide the clinician with a framework for
understanding drug interactions by applying the principles
of pharmacology in the context of HIV medicine.

19.1 Pharmacokinetic drug interactions

19.1.1 Absorption

The absorption of oral drugs is affected by several condi-
tions such as fasting, gastric pH, and enteric P-glycoprotein
(PGP) expression. Drug–food interactions are delineated
in Table 19.1; also listed are antiretroviral drugs that
may be administered without regard to food. Drugs that
increase gastric pH include antacids (including the buffer
in older formulations of didanosine), H2-receptor antago-
nists, and proton pump inhibitors. These drugs can impair
the bioavailability of drugs that require a low pH for opti-
mal absorption such as delavirdine, indinavir, itraconazole,
and ketoconazole. This interaction can usually be avoided
by administrating the gastric pH-raising agent 1–2 hours
later [1–3]. Didanosine is an example of a drug much bet-
ter absorbed in an alkaline environment because it is acid
labile. The original formulation of didanosine included a
buffer (calcium carbonate and magnesium hydroxide in
tablets or citrate-phosphate in sachets) or had to be recon-

stituted in antacid. Contrary to previous reports, the buffer
in didanosine does not affect dapsone absorption but has
been shown to significantly decrease ciprofloxacin absorp-
tion [4, 5]. The latter interaction occurs because di- and tri-
valent cations in the buffer can chelate fluoroquinolones –
it is not related to didanosine per se. Didanosine or antacids
do not interfere with nevirapine. The new formulation of
didanosine (Videx® EC) does not have significant inter-
actions with ciprofloxacin, indinavir, or azole antifungals
[6, 7]. Lastly, drug absorption may also be affected by trans-
porters in the gut. P-glycoprotein expression in the gas-
trointestinal tract, for example, may account for the poor
bioavailability of saquinavir and perhaps other protease
inhibitors (PIs) [8].

19.1.2 Distribution

The space to which a drug distributes in the body is a func-
tion of binding to plasma proteins and tissues. Albumin or
�1-acid glycoprotein (�1-AGP, orosomucoid) are the two
plasma proteins that bind most drugs. For example, PIs
bind preferentially to �1-AGP. It is the free or unbound
fraction of drug that is typically available to exert a phar-
macologic effect. Most of the PIs are highly protein bound
(90–99%) with the exception of indinavir (∼60%) [9]. Enfu-
virtide (T-20), a fusion inhibitor, is also highly protein
bound. Among the non-nucleoside reverse transcriptase
inhibitors (NNRTIs), efavirenz and delavirdine are highly
protein bound (98–99%) with nevirapine only moderately
(∼60%) protein bound [10]. Nucleoside and nucleotide
reverse transcriptase inhibitors (NRTIs) have negligible
protein binding (< 50%). When two or more drugs exhibit-
ing extensive protein binding are given concomitantly,
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Table 19.1 Drug–food interactions

Drugs best administered with food
albendazole
amiodarone
atazanavir
atovaquone
carbamazepine
erythromycin ethylsuccinate
hydralazine
hydrochlorothiazide
itraconazole capsulesa

lithium citrate
lopinavir/ritonavir
nelfinavira

para-aminosalicylic acidb

propranolol
rifabutin
ritonavir
saquinavira

tenofovir
Drugs best administered on an empty stomach (1 hour

prior to the meal or 2 hours after)
ampicillin
azithromycin
didanosine (all formulations)
efavirenzc

indinavir (without ritonavir)
itraconazole solution
penicillin VK
rifampin

Antiretroviral drugs that may be administered without
regard to food

abacavir
amprenavir
delavirdine
enfuvirtide
fosamprenavir
indinavir/ritonavir
lamivudine
nevirapine
stavudine
zidovudine

Drugs appearing in bold are those likely to be prescribed
to an HIV-infected patient.
a Absorption is better with a fatty meal.
b Absorption is better when sprinkled on acidic food (apple
sauce or yogurt) or mixed with juice.
c Coadministration with food may increase efavirenz
plasma concentrations and incidence of central nervous
system side-effects.

there is a potential for one drug to displace the other drug
from the binding site; consequently, the unbound drug may
exert a larger pharmacological effect. This interaction can
go in both directions. In general, protein-binding displace-
ment is a clinically insignificant interaction since there is a
dynamic equilibrium between unbound drug in the plasma
and the extravascular region. Highly protein-bound drugs
(>70%), however, may exhibit a significant displacement
interaction if the drug is given intravenously, eliminated
primarily by hepatic metabolism (i.e. has a high extrac-
tion ratio) and has a narrow therapeutic index. Such drugs
include alfentanil, buprenorphine, fentanyl, hydralazine,
lidocaine, midazolam, or verapamil. In these instances,
close monitoring of the patient is warranted if the situa-
tion cannot be avoided [11]. None of the current antiretro-
viral drugs including enfuvirtide appear to have significant
protein-binding interactions.

19.1.3 Metabolism

The liver is the primary organ for biotransformation of
both endogenous and exogenous chemicals. The purpose
of this process is to convert lipophilic substances to more
water-soluble metabolites, thereby facilitating their elim-
ination. Biotransformation often involves two sequential
steps: phase I reactions (oxidation, reduction, or hydrol-
ysis) and phase II reactions (conjugation). Phase I reac-
tions are primarily mediated by the cytochrome P-450
(CYP450) enzyme system. The CYP450 consists of several
isozymes, six of which are involved in the majority of drug
metabolism: CYP 1A2, 2C9/10, 2C19, 2D6, 2E1, and 3A.
These isozymes are present to varying degrees based on age,
ethnicity, and other factors [12–14]. Table 19.2 summarizes
selected CYP450 substrates, inhibitors, and inducers; infor-
mation regarding population polymorphisms and age-
specific issues is included where known. This table provides
a method for clinicians to predict relevant drug interactions
by determining which drugs decrease or increase CYP450
activity (inhibitors or inducers, respectively) and drugs that
might be affected by these changes (substrates). Enfuvirtide
and NRTIs do not significantly affect CYP450 activity, there-
fore metabolic drug interactions are less likely to occur with
these agents. Delavirdine and the PIs with the exception of
tipranavir inhibit CYP 3A to varying degrees with ritonavir
having the most potent effect [15, 16]. Because many drugs
are substrates of the CYP3A isozyme, concomitant admin-
istration with a PI or delavirdine may increase plasma
concentrations of the substrate. Depending on the drug,
increased concentrations can lead to toxicity (in which case
the combination should be avoided or an alternative
medication used) or it can be therapeutically use-
ful. Ritonavir boosted regimens (e.g. lopinavir/ritonavir)



Table 19.2 Select cytochrome P-450 subfamily substrates, inhibitors, and inducers

CYP1A2
Substrates

acetaminophen, alprazolam, amitriptyline, clomipramine,

desipramine, exogenous steroids, haloperidol,

imipramine, propranolol, tenofovir, theophylline,

thioridazine

Inhibitors

azithromycin, erythromycin, fluoroquinolones, grapefruit

juice, isoniazid, ketoconazole
Inducers

charcoal in food, cigarette smoke, phenobarbital,

phenytoin, rifampin, ritonavir
Note: Activity in neonates is very low but matures to adult

activity approximately 120 days after birth. Expression of

this gene may be polymorphic.

CYP2C9/10
Substrates

diazepam, ibuprofen, naproxen, phenytoin

Inhibitors

amiodarone, chloramphenicol, cimetidine, fluconazole,

isoniazid, metronidazole, miconazole, omeprazole,

ritonavir, sulfamethoxazole
Inducers

rifampin
Note: Infants between the age of 1–6 months have activity

comparable with adults. Children 3–6 years old have

significantly greater activity but become comparable

with adult activity after puberty.

CYP2C19
Substrates

diazepam, imipramine, S-mephenytoin, propranolol

Inhibitors

ketoconazole
Note: 3–5% of whites, and 20% of Asians have reduced

expression of this gene (poor metabolizers).

CYP2D6 (debrisoquine/sparteine hydroxylase)

Substrates

amitriptyline, chlorpromazine, clomipramine, codeine,

desipramine, dextromethorphan, haloperidola,

hydrocodone, imipramine, indinavir, meperidine,

metoprolol, morphine, nortriptyline, oxycodone,

propranolol, ritonavir, saquinavir, thioridazinea,

timolol, tramadol, trazodone

Inhibitors

amiodarone, cimetidine, clomipramine, desipramine,

haloperidol, quinidine, ritonavir

Drugs appearing in bold are those likely to be prescribed to an HIV-infected patient.
a indicates a minor metabolic pathway for this drug.

Note: Pregnancy increases CYP2D6 activity. Infants less than

28 days old have at most 20% of adult activity and

therefore should be considered poor metabolizers.

Activity comparable with adults occurs by 10 years of age

or sooner. 5–10% of whites, 2% of blacks, and 1–2% of

Asians have reduced expression of this gene (poor

metabolizers).

CYP2E1
Substrates

acetaminophen, ethanol, halothane, isoflurane, isoniazid,

theophylline

Inhibitors

Isoniazid
Inducers

Ethanol

CYP3A
Substrates

acetaminophen, alfentanil, alprazolam, amitriptylinea,

amprenavir, astemizole, benzphetamine, cannabinoids,

carbamazepine, chlorpromazine, cisapride,

clarithromycin, clindamycin, clonazepam, clorazepate,

cocaine, corticosteroids, cyclophosphamide,

cyclosporine, dapsone, desipramine,

dextromethorphan, diazepam, diltiazem, docetaxol,

dronabinol, efavirenz, ergotamine, erythromycin,

estazolam, estrogens, ethosuximide, etoposide, fentanyl,

fexofenadine, flurazepam, ifosfamide, imipramine,

indinavir, itraconazole, ketoconazole, lansoprazole,

lidocaine, lopinavir, meperidine, miconazole,

midazolam, nefazodone, nevirapine, nifedipine,

nortriptyline, ondansetron, oral contraceptives,

paclitaxel, phenobarbital, phenytoin, quinidine, quinine,

rifabutin, rifampin, ritonavir, saquinavir,tacrolimus,

terfenadine, testosterone, triazolam, trimethoprim,

verapamil, zileuton

Inhibitors

amiodarone, amprenavir, azithromycin, cimetidine,

clarithromycin, clotrimazole, cyclosporine, delavirdine,

diltiazem,econazole, erythromycin, fluconazole,

grapefruit juice, indinavir, isoniazid, itraconazole,

ketoconazole, metronidazole, miconazole, norfloxacin,

propoxyphene, quinine, ritonavir, saquinavir,

troleandomycin, verapamil, zafirlukast

Inducers

carbamazepine, dexamethasone, efavirenz, ethosuximide,

nevirapine, rifabutin, rifampin, phenobarbital,

phenytoin, tipranavir, troglitazone

Note: High levels of CYP3A are present during

embryogenesis. CYP3A4 activity is greater in infants and

children compared with adults. Expression of this gene

may be polymorphic.
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Figure 19.1. Antiretroviral drug interactions: effect of drug on area-under-the-curve (AUC). See Chapter 19 for drug names.

represent examples of using the interaction advanta-
geously [9, 15].

Instead of inhibition, some drugs can induce drug
metabolism. Rifampin is a potent inducer of CYP3A and
2C9/10 and increases the metabolism of PIs and delavir-
dine, among other drugs. Deferment of PI treatment for
the duration of rifampin therapy or substitution with
rifabutin (if treating Mycobacterium avium complex) is
recommended due to this interaction [17]. Efavirenz,
nevirapine, tipranavir (an investigational PI) and cer-
tain anti-convulsants are also CYP3A inducers. Decreases
in the plasma concentrations of some PIs have been
noted with concomitant efavirenz or nevirapine therapy
[10]. Dose adjustment of the PI or adding ritonavir may
be required to compensate for cytochrome induction.
Lastly, some drugs may exhibit both inhibition and induc-
tion properties. Figure 19.1 represents the pharmacoki-
netic interactions among currently available antiretroviral
drugs.

Conjugation (phase II) reactions increase the water sol-
ubility of a metabolite, thereby facilitating its excretion.
Phase II reactions are mediated by transferases includ-
ing uridine diphosphoglucuronyltransferase (UDPGT) and
N-acetyl transferase (NAT); UDPGT is responsible for
conjugation of glucurinic acid with bilirubin, zidovu-
dine, and its metabolite 3′-amino-3′deoxythymidine. Ato-
vaquone and fluconazole (doses > 200 mg/day) inhibit
UDPGT causing decreased zidovudine clearance [3, 18].
Inhibition of UDPGT by atazanavir and indinavir may also
be responsible for the hyperbilirubinemia seen with these
drugs [19]. Inhibition of glucuronidation may be more seri-
ous in infants than adolescents and adults since adult activ-
ity of UDPGT is not achieved until 6–18 months of age [14].

19.1.4 Excretion

Renal elimination can be affected by two processes:
inhibition of tubular secretion or alterations in glomerular
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Table 19.3 Drugs with overlapping toxicities

Crystalluria Hematologic Hyperglycemia Pancreatitis
acyclovira �-interferon corticosteroids alcohol
ganciclovir amphotericin didanosine aminosalicylates
indinavir cidofovir megesterol calcium
Sulfonamides dapsone pentamidine didanosine

doxorubicin protease inhibitors lamivudineb

Dermatologic flucytosine pentamidine
�-interferon ganciclovir Hyperlipidemia valproic acid
abacavir interleukin-2 �-interferon
amprenavir pentamidine �-antagonists Peripheral neuropathy
bleomycin pyrimethamine corticosteroids cidofovir
delavirdine sulfadiazine cyclosporine dapsone
efavirenz TMP-SMX efavirenz didanosine
indinavir zidovudine protease inhibitors ethambutol
interleukin-2 thiazide diuretics ethionamide
nevirapine Hyperbilirubinemia isoniazid
TMP-SMX atazanavir Hyperuricemia metronidazole

cyclosporine cyclosporine phenytoin
Gastrointestinal (N/V) dapsone didanosine stavudine

adefovir indinavir ritonavir thalidomide
�-interferon interleukin-2 TMP-SMX
doxorubicin interleukin-6 Nephrotoxicity zalcitabine
foscarnet lithium adefovir
ganciclovir methotrexatea aminoglycosides Uveitis
interleukin-2 octreotide amphotericin ethambutol
probenecid pancuronium cidofovir indinavir
ritonavir foscarnet rifabutin
tipranavir ganciclovir sulfonamides
zidovudine interleukin-2 terbenafine

pentamidine
tenofovir

Abbreviations: N/V, nausea and vomiting; TMP-SMX, trimethoprim-sulfamethoxazole.
Drugs appearing in bold are those likely to be prescribed to an HIV-infected patient. Italics represent
pharmacological classes.
a At higher doses.
b Primarily in children.

filtration. Cimetidine, probenecid, and trimethoprim are
known inhibitors of renal tubular secretion and may lead
to increased plasma concentrations of drugs primarily
eliminated by this route. For example, trimethoprim-
sulfamethoxazole increases the exposure of lamivudine
by 44% but has no effect on indinavir [20, 21]. Probenecid
is used with cidofovir to reduce the incidence of nephro-
toxicity. However, probenecid can interact negatively
with zidovudine; zidovudine should be discontinued or
dose-reduced 50% on the day of cidofovir administration.

Ganciclovir competes for renal tubular secretion with
didanosine and zidovudine and increases their plasma con-
centrations; this interaction may be more clinically signif-
icant for didanosine [22].

Alterations in kidney function can occur from renal dis-
ease or may be drug-induced. All NRTIs with the exception
of zidovudine have significant renal elimination. Concomi-
tant use with a nephrotoxic drug may require a dosage
adjustment of the NRTI, as would administration to a
patient with renal insufficiency [23].
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Table 19.4 Clinically significant drug interactions with commonly prescribed HIV/AIDS medications

HIV/AIDS drug Interaction with Comments

Antiretroviral drugs
Zidovudine atovaquone Zidovudine AUC ↑ 31.

cidofovir Hold zidovudine on day of infusion (see probenecid)
fluconazole Zidovudine AUC ↑74%; may require dose adjustment
ganciclovir Consider holding zidovudine during induction therapy to avoid neutropenia
nelfinavir Zidovudine AUC ↓ 35%; may require dose adjustment
probenecid Zidovudine AUC ↑ 106%; discontinue zidovudine or reduce dose 50%
rifampin Zidovudine AUC ↓ 47%; may require dose adjustment
stavudine Contraindicated due to competitive phosphorylation (see text)
valproic acid Zidovudine AUC ↑ 80%; may require dose adjustment
Miscellaneous See Table 19.3, drugs that may cause gastrointestinal or hematologic side-effects

Didanosine allopurinol Didanosine AUC ↑ ∼4-fold; co-administration is not recommended
delavirdine Separate administration by at least 1–2 hours if using Videx or consider Videx EC

(see text)
fluoroquinolones Separate administration by at least 1–2 hours if using Videx or consider Videx EC

(see text)
ganciclovir Didanosine AUC ↑ 111%; may require dose adjustment
hydroxyurea ↑ risk of adverse effects
indinavir Separate administration by at least 1–2 hours if using Videx or consider Videx EC

(see text)
itraconazolea Separate administration by at least 1–2 hours if using Videx or consider Videx EC

(see text)
ketoconazole Separate administration by at least 1–2 hours if using Videx or consider Videx EC

(see text)
ribavirin Phosphorylation increased in vitro >50%, ↑ risk of adverse effects
tetracycline Separate administration by at least 1–2 hours if using Videx or consider Videx EC

(see text), doxycycline, or minocycline
tenofovir Didanosine AUC ↑ 44%; may require dose adjustment
Miscellaneous See Table 19.3, drugs that may cause hyperglycemia, hyperuricemia, pancreatitis,

and peripheral neuropathy
Zalcitabine aminoglycosides ↑ risk of peripheral neuropathy due to ↑ concentrations from renal impairment

amphotericin ↑ risk of peripheral neuropathy from renal impairment
antacidse ↓ zalcitabine absorption; separate administration by at least 2 hours
cimetidine Zalcitabine AUC ↑ 36%; may require dose adjustment
doxorubicin Phosphorylation inhibited in vitro >50%, clinical significance unknown
foscarnet ↑ risk of peripheral neuropathy from renal impairment
lamivudine Contraindicated due to competitive phosphorylation (see text)
probenecid ↑ zalcitabine plasma conc.; may require dose adjustment
Miscellaneous See Table 19.3, drugs that may cause peripheral neuropathy

Stavudine indinavir Stavudine AUC ↑ 25%
zidovudine Contraindicated due to competitive phosphorylation (see text)
Miscellaneous See Table 19.3, drugs that may cause peripheral neuropathy

Lamivudine zalcitabine Contraindicated due to competitive phosphorylation (see text)
TMP-SMX Lamivudine AUC ↑ 44%
Miscellaneous See Table 19.3, drugs that may cause pancreatitis

Abacavir amdoxovir Potential contraindication due to competitive phosphorylation
amprenavir Amprenavir AUC ↑ 29%; no dose adjustment recommended
Miscellaneous See Table 19.3, drugs that may cause dermatologic side effects
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Table 19.4 (cont.)

HIV/AIDS drug Interaction with Comments

Tenofovir didanosine Didanosine AUC ↑ 44%; may require dose adjustment
lopinavir/ritonavir Tenofovir AUC ↑ 34%; may require dose adjustment
Miscellaneous See Table 19.3, drugs that may cause nephrotoxicity

Nevirapine ketoconazole Ketoconazole AUC ↓ 63%, ↑ nevirapine plasma conc.; coadministration is not
recommended

Oral contraceptives Potential ↓ in estrogen plasma conc.; advise patient about alternative birth control
methods

phenytoin ↓ phenytoin plasma conc.; adjust dose based on phenytoin levels or response
Protease inhibitors ↓ protease inhibitor plasma conc.; may require dose adjustment
rifamycins ↓ nevirapine plasma conc.; may require dose adjustment
Miscellaneous See Table 19.3, drugs that may cause gastrointestinal or dermatologic side-effects

Delavirdine Antacidse Delavirdine AUC ↓ 41%; separate administration by at least 2 hours (see text)
Barbiturates ↓ delavirdine plasma conc.; consider an alternative anticonvulsant or antiretroviral
astemizole Contraindictated due to potential cardiotoxicity, consider loratidine
calcium channel

antagonists
May ↑ potential for arrhythmia.

carbamazepine ↓ delavirdine plasma conc.; consider an alternative anticonvulsant or antiretroviral
cisapride Contraindicated due to potential cardiotoxicity
clarithromycin Clarithromycin AUC ↑ 100%, 14-OH clarithromycin AUC ↓ 75%, delavirdine

AUC ↑ 44%; consider azithromycin
ergot derivatives May ↑ potential for ergotism
fluoxetine ↑ delavirdine plasma conc.; may require dose adjustment
H2-antagonists Avoid (see text)
indinavir Indinavir AUC ↑ 40%; dose combinations typically used in adults include IDV/DLV

400–600/400 tid or 800–1200/600 bid
ketoconazole ↑ delavirdine plasma conc.; may require dose adjustment
phenytoin ↓ delavirdine plasma conc.; consider an alternative anticonvulsant or antiretroviral
Proton pump

inhibitors
Avoid (see text).

rifabutin Delavirdine AUC ↓ 80%, rifabutin AUC ↑ 100%; coadministration is not
recommended

rifampin Delavirdine AUC ↓ 96%; coadministration is not recommended
saquinavir Saquinavir AUC ↑ ∼5-fold; dose adjustment recommended
Miscellaneous See Table 19.3, drugs that may cause dermatologic side-effects

Efavirenz clarithromycin Clarithromycin AUC ↓ 39%, 14-OH clarithromycin AUC ↑ 34%; consider
azithromycin

oral contraceptives ↑ ethinyl estradiol plasma conc., does not require any adjustment
indinavir Indinavir AUC ↓ 31%; dose adjustment recommended
rifabutin Rifabutin AUC ↓ 38%; coadministration is not recommended
saquinavir Saquinavir AUC ↓ 62%; coadministration is not recommended
Miscellaneous See Table 19.3, drugs that may cause dermatologic side-effects and hyperlipidemia

Protease inhibitors astemizole Contraindicated due to potential cardiotoxicity, consider loratidine
barbiturates ↓ protease inhibitor plasma conc., may require dose adjustment
benzodiazepines Use lorazepam or temazepam; midazolam and triazolam are contraindicated
cisapride Contraindictated due to potential cardiotoxicity
delavirdine ↑ protease inhibitor plasma conc., may require dose adjustment
ergot derivatives Contraindicated due to ↑ potential for ergotism

(cont.)
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Table 19.4 (cont.)

HIV/AIDS drug Interaction with Comments

nevirapine ↓ protease inhibitor plasma conc., may require dose adjustment
phenytoin ↓ protease inhibitor plasma conc., may require dose adjustment
rifabutin Avoid with saquinavir or ritonavir, ↓ rifabutin dose by 50% with indinavir or

nelfinavir
rifampin Contraindicated (see text)
Miscellaneous See Table 19.3, drugs that may cause hyperglycemia and hyperlipidemia

Saquinavir amprenavir Amprenavir AUC ↓ 32%; may require dose adjustment
clarithromycin Saquinavir AUC ↑ 177%, clarithromycin AUC ↑ 45%; may require dose adjustment
delavirdine Saquinavir AUC ↑ ∼5-fold; may require dose adjustment
efavirenz Saquinavir AUC ↓ 62%; co-administration is not recommended
indinavir Saquinavir AUC ↓ 364–620%; may require dose adjustment
ketoconazole Saquinavir AUC ↓ 30%, ketoconazole AUC ↑ 44%; may require dose adjustment
nelfinavir Saquinavir AUC ↑ 392%; may require dose adjustment
oral contraceptives Interaction unknown, suggest alternative birth control methods until further

studies can be made
ranitidine Saquinavir AUC ↑ 67%; may require dose adjustment
ritonavir Saquinavir AUC ↑ 1587%; dose combinations typically used in adults include

SQV/RTV 400/400 bid, 1000/100 bid, and 1600/100 qd
Miscellaneous See Table 19.3, drugs that may cause hyperglycemia and hyperlipidemia

Amprenavir abacavir Amprenavir AUC ↑ 29%; no dose adjustment recommended
indinavir Amprenavir AUC ↑ 33%; may require dose adjustment
ketoconazole Amprenavir AUC ↑ 31%; may require dose adjustment
lopinavir/ritonavir Amprenavir AUC ↑72%, lopinavir AUC ↓ 35%, dose combinations typically used in

adults include APV/LPV/RTV 750/400/100 bid and 750/533/133 bid
ritonavir Amprenavir AUC ↓ 62–64%; dose combinations typically used in adults include

APV/RTV 600/100 bid and 1200/200 qd
saquinavir Amprenavir AUC ↓ 32%; may require dose adjustment
Miscellaneous See Table 19.3, drugs that may cause dermatologic side-effects, hyperglycemia,

and hyperlipidemia
Indinavir amprenavir Amprenavir AUC ↑ 33%; may require dose adjustment

antacids Separate administration by at least 2 hours (see text)
atazanavir ↓ risk of hyperbilirubinemia (see text)
clarithromycin Indinavir AUC ↑ 29%, clarithromycin AUC ↑ 53%; may require dose adjustment
delavirdine Indinavir AUC ↑ 40%; dose combinations typically used in adults include IDV/DLV

400–600/400 tid or 800–1200/600 bid
didanosine Separate administration by at least 1–2 hours if using Videx or consider Videx EC

(see text)
efavirenz Indinavir AUC ↓ 31%; recommend indinavir 1000 mg tid
H2-antagonists Avoid (see text)
ketoconazole ↑ indinavir plasma conc.; may require dose adjustment
nelfinavir Indinavir AUC ↑ 51%, nelfinavir AUC ↑ 83%; may require dose adjustment
oral contraceptives Ethinyl estradiol AUC ↑ 24%, norethindrone AUC ↑ 26%; no dose adjustment

recommended
proton pump

inhibitors
Avoid (see text)

ritonavir Indinavir AUC ↑ 3–5-fold; dose combinations typically used in adults include
IDV/RTV 400/400 bid and 800/100–200 bid
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Table 19.4 (cont.)

HIV/AIDS drug Interaction with Comments

saquinavir Saquinavir AUC ↑ 364–620%; may require dose adjustment
stavudine Stavudine AUC ↑ 25%; may require dose adjustment
Miscellaneous See Table 19.3, drugs that may cause crystalluria, dermatologic side-effects,

hyperbilirubinemia, hyperglycemia, hyperlipidemia, nephrotoxicity, and uveitis
Ritonavir amprenavir Amprenavir AUC ↑ 62–64%; dose combinations typically used in adults include

APV/RTV 600/100 bid and 1200/200 qd
analgesics Use acetaminophen, aspirin, or oxycodone
antiarrhythmicsc contraindicated
clarithromycin Clarithromycin AUC ↑ 77%, 14-OH clarithromycin AUC ↓ 100%; consider

azithromycin
cycloserine Avoid ritonavir solution due to alcohol content, may ↑ potential for seizures
desipramine Desipramine AUC ↑ 145%; may require dose adjustment
Indinavir Indinavir AUC ↓ 3–5-fold; dose combinations typically used in adults include

IDV/RTV 400/400 bid and 800/100–200 bid
ketoconazole Ketoconazole AUC ↑ 3.4-fold; may require dose adjustment
loperamide Loperamide AUC ↑ 145%; may require dose adjustment
meperidine Meperidine AUC ↓ 62%, normeperidine AUC ↑ 47%; consider alternative analgesic
metronidazole Avoid ritonavir solution due to alcohol content, may cause a ‘disulfiram-like’

reaction
nelfinavir Nelfinavir AUC ↑ 152%; may require dose adjustment
oral contraceptives Ethinyl estradiol AUC ↓ 40%; advise patient about alternative birth control

methods
saquinavir Saquinavir AUC ↑ 1587%; dose combinations typically used in adults include

SQV/RTV 400/400 bid, 1000/100 bid and 1600/100 qd
theophylline Theophylline AUC ↓ 43%; adjust dose based on theophylline levels or response
Miscellaneous See Table 19.3, drugs that may cause gastrointestinal side-effects, hyperglycemia,

hyperlipidemia, and hyperuricemia
Nelfinavir indinavir Indinavir AUC ↑ 51%, nelfinavir AUC ↑ 83%; may require dose adjustment

ketoconazole Nelfinavir AUC ↑ 35%; may require dose adjustment
oral contraceptives Ethinyl estradiol AUC ↓ 47%, norethindrone AUC ↓ 18%; advise patient about

alternative birth control methods
ritonavir Nelfinavir AUC ↑ 152%; may require dose adjustment
saquinavir Saquinavir AUC ↑ 392%; may require dose adjustment
zidovudine Zidovudine AUC ↓ 35%; may require dose adjustment
Miscellaneous See Table 19.3, drugs that may cause hyperglycemia and hyperlipidemia

Lopinavir/
ritonavir

amprenavir Amprenavir AUC ↑72%, lopinavir AUC ↓ 35%, dose combinations typically used in
adults include APV/LPV/RTV 750/400/100 bid or 750/533/133 bid

atovaquone ↓ atovaquone plasma conc.; may require dose adjustment
clarithromycin Reduce clarithromycin dose 50% if CLCR 30–60 mL/min or 75% if CLCR

<30 mL/min.
dexamethasone ↓ lopinavir plasma conc.; may require dose adjustment
itraconazole ↑ itraconazole plasma conc.; doses > 200 mg/day not recommended
ketoconazole Ketoconazole AUC ↑∼3-fold; doses > 200 mg/day not recommended
metronidazole Avoid lopinavir/ritonavir solution due to alcohol content, may cause a

‘disulfiram-like’ reaction
oral contraceptives Ethinyl estradiol AUC ↓ 42%, norethindrone AUC ↓ 17%; advise patient about

alternative birth control methods
(cont.)
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Table 19.4 (cont.)

HIV/AIDS drug Interaction with Comments

ritonavir Lopinavir AUC ↑ 46%
tenofovir Tenofovir AUC ↑ 34%; may require dose adjustment
Miscellaneous See Table 19.3, drugs that may cause hyperglycemia and hyperlipidemia

Other antivirals
acyclovir Miscellaneous See Table 19.3, drugs that may cause crystalluria and nephrotoxicity
foscarnet Miscellaneous See Table 19.3, drugs that may cause gastrointestinal side-effects and peripheral

neuropathy
ganciclovir didanosine Didanosine AUC ↑ 111%; may require dose adjustment

imipenam Contraindicated due to potential seizures
probenecid Ganciclovir AUC ↓ 53%; may require dose adjustment
zidovudine Consider holding zidovudine during induction therapy to avoid neutropenia
Miscellaneous See Table 19.3, drugs that may cause gastrointestinal and hematologic side-effects

cidofovir zidovudine Hold zidovudine on day of infusion (see probenecid)
Miscellaneous See Table 19.3, drugs that may cause nephrotoxicity

Anti-fungals
amphotericin Miscellaneous See Table 19.3, drugs that may cause hematologic side-effects and nephrotoxicity
Azolesd astemizole Contraindictated due to potential cardiotoxicity

cisapride Contraindictated due to potential cardiotoxicity
rifampin ↓ azole plasma conc.; may require dose adjustment
Sulfonylureas ↓ sulfonylurea plasma conc.; may require dose adjustment
trimetrexate ↑ trimetrexate plasma conc.; may require dose adjustment
warfarin ↑ INR, may require dose adjustment

Ketoconazole amprenavir Amprenavir AUC ↑ 31%; may require dose adjustment
Antacidse Separate administration by at least 2 hours (see text)
delavirdine ↑ delavirdine plasma conc.; may require dose adjustment
H2-antagonists Avoid, consider fluconazole
indinavir ↑ indinavir plasma conc.; may require dose adjustment
isoniazid ↓ ketoconazole plasma conc.; may require dose adjustment
lopinavir/ritonavir Ketoconazole AUC ↑ 3-fold; doses > 200 mg/day not recommended
nelfinavir Nelfinavir AUC ↑ 35%; may require dose adjustment
nevirapine Ketoconazole AUC ↓ 63%; ↑ nevirapine plasma conc., co-administration is not

recommended
proton pump

inhibitors
Avoid, consider fluconazole

ritonavir Ketoconazole AUC ↑ 3.4-fold; may require dose adjustment
saquinavir Saquinavir AUC ↑ 30%, ketoconazole AUC ↑ 44%; may require dose adjustment

Fluconazole clarithromycin Clarithromycin AUC ↑ 33%; may require dose adjustment
rifabutin ↑ rifabutin plasma conc.; may require dose adjustment
theophylline ↑ theophylline plasma conc., adjust dose based on theophylline levels
zidovudine Zidovudine AUC ↑ 74%; may require dose adjustment

Itraconazole antacidse Separate administration by at least 2 hours (see text)
H2-antagonists Avoid, consider fluconazole
lopinavir/ritonavir ↑ itraconazole plasma conc.; doses >200 mg/day not recommended
proton pump

inhibitors
Avoid, consider fluconazole

rifabutin ↓ itraconazole plasma conc.; may require dose adjustment
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Table 19.4 (cont.)

HIV/AIDS drug Interaction with Comments

Anti-tuberculosis
Isoniazid antacidse Separate administration by at least 2 hours

carbamazepine ↑ carbamazepine plasma conc.; adjust dose based on carbamazepine levels or
response

ketoconazole ↓ ketaconazole plasma conc.; may require dose adjustment
phenytoin ↑ phenytoin plasma conc.; adjust dose based on phenytoin levels or response
Miscellaneous See Table 19.3, drugs that may cause peripheral neuropathy

Rifampin atovaquone ↓ atovaquone plasma conc., ↑ rifampin plasma conc.; avoid
azolesd ↓ azole plasma conc.; may require dose adjustment
dapsone ↓ dapsone plasma conc.; avoid
delavirdine Delavirdine AUC ↓ 96%; co-administration is not recommended
phenytoin ↓ phenytoin plasma conc.; adjust dose based on phenytoin levels or response
protease inhibitors Contraindicated
zidovudine Zidovudine AUC ↓ 47%; may require dose adjustment

Rifabutin delavirdine Delavirdine AUC ↓ 80%, rifabutin AUC ↑ 100%; co-administration is not
recommended

efavirenz Rifabutin AUC ↓ 38%; co-administration is not recommended
fluconazole ↑ rifabutin plasma conc.; may require dose adjustment
itraconazole ↓ itraconazole plasma conc.; may require dose adjustment
protease inhibitors Avoid with saquinavir or ritonavir, ↓ rifabutin dose by 50% with indinavir or

nelfinavir
saquinavir Rifabutin AUC ↑ 193%; may require dose adjustment

Ethambutol Antacidse Separate administration by at least 2 hours
Miscellaneous See Table 19.3, drugs that may cause peripheral neuropathy and uveitis

Capreomycin aminoglycosides May ↑ potential for respiratory distress
non-depolarizing

neuromuscular
antagonist

Enhanced neuromuscular blockade.

Clarithromycin astemizole Contraindicated due to potential cardiotoxicity; consider azithromycin or
loratidine

carbamazepine ↑ carbamazepine plasma conc.; adjust dose based on carbamazepine levels or
response

cisapride Contraindicated due to potential cardiotoxicity; consider azithromycin or
metoclopramide

ergot derivatives May ↑ potential for ergotism; consider azithromycin
fluconazole Clarithromycin AUC ↑ 33%; may require dose adjustment
indinavir Indinavir AUC ↑ 29%, clarithromycin AUC ↑ 53%; may require dose adjustment
lopinavir/ritonavir Reduce clarithromycin dose 50% if CLCR 30–60 mL/min or 75% if CLCR

<30 mL/min
ritonavir Clarithromycin AUC ↑ 77%, 14-OH clarithromycin AUC ↓ 100%; consider

azithromycin
saquinavir Saquinavir AUC ↑ 177%, clarithromycin AUC ↑ 45%; may require dose adjustment
theophylline ↑ theophylline plasma conc.; adjust dose based on theophylline levels or response

clofazimine phenytoin ↓ phenytoin plasma conc.; adjust dose based on phenytoin levels or response
cycloserine ritonavirb Avoid ritonavir solution due to alcohol content, may ↑ potential for seizures

(cont.)
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Table 19.4 (cont.)

HIV/AIDS drug Interaction with Comments

Other anti-infectives
atovaquone lopinavir/ritonavir ↓ atovaquone plasma conc.; may require dose adjustment

rifampin ↓ atovaquone plasma conc., ↓ rifampin plasma conc.; avoid
zidovudine Zidovudine AUC ↑ 33%; may require dose adjustment

clindamycin erythromycin Contraindicated due to antagonism
Non-depolarizing
neuromuscular
antagonist

Enhanced neuromuscular blockade

dapsone probenecid ↑ dapsone plasma conc.; may require dose adjustment
pyrimethamine ↑ potential for bone marrow suppression
rifampin ↓ dapsone plasma conc.; avoid
trimethoprim ↑ dapsone plasma conc., ↑ trimethoprim plasma conc.; may require dose

adjustment
Miscellaneous See Table 19.3, drugs that may cause hyperbilirubinemia

erythromycin astemizole Contraindicated due to potential cardiotoxicity; consider loratidine
cisapride Contraindicated due to potential cardiotoxicity

pentamidine Miscellaneous See Table 19.3, drugs that may cause hematologic side effects, hyperglycemia,
nephrotoxicity, and pancreatitis

TMP/SMX dapsone ↑ dapsone plasma conc., ↑ trimethoprim plasma conc.; may require dose
adjustment

lamivudine Lamivudine AUC ↑ 44%; may require dose adjustment
phenytoin ↑ phenytoin plasma conc.; adjust dose based on phenytoin levels
Sulfonylureas ↑ sulfonylurea plasma conc.; may require dose adjustment
warfarin ↑ INR; may require dose adjustment
Miscellaneous See Table 19.3, drugs that may cause crystalluria, hematologic side-effects,

peripheral neuropathy, and uveitis
trimetrexate azolesd ↑ trimetrexate plasma conc.; may require dose adjustment

Miscellaneous
megesterol Miscellaneous See Table 19.3, drugs that may cause hyperglycemia
Probenecid dapsone ↑ dapsone plasma conc.; may require dose adjustment

ganciclovir Ganciclovir AUC ↓ 53%; may require dose adjustment
zidovudine Zidovudine AUC ↑ 106%; may require dose adjustment
Miscellaneous See Table 19.3, drugs that may cause gastrointestinal side-effects

somatropin Miscellaneous See Table 19.3, drugs that may cause pancreatitis
thalidomide Miscellaneous See Table 19.3, drugs that may cause peripheral neuropathy

Italics represent pharmacological classes
Abbreviations: AUC, area-under-the-curve; conc, concentration(s); INR, international normalized ratio.
a Applies only to capsule formulation.
b Applies only to solution formulation.
c Antiarrhythmics that may interact include amiodarone, disopyramide, encainide, flecainide, lidocaine, mexilitine, propafenone,
and quinidine.
d Azoles that may interact include fluconazole, itraconazole, and ketoconazole.
e Antacids include didanosine and sucralfate.
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19.2 Pharmacodynamic drug interactions

Pharmacodynamic interactions occur when two drugs
share similar mechanisms of action. These interactions
may be additive, synergistic, or antagonistic. The NRTIs
are often used in combination because of their additive
or synergistic interaction. However, not all combinations
of NRTIs are feasible. For example, stavudine and zidovu-
dine are antagonistic because they are both thymidine ana-
logues and share a common activation pathway. In con-
trast, lamivudine is a cytosine analogue, and its initial phos-
phorylation is governed by a different set of kinases; thus
lamivudine can be co-administered with either zidovudine
or stavudine. Lamivudine, however, should not be given
with emtricitabine or zalcitabine, both cytosine analogues,
because of the potential for intracellular phosphorylation
competition [24]. Other potential interactions of this nature
include amdoxovir and abacavir, both guanosine deriva-
tives, and tenofovir and didanosine, both adenosine ana-
logues. Further studies of these and other intracellular NRTI
interactions are needed. Tenofovir does increase plasma
didanosine concentrations by approximately 44%, which
may be sufficient to increase the likelihood of adverse
reactions.

A pharmacodynamic interaction can also occur when
drugs produce similar side-effects. Common side effects
of antiretroviral drugs are categorized in Table 19.3; drugs
that produce similar side-effects are also presented. The
use of two or more drugs with common adverse effects
is likely to increase the probability of or the intensity
with which the side-effect occurs. Clinically significant
interactions with commonly prescribed HIV medications
are summarized in Table 19.4. Suggestions for avoiding
select interactions are provided; many of the strategies
rely on using an alternative non-interacting drug or dose
adjustment.

19.3 Conclusion

Pharmacokinetic interactions can result in a change in sys-
temic concentrations and may occur at the level of absorp-
tion, distribution, metabolism, or excretion. An alteration
in systemic concentrations can result in beneficial or unde-
sired therapeutic responses. The effects produced by a drug
can also be affected by pharmacodynamic drug interac-
tions, which can manifest as additive, antagonistic, or syn-
ergistic effects. Knowledge of the pharmacologic profile of
the agents involved will provide the clinician with an abil-
ity to predict whether two drugs may interact and the likely
outcome of that interaction.
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Metabolic complications of antiretroviral therapy in children

Carol J. Worrell, M.D.

HIV and AIDS Malignancy Branch, National Cancer Institute, Bethesda, MD 20892

20.1 Introduction

The introduction of highly active antiretroviral therapy
(HAART) has revolutionized the care of HIV-1 infected
children and adults in the developed world. As the mor-
bidity and mortality attributable to the complications of
HIV infection itself have decreased, the recognition of
unforeseen toxicities attributable to HAART has increased.
Pediatricians who care for HIV-infected children and ado-
lescents increasingly face a population that has had exten-
sive and prolonged exposure to HAART. There is mount-
ing evidence in the adult literature that the magnitude
and breadth of toxicities associated with HAART can be
substantial, yet there remains considerable uncertainty
with respect to the definitions of particular syndromes,
their etiology, their prevalence, the appropriate diagnos-
tic criteria to be used in identifying them, and their man-
agement. Further, the consequences of these changes for
the overall health of the patients remain unclear. The
pediatric data are quite limited, and the available infor-
mation suggests that the manifestations of such toxici-
ties in HIV-infected children can be subtle and may vary
with developmental stage, with different patterns mani-
festing in younger children than have been described in
adults. Metabolic complications have been reported in
association with the use of nucleoside reverse transcrip-
tase inhibitors (NRTIs) and protease inhibitors (PIs). Non-
nucleoside reverse transcriptase inhibitors (NNRTIs) have
not been directly implicated. There may be significant
intra-class variability, with individual drugs within a given
class associated more strongly than others with specific
complications. The complications discussed in this chapter
will include the fat redistribution syndrome, abnormalities

in lipid and glucose metabolism, and hyperlactatemia and
lactic acidosis.

20.2 Fat redistribution syndrome, lipid
abnormalities, and insulin resistance

20.2.1 Background

While this constellation of clinical and laboratory abnor-
malities is often referred to as the lipodystrophy syndrome,
a widely used case definition of lipodystrophy in the con-
text of HIV infection does not yet exist. Although originally
associated with the introduction of protease inhibitors, it
appears that host, disease, and drug-related factors may all
contribute to the development of these abnormalities. The
relative contribution of each factor remains obscure.

Host-related factors that have consistently been associ-
ated with these changes include older age and white race,
each of which is associated with an increased risk of sub-
cutaneous fat wasting [1–4]. Non-white race and female
gender may be associated with an increased tendency to
develop central obesity as opposed to peripheral fat wast-
ing [1, 5]. There is also some evidence to suggest that dys-
regulation of inflammatory responses, particularly when
they lead to elevated levels of tumor necrosis factor alpha
(TNF-�), may contribute to the altered fat distribution and
metabolic abnormalities associated with HAART [6–8].

Alterations in body fat distribution have been shown to
predate the HAART era and may be associated with HIV
infection itself. Kotler et al. documented alterations in the
distribution of fat in HIV-infected patients consisting of
increased visceral and decreased subcutaneous fat content

319
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regardless of treatment status (i.e. untreated, treated with
a non-PI-containing antiretroviral regimen, or treated with
a PI-containing antiretroviral regimen) [9]. Alterations in
lipid metabolism during HIV infection have also been well
documented prior to HAART. AIDS itself is associated with
elevated levels of plasma triglycerides and very low density
lipoprotein (VLDL) and free fatty acids (FFA), and decreased
levels of cholesterol, high density lipoproteins (HDL), and
low density lipoproteins (LDL) [10]. Duration of HIV infec-
tion, HIV RNA at baseline, and HIV RNA response to HAART
have all been associated with the development of lipodys-
trophy [2–4, 11]. CD4 count at baseline and CD4 response
to therapy have been less consistently associated with these
changes.

Although the first reports of lipodystrophy occurred
with the introduction of PI therapy, several studies
have documented the occurrence of fat redistribution
in patients treated with NRTIs alone [2–4, 11–16]. PIs
and NRTIs are believed to exert their effects on fat
distribution and lipid metabolism by different mecha-
nisms, and may act synergistically when used in combina-
tion [17]. In an open-label, randomized study comparing
therapy with ritonavir/saquinavir vs therapy with stavu-
dine/ritonavir/saquinavir in patients who were naı̈ve to
both stavudine and PIs and were followed for 96 weeks,
lipodystrophy occurred in 8% of patients treated with the
dual PI regimen vs 25% of patients treated with the dual
PI plus stavudine regimen, a difference which was sta-
tistically significant (P = 0.003). Both groups were simi-
lar with respect to the percentage of patients with prior
antiretroviral (NRTI) experience (49 % vs 43 % respect-
ively). When the analysis was limited to patients who were
antiretroviral naı̈ve at the start of the study, the results
remained significant (5 % vs 24 % respectively, P = 0.008)
[18]. The diagnosis of lipodystrophy, however, included
fat redistribution only and was based solely on physi-
cian report without any supporting objective standards
or measurements. Other studies have also suggested that
the addition of PI therapy to NRTI therapy may accel-
erate the progression of symptoms already present in
patients who had been receiving therapy with NRTIs alone
[2, 19, 20]. Drug-related factors will be discussed in more
detail below.

Many of the descriptions of HIV-associated lipodystro-
phy were compiled using suboptimal study designs. It
appears that lipodystrophy in the setting of HIV infection is
likely to be a progressive, cumulative process with multiple
factors contributing to its pathogenesis. Most studies have
been cross-sectional in design with the result that the rela-
tive contribution of drugs in use at the time of study may be
overestimated and associated with outcomes that actually

represent cumulative effects [1]. Stavudine, for example,
has often been associated with an increased risk of lipodys-
trophy, yet given that it became available after several other
NRTIs had been in use and was widely used with PIs when
that class first became available stavudine usage may, at
least in part, be a surrogate marker for previous prolonged
NRTI therapy [1].

The lack of widely used case definitions has created sig-
nificant heterogeneity in the way different investigators
characterize lipodystrophy, and therefore significant vari-
ability in the characteristics of the patients chosen for study.
Lipodystrophy has been defined in some studies as a syn-
drome that includes dyslipidemia and/or altered glucose
metabolism, and in others as a syndrome that consists of
fat redistribution (also not consistently defined) without
other associated metabolic changes. In addition, there are
no widely used criteria to assess the severity of the changes.

Wide variations exist in the use of terminology and diag-
nostic methodology among studies. Diverse criteria have
been used for diagnosis and have included one or more
of the following: self-report; physician report; anthropo-
metric measurements (skin-fold thickness, waist to hip
ratio, etc.); bioelectrical impedance analysis (BIA); dual-
energy x-ray absorptiometry (DEXA); computed tomogra-
phy (CT); and magnetic resonance imaging (MRI). Some
studies have relied solely on self-report and/or physician
report, thereby drawing conclusions from data which can
be highly subjective [18, 21–24]. Some techniques, most
notably anthropometrical measurements and BIA, require
a high degree of technical expertise and are particularly
subject to inter-observer variability. One result of the het-
erogeneity in definitions and methodologies is the wide
variation in estimates of the prevalence and cumula-
tive incidence of lipodystrophy among antiretroviral users
between cross-sectional studies, which range from 3–83%
[4, 21, 25, 26].

20.2.2 Fat redistribution syndrome

Fat redistribution syndrome (FRS) is characterized by
altered body habitus due to lipoatrophy, lipohypertrophy,
or a combination of both [27]. The hallmarks of the alter-
ations in body shape associated with antiretroviral use
are the loss of subcutaneous fat from the face, limbs,
or buttocks (lipoatrophy) and the increase of fat depo-
sition centrally, with increased abdominal girth due to
visceral fat accumulation, breast enlargement, dorsocer-
vical fat accumulation (“buffalo hump”), and the develop-
ment of lipomas (lipohypertrophy) [20, 27–29]. The overall
appearance is of peripheral wasting and central obesity;
it is not always associated with a change in weight. These



Metabolic complications of antiretroviral therapy 321

phenotypic changes can occur independently of dyslipi-
demia and altered glucose metabolism [4, 11, 30].

Other disease processes are associated with alterations
in body fat distribution, including Cushing’s syndrome,
growth hormone deficiency, hypothyroidism, and testos-
terone deficiency. Most studies have not demonstrated an
association between FRS and these other disease processes.
In general, abnormal serum levels of hormones includ-
ing cortisol, ACTH, prolactin, testosterone, follicle stimu-
lating hormone (FSH), luteinizing hormone (LH), thyroid
hormones, and growth hormone have not been demon-
strated [2, 4, 11, 13, 14, 25, 31–35]. Two groups of investi-
gators have, however, found correlations between serum
hormone levels and FRS. Hadigan et al. found significantly
increased levels of free testosterone and a significantly ele-
vated LH/FSH ratio (hyperandrogenemia) in a small cross-
sectional study of treatment-experienced, HIV-infected
women with lipodystrophy (defined as FRS and abnor-
malities in lipid and glucose metabolism) [36]. Christeff
et al. found low dihydroepiandrosterone (DHEA) levels and
an increased cortisol/DHEA ratio in men receiving HAART
who had lipodystrophy (defined as FRS and abnormalities
in lipid, but not glucose, metabolism)[37]. Finally, Kotler et
al. described a subset of patients with HIV infection and
altered fat distribution with normal serum levels of cortisol
but elevated 24-hour urinary free cortisol excretion [9].

Several trials have documented the occurrence of FRS
in HIV-infected pediatric patients, and estimates of the
incidence of FRS in HIV-infected children on antiretrovi-
ral therapy range from 18–33% [35, 38–41]. All three forms
of FRS (lipoatrophy, lipohypertrophy, and the combined
form) have been described in HIV-infected children. In a
cross-sectional study of 39 HIV-infected children, Jaquet
et al. observed an overall incidence of FRS of 33.3% [35].
The presence of lipoatrophy and/or lipohypertrophy was
determined by clinical characteristics and anthropometric
measurements. Twenty percent of the children with FRS
had truncal lipohypertrophy, 8% had peripheral lipoatro-
phy, and 5% had the combined form of FRS. The com-
bined form of FRS was observed only in adolescents and the
changes were more severe than those seen in pre-pubertal
children. Ninety percent of the children had been on a sta-
ble antiretroviral regimen for more than 12 months. Two
children were not receiving antiretroviral therapy, one was
receiving dual NRTI therapy, 29 were receiving two NRTIs
plus one PI, one was receiving triple NRTI therapy, and
four were receiving two NRTIs and an NNRTI. The PIs used
included nelfinavir (n = 18), ritonavir (n = 9), saquinavir
(n = 2), indinavir (n = 1), and amprenavir (n = 1). Nucle-
oside analogue RTIs used included stavudine (n = 36),
didanosine (n = 21), lamivudine (n = 16), and zidovudine

(n = 1). Age, gender, duration of HIV infection, CD4+ cell
count, and plasma HIV RNA level did not differ significantly
between the groups with and without FRS [35].

Fat redistribution may not always be clinically appar-
ent in pre-pubertal children. Arpadi et al. followed 28 HIV-
infected children in a longitudinal observational study of
body composition, and found that eight children (29%)
had lipodystrophy, defined as the combined form (trun-
cal fat accumulation plus extremity lipoatrophy) by DEXA
scanning. Only one of these children had been identified
clinically [39]. In this study, a significantly higher propor-
tion of children with FRS than children without FRS were
being treated with PIs and stavudine (P = 0.04 and P = 0.03
respectively), but duration of therapy with PIs and stavu-
dine did not differ between children with and without FRS.
Children with FRS had significantly lower CD4+ lympho-
cyte counts and significantly higher viral loads at baseline
than children without FRS. Immune response to therapy,
manifested as an increase in CD4+ lymphocyte count of
≥ 200 cells/�L, was not associated with the development
of FRS, nor was race, sex, body mass index or body mass
percentage.

In a study by Meneilly et al. body composition changes
were observed in younger children. In this cross-sectional
study of 29 HIV-infected children with a median age of
6.88 years (range 2–12.9), FRS was documented in 28% of
patients. All three forms of FRS (lipoatrophy, lipohypertro-
phy, and combined) were observed. The presence of FRS
was determined by anthropometrics and clinical examina-
tion. Information with respect to Tanner staging was not
reported. There was no significant difference in the dura-
tion of therapy with PIs, NNRTIs, or stavudine between chil-
dren with abnormalities and those without. The children
with body composition changes were more likely to have
ever received stavudine (P = 0.033) [40].

In another study of 34 HIV-infected children on a sta-
ble HAART regimen with good immunologic and virologic
responses, 6 children (18%) had clinical evidence of periph-
eral lipoatrophy and truncal lipohypertrophy [41]. Lipodys-
trophy was defined as the combined form of FRS, and fat
distribution was assessed using a combination of DEXA
scanning and MRI. All children were receiving HAART regi-
mens which consisted of stavudine, lamivudine, and one
PI (indinavir, nelfinavir, or ritonavir). While 85% of the
patients studied were in Tanner stages II–V of development,
the distribution of cases according to Tanner stage is not
provided by the authors. Abnormalities in fat distribution
were again detected in patients without clinical evidence
of FRS. The ratio of limb fat/trunk fat (measured by DEXA)
was significantly decreased in all 34 HIV-infected children
when compared with healthy controls (P < 0.0001). The
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ratio of trunk fat/total fat was increased in both the chil-
dren with clinical FRS and in those without when compared
with healthy controls (P = 0.001 and P < 0.0001 respect-
ively), as was the ratio of limb fat/total fat (P < 0.0001 and
P = 0.009, respectively). Finally, children with clinical FRS
had a higher content of intra-abdominal adipose tissue
(measured by MRI) than either HIV-infected children with-
out FRS (P < 0.0003) or healthy controls (P < 0.0001). No
significant differences were demonstrated between any of
the groups with respect to CDC clinical or immunological
classification, duration of prior exposure to NRTIs, dura-
tion of current HAART regimen, or type of PI currently in
use.

Finally, a recent study by Amaya et al., demonstrated FRS
by physical examination and parental questionnaire in 18%
of 40 HIV-infected children ranging in age from 2–16 years
who had been on stable antiretroviral regimens for at least
12 months [38]. Fat redistribution syndrome was defined
as lipoatrophy, lipohypertrophy, or a combination of both.
The mean age of the children with FRS was significantly
higher than that of the unaffected children (P = 0.006).
There were no significant associations between the pres-
ence of FRS and/or metabolic changes and HIV RNA levels,
exposure to specific antiretrovirals, or duration of either PI
or NRTI therapy. Of interest was the finding of a signifi-
cant association between the development of “lipodystro-
phy features” (defined here as FRS, hyperlipidemia, and
insulin resistance) and the dosing levels of antiretrovirals.
Children receiving pediatric dosing regimens as opposed to
adult dosing regimens were less likely to develop lipodys-
trophy (P = 0.003), however, this finding may be partially
confounded by age, as children receiving adult doses of
drugs tend to be older.

20.2.3 Abnormalities in lipid and glucose metabolism

Lipoatrophy and lipohypertrophy can contribute to disor-
ders of carbohydrate and lipid metabolism in several ways.
Adipocytes function both as storage depots for fat and as
endocrine cells which secrete several molecules that influ-
ence insulin sensitivity and energy balance, blood pressure
control, and coagulation. These molecules include leptin
and Acrp30 (adiponectin), which are insulin sensitizers,
as well as TNF-� and IL-6, which are insulin antagonists
[42]. Other substances secreted by adipocytes include com-
plement factors, prothrombotic agents, and angiotensino-
gen, some or all of which may play a role in mediating the
complications associated with obesity [43]. When lipoatro-
phy is predominant, such as in lipodystrophic syndromes
not associated with HIV, the loss of “adequate adipocyte
capacity” leads to excess calories being diverted away from

their normal storage areas, resulting in dyslipidemia and
lipid accumulation (in the form of triglycerides) in tissues
such as the liver, muscle, and pancreatic � cells [42].

The anatomic distribution of adipose tissue into visceral
(as opposed to subcutaneous) depots also contributes to
disturbances of lipid and glucose metabolism, and is known
to be a strong and independent predictor of adverse out-
comes such as coronary artery disease and diabetes in the
non-HIV-infected population [44]. Enlargement of visceral
abdominal adipose tissue depots is a major component of
the lipohypertrophy that is seen in HIV-infected patients.
Accumulation of visceral abdominal adipose tissue has
been associated with glucose intolerance, hyperinsuline-
mia, and hypertriglyceridemia, although the mechanisms
behind these associations remain unclear. The similari-
ties between HIV-associated lipodystrophy and Syndrome
X – a syndrome consisting of abdominal obesity, insulin
resistance, mild hypertension, elevated levels of VLDL and
small, dense LDL, and decreased HDL levels which is
associated with a very high rate of premature coronary
artery disease – have justifiably raised tremendous concern
among HIV clinicians and researchers [42–44].

Although dyslipidemia and insulin resistance have most
often been reported in association with PI therapy, Hadigan
et al. have also demonstrated significant fasting hyperin-
sulinemia and hypertriglyceridemia associated with trun-
cal adiposity in HIV-infected women who had not been
treated with PIs [5]. HIV infection itself is associated with
a reduction of HDL levels early in the disease followed by
increases in triglyceride levels due to increases in VLDL
levels, increased levels of FFA, and decreased levels of
total cholesterol, HDL, and LDL as the disease progresses
[10, 27]. Mild to moderate elevations in triglyceride levels
have been documented in other studies of PI-naı̈ve, NRTI-
treated patients [5, 27]. Protease inhibitor therapy has been
associated with increases in LDL cholesterol and triglyc-
eride levels, and decreases in HDL cholesterol levels [27].

With respect to glucose metabolism, PI therapy has
been associated with the following spectrum of abnor-
malities in the adult literature: hyperglycemia (usually
asymptomatic), impaired glucose tolerance, insulin resist-
ance, new onset non-insulin dependent diabetes melli-
tus, increases in insulin requirements of patients with pre-
existing insulin-dependent diabetes mellitus, and, rarely,
diabetic ketoacidosis [21, 27, 45, 46]. While insulin resist-
ance may occur in as many as 40% of patients treated with
PIs, rates of hyperglycemia and diabetes are considerably
lower (3–17% and 1–6%, respectively) [47, 48].

The occurrence of dyslipidemia and abnormalities of
glucose metabolism have been demonstrated in pediatric
patients receiving antiretroviral therapy [38, 40, 49–52]. A
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retrospective analysis of patients treated with regimens
containing one or two NRTIs plus either ritonavir or nel-
finavir demonstrated an increase in total serum choles-
terol levels in both groups, which was significantly more
pronounced in the group receiving ritonavir [50]. Triglyc-
eride levels were also significantly increased, but only in
the ritonavir group. In a cross-sectional study of 29 HIV-
infected children described earlier, hypertriglyceridemia
was documented in 41%, hypercholesterolemia in 41%, and
a combination of both in 24% [40]. None of the patients had
abnormal fasting glucose levels. Insulin and C-peptide lev-
els were not measured in this study.

Melvin et al. were able to demonstrate significant (P <

0.0001) elevations in levels of total cholesterol, LDL choles-
terol, and apolipoprotein B in PI vs non-PI treated children
in a cross-sectional study of 35 HIV-infected children [49].
Twenty-three children were treated with PIs, including indi-
navir [1], nelfinavir [8], ritonavir [7], ritonavir/saquinavir
[5], and nelfinavir/saquinavir [2]. Sixty-five percent of the
children on PIs were also receiving nevirapine. Of the
remaining children, two were untreated and the others
were receiving therapy with NRTIs as follows: didano-
sine alone [5], stavudine/lamivudine [2], and stavudine/
didanosine [2]. No differences were seen in triglyceride,
fasting glucose, or insulin levels. Interestingly, there were
also no significant differences detected between the two
groups with respect to body composition as evaluated by
DEXA and anthropometry. The differences remained non-
significant when controlled for age, however, the majority
of patients in both groups were in Tanner stages I–II (79% in
the PI-treated group and 67% in the non PI-treated group).
A significant difference was demonstrated between the two
groups with respect to HIV RNA levels, which were lower
in the PI-treated group (P < 0.001). CD4+ cell counts also
tended to be higher in the PI-treated group (P = 0.09).

In the cross-sectional study of 39 HIV-infected children
by Jaquet et al., mentioned above, abnormalities in glu-
cose metabolism as well as dyslipidemia were observed
(35). Hypercholesterolemia was observed in 23% of patients
with FRS and in 15.4% of patients without FRS. Hyper-
triglyceridemia was observed in 15.4% of patients with
FRS and in 11.5% of patients without it. There was no dif-
ference between the groups with and without FRS with
respect to mean fasting blood glucose and all children had
normal glucose tolerance. However, the children with FRS
demonstrated higher plasma insulin levels and higher fast-
ing insulin: glucose ratios than the children without FRS,
although these differences did not reach statistical signifi-
cance (P = 0.07 for both comparisons).

A cross-sectional evaluation of 40 HIV-infected children
by Amaya et al. (see above) revealed hypercholesterolemia

in 68%, hypertriglyceridemia in 28%, and insulin resistance
in 8% [38]. Insulin resistance was defined as an abnormally
elevated fasting insulin or C-peptide level with a normal
serum glucose level. Fasting serum glucose levels were nor-
mal for children. The mean age of the children with insulin
resistance was significantly higher than that of the unaf-
fected group (P = 0.007).

20.2.4 Proposed mechanisms of PI-associated effects

As discussed above, PI use is associated with dyslipidemia
and insulin resistance. Additional evidence supporting a
contribution of PI therapy to the development of dys-
lipidemia was provided by the observation of elevated
triglyceride levels in HIV-seronegative individuals under-
going short-term therapy that included indinavir for post-
exposure prophylaxis, and the observation that short-term
ritonavir in healthy (HIV-uninfected) volunteers results in
significant increases in triglyceride and VLDL levels as well
as reductions in HDL levels [53]. The effects of individual
PIs on lipid metabolism are fairly similar with the excep-
tion of ritonavir, which appears to cause a higher degree of
hypertriglyceridemia than other PIs [22, 50].

Protease inhibitor therapy has also been associated with
changes in body habitus [4, 18, 21, 25, 26, 37, 54]. Both the
risk of fat wasting and the probability of intra-abdominal
fat accumulation increase with the duration of PI therapy
[1, 2, 21, 26, 48, 55]. While all PIs have been implicated
in the development of FRS, few prospective studies have
been carried out to determine the relative effects of indi-
vidual PIs [20]. Carr et al. reported that patients receiving
a combination of ritonavir and saquinavir had less body
fat, higher lipids, and a shorter time to lipoatrophy than
patients receiving indinavir [21]. In another study, patients
receiving amprenavir had a significantly lower incidence
of fat redistribution than patients treated with indinavir
(3% vs 12%, respectively) [56].

The pathogenesis of PI-associated metabolic changes
is unknown. Several hypotheses have been proposed that
involve the interaction of PIs with various proteins involved
in adipocyte function and differentiation, lipid handling,
and glucose transport. In vitro and in vivo studies investi-
gating the mechanisms underlying the adverse effects asso-
ciated with PIs are currently underway.

20.2.5 Proposed mechanisms of NRTI-associated
effects

Nucleoside analogue RTI use has been independently
associated with the development of FRS and, in partic-
ular, to the development of lipoatrophy [2–4, 11–16]. The
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probability of developing lipoatrophy increases with the
duration of NRTI therapy [2]. Among the NRTIs, stavu-
dine has been the most widely implicated in the devel-
opment of FRS. As mentioned above, stavudine use, at
least in part, serves as a surrogate marker for previous
NRTI exposure. Nevertheless, randomized trials compar-
ing regimens containing stavudine with regimens contain-
ing zidovudine have also demonstrated a higher preva-
lence of FRS in patients receiving stavudine-containing
regimens when controlled for prior NRTI exposure
[3, 57].

Nucleoside analogue RTI-associated fat redistribution
is believed to occur as a result of tissue-specific mito-
chondrial toxicity. Clinical manifestations that have been
attributed to NRTI-related mitochondrial toxicity include
lipoatrophy, myopathy, cardiomyopathy, peripheral neu-
ropathy, pancreatitis, hepatic steatosis and lactic acidosis,
anemia, and proximal renal tubular dysfunction (associ-
ated with adefovir therapy). Nucleoside analogues such as
the NRTIs are known to inhibit DNA polymerase � , the
polymerase responsible for mitochondrial DNA replication
[2, 32, 47, 58–61]. In late 1998 Brinkman et al. proposed a
mechanism for the mitochondrial toxicity of NRTIs based
on the action of nucleoside analogues on DNA polymerases
and its effect on mitochondrial function [59]. DNA poly-
merases are enzymes that catalyze the formation of new
DNA strands using an original DNA strand as a template
and triphosphorylated nucleosides (dNTPs) as substrates.
The reverse transcriptase enzyme (RT) that is encoded by
HIV and targeted by the NRTIs is a type of DNA polymerase;
it initially functions as an RNA-dependent DNA polymerase
when it uses the viral RNA genome brought into the host
cell with the virion as a template for the synthesis of the first
strand of complementary DNA. For the synthesis of the sec-
ond strand, to make the complete, double-stranded cDNA
copy of the viral genome, RT uses the first strand of cDNA
as a template and functions as a DNA-dependent DNA
polymerase. The NRTIs are nucleoside analogues, which
become phosphorylated to become NRTI-triphosphates,
analogues of nucleotide triphosphates (dNTPs). The NRTI-
triphosphates inhibit the HIV RT, but they can also inhibit
other DNA polymerases, including various cellular DNA
polymerases. The NRTI-triphosphates act as competitive
inhibitors of the polymerases and also inhibit DNA syn-
thesis by causing premature termination of the newly syn-
thesized DNA strand; they are, to varying extents, known
to be more potent inhibitors of DNA polymerase � than
of the other human DNA polymerases in vitro. DNA poly-
merase � is the only DNA polymerase that mediates the
replication of mitochondrial DNA, and its inhibition leads

to impairment of mitochondrial replication and function.
Mitochondrial DNA is particularly vulnerable to mutation
because it has no protective histones and is exposed to oxy-
gen radicals generated by the respiratory chain. The main
function of mitochondria is to generate energy for the cell
in the form of adenosine triphosphate (ATP). Agents that
are toxic to mitochondria lead to impaired ATP synthesis.
The oxidative phosphorylation system generates energy by
using intracellular fatty acids and glucose as fuel. Impair-
ment of the system leads to the intracellular accumulation
of fat (in the form of free fatty acids and triglycerides) and
lactate [59, 61].

20.2.6 Diagnosis

Fat redistribution
Anthropometric measurements
Measurements of simple body circumferences over time
(i.e. abdominal circumference, waist to hip ratios, limb cir-
cumference) can be useful by indicating that a significant
change may be occurring, but cannot accurately determine
its nature (i.e. loss of fat mass versus loss of lean body mass).
Skinfold measurements using calipers can be imprecise
and are very operator-dependent. They should be collected
under highly standardized conditions [1].

Dual energy x-ray absorptiometry
Dual energy x-ray absorptiometry gives a two-dimensional
image that is very reliable for measuring limb fat and total
body fat, but cannot distinguish subcutaneous abdom-
inal fat from visceral fat. Therefore, visceral abdominal adi-
pose tissue can not be quantified with this technique [20].
It can be used to assess regional changes in fat distribu-
tion using ratios of limb to truncal fat, limb fat to total fat,
etc. There are two caveats to remember when using DEXA
in this manner. The first is that fat loss or gain may not
occur simultaneously in different areas measured in the
same patient, potentially skewing the ratios [1]. The sec-
ond is that fat loss or gain can occur simultaneously in a
single area (e.g. subcutaneous fat loss and visceral fat gain
in the abdomen) which may also lead to misleading results
[20]. Comparisons between different machines within the
same or at different institutions require standardization of
calibration.

Single cut CT or MRI
Single cut CT or MRI produces three-dimensional images
that can distinguish between subcutaneous and visceral fat
compartments. Single cut CT or MRI scans at L4 can be used
to analyze abdominal fat, and can be used in combination
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with DEXA scans to more fully characterize changes in fat
distribution [1, 20, 27, 29]. Single cut scans of the mid-thigh
and/or the arm have been used to characterize peripheral
fat content. Standardization of calibration is required when
comparing results from different machines.

Whole body CT or MRI
Whole body CT or MRI can also be utilized but are imprac-
tical due to their cost and the lack of standardization of
measures for whole body fat changes.

Dyslipidemia
Dyslipidemia is diagnosed by a fasting lipid profile. This
should include total cholesterol, HDL cholesterol, and
triglycerides. Low density lipoprotein cholesterol is cal-
culated from these values, except when the triglyceride
level exceeds 400 mg/dL, at which point the calculated
value becomes unreliable [62]. In this event, decisions may
be based on the direct measurement of LDL (not uni-
formly available and generally expensive), or on the calcu-
lation of non-HDL cholesterol using the formula: non-HDL
cholesterol = total cholesterol − HDL cholesterol [63].

There are currently no recommendations for the mon-
itoring of either dyslipidemia or abnormalities in glucose
metabolism (discussed below) for pediatric patients with
HIV infection. The Adult AIDS Clinical Trials Group recom-
mends obtaining fasting lipid profiles before the initiation
of HAART; this should be repeated after 3 months of therapy
and if normal, once yearly or with any change in antiretro-
viral regimen [29, 63].

Abnormalities of glucose metabolism
Monitoring for abnormalities of glucose metabolism essen-
tially involves monitoring for changes associated with non-
insulin dependent diabetes mellitus. These include evi-
dence of insulin resistance (high fasting plasma insulin and
C-peptide levels), suggestive evidence of insulin resistance
such as impaired fasting glucose (a level of 110–125 mg/dL),
impaired glucose tolerance (a serum glucose level between
140–199 mg/dL 2 hours after a 75 g oral glucose load),
or evidence of frank diabetes mellitus (fasting glucose ≥
126 mg/dL or 2-hour glucose level after a glucose challenge
of ≥200 mg/dL) [20, 63].

It should be kept in mind that fasting glucose can be
normal in the setting of insulin resistance, so that this
test alone may not be sufficient to determine the pres-
ence of abnormalities in glucose metabolism. An evalu-
ation should probably be performed of all children who
are starting PI-based HAART, as well as those with signifi-
cant dyslipidemia and/or body habitus changes. A 2-hour

oral glucose tolerance test should be obtained when evi-
dence of a significant disturbance of glucose homeostasis
is observed.

20.2.7 Management

There are currently no recommendations for the manage-
ment of FRS, dyslipidemia, or abnormalities of glucose
metabolism for pediatric patients with HIV infection. Re-
commendations for the management of dyslipidemia in
otherwise healthy children (i.e. those without a history of
familial hypercholesterolemia) consist primarily of dietary
and lifestyle interventions; pharmacologic agents are used
very conservatively and bile acid sequestrants are con-
sidered the first line of therapy. However, these drugs
may potentially interfere with absorption of antiretrovi-
ral drugs and are generally quite unpalatable [64, 65].
Pilot studies in HIV-infected adults with metabolic changes
and/or FRS have shown improvement in lipid profiles,
insulin sensitivity, and body habitus after the institution
of dietary changes and exercise regimens [66–69]. Lipid-
lowering agents such as 3-hydroxy-3-methyl-glutaryl coen-
zyme A reductase inhibitors (statins) and fibrates (e.g.
gemfibrozil, fenofibrate) have been used in HIV-infected
adults with dyslipidemia, but there are significant safety
concerns with respect to potential interactions with PIs
via the cytochrome P-450 system (statins and fibrates) and
hepatotoxicity (fibrates) [29].

Insulin-sensitizing agents such as metformin and thia-
zolidinediones (the glitazones) may not be ideal choices
because of potential toxicities. Metformin has been asso-
ciated with lactic acidosis and must be used with caution
in patients with underlying renal or hepatic disease. The
glitazones are inducers of CYP3A4 and may lower plasma
levels of PIs; they can also cause severe hepatotoxicity.
Interestingly, both classes of drugs have been associated
with reductions in visceral adipose tissue in addition to
improvements in insulin sensitivity, and the thiazolidine-
diones have been associated with increases in subcuta-
neous fat [29, 63].

Finally, treatment with recombinant human growth
hormone has been associated with reductions in total and
visceral fat in adult patients with FRS; however, many
patients developed glucose intolerance on therapy and the
benefits appear to be short-lived, with recurrence of fat
accumulation when therapy is stopped [27, 63, 70].

The potential for changes in antiretroviral therapy to
reverse metabolic and body habitus changes associated
with HAART has been examined in adults in several
small studies that have yielded mixed results [71–77].
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The substitution of nevirapine for a PI in HAART regi-
mens in NNRTI-naı̈ve patients appears to be associated
with improvement of the lipid profile (and with mainten-
ance of virologic and immunologic gains from PI-based
HAART), and may also lead to some improvement in mor-
phologic changes, but the evidence for the latter effect is
less compelling [72–74]. Studies of regimens containing
efavirenz have not shown a consistent benefit. Other strate-
gies have focused on abacavir as either a substitute for a
PI in HAART regimens on which patients have achieved
virologic suppression, or as an NRTI substitute in regi-
mens containing stavudine or zidovudine. Small but sig-
nificant improvements have been seen after abacavir sub-
stitution in both settings with respect to lipoatrophy, lipid
abnormalities, and insulin sensitivity [75–77]. The ability
to maintain virologic suppression and immunologic gains
in the long term with a triple NRTI regimen remains a con-
cern, as does the effectiveness of abacavir in the setting
of the NRTI-experienced patient [62, 78]. The preliminary
results of a large, randomized trial in which patients on PI-
based HAART with viral loads <200 copies/mL were ran-
domly assigned to switch to either abacavir, nevirapine, or
efavirenz suggested a significant advantage after 6 months
in the abacavir arm with respect to reductions in LDL and
total cholesterol levels and discontinuations due to adverse
events. However, greater improvements in HDL and triglyc-
eride levels were seen in the nevirapine group [79]. In the
overall cohort, significant reductions in plasma insulin lev-
els, insulin resistance, LDL, and total cholesterol, as well
as increases in HDL, were seen with respect to the values
obtained at baseline on PI therapy.

20.3 Hyperlactatemia and lactic acidosis

Another proposed consequence of mitochondrial toxicity
related to treatment with NRTIs is a spectrum of abnormal-
ities characterized by disturbances in lactate homeostasis.
The spectrum of disease ranges from asymptomatic hyper-
lactatemia to lactic acidosis with hepatic steatosis and its
accompanying high mortality rate. This latter complication
fortunately appears to be quite rare, perhaps occurring in
less than 1% of patients; however, its precise incidence is
difficult to ascertain as most cases have been reported as
isolated events rather than in the context of whole popula-
tions of patients [27, 80].

In the adult population, reports of this type of toxicity
have been confined exclusively to patients with cur-
rent NRTI exposure; signs and symptoms can some-
times improve when therapy is withdrawn. The pediatric

experience has been somewhat different and has focused
on mitochondrial dysfunction primarily as a late after-
effect of NRTI exposure. Studies in children have centered
around the perinatal period and early infancy after reports
emerged of severe, sometimes fatal, instances of mitochon-
drial toxicity in HIV-uninfected children who had been
exposed to NRTIs for prophylaxis of vertical transmission.
This will be discussed in more detail below. The pediatric
data in this area are even more limited than the data avail-
able regarding fat redistribution and abnormalities of lipid
and glucose metabolism and primarily consists of uncon-
trolled case series and isolated case reports.

20.3.1 Background

The proposed mechanism of mitochondrial damage by
NRTIs is outlined above. Impairment of oxidative phospho-
rylation leads to the synthesis of ATP via anaerobic glyco-
lysis, resulting in an excess production of lactate in the cell
that eventually enters the systemic circulation. Normally,
lactate homeostasis is very precise and serum concentra-
tions are maintained within a very narrow range (0.3–1.0
mmol/L in arterial blood and 0.8–2.0 mmol/L in venous
blood). The liver, and, to a lesser extent, the kidneys have the
ability to markedly increase their level of lactate clearance
under conditions of lactate excess [80]. The pathways that
lead to lactic acidosis from a state of increased production
of lactate are not completely understood. A combination of
increased production in many tissues and decreased clear-
ance may be required for a patient to develop fulminant
lactic acidosis. Sustained production of ATP by anaerobic
glycolysis results in the production of organic acids and is
believed to lead to a drop in pH, thereby compromising
hepatic and renal function and diminishing clearance of
lactate from the systemic circulation [63].

Mitochondrial dysfunction can result in a broad spec-
trum of abnormalities, and multi-organ system dys-
function with broad phenotypic variation is charac-
teristic. Findings can include varying combinations of
hyperlactatemia, myopathy, cardiomyopathy, hepatopa-
thy, encephalopathy, peripheral neuropathy, and pancre-
atitis [81, 82].

20.3.2 Asymptomatic (compensated) hyperlactatemia

This type of clinical (or sub-clinical) presentation con-
sists of mild to moderate elevations of venous lactate lev-
els which can occur on a chronic or an intermittent basis
and may be common in adult patients treated with HAART
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regimens that include NRTIs [80, 83]. A prospective, longi-
tudinal study of 349 HIV-infected adults in which venous
lactate measurements were obtained over a period of 18
months revealed that 65% of patients had an elevated lac-
tate concentration on at least one occasion when samples
were collected under highly standardized conditions [83].
Importantly, the presence of mild to moderate elevations in
lactate was not associated with progression to symptomatic
hyperlactatemia or fulminant lactic acidosis. Other studies
in adults have estimated the incidence of mild to moderate
hyperlactatemia at between 8 and 35% [84–86].

A small prospective study by Giaquinto et al. reported ele-
vated venous lactate levels (defined here as > 2.5 mmol/L)
on at least one occasion in 17 (85%) of 20 infants who had
been exposed to NRTIs in utero and to zidovudine during
delivery and for 6 weeks after birth [87]. Nucleoside ana-
logue RTI exposure in utero consisted of zidovudine [2],
stavudine/lamivudine [1], and zidovudine/lamivudine [7];
seven mothers were on PI-containing regimens which pre-
sumably also contained NRTIs, but these are not specified.
All lactate levels subsequently returned to normal. None of
the infants were symptomatic. In the same report, lactate
levels were also examined in a cross-sectional manner in
36 HIV-infected children with an average age of 9 years
(range 5 months to 17 years). Twenty-nine children (81%)
were being treated with at least one NRTI including
24 (66.6%) who were receiving triple therapy with PI-
containing regimens. Specific NRTI exposure was not clar-
ified further. Of the 29 children receiving treatment, 3 (8%)
had mildly elevated lactate levels (mean 2.9 mmol/L). None
of the children were symptomatic.

A second small, prospective study by Alimenti et al. [88]
followed plasma lactate levels in 25 infants who were
exposed to HAART in utero and to zidovudine in the neona-
tal period. Lactate levels were found to be above the normal
limit (2.1 mmol/L in this study) on at least one occasion in
92% of the infants. Lactate levels of ≥ 5mmol/L were docu-
mented in 36%. The number of infants with persistent
hyperlactatemia is not specified, but most experienced
resolution of this finding by 6 months of age. The mothers’
HAART regimens consisted of 2 NRTIs (zidovudine and
lamivudine ‘most often’) with nevirapine (20/25) or a PI
(5/25). The mean duration of in utero exposure to HAART
was 17 weeks (range 3.5–38 weeks), and 50% of the infants
were also exposed to heroin, cocaine, or methadone. Mater-
nal lactate levels at the end of pregnancy were normal in the
17 mothers who were tested. No associations were found
between peak lactate levels in the infants and maternal
substance use, duration of in utero exposure to HAART, or
exposure to specific drugs including stavudine, nevirapine,

and PIs. One infant reportedly had symptoms “consistent
with those of adult lactic acidemia,” but no further detail is
given.

20.3.3 Symptomatic hyperlactatemia

This syndrome has not yet been described in children.
The presentation described in adults consists of hyperlac-
tatemia in the setting of non-specific symptoms – abdom-
inal pain, nausea, abdominal distention, fatigue, exercise-
induced dyspnea, and abnormal liver function tests – which
may ultimately progress to fulminant lactic acidosis [80,
89, 90]. Tachycardia, weight loss, or peripheral neuropathy
may also be present [89]. Most patients show symptomatic
improvement after cessation of antiretroviral therapy.
Lactate levels may increase initially after cessation of
antiretrovirals and may take weeks to months to normal-
ize. Hepatic steatosis is usually present and micro- and
macrovesicular steatosis may be seen on liver biopsy [90].
Some patients may tolerate re-challenge with an NRTI [80].

20.3.4 Decompensated lactic acidosis

The presentation of lactic acidosis associated with NRTI
therapy is much more severe than that of symptomatic
hyperlactatemia. The predominant presenting symptoms
are again gastrointestinal and non-specific, and may con-
sist of nausea, vomiting, abdominal pain and distention,
tender hepatomegaly, fatigue, malaise, and prostration
[80]. There may be concurrent pancreatitis, neuropathy,
and elevated creatine kinase. Fulminant metabolic acidosis
develops rapidly, leading to arrhythmias and organ failure
[80]. In adults, this syndrome appears to be significantly
associated with age, female gender, obesity, pre-existing
liver disease (e.g. chronic hepatitis B or C), and the use of
stavudine [63, 80, 89, 90].

This syndrome has been described in HIV-infected pedi-
atric patients in isolated case reports [91–93]. Miller et al.
describe a 16-year-old girl being treated with stavudine,
didanosine, and nelfinavir for 3 months who presented
with a 3-day history of nausea, vomiting, and abdominal
pain, and who was noted to have severe metabolic acidosis,
elevated lactate levels, hepatic steatosis, pancreatitis, and
myopathy [92]. Diffuse fatty infiltration of the liver and pan-
creatic inflammation and necrosis were seen on abdominal
CT. A muscle biopsy revealed increased fat droplets in the
myocytes with occasional ‘ragged-red’ fibers. Antiretroviral
drugs were discontinued. The patient ultimately recovered
and was placed on zidovudine, nevirapine, and nelfinavir
without recurrence of her symptoms.
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Church et al. describe a vertically infected toddler who
had not received NRTI prophylaxis perinatally and was
placed on zidovudine, didanosine, and nelfinavir at
approximately 3 months of age [93]. The child subsequently
developed neurologic symptoms consisting of develop-
mental regression, progressive leg stiffness, and a spas-
tic gait at 18–19 months of age. An MRI of the brain
(t2-weighted) revealed patchy foci of increased signal in
the peripheral and deep cerebral white matter. By 23
months of age he had profound motor delay, general-
ized areflexia, lactic acidosis, and marked organic aciduria.
Antiretroviral therapy was discontinued. The child’s con-
dition deteriorated markedly and he required prolonged
and intensive cardiorespiratory support. Eventually, his
cardiopulmonary status improved as did the sensory and
motor abnormalities. A repeat MRI at 29 months revealed
improvement of the white matter densities and by 33
months he remained developmentally delayed but contin-
ued to show improvement.

Scalfaro et al. [94] describe a case of severe lactic acido-
sis occurring in a neonate who was receiving zidovudine as
perinatal prophylaxis and had been exposed to zidovudine
in utero, intrapartum, and postpartum. After an initially dif-
ficult course due to severe persistent fetal circulation (PFC)
requiring mechanical ventilation and anemia, the infant
improved dramatically within the first week of life. Zidovu-
dine was continued during this period and a single lactate
level of 1.9 mmol/L was documented on the sixth day of
life. The infant did well until the ninth day of life when she
developed sudden, severe respiratory distress, mild hep-
atomegaly, and abdominal petechiae. Her lactate level had
risen to 14 mmol/L; her aspartate aminotransferase (AST)
was also elevated two-fold. The infant was re-intubated
and responded to treatment with bicarbonate, fluid sup-
port, and cessation of zidovudine. Lactate and AST val-
ues returned to normal quickly and the metabolic acidosis
resolved over 24 hours. The patient was extubated after 18
hours. Zidovudine was not re-introduced. The infant sub-
sequently did well, and was without evidence of metabolic
acidosis or HIV infection after 11 months of follow-up.

20.3.5 Delayed manifestations of mitochondrial
toxicity

The presentations described above all involve patients who
were receiving therapy with NRTIs at the time abnormal-
ities were detected, and all of the patients responded to
withdrawal of NRTI therapy. Another presentation of fulmi-
nant disease believed to be due to NRTI-related mitochon-
drial dysfunction has been described in HIV-uninfected,
NRTI-exposed children that manifests itself months after

the exposure has ceased. Blanche et al. described eight chil-
dren with persistent mitochondrial dysfunction after peri-
natal exposure to NRTIs [95, 96]. The mothers had received
either zidovudine alone or, as part of a separate study,
zidovudine plus lamivudine, beginning at 32 weeks ges-
tation and continuing through delivery. The infants then
continued the same regimen their mothers had received
for the first 6 weeks of life. Two children were identified
via investigations of serious adverse events; six were iden-
tified retrospectively. None of the children were identified
while still receiving NRTI prohylaxis, with the earliest signs
and symptoms beginning at 4 months of age. There was
considerable phenotypic variation among the affected chil-
dren, who ranged from asymptomatic with persistent bio-
chemical abnormalities to floridly symptomatic with signs
and symptoms consistent with what has been described
in inherited mitochondrial disorders. Two of the chil-
dren, one whose disease course resembled that of Leigh’s
syndrome and another whose course resembled that of
ALPERS syndrome, died. Five of the children had persist-
ently elevated blood lactate concentrations. Upon exami-
nation of enzyme activity in skeletal muscle mitochondria,
all of the children were found to have decreased activity in
respiratory-chain complexes I, IV, or both. Partial defects in
complex IV were believed to be present in the three asymp-
tomatic patients. No substantial decrease in mitochondrial
DNA content was observed in the two patients who were
most severely affected or in the one other patient in which
this was examined. Large deletions or duplications of mito-
chondrial DNA were not seen in any patient, and none of
the mutations associated with the currently characterized
mitochondrial diseases was found.

This level of mitochondrial disease (8/1754) far exceeds
the estimated background prevalence of mitochondrial
disease of 1/3000–1/4000 in the general population [81].
The ethnic make-up of the affected children was diverse.
Four women were of African origin (not further speci-
fied), one was from North Africa, and three were Euro-
pean. One mother was co-infected with hepatitis C; her
child’s hepatitis C status is not reported. Only one mother
was receiving any medication other than the prescribed
NRTI prophylaxis, iron, and vitamins; this was trimetho-
prim/sulfamethoxazole. Zidovudine dosing was 500 mg
per day for the mothers, and 8 mg/kg/day for the infants.
Lamivudine was given at doses of 300 mg per day for the
mothers, and 4 mg/kg/day for the infants. In the zidovu-
dine/lamivudine group, mean prenatal exposure to NRTIs
was 17.2 weeks (range 0–40) and mean postnatal exposure
was 5.2 weeks (range 2–6 weeks).

As a result of these observations, several large databases
including over 23 000 children with perinatal exposure to
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HIV who were uninfected or of indeterminate status have
been examined retrospectively for evidence of mitochon-
drial diseases [96–100]. None have found evidence suggest-
ive of mitochondrial dysfunction or metabolic disease;
however, the majority of the reviews focused on causes
of death and may have missed less severe presentations
[97, 99, 100]. Nevertheless, two large studies have looked
specifically for signs and symptoms that could be associ-
ated with mitochondrial/metabolic complications and not
found evidence of them [95, 96].

20.3.6 Diagnosis and management

Diagnosis is based on clinical signs and symptoms and
requires a high index of suspicion. Routine monitoring of
lactate levels has not been shown to be of benefit and is
not recommended [63, 83, 86]. Lactate levels should always
be obtained under standardized conditions and with the
patient at rest, and should be confirmed if abnormal. When
lactate levels are obtained based on clinical suspicion, lev-
els of 2–5 mmol/L are considered mild–moderate, and lev-
els>5 mmol/L are considered indicative of severe acidemia
[27, 86]. Antiretrovirals should be held for lactate levels
> 5 mmol/L and other causes of associated clinical find-
ings (e.g. myopathy, neuropathy, transaminitis) should be
excluded while a diagnosis of NRTI-related mitochondrial
toxicity is pursued.

Multi-system disease is almost always present in the
symptomatic forms of hyperlactatemia. Specific diag-
nostic studies (e.g. electrocardiogram, echocardiography,
abdominal CT, MRI of the brain, liver biopsy, muscle
biopsy, etc.) should be obtained according to the pre-
senting symptoms. Biochemical studies specifically look-
ing for mitochondrial failure should be obtained in con-
sultation with a neurologist and include: blood and CSF
lactate; skin biopsy for fibroblast culture and biochemical
studies; muscle biopsy for histology, mitochondrial DNA
studies, respiratory-chain enzyme activity, and electron
microscopy [81].

In addition to early detection and discontinuation of
antiretrovirals in severe cases, further treatment is sup-
portive. Treatment options that are based on the treat-
ment of inherited mitochondrial disease and whose use
has been reported anecdotally in NRTI-related lactic acido-
sis include respiratory chain co-factors, antioxidants, and
nutrients: riboflavin, thiamine, L-carnitine, coenzyme Q10,
vitamins C, E, and A, and idebenone (an analogue of coen-
zyme Q10) [27, 63]. No firm dosing recommendations exist
for any of these agents in this setting.

20.4 Conclusion

Metabolic complications due to antiretroviral therapy
occur in children as well as in adults. Developmental stage
appears to play a significant role in determining their
presentations, which in younger children can be quite
distinct from that seen in adults. Nucleoside analogue
RTIs and PIs can contribute to changes in fat distribu-
tion and alterations of lipid and glucose metabolism inde-
pendently, however, the greatest impact appears to occur
when they are used in combination. Current data do not
suggest that PIs contribute to mitochondrial toxicity and
the development of hyperlactatemia and lactic acidosis.
The effects described are cumulative and progressive, yet
both the pediatric and the adult literature consist largely
of cross-sectional studies, uncontrolled case series, and
isolated case reports. The overall effect is that a reading
of the literature raises as many questions as it answers.
Well-designed prospective, longitudinal studies are needed
but will remain difficult to design as long as consensus
regarding the definitions of particular syndromes remains
elusive.
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21.1 Introduction

One of the most challenging limitations of antiretroviral
therapy is the emergence of drug-resistant mutants of HIV,
which occurs in 30–40% of treated patients. This chap-
ter outlines the virologic, pharmacologic, and host factors
involved in the development of HIV drug resistance, the
clinical rationale for resistance testing, the various com-
mercially available testing modalities, and the role of test-
ing algorithms in clinical management. Several excellent
reviews on HIV drug resistance testing have recently been
published [1–8].

21.2 Virologic factors contributing to
development of drug resistance

Several points regarding HIV replication (see also Chapters
2, 4, and 5) are essential for understanding the development
of HIV drug resistance and are reviewed here. Retrovirus
replication (Figure 21.1) is rapid [9–12], and error prone
[13, 14]. During reverse transcription, error rates have been
estimated at 1 error per 1–300 000 incorporated bases [15,
16]. As a result, it is likely that drug-resistance mutants
are present prior to initiation of drug therapy [17]. Retro-
virus replication proceeds with frequent recombination
between different viruses, sometimes with potentially sig-
nificant genetic differences [18], and recent epidemiologic
studies provide strong evidence of frequent recombination
within patients [19–22]. HIV recombination was described
in a premature infant multiply transfused with blood from

two different HIV-infected donors [23], and other in vitro
and animal in vivo experiments [18, 24, 25] support this
observation. Under conditions of drug selection pressure,
recombination may represent a potent mechanism respon-
sible for facilitating the spread of drug-resistance muta-
tions [21, 22]. Although antiretroviral drugs used in combi-
nation can decrease circulating amounts of virus to below
the limits of detection, currently available antiretroviral
therapy cannot eradicate virus from an infected person
[26–30]; presumably viral replication continuing at some
low level, even during antiretroviral therapy, can allow
for the selection of drug-resistant virus and the conse-
quent evolution of drug resistance. Persaud and co-workers
[31–33], noted that HIV genes amplified from patients with
viral loads suppressed to less than 50 copies/mL plasma
could contain drug-resistance mutations.

Other critical factors contribute to the development of
HIV drug resistance, including the pharmacology of the
antiretroviral agents, and host factors.

21.3 Identification and characterization of HIV
drug-resistance mutations

When a new antiretroviral agent is characterized, one
important set of studies involves the characterization of
the mutations that confer resistance to the drug. HIV can
evolve resistance to every known antiretroviral agent; resis-
tance mutations may emerge rapidly and easily – for some
drugs the result of single amino acid changes conferring
high-level resistance or for other drugs the result of the
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Figure 21.1. Steps in HIV replication. HIV infection can be interrupted during spreading HIV replication at stages of fusion, reverse

transcription, or maturation. Cells with incorporated proviruses are not sensitive to inhibition by current inhibitors. NRTI, nucleoside

analogue reverse transcription inhibitors; NNRTI, non-nucleoside RTIs.

accumulation of many different mutations each con-
fering a small degree of resistance to the virus. Drug
resistance mutations have traditionally been identified
using a combination of in vitro experiments and in vivo
observations. In vitro identification of resistance mutations
typically involves tissue culture infections using a molec-
ular clone of HIV incubated in the presence of antiretro-
virals for prolonged periods. These prolonged experi-
ments begin with the virus being exposed to low levels
of drug, followed by exposure to progressively escalat-
ing drug concentrations. Some mutations emerging in
these experiments may confer resistance to antiretro-
virals, but mutations observed in such circumstances
may also represent random changes that do not con-
fer resistance that were randomly fixed in the popu-
lation. Further confirmatory studies using recombinant
viruses, constructed to contain the mutations observed to
develop during the prolonged incubations and tested both
singly and in combination are essential to ensure that the
identified mutations are involved in drug resistance.

Drug-resistance mutations are also identified by com-
paring the sequence of HIV obtained from patients under-

going therapy with a given antiretroviral to that of wild-type
virus. Confirmation that specific residues are responsible
for drug resistance requires that the mutations observed in
vivo subsequently confer resistance when introduced into
recombinant viruses studied in tissue culture infections.

Results of in vivo and in vitro experiments often concur,
although disparate results may be obtained. For instance,
in vitro studies of stavudine (d4T) resistance often demon-
strate the emergence of a resistant virus encoding a valine
to threonine change at amino acid position 75 [34], yet this
mutation is infrequent in patients with persistent viremia
on d4T-containing regimens. Similarly, mutations at posi-
tion 74 emerge in vitro after exposure to didanosine (ddI);
such mutations occur, but are not invariably present in
patients failing ddI, and more complex patterns are often
present [35].

Collections of drug-resistance mutations are often depic-
ted in tables (see Figures 21.2 and 21.3); such tables,
although useful, do not depict degrees of resistance or
complexities of interactions among mutations. Online
compendia of mutations, frequently updated (e.g. hivdb.
stanford.edu, hiv-web.lanl.gov (a sequence compendium
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HIV-1 Reverse Transcriptase

Fingers
Thumb

PalmNNRTI Binding Domain

Figure 21.4. HIV reverse transcriptase X-ray crystal structure of

HIV RT heterodimer demonstrating typical fingers, palm, and

thumb domains; crystallographic data [147] were displayed using

RASMOL and the NCBI Entrez suite of structural information at

www.ncbi.nlm.nih.gov.

of utility for researchers), www.hivresistanceweb.com,
www.iasusa.org/resistance/mutations/index.html, pro-
vide additional information concerning antiretroviral
resistance mutations.

21.4 Mechanisms of drug resistance

21.4.1 Nucleoside and nucleotide reverse
transcriptase inhibitors

Reverse transcriptase (RT), the viral enzyme that catalyzes
the synthesis of the cDNA copy of the viral RNA genome, is
structurally similar to a variety of DNA polymerases with a
“right hand” configuration, including a palm domain that
carries out catalytic polymerization, as well as fingers and
thumb domains that ensure correct positioning of dNTP
and template positioning (Figure 21.4). Reverse transcrip-
tase synthesizes a full length DNA copy (provirus) from
virion-encapsidated RNA (Figure 21.5). To produce pro-
viral DNA, RT must carry out a series of reactions, includ-
ing RNA-dependent DNA polymerization, the synthesis of
a cDNA copy of the viral RNA genome using the RNA as a
template; RNase H activity, the degradation of the RNA in
the RNA–DNA hybrid molecule created during the first step
of reverse transcription; and DNA-dependent DNA poly-
merization, the synthesis of a complementary DNA strand
to make a double-stranded provirus. HIV RT can catalyze

the removal of an incorporated nucleotide in an excision
mechanism, which can remove nucleotides at the end of
the growing DNA chain, but it does have the same kind of
“proof-reading” activity that some DNA polymerases have
that can specifically eliminate misincorporated bases dur-
ing DNA synthesis.

Nucleoside reverse transcriptase inhibitors (NRTIs) act
as chain terminators of reverse transcription. They are
incorporated into growing DNA strands, but prevent incor-
poration of additional nucleosides. Two general mecha-
nisms confer drug resistance to NRTIs: excision and steric
hindrance. HIV RT can catalyze the removal of an incor-
porated nucleotide in an excision mechanism. Mutations
that enhance this function cause resistance by enabling
the RT to remove the otherwise lethal chain-terminating
nucleotide analogues more efficiently. Resistance muta-
tions that act through steric mechanisms block the drugs
from binding to RT. For NNRTIs, mutations inhibit bind-
ing of drug to the enzyme. The convention for denoting
resistance mutations uses the single letter amino acid code
that occurs in the wild type enzyme followed by the amino
acid position of the mutation, followed by the single let-
ter amino acid code for the mutant, e.g. M184V refers
to a methionine (M) in the wild type changed to valine
(V) in the mutant at amino acid position 184 of reverse
transcriptase. If alternative amino acids are present a for-
ward slash is utilized: T215Y/F indicates that either tyrosine
or phenylalanine resistance mutation occurs at position
215.

Nucleoside analogue RTI resistance due to
excision mechanisms
Nucleoside associated mutations (NAMs)
Therapy with a number of NRTIs results in emergence of
a suite of mutations in RT (nucleoside-associated muta-
tions, NAMS) conferring a variable degree of resistance to
the NRTIs. These RT NAMS are sometimes called “thymi-
dine analogue mutations” (or TAMS) because they were ini-
tially noted to confer resistance to the thymidine analogue
RTIs, such as zidovudine. Nucleoside-associated muta-
tions include M41L, D67N, K70R, L210W, T215Y/F, and
K219Q/E. The mechanism through which NAMs confer
resistance has been unclear, as these mutants do not appear
to affect NRTI-triphosphate incorporation, as would be
expected for a mutation that altered the ability of the
NRTIs to interact with RT and be incorporated into the
growing cDNA. Instead, several groups demonstrated that
RT containing NAMS could remove zidovudine (AZT or
ZDV) incorporated into cDNA at higher than wild-type
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process.
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levels via an excision mechanism. Excision is an energy-
requiring reaction, with either pyrophosphate alone or ATP
representing the energy donor. Intracellularly, it is likely
that ATP functions as the pyrophosphate donor. Interest-
ingly, the putative ATP binding domain within RT is in
close proximity to amino acids 67, 70, 210, 215, and 219.
The mutant RT can thus excise the NRTI from the cDNA
at increased levels, so that the NRTI no longer terminates
the growing cDNA chain and synthesis of the cDNA can
continue, producing a functional provirus. One suggestion
is that NAMS facilitate binding of ATP to RT, which results
in more effective excision of NRTIs incorporated into the
cDNA. While this mechanism appears to help explain resis-
tance to AZT, stavudine (d4T) and perhaps abacavir, the
role of excision to didanosine (ddI) and tenofovir resistance
remains less certain.

69/70 insertion mutation
A group of mutations consisting of an insertion of a vari-
able number of amino acids between amino acids 69
and 70, and additional associated mutations (M41L, A62V,
D67N, and K70R) confer high-level resistance to all NRTIs
[36, 37]. The insertion mutants appear to act through exci-
sion mechanisms [38–40]. The presence of these muta-
tions in a patient’s virus severely limits the clinical utility
of the NRTIs. Mutations that involve the deletion of amino
acids may also occur in this region [41], with similar high-
level NRTI-cross resistance; deletion of amino acid 69 has
reported to confer high-level NNRTI resistance [42].

T215Y/F mutation
Of the different NAMs, mutations at position 215 are prob-
ably the most important, conferring high-level resistance
to AZT. T215Y/F was a marker for disease progression in
the ACTG 175 AZT monotherapy study and is a marker
for clinical disease progression in adults [43] and children,
where T215 mutations were associated with clinical deteri-
oration [44] and with the emergence of a more cytopathic,
syncytium-inducing virus phenotype [45].

Nucleoside analogue RTI resistance due to steric and
positional effects
A number of HIV drug-resistance mutations are localized
near the active site of the enzyme. Analysis of certain muta-
tions conferring drug resistance revealed that these muta-
tions lead to changes in the structure of RT that hinder
the triphosphosphorylated drugs from interacting with RT
and being incorporated into the cDNA while permitting
incorporation of the natural dNTP. Mutations may act
directly by altering the shape of RT’s active site or the region

surrounding the active site, or by changing the orientation
of the incoming nucleotide with respect to the template.

M184V
M184V confers strong resistance to lamivudine (3TC) and
zalcitabine (ddC), and is observed within weeks after 3TC
monotherapy. A combination of crystallographic and enzy-
matic studies have suggested that replacement of methio-
nine with valine at position 184 results in steric hindrance,
preventing the dideoxy analogues 3TC and ddC from gain-
ing access to the enzyme active site [46, 47]. A second 184
mutant, M184I, appears to act in similar fashion [47]. M184I
emerges after 3TC therapy, often prior to M184V, but is
quickly replaced by M184V. It has been suggested that both
mutants exist prior to the initiation of 3TC therapy within
the large numbers of viruses present within a patient (see
Chapter 5). M184I is likely more prevalent than M184V
among the viral population prior to the start of treatment,
but M184V confers greater resistance to 3TC, becoming the
dominant mutant upon prolonged therapy [48].

K65R
K65R is a key mutation conferring resistance to ddI, teno-
fovir, adefovir, and abacavir. Crystallographic studies sug-
gest that the “fingers” domain, including amino acid 65,
lies in close proximity to the incoming dNTP; the amino
group on the lysine side chain at amino acid position 65
in the wild-type enzyme contacts the gamma phosphate of
the incoming triphosphate via a salt bridge [49, 50]. Appar-
ently, the guanido group supplied by arginine in the resist-
ant mutant affects interactions with ddATP such that it is
no longer an efficient dNTP donor for RT. Although K65R is
a characteristic mutation that is often seen when the virus
is exposed to drug in vitro, it does not appear commonly in
clinical specimens [51]; K65R increases sensitivity to AZT
[52] in the presence of NAMs, and so may not be selected
in the presence of pre-existing NAMs.

Q151M complex
Mutations characterized by the presence of Q151M and
including A62V, V75I, F77L, and F116Y emerged in early
studies of alternating AZT/ddI monotherapy. Q151 lies in
the part of RT near the incoming nucleotide, and steric
interference of incoming dideoxy NRTIs has been sug-
gested as the mechanism by which this suite of mutations
results in high-level resistance to all NRTIs [49, 53]. The
additional mutations are thought to affect the region sur-
rounding Q151M to accommodate the methionine residue
[49]. Fortunately, the Q151 complex comprises a relatively
small proportion of resistant viruses [54].
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L74V
The position of L74 is also near the incoming nucleotide
[49, 53], and lies near the RT amino acids that stabi-
lize the position of the incoming base as it recognizes
and interacts with the template RNA. The L74V muta-
tion thus may affect binding of the dNTP directly and
indirectly. L74V is typically associated with ddI exposure
[35].

21.4.2 Non-nucleoside reverse transcriptase inhibitors

The non-nucleoside reverse transcriptase inhibitors (NNR-
TIs) are chemically diverse compounds that inhibit cDNA
synthesis but, unlike the NRTIs, do not directly compete
with the native dNTPs. Incubation of an NNRTI with RT
results in spatial rearrangement of a series of RT residues
into a hydrophobic domain or “pocket” that binds NNRTI
molecules within the palm at the base of the thumb domain
(Figure 21.4). Non-nucleoside RTI binding results in dis-
ruption of the configuration of the polymerase active site,
blocking further dNTP incorporation. Mutations in RT
that change the spatial characteristics of NNRTI bind-
ing region, or entry to the pocket to which the NNRTIs
bind, effectively exclude NNRTIs and result in drug resist-
ance. Such mutations cluster in specific domains within
the reverse transcriptase (amino acids 100–110, 180–190,
225–235), corresponding to the boundaries of the pocket
that forms upon incubation with NNRTIs. Even though
the approved NNRTIs have different chemical structures,
they all bind to the same site in RT, so mutations that
confer resistance to one NNRTI also confer resistance to
the others. One potent mutation conferring cross resis-
tance to NNRTIs is the lysine to arginine mutation at posi-
tion 103, a mutation that prevents effective drug binding
[55]. In the presence of some known NNRTI mutations,
but in the absence of K103N, some in vitro studies sug-
gest efavirenz retains a significant degree of antiretrovi-
ral activity; this observation may not have durable clini-
cal applicability [56, 57]. As recently reported, results of
the ACTG 398 study [58] suggested that even relatively
small phenotypic changes in NNRTI resistance was associ-
ated with virologic failure with efavirenz-containing regi-
mens. Other mutations conferring resistance to NNR-
TIs, including Y181C and multiple amino acid changes at
position Y188 confer a significant degree of NNRTI cross
resistance.

The known set of mutations in RT that confer or
contribute to resistance is not limited to the prinicipal
mutations listed in Figure 21.2. Additional mutations and
polymorphisms that may play a role in HIV drug resistance
continue to be identified.

HIV-1 Protease

Active site with test substrate Flap Domains

Figure 21.6. HIV protease. Crystallographic data of protease

homodimer. Active site location of Asp25 and position of

flap domains are indicated. Data [61] were displayed using

RASMOL and the NCBI Entrez suite of structural information

at www.ncbi.nlm.nih.gov.

21.4.3 Protease inhibitors

The HIV protease is a 99 amino acid aspartyl protease that
processes the HIV Gag and Gag/Pol polyprotein precur-
sor, an essential maturational step in the HIV life cycle
[59] (see Figure 2.2; Chapter 2); protease is part of the
gag/pol polyprotein, and so the initial processing events
take place while protease is still part of the precursor. In the
absence of protease activity, when the enzyme is inhibited
by protease inhibitors (PIs), the polyprotein precursors are
not processed and the virion does not assume its mature,
infectious form.

Protease is active as a homodimer and has two-fold
symmetry (Figure 21.6); at least nine distinct cleavage
sites within Gag and Gag/Pol are processed by protease,
albeit with 400-fold differences in catalytic efficiency
(Figure 21.7). Analyses of crystallographic data have iden-
tified critical adjacent “flap” domains, in addition to the
active site itself [60, 61]. The flap domains appear to permit
substrates to gain access to the active site [60]; they may also
bind an essential water molecule that participates in cata-
lysis [59]. Peptidomimetic inhibitors with structural resem-
blance to authentic cleavage sites were designed using the
symmetrical aspects of the molecule and with knowledge of
the cleavage sites. Resistance to protease inhibitors occurs
with mutations both in regions of the molecule that bind
the drug and in adjacent “flap” domain (amino acids 47–52)
overlying the active site that may affect substrate binding
and proteolysis [62]. Resistance-conferring mutations may
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Figure 21.7. HIV genomic organization with gag/pol detail. Arrows indicate sites of cleavage by HIV protease.

have effects on the stability of protease, its ability to dimer-
ize, and enzymatic activities [63]; a unified theory of the
precise structural changes occurring after specific muta-
tions continues to be elucidated using the combination of
structural enzymatic and mutational studies.

Mutation patterns that confer resistance to the protease
inhibitors are often complex. Certain “primary” resist-
ance mutations decrease sensitivity to individual PIs
(Figures 21.2 and 21.3, in black) by a modest amount, –3
to 5-fold. Other, “secondary” mutations (Figures 21.2 and
21.3, in gray) do not confer resistance to the PIs when
present by themselves, but further decrease sensitivity to
the drugs when primary mutations are present. Primary
mutations are relatively specific for individual protease
inhibitors, but secondary mutations can confer resistance
to many protease inhibitors. HIV that is significantly resist-
ant to one PI is often broadly cross-resistant to others
[64–66].

Beyond a few characteristic mutations, simple geno-
typing may not clearly predict protease resistance. As an
example, mutations in 11–14 different amino acid substi-
tutions can contribute to lopinavir resistance [67]. Difficul-
ties in precisely quantitating the relative contributions of
different PI mutations has resulted in attempts to quanti-
tate PI resistance as a function of total number of PI resist-
ance mutations.

Several important primary PI mutations include:
D30N. D30 appears to lie close to the protease

active site and specifically interacts with the P2′

amino acid (the amino acid two residues distal to
the peptide bond undergoing cleavage). D30N is a
specific primary mutation conferring resistance to
nelfinavir; interestingly, the presence of D30N does
not appear to significantly compromise sensitivity to

indinavir, saquinanvir, ritonavir, or lopinavir/ritonavir
(Kaletra)[68].

M46I/L/V. M36 is an amino acid in the flap region that
interacts on the solvent exposed face of the molecule
away from the substrate [62], and contributes to
resistance to nelfinavir, indinavir, saquinanvir, riton-
avir, and lopinavir/ritonavir.

G48V/L. This is a mutation in the flap domain that may
affect binding of inhibitors, conferring resistance to
saquinavir, perhaps by steric repulsion [69] that con-
tributes prominently to SQV resistance.

I50V/L. I50 is a key amino acid residue in the flap
domain that may have hydrophobic interactions with
the substrate (or inhibitor). I50V mutation may permit
a degree of flexibility that decreases binding of small
molecules such as inhibitors, while permitting binding
of large substrates. I50V confers resistance to ampre-
navir [70]; I50L appears to be a critical mutation for
atazanavir, but may sensitize to amprenavir, indinavir,
and saquinavir.

V82A. V82A is a primary resistance mutation involved in
substrate binding. V82A may cause rearrangements in
hydrogen bonding that effectively exclude PI binding
while permitting substrate binding [61], or may result
in active site expansion, reducing protease inhibitor
binding [71]. V82A was the most frequent mutation
identified in children with viremia after failing their
first PI-containing regimen [72].

L90M. L90M is a mutation reported to interact with cat-
alytic amino acid E25; the L90M mutation may desta-
bilize the protease dimmer and affect stability of the
enzyme [63, 73]. L90M is associated with resistance to
a variety of PIs, and contributes significantly to resist-
ance to nelfinavir and saquinavir.
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21.4.4 Cleavage site mutations

In addition to resistance mutations occurring within the
protease gene proper, additional mutations emerge at pro-
tease cleavage sites within gag and Gag/Pol polyproteins.
In vitro enzymatic evidence indicates that mutant pro-
tease cleaves the mutant sites at greater efficiency than
wild-type cleavage sites; similarly, recombinant viruses
encoding mutant protease and mutant cleavage sites grow
faster than mutant protease with wild-type cleavage sites
[74–77]. As compared with data for the protease itself,
there are fewer data regarding the number and type of
cleavage site mutations and association with PI ther-
apy, although A431V and L449F have been consistently
observed, and recently linked to mutations at position
46 and 50 within protease [78, 79]. The regions of Gag
and Gag/Pol polyproteins affected by the cleavage site
mutations are typically not sequenced in viral genotyping
assays and so would not be identified outside of a research
setting.

21.4.5 Fusion inhibitors

Several novel peptide agents have been developed to inhibit
early steps in HIV replication. Following attachment via
CD4 and coreceptor binding, conformational changes in
the HIV envelope glycoprotein complex result in transient
exposure of a fusion domain that mediates membrane
fusion via a spring-loaded mechanism (See Chapter 2). Two
recent inhibitors, enfuvirtide (T-20, Fuzeon) and T-1249 are
inhibitors of the fusion process and have been tested in clin-
ical trials [80, 81]. Enfuvirtide and T-1249 are peptides that
include a short part of the gp41 amino acid sequence. They
bind to gp41 and prevent it from forming the “six helix” bun-
dle required for insertion of the gp41 fusion domain into the
host-cell plasma membrane. Enfuvirtide has been recently
approved by the U.S. Food and Drug Administration. Prior
to therapy, wild-type HIV exhibits wide (> 10-fold) range
of susceptibility to inhibition by T-20. Following expo-
sure to fusion inhibitors, resistant viruses emerge within
2 weeks in monotherapy situations, and mutations in at
least three amino acids have been associated with resist-
ance [82]. A single amino acid change was associated with
an eight-fold decrease in drug sensitivity, and combina-
tions of mutations further decreased sensitivity. Sequences
outside the enfuvirtide binding region, including the highly
variable V3 region, are reported to influence inhibition,
perhaps contributing to the wide baseline variation in
inhibition.

21.4.6 Duration of HIV drug-resistance mutations

Duration of HIV drug-resistance mutations following drug
interruption is variable. Certain drug-resistance muta-
tions, including M184V and certain PI-resistance muta-
tions, appear to be subject to severe negative selection,
presumably because of reductions in replication capacity;
interruption of drug suppression may lead to re-emergence
of wild-type virus within weeks. In contrast, other resist-
ance mutations may persist for several years [83].

21.4.7 Resensitization and hypersusceptibility

During early phenotypic studies of HIV from drug-treated
individuals, several investigators noticed that the presence
of certain mutations conferring resistance to one antiretro-
viral rendered the virus more sensitive to other antiretro-
virals [70, 84–86]. Examples include mutations conferring
resistance to foscarnet that resulted in increased sensitivity
to AZT [84], an NNRTI mutation (Y181C) decreased resist-
ance to AZT, and ddI resistance mutation L74V decreased
resistance to AZT [85]. In protease, the mutation at N88S,
which contributes to resistance to nelfinavir and perhaps
atazanivir sensitizes to amprenavir [87]. Sensitization to
NNRTIs may also occur, although mutations responsible
for this phenomenon have not been well characterized.

Perhaps the most significant example of NRTI resensiti-
zation is the mutation M184V. Although the M184V muta-
tion confers resistance by steric mechanisms, this mutation
has additional effects on RT sensitivity to other antiretro-
virals. Combination of M184V with the RT NAMS results in
increased sensitivity to AZT or D4T compared with RT with
NAMs alone. The reasons for this resensitization remain
uncertain, although it has been suggested that M184V
inhibits excisions. The presence of M184V is likely to confer
benefit in the presence of TAMS in AZT-, d4T- and perhaps
tenofovir-containing regimens.

Hypersusceptibility may have useful clinical implica-
tions: NRTI-experienced, NNRTI-naı̈ve patients beginning
NNRTI-containing regimens have a greater reduction in
plasma viral RNA when the hypersusceptibility muta-
tions are present [88]. In patients with complicated resist-
ance patterns and few antiretroviral therapy options, clin-
icians sometimes elect to continue treatment with 3TC,
together with ZDV, d4T, or tenofovir, even when a patient’s
virus has the M184V mutation, hoping to maintain the
higher sensitivity to the other NRTIs. Drug-experienced,
NNRTI-naı̈ve individuals starting EFV have a better viro-
logic response when their virus is hypersusceptible to EFV
[58]. These studies raise questions regarding timing and
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sequencing of antiretrovirals, especially EFV, and future
investigations may reveal useful practical correlates of
hypersusceptibility.

21.5 HIV drug-resistance assays

A variety of HIV drug-resistance assays are available for
clinical use, but are generally divided into assays that deter-
mine either genotypic or phenotypic resistance. All com-
mercial resistance assays use plasma as starting material.

21.5.1 Genotyping assays

Genotyping assays determine the nucleic acid sequence
of portions of the HIV genome relevant to drug resist-
ance, generally using HIV RNA from plasma samples. The
methodology for determining the sequence of RNA directly
is exceedingly cumbersome and expensive. As an alterna-
tive, HIV RNA is reverse transcribed in vitro into cDNA
using exogenously added reverse transcriptase, and the
cDNA is then sequenced. DNA sequencing has become
highly automated, fast, and relatively inexpensive. In order
to obtain sufficient material to determine the presence of
HIV drug-resistance mutations, the cDNA product must
be amplified using polymerase chain reaction (PCR) tech-
niques. The presence of drug-resistance mutations in the
PCR product may be determined by a variety of tech-
niques. The most straightforward method involves direct
nucleic acid sequencing, and comparing the sequence to
standard wild-type HIV to identify changes correspond-
ing to drug resistance. In general, the regions responsi-
ble for drug resistance available for sequencing include
protease and a portion of reverse transcriptase. Reverse
transcriptase is a relatively large gene and studies demon-
strated that mutations conferring resistance are confined to
a region encompassed by amino acids 1–400. As outlined
above, resistance to protease inhibitors may be affected
by mutations at Gag/Pol polyprotein cleavage sites that
are outside the protease and RT domains, and as such are
not reported by typical resistance sequencing. Using the
genetic code, the inferred amino acid sequence is deduced
from the nucleic acid sequence, and an interpretation con-
cerning resistance is rendered based on the known qual-
ities of the different mutants (see below). Because the
assays examine the bulk properties of all the genetically
diverse virus present in a sample of plasma, these assays
do not provide sequence information about individual viral
genomes. They only provide average sequence information
about viral species present in relatively large numbers of

circulating viruses; only variants composing 20–25% of the
population or more will be represented in the final analysis.
This has significant clinical implications because minority
resistant viral species may exist within a patient and these
resistant species may not be detected through viral geno-
typic assays. This is particularly true for highly experienced
patients who are no longer receiving certain antiretrovirals.
These patients may harbor minority resistant “archived”
viral species that are not detected by viral genotyping, but
which can re-emerge when treatment with certain drugs is
resumed.

Several assays are commercially available, either as a
service (Virco/Johnson and Johnson, Virologic) or as kits
(TrueGene/Visible Genetics). All assays require some mini-
mum viral load for determination of the genotype. The
viral load necessary to detect mutations is a function of
the ability to synthesize cDNA; 1000 copies HIV RNA/mL
are generally required. Samples with between 1000–5000
RNA copies/mL are occasionally difficult to amplify, and
amplification sometimes succeeds with lower viral loads.
The TrueGene kit has been used with pediatric samples
[89]; genotypic results were obtained from samples with
viral loads < 1000 and with small volumes (< 0.5 mL) and
genotypes were obtained on 98% of samples. Turnaround
time for the commercial services is in the order of 1–2 weeks.

Several methods are available that detect genotypic
changes in HIV without direct nucleic acid sequencing of
large regions of HIV RT or protease. Assays for individual
HIV mutations have been investigated using hybridiza-
tion technologies (line probe (LIPA) assays, microar-
ray (GeneChip, Affymetrix) assays, mutation-specific PCR
assays, and oligonucleotide ligation assays (OLA) that
utilize either probe array techniques or single mutation
detection methods. These assays that detect single point
mutations may be more sensitive than population-based
sequencing or phenotyping assays in detecting minority
mutant species [54], but natural sequence variability near
the mutation itself can significantly affect hybridization
[90, 91].

21.5.2 Phenotyping

Assessing resistance from a series of complex mutational
patterns is often difficult. Phenotyping provides a func-
tional evaluation of drug susceptibility. The use of recom-
binant DNA technology [92–95] to construct chimeric plas-
mids consisting of gag/pol sequences from patient isolates
cloned into laboratory-adapted HIV strains has permit-
ted reliable and reproducible measurement of in vitro
resistance. Two assays are commercially available [96, 97]
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Figure 21.8. Comparison of HIV single round and multiple round phenotyping assays. See text for details.



HIV drug resistance 345

Figure 21.8. (cont.)

(Figure 21.8). HIV protease and RT sequences are amplified
from patient material via reverse transcription and PCR.
The PCR product is introduced into a recombinant molecu-
lar clone of HIV [98]. The recombinant HIV clone contain-
ing the patient RT or protease genes are transfected into
cells capable of producing HIV virions. The virions have
the patient RT or protease gene and are subsequently used
to inoculate cultures of susceptible cells. Parallel cultures
are inoculated with wild type HIV. Infections are carried
out in the presence or absence of increasing concentra-
tions of antiviral agents, and the growth of these permits
an estimate of the degree of resistance for individual muta-
tions. Resistance is characterized using the linear portion
of the dose-response curve (see Figure 21.8C); results are
typically reported as the concentration of drug that inhibits
virus replication by 50% (IC50). Comparison of this value to
the IC50 obtained for a standard laboratory strain shows by
what fold a patient’s virus is resistant to a particular drug
compared with a wild-type virus.

Commercially available phenotyping assays evaluate
only a portion of the HIV gag/pol gene, without inclusion
of all protease cleavage sites; as described above, cleavage
sites may vary after drug resistance emerges, and effects on
drug susceptibility may occur [74]. Commercially, pheno-
typing is performed with multiple round infections (Virco)
or in single round assays (Virologic) using vectors which are
capable of only a single round of infection. These defective
viruses encode a reporter gene to identify infected cells,
allowing for easy quantitation. Conceptually, the two com-
mercial assays appear to offer different advantages. Sin-
gle round assays eliminate the possibility that resistance

may spontaneously arise during the cultivation of wild type
virus in the presence of the drug [99]. Multi-round cul-
tivation assays may detect low level resistance that may
not manifest in a single round assay. In practice, however,
the two commercial phenotyping assays have remarkably
concordant results [100]. Improvements in interpretation
algorithms and additions to the databases will undoubtedly
continue to improve interpretation and consistency.

Increases in IC50 are associated with drug resistance,
but the degree of virologic resistance associated with clin-
ical drug failure are not clear in all circumstances. Estab-
lishment of effective cutoffs has been a major aspect of
phenotyping assay development. For some antiretrovirals,
such as efavirenz or 3TC, where single amino acid changes
produce high level resistance, large increases in IC50 are
noted. In these examples, 50–1000-fold changes may occur,
and identifying resistance is straightforward. For some
newer agents, such as abacavir [101], or lopinavir/ritonavir
[102], phenotypic sensitivity has been prospectively stud-
ied in clinical trials, and useful estimates of clinical sen-
sitivity were obtained. Drugs such as ddI or d4T have
been noted to have a more restricted dynamic range
in phenotyping assays and cutoffs are relatively difficult
to assign. Retrospective analyses of virologic responses
to d4T-containing salvage regimens [103] that revealed
only minor increases in phenotypic resistance (1.4–1.8-fold
greater than wild type) were associated with clinical failure
[104]. One approach has been to evaluate the distribution
of drug resistance in isolates from drug-naı̈ve individuals
and assigning cutoffs at IC50 levels several standard devia-
tions beyond the mean drug-naı̈ve level [105].
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21.5.3 Interpretation of genotypic and
phenotypic data

In general, patient viral genotypes tend to be complex,
and often require sophisticated algorithms to arrive at use-
ful interpretations. Summaries of resistance mutations are
available (see Figures 21.2 and 21.3 for examples). Although
such tables offer some useful perspective, they are limited
by the volume and detail of data; they cannot be both com-
prehensive and comprehensible, and additional explana-
tions are often necessary [106]. Genotype algorithms are
under continuous review and improvements continue to
be made. Several rules-based algorithms are available in
which individual mutations are assigned a score based
on clinical or in vitro data, a sum of all mutations gen-
erated for the sample, and the level of resistance (sus-
ceptible, low-level, high-level resistance, etc.) is assessed
based on the score [6, 106]. Alternatively, several compa-
nies, including Virologic and Virco, have established large
relational databases correlating genotypic and phenotypic
information on individual samples that yield assessments
of resistance based on proprietary methods of interpreta-
tion. The database can then be queried with new geno-
typic information and the average phenotype of match-
ing genotypes determined. In some cases the database is
supplemented with additional information regarding indi-
vidual mutations, improving the utility of the interpreta-
tion [107]. The two principal commercially available phe-
notypic interpretation services are the Virtual Phenotype
(Virco) and Phenosense GT (Virologic). The utility of any
genotyping determination may be limited when consid-
ering newly introduced drugs with new resistance pro-
files, or with complex genotypes where there may be few
matching genotypes present in the database. In such cases,
rules-based interpretations may be employed. Results of
genotyping and phenotyping assays have been directly
compared [108] with generally good concordance; 81%
agreement for NRTIs and 90–91% agreement for NNRTIs
and PIs.

New bioinformatics approaches have been success-
fully utilized to predict resistance phenotypes based on
genotypic information [109]. One algorithm that detects
resistance due to characteristic mutation patterns and
appears to be relatively sensitive to subtle mutational
effects has been incorporated into an online prediction sys-
tem, geno2pheno (http://www.genafor.org/). Future vali-
dation studies will be necessary to assess the clinical utility
of this and other programs.

Several studies have integrated the use of resistance test-
ing with parallel drug-level monitoring to derive an esti-
mate of the “inhibitory quotient” using the drug level

at trough and the fold resistance to individual antivi-
rals [110, 111] or to antiviral regimen [112] (see also
Chapter 23).

Viral replication capacity and viral fitness assays
Patients who have experienced virologic failure with mul-
tiple antiretroviral regimens develop virus that is resist-
ant to all available antiretroviral agents. In such patients,
genotypic and phenotypic information often provides lit-
tle practical data, and often only shows that the virus is
broadly resistant. There may be no clear optimal antiretro-
viral regimens for these patients and it may be clinically
advantageous to give therapy not with the aim of decreas-
ing viral replication to below the limits of detection, but
instead to try to maintain the least pathogenic resistant
variant. Some drug-resistant virus appears to be less “fit,” or
pathogenic, than the wild-type virus. Recently, methods to
measure viral replication have become available; although
these methods do not provide “fitness” information per se
and are generally referred to as “relative replication assays”
to emphasize this distinction. Several reviews of repli-
cation capacity have recently summarized these studies
[113–116].

Replication assays are already currently available from
one company (Virologic), as part of the routine phenotyp-
ing assay results. Relative replication capacity is reported
as a percent of wild type, with 95% confidence intervals.
At present, the utility of replication assays has not been
demonstrated in controlled clinical trials.

21.6 Evidence base for the use of drug-resistance
assays in clinical management of HIV infection

Several randomized, prospective studies have investigated
the utility of resistance testing in the management of
antiretroviral therapy [111, 117–120]. Details of the trial
design are critical to interpreting the results of these stud-
ies, including disease stage and treatment experience of
the enrolled patients, prior NNRTI experience, the type
of resistance assay used (genotype or phenotype), the
algorithm used to determine resistance from the geno-
type or phenotype, how the resistance testing informa-
tion was utilized to guide treatment decisions (as rec-
ommendations or “expert” panel decisions), the duration
of follow-up, and specific outcome measures. VIRADAPT
[110] and GART [112] were two early prospective genotyp-
ing studies that randomized patients to two arms: geno-
typing and standard of care. Genotyping results were pro-
vided to clinicians with suggestions concerning the choice
of antiretrovirals, but clinicians were not bound to follow
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the advice. GART patients with genotyping were prescribed
significantly more antiretrovirals, and more hydroxyurea,
although analyses suggested that the advantage of geno-
typing was present even after controlling for the admin-
istration of additional antiretrovirals. The benefit in both
of these trials appeared to be the ability of genotyping to
identify a greater number of active antiretrovirals.

VIRA3001 [120] was a randomized study comparing phe-
notyping with standard of care in 272 viremic patients.
At week 16 the phenotyping arm demonstrated a greater
effect on reducing HIV viremia measured by proportion of
patients with HIV RNA concentrations <400 copies/mL. In
the secondary analysis, phenotyping was also superior to
standard of care in reducing viremia.

The benefit of “expert” advice was investigated in
HAVANA [117], which examined the utility of genotyping
and expert advice. Genotyping was superior to no geno-
typing, even in the absence of expert advice, using only
an algorithm to interpret the genotype. In addition, expert
advice was beneficial even in the absence of genotyping.

ARGENTA compared the efficacy of genotyping and stan-
dard of care in reducing viral loads [119]. Although the pro-
portion of patients with viral loads < 500 copies/mL was
significantly greater in the genotyping arm after 12 weeks,
the effect was not sustained and no benefit of genotyping
was detected at 24 weeks. The durability of clinical bene-
fit from resistance testing beyond 1 year has not yet been
studied prospectively. Many of the studies were performed
prior to widespread use of ultra-sensitive assays capable
of detecting viral loads down to 50 copies/mL, and used
the reduction in viral load to < 400 copies/mL or < 500
copies/mL as the measure of success; it is not clear whether
all successful treatments reached the more stringent mea-
sure of suppression.

Several trials have failed to demonstrate a clinical ben-
efit from resistance testing. NARVAL, a randomized study
comparing phenotyping, genotyping, and standard of care
[118], showed no benefit of resistance testing in the entire
cohort, but in a subanalysis, patients with limited prior
antiretroviral experience including only a single PI did
appear to benefit from resistance testing. Some studies
may have failed to show a benefit due to resistance test-
ing because some patients in these studies may have
had such extensive prior experience with antiretroviral
therapy, and had virus that was so resistant, that few
would be expected to have an excellent response to a new
therapy.

None of these studies specifically studied pediatric
patients; a randomized trial of resistance testing in pedi-
atric patients (PERA, PENTA-8) using genotyping has been
initiated (www.ctu.mrc.ac.uk/penta/pera.htm).

21.7 Use of resistance testing in clinical practice

21.7.1 Guidelines for the use of resistance testing

Several sets of guidelines recommend the use of resist-
ance testing in defined circumstances, including the
DHHS/Kaiser Guidelines (www.aidsinfo.nih.gov), and the
IAS and Euro Guidelines Group for HIV Resistance [121,
122]. Resistance testing has been recommended: in evalu-
ation of patients following single or multiple regimen fail-
ures, and in primary HIV infection in geographic areas with
high resistance. Resistance testing for newly diagnosed
patients has been recommended or considered but cannot
be considered standard of care; specific testing of pregnant
women has been recommended by IAS but not by DHHS.

21.7.2 Pregnancy and maternal fetal transmission of
drug-resistant HIV

Among the studies examining maternal–fetal transmis-
sion of drug-resistant HIV, two principal questions have
emerged: what is the genetic relationship between virus
infecting the mother and the infant, and whether drug-
resistant mutations in the mother constitute a risk factor for
maternal–infant transmission. In general maternal–fetal
transmission results in infection with a subset of mater-
nal HIV. In cases where maternal virus has detectable
drug-resistance mutations, HIV in infected offspring may
or may not contain the identical complement of resist-
ance mutations identified in the mother [123–126]. Analy-
ses of HIV from participants in the landmark HIVNET 012
study of single-dose nevirapine revealed the development
of resistance mutations after single-dose therapy [127–129].
Several retrospective studies have investigated whether
drug-resistance mutations are preferentially transmitted or
excluded during maternal–fetal transmission, but no con-
sensus has emerged. The presence of AZT-resistance muta-
tions was a risk factor for maternal–infant transmission in a
Women and Infants Transmission Study (WITS) independ-
ent of viral load [130]; in contrast, analysis of women fol-
lowed in the Swiss HIV and Pregnancy Study revealed none
of the few women with virus encoding T215Y/F mutation
transmitted HIV to offspring [131].

HIV may be transmitted via breastfeeding [132] but fac-
tors facilitating transmission of wild-type or drug-resistant
virus by this mode of transmission are poorly understood.

21.7.3 Resistance testing – practical considerations

Practitioners contemplating the use of resistance testing
must choose among the available assays. Genotyping is less
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expensive, but genotyping and phenotyping may provide
complementary information [133]. Resistance testing is a
single aspect of the clinical evaluation of HIV-infected indi-
viduals, and can only supplement an accurate and compre-
hensive history. Graphs detailing drug history and adher-
ence, viral load, and CD4+ lymphocyte counts over time are
extremely useful in understanding the results of any drug-
resistance testing. Several points regarding interpretation
of resistance testing in clinical settings bear enumerating:
� Genotypingresultsreport the presenceof drug-resistance

mutations, sensitivity is inferred but not guaranteed.
� Phenotyping results may indicate sensitivity, but the util-

ity of cutoffs has not been clinically determined for all
antiretrovirals. Increases in IC50 values of 1.8-fold or more
have been associated with resistance.

� Phenotyping cutoffs for certain drugs have been adjusted
(ddI, d4T) since the assays were introduced; results of
phenotypic assays prior to adjustment may suggest drug
sensitivity when resistance is present.

� A patient’s virus may continue to evolve, particularly
when treatment continues with high viral loads. Resist-
ance results obtained at one time may not reflect the viral
genotype or phenotype at subsequent times.

� Additional mutations may be present but not evident
because the patient is not currently taking a particular
drug at the time the test was performed. In a patient,
resistance mutations may only be apparent when virus
is subject to the selective pressure produced by the drug.

� As outlined above, mutations conferring resistance con-
tinue to accumulate as viremia persists in the presence
of continued antiretroviral therapy to PIs, increasing the
degree of resistance.

� The presence of mutations conferring resistance to
NNRTIs generally precludes their use in any future regi-
men. High-level resistance resulting from K103N suggests
there is little utility to continuing NNRTI therapy.

� The presence of Q151M complex or 69 insertion mutants
results in high-level cross-resistance to NRTIs. Construc-
tion of salvage regimens should be adjusted accordingly,
anticipating little or no antiviral contribution from NRTIs.

� The presence of M184V confers high-level resistance
to lamivudine, but increases activity of AZT, d4T, and
perhaps tenofovir in the presence of NAMs. Continued
therapy with lamivudine maintains M184V and may help
preserve some degree of activity in complex resistance
profiles including NAMs. Lamivudine has a favorable tox-
icity and drug interaction profile; including this agent in
salvage regimens carries little negative consequence and
may provide a degree of indirect antiviral activity.

� Results of HIV drug-resistance tests represent one aspect
of the evaluation of the patient with drug-resistant HIV.
The successful construction of salvage regimens cannot

be dictated simply by genotypes or phenotypes, but must
include consideration of prior therapy, patient tolerabil-
ity, etc. In a final analysis, the best drug regimens are
those constructed in cooperation with the patient and
the healthcare team.

21.7.4 Special considerations

Resistance in non B HIV-1 subtypes and in HIV-2
HIV-2
HIV-2 is a human immunodeficiency virus with a relatively
restricted geographic distribution [134]. Cases of HIV-2
remain highest in West Africa, where the virus was originally
described; spread to countries with traditional or colonial
ties to West African countries have reported cases [134, 135].
Few cases of HIV-2 have been reported in the U.S.A., but
HIV-1 and HIV-2 co-infections are possible, presenting cer-
tain therapeutic difficulties. Although NRTIs and PIs inhibit
HIV-2 in vitro, NNRTIs, including efavirenz, do not. The first
crystal structure of the HIV-2 RT was recently published
with several significant differences in the NNRTI binding
pocket noted [136], perhaps explaining the resistance of
HIV-2 RT to NNRTIs. As therapy with NNRTIs is likely to be
ineffective for HIV-2, it is important to evaluate the possi-
bility of HIV-2 co-infection in HIV-1-infected patients orig-
inating from HIV-2 endemic areas undergoing therapy.

Evidence of drug resistance has recently been reported in
HIV-2-infected individuals undergoing antiretroviral ther-
apy. Several typical NRTI resistance mutations were noted;
of concern, the Q151M complex was detected in numbers
higher than observed in HIV-1 [137, 138]).

Non-B HIV-1 subtypes
HIV-1 is divided into a series of subtypes (see Chapter 2).
Commercial genotyping and phenotyping assays were
developed using subtype B HIV, the predominant strain
circulating in North America and Western Europe. Several
studies have addressed the subtype-specific differences in
HIV. No substantial differences in therapeutic efficacy have
been reported in HIV therapy in other subtypes, suggesting
antiretroviral therapy is effective in non-B clades, although
the numbers of patients in individual subtypes ware rela-
tively small [139, 140]. Drug susceptibilities of non-B sub-
types [141–143], including isolates from children [144], are
reported to be similar to standard B strains.

21.7.5 Cross-resistance to antiviral agents for
infections due to other viruses

Adefovir, tenofovir, and 3TC all inhibit hepatitis B virus;
adefovir and 3TC are approved for therapy of hepatitis B
infection. In certain circumstances, patients may be treated
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for hepatitis B, but not HIV. Clearly, the use of mono- or dual
therapy for HBV in the absence of specific antiretroviral
therapy for HIV will result in emergence of mutations in
HIV, which may limit subsequent HIV therapy. It is possible
that the lower dose of adefovir used to treat hepatitis B
does not represent sufficient drug-selective pressure and
does not result in emergence of new mutations in HIV, but
clinical data are lacking. In a small study of 13 patients,
no emergence of K655R or the NAM K70E in patients with
persistent HIV viremia was apparent after 12 months of
therapy with adefovir [145].

Future directions
Future directions in HIV resistance will include investiga-
tions of mechanisms of resistance to protease and reverse
transcriptase, and delineation of resistance mechanisms to
new antiviral agents, such as fusion inhibitors and integrase
inhibitors. Resistance testing will continue to be refined as
more sequences are analyzed. New antivirals will require
extensive resistance analysis; it has been an all too com-
mon observation that all new antivirals are introduced
with many attempts, but little success, at identifying muta-
tions conferring resistance. It has been an equally com-
mon observation that high-level resistance is soon identi-
fied for all antiretrovirals. One indication of the potency of
an antiretroviral agent is the presence and prevalence of
resistance mutations to that agent in the population.

Understanding HIV replication capacity and hypersus-
ceptibility may become useful in management of highly
experienced patients. Resistance testing has been reported
useful in relatively short-term studies, but the duration of
response remains an issue, as does the role of resistance
testing in highly experienced patients with few available
drug options. The use of resistance information to predict
therapeutic outcomes is currently in its infancy, although
algorithms to predict viral load responses are under
study [146]. Expansion of resistance-testing methods and
algorithms to accurately detect resistance mutations in
alternative HIV subtypes will be especially important as
antiretroviral therapy is increasingly used in areas where
non-B subtypes are prevalent.
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22.1 Introduction

Guidelines for antiretroviral therapy in children must
incorporate considerations unique to pediatric HIV infec-
tion. Such considerations include: age-related changes in
drug pharmacokinetics; issues related to diagnosis of peri-
natal infection (early diagnosis permits therapy to be ini-
tiated during primary HIV infection); normal age-related
changes in immunologic parameters; differences between
children and adults in the natural history of HIV infec-
tion (i.e. differences in virologic parameters during pri-
mary infection, in the rapidity of disease progression,
and in the frequency of central nervous system (CNS)
and growth abnormalities); prior antiretroviral exposure
of newly infected infants (in utero and neonatal expo-
sure to drugs used for maternal treatment and transmis-
sion prophylaxis); and pediatric-specific adherence issues
(i.e. availability and palatability of drug formulations; rela-
tionship of drug administration to food intake in young
infants; dependence on caregiver for administration of
drugs).

Prospective, randomized, controlled clinical trials offer
the best evidence for formulation of guidelines. However,
most antiretroviral drugs are approved for use in pediatric
patients based on efficacy data from clinical trials in adults,
with supporting pharmacokinetic and safety data from
phase I/II trials in children; additionally, efficacy in most
adult trials has been based on surrogate marker data, as
opposed to clinical endpoints. Thus, guidelines for treat-
ment of HIV-infected children often have to rely on data
regarding virologic/immunologic response to drug regi-
mens in adult clinical trials, taking into account the specific
considerations in pediatric HIV infection delineated above,

and with attention to data from pediatric populations when
available.

Management of HIV infection is complex and evolv-
ing rapidly. Guidelines for pediatric antiretroviral therapy
have been developed in the USA and Europe, and by the
World Health Organization (WHO). The US pediatric guide-
lines are available from the HIV/AIDS Treatment Informa-
tion Service internet site at http://AIDSInfo.nih.gov. These
pediatric guidelines complement the antiretroviral guide-
lines for adults (also available at http://AIDSInfo.nih.gov)
that are applicable to post-pubertal adolescents [1, 2].
European pediatric treatment guidelines were developed
by the Pediatric European Network for the Treatment of
AIDS (PENTA) (http://www.ctu.mrc.ac.uk/PENTA) [3]. The
European guidelines are similar to the US guidelines,
with the exception that the PENTA guidelines are some-
what more conservative concerning therapy initiation.
Finally, guidelines for antiretroviral therapy of children
in resource-poor countries have been developed by the
World Health Organization (WHO) (http://www.who.int/
3by5/publications/documents/arv guidelines/en). The
US pediatric guidelines for antiretroviral therapy are the
focus of this chapter, and the other guidelines are addressed
only briefly. None of these guidelines are intended to
supplant the clinical judgment of experienced clinicians.
Whenever possible, HIV-infected children should be man-
aged by, or in consultation with, a pediatric HIV specialist.

22.2 When should antiretroviral therapy
be started?

Initiation of highly active antiretroviral therapy (HAART) in
HIV-infected adults and children has been shown to delay
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Table 22.1 Factors to consider in decisions regarding initiation of antiretroviral therapy in HIV-infected infants, children,

and adolescents

The severity of HIV disease and risk of progression as determined by presence or history of HIV-related serious or
AIDS-defining illnesses, and the child’s CD4+ cell count and plasma HIV RNA level

Availability of appropriate and palatable drug formulations for the child and pharmacokinetic information on
appropriate dosing in the child’s age group

Potency, complexity (e.g. dosing frequency, food and fluid requirements), and potential short- and long-term adverse
effects of the antiretroviral regimen

Effect of initial regimen choice on later therapeutic options
Presence of co-morbidity that could affect drug choice, such as tuberculosis, hepatitis B or C infection, or chronic

renal or liver disease (for example, co-administration of rifampin can significantly reduce drug levels of nevirapine
and most protease inhibitors; viral hepatitis can predispose to hepatic toxicity of nucleoside and non-nucleoside
antiretroviral drugs; and, depending upon the route of metabolism/excretion for individual drugs, dose
modification may be required for individuals with significant renal/liver disease)

Potential antiretroviral drug interactions with other medications required by the child
The ability of the caregiver and child to adhere to the regimen

HIV disease progression and improve survival [4–6]. How-
ever, debate continues as to the most beneficial time to
begin HAART. A number of factors, shown in Table 22.1,
need to be considered in making decisions about initiating
antiretroviral therapy in HIV-infected children.

22.2.1 Adults and post-pubertal adolescents

The benefits of starting therapy in symptomatic adults
with advanced HIV disease have been well established
in randomized clinical trials, where initiation of HAART
when CD4+ cell counts were below 200 cells/mm3 clearly
improved morbidity and mortality [7–9], but the optimal
time for starting HAART in asymptomatic infected adults
with CD4+ cell counts above 200 cells/mm3 is unknown.
Studies of early vs delayed zidovudine (ZDV) monotherapy
in asymptomatic HIV-infected adults and children have not
demonstrated a long-term benefit from early initiation of
ZDV [10–12]. However, studies to address early vs deferred
initiation of the much more potent therapies now available
are lacking.

Arguments in favor of early initiation of HAART include
the recognition that HIV disease is progressive; control of
viral replication is easier to achieve and maintain in per-
sons with lower viral load at the time therapy is started;
control of replication prior to extensive viral genetic evo-
lution may decrease the likelihood and delay the devel-
opment of antiretroviral drug resistance; and early treat-
ment may preserve or prevent immune system destruction.
Arguments for delaying therapy in adults are based on the

relatively low risk of clinical progression in adults with early
HIV infection (allowing preservation of the maximum num-
ber of treatment options); the lack of curative therapy and
the unknown duration of virologic response to current ther-
apies; difficulties with adherence to HAART which can lead
to development of drug-resistant virus; and an increasing
recognition of drug-related toxicities.

Current guidelines for initiation of antiretroviral therapy
in adults, also relevant for infected postpubertal adoles-
cents (Tanner Stage V), recommend initiation of HAART in
all adults with symptomatic HIV infection (AIDS or severe
symptoms) (Table 22.2). In asymptomatic or mild-to-
moderately symptomatic adults, HAART is recommended
for all patients with CD4+ cell count below 200 cells/mm3.

For asymptomatic adults with CD4+ cell count between
200 and 350 cells/mm3, many experts would offer treat-
ment (Table 22.2), although this is still controversial.
Data from the Multicenter AIDS Cohort Study indicate
that although the 3-year risk of progression to AIDS in
untreated adults with CD4+ cell counts between 200 and
350 cells/mm3 was 39%, this risk was related to plasma HIV
RNA levels, and was relatively low (4%) for HIV RNA< 20 000
copies/mL [2]. Therefore, some clinicians choose to defer
therapy in patients in this CD4+ cell count category and to
carefully monitor CD4+ cell counts and plasma HIV RNA
levels.

For asymptomatic adults with CD4+ cell counts above
350 cells/mm3, both an aggressive and a conservative
approach are outlined (Table 22.2). In the aggressive
approach, therapy is recommended for those with CD4+
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Table 22.2 United States Public Health Service guidelines for HIV-infected postpubertal adolescents and adults: indications for

initiation of antiretroviral therapy

Clinical category CD4+ Cell Count Plasma HIV RNA Recommendation

Chronic infection
Symptomatic Any value Any value Treat
Asymptomatic CD4+ T cells < 200/mm3 Any value Treat
Asymptomatic CD4+ T cells >200 but < 350/mm3 Any value Treatment should be offered,

although it is recognized this is
controversial

Asymptomatic CD4+ T cells > 350/mm3 > 55 000 copies/mL Aggressive approach: Treat
Conservative approach: Defer
therapy but increase frequency of
monitoring of CD4+ cell count
and HIV RNA levels

Asymptomatic CD4+ T cells > 350/mm3 < 55 000 copies/mL Defer and monitor CD4+ cell count

Acute infectiona Any value Any value Consider therapy (discuss potential
benefits/risks with patient)

Modified from [2].
a Acute primary infection or documented seroconversion within the previous 6 months.

cell counts above 350 cells/mm3 if plasma HIV RNA
is > 55 000 copies/mL. In the conservative approach,
patients with plasma HIV RNA > 55 000 copies/mL would
be monitored frequently, but not treated.

Therapy for adults with acute HIV infection should be
considered, although treatment in such circumstances is
based on theoretical considerations and not definitive clin-
ical trial data. During acute HIV infection there are very
high levels of viral replication with widespread viral dis-
semination, and early deletions in the T-cell repertoire have
been observed. The rationale for early treatment of primary
infection is to decrease the number of infected cells, main-
tain or restore HIV-specific immune responses, preserve
immune function, and to possibly lower the viral “set point”
to improve the subsequent course of disease.

22.2.2 Infants, children, and pre-pubertal adolescents

Adherence is especially important to consider when ini-
tiating therapy in children. Antiretroviral therapy is most
effective in patients naı̈ve to therapy prior to the devel-
opment of antiretroviral-resistant virus. Resistance can
develop rapidly when drug concentrations fall below ther-
apeutic levels (either due to inadequate dosage or incom-
plete adherence). Adherence to antiretroviral therapy has
been firmly linked to virologic, immunologic, and clinical

response to therapy, and adherence levels of≥ 90–95% have
been required to maintain viral suppression in some stud-
ies, including a study in children [13–16].

Achievement of such high levels of adherence is diffi-
cult even for adults, and in children is especially problem-
atic. Barriers to adherence specific to the pediatric pop-
ulation include the fact that infants and young children
are dependent upon their caregivers to administer their
medication; the lack of palatability of most of the liquid
drug formulations, which can affect the child’s willingness
to accept and retain the medication; timing of drug admin-
istration around food for drugs that require administration
on a full or empty stomach can be difficult, particularly for
infants who require frequent feeding; and many psychoso-
cial issues related to administration of drugs in the school
or day-care setting or specific to adolescents (including
issues related to privacy and disclosure). Therefore, it is
essential to fully assess and discuss potential adherence
problems with the family and to address potential barriers
to adherence prior to initiating therapy [17]. Participation
by the child and the family in the decision-making process
is important, particularly in situations for which definitive
efficacy data are not available. Continued assessment and
reinforcement of the need for adherence to the prescribed
regimen at each follow-up visit is critical to maintain good
adherence (see Chapter 13).
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Table 22.3 United States Public Health Service guidelines for HIV-infected infants, children and young adolescents: indications for

initiation of antiretroviral therapy

Plasma HIV RNA
Clinical category CD4+ cell percentage copy number Recommendation

Children < 1 year of age
Symptomatic (Clinical

category A, B, or C)
or <25%

(Immune category 2 or 3)
Any valuea Treat

Asymptomatic (Clinical
category N)

and ≥25%
(Immune category 1)

Any valuea Consider treatmentb

Children ≥1 year of age
AIDS (Clinical category C) or <15%

(Immune category 3)
Any value Treat

Mild-moderate symptoms
(Clinical category A or B)

or 15–25%c (Immune category 2) or ≥ 100 000
copies/mLd

Consider treatment

Asymptomatic (Clinical
category N)

and >25% (Immune category 1) and < 100 000
copies/mLd

Many experts would
defer therapy and
closely monitor
clinical, immune,
and viral
parameters

Modified from [1].
a Plasma HIV RNA levels are higher in HIV-infected infants than older children and adults, and may be difficult to interpret
in infants < 12 months of age because overall HIV RNA levels are high and there is overlap in RNA levels between infants
who have and those who do not have rapid disease progression.
b Because HIV infection progresses more rapidly in infants than older children or adults, some experts would treat all
HIV-infected infants < 6 months or < 12 months of age, regardless of clinical, immunologic, or virologic parameters.
c Many experts would initiate therapy if CD4+ cell percentage is between 15–20%, and defer therapy with increased
monitoring frequency in children with CD4+ cell percentage 21%–25%.
d There is controversy among pediatric HIV experts regarding the plasma HIV RNA threshold warranting consideration of
therapy in children in the absence of clinical or immune abnormalities; some experts would consider initiation of therapy
in asymptomatic children if plasma HIV RNA levels were between 50 000 to 100 000 copies/mL.

Similar to the adult treatment guidelines, antiretrovi-
ral therapy is recommended for HIV-infected children
who have AIDS or severe symptoms, or who have evi-
dence of significant immune suppression (Table 22.3).
Clinical trial data in children as well as adults have
demonstrated that antiretroviral therapy in symptomatic
patients slows clinical and immunologic disease pro-
gression and reduces mortality [18, 19]. Additionally,
trials in adults have shown that antiretroviral therapy
slows disease progression in those who are immunosup-
pressed and at least mildly symptomatic [20, 21]. While
placebo-controlled trials have not been conducted in pedi-
atric patients, improvements in neurologic and neurode-
velopmental status, growth, immunologic and/or viro-
logic parameters have been demonstrated in clinical tri-

als of single drug or combination antiretroviral therapy
in previously untreated, symptomatic pediatric patients
[18, 19, 22–26].

However, recommendations for initiation of antiretro-
viral therapy in children with less severe symptoms or
who are asymptomatic and who have only mild or mod-
erate immune suppression are complicated by differences
between HIV-infected children and adults in the rapidity
of disease progression; the high viral loads seen in perina-
tally acquired infection; and age-related changes in CD4+

counts (see Chapter 5). Because HIV-infected infants under
12 months of age are at particularly high risk for disease
progression [27], and surrogate markers such as CD4+ cell
count and plasma HIV RNA levels are less predictive of pro-
gression risk in this age group [28], recommendations for
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Table 22.4 European guidelines for HIV-infected infants, children and young adolescents: indications for initiation of

antiretroviral therapy

CD4+

Age Symptoms cell count HIV RNA level Recommendation

<12 months Clinical category C (AIDS) or <15% or Any Treat
Clinical category B (Moderate

symptoms)
or 15–20% or >1 000 000 copies/mL Consider

Clinical category N or A (No or
mild symptoms)

and >20% and <1 000 000 copies/mL Defer

≥12 months Clinical category C (AIDS) or <15% or Any Treat
Clinical category B (Moderate

symptoms)
or 15–20% or >100 000 copies/mL Consider

Clinical category N or A (No or
mild symptoms)

and >20% and <100 000 copies/mL Defer

Modified from [2].

initiation of therapy in infants are more aggressive than
those for older children.

HIV-infected infants under 12 months of age
The US guidelines recommend initiation of therapy for
infants under the age of 12 months who have HIV-related
clinical (CDC Pediatric Clinical Category A, B, or C) or
immunologic (CDC Pediatric Immune Category 2 or 3)
symptoms, regardless of HIV RNA level (Table 22.3). Ther-
apy should be considered for HIV-infected infants under
the age of 12 months who are asymptomatic and have nor-
mal immune parameters. Because of the high risk for rapid
progression of HIV disease, many experts would treat all
HIV-infected infants < 12 months old, regardless of clin-
ical, immunologic, or virologic parameters. Other experts
would treat all infected infants < 6 months old, and would
rely on clinical and immunologic parameters and assess-
ment of adherence issues for decisions regarding initiation
of therapy in infants 6–12 months of age. European pedi-
atric treatment guidelines have been more conservative
than those in the USA, and currently suggest initiation of
therapy could be deferred in infants who are asymptomatic
or have mild symptoms, have CD4+ cell percentages> 20%,
and HIV RNA levels < 1 000 000 copies/mL (Table 22.4) [3].

The risks and benefits of early initiation of therapy in
infants should be discussed with the caregiver and issues
of adherence should be addressed prior to initiation of
therapy. Administration of antiretroviral therapy during
infancy permits initiation of therapy during the period
of primary infection, and is consistent with recommen-
dations in guidelines for treatment of adults with acute
HIV infection. Early initiation of therapy could theoreti-

cally diminish viral dissemination, lead to prolonged viro-
logic suppression, and preserve thymic function, result-
ing in immune preservation, clinical stability, and nor-
mal growth and cognitive development. Some limited data
are available to address the efficacy of aggressive therapy
for HIV-infected infants. In an epidemiologic cohort that
evaluated factors associated with disease progression in
HIV-infected children under 2 years of age, children who
received early treatment with HAART regimens were signif-
icantly less likely to progress to AIDS or death than those
who received no antiretroviral therapy [29]. Several addi-
tional small studies have demonstrated that early initia-
tion of HAART in HIV-infected infants can result in durable
viral suppression and normalization of immunologic
responses to non-HIV antigens in some infants, despite the
very high levels of viral replication observed in infants with
perinatal infection [30–34]. The proportion of children in
these studies with viral levels remaining below quantifi-
cation after 12–24 months of therapy ranged from 18–62%.
Control of plasma viremia to levels below the detection lim-
its, along with the lack of detection of extra-chromosomal
replication intermediates, suggest good control of viral
replication in some of these infants. Although some infants
have become HIV seronegative and have lost HIV-specific
immune responses, therapy is not curative. Proviral HIV-1
DNA continues to be detectable in peripheral blood lym-
phocytes and viral replication resumes if therapy is dis-
continued. The lack of persistent HIV specific immune
responses in these infants contrasts with the persistent HIV
specific immune responses reported in adults who receive
combination antiretroviral therapy within 3–4 months of
acquisition of infection [35, 36].
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There are potential problems with early initiation of ther-
apy for infants. Accurate antiretroviral pharmacokinetic
data may not be available for infants, and it may be difficult
for families of infants to assure adherence to a complicated
regimen. Resistance to antiretroviral drugs can develop
rapidly (particularly in the setting of high viral replication as
observed in infected infants) when drug concentrations are
sub-therapeutic, either because of incomplete adherence
or inadequate dosage. The possibility of toxicities such as
lipodystrophy, dyslipidemia, glucose intolerance, osteope-
nia, and mitochondrial dysfunction is a concern [37–42].

HIV-infected children over 12 months of age
Since the risk of disease progression slows in children over
the age of 12 months, the option of deferring treatment
can be considered for older children. The degree of clinical
symptoms that suggest a need for therapy in children over
1 year old who do not have AIDS is unclear. It is clear that
children with clinical AIDS (Clinical category C) or severe
immune suppression (Immune category 3) are at high risk
of progression and death, and treatment is recommended
for all such children, regardless of virologic status (Table
22.3).

However, children over age 12 months with mild–
moderate clinical symptoms (Clinical category A or B) or
moderate immune suppression (Immune category 2) are
at lower risk for progression than those with severe clinical
and immunologic findings [43]. Plasma HIV RNA levels can
provide adjunctive information about prognosis in chil-
dren with mild–moderate clinical symptoms or immune
suppression. HIV RNA levels have a better predictive value
for disease progression in children over 12 months of age
compared with infants; use of HIV RNA in combination
with CD4+ lymphocyte count improves prognostic value
over use of either alone [44–46]. In one study of primarily
untreated young children, high HIV RNA levels (>100 000
copies/mL) were shown to be associated with elevated mor-
tality risk, particularly if CD4+ lymphocyte percentage was
<15%; however, mortality rates did not significantly dif-
fer by HIV RNA level in children with <100 000 copies/mL
[44]. Similar data regarding predictive value of this HIV
RNA threshold in older children was observed in a meta-
analysis in nearly 4000 HIV-infected children from eight
cohort studies and nine clinical trials in the USA and Europe
[28].

The US guidelines therefore recommend that treat-
ment should be started for all children over the age
of 12 months with AIDS (Clinical category C) or severe
immune suppression (Immune category 3), and be consid-
ered for children who have mild–moderate clinical symp-
toms (Clinical categories A or B), moderate immuno-

logic suppression (Immune category 2), and/or confirmed
plasma HIV RNA levels ≥100 000 copies/mL (Table 22.3).
Many experts would defer treatment in asymptomatic chil-
dren aged ≥1 year with normal immune status in situa-
tions in which the risk for clinical disease progression is
low (e.g. HIV RNA <100 000 copies/mL) and when other
factors (i.e. concern for adherence, safety, and persist-
ence of antiretroviral response) favor postponing treat-
ment. These recommendations are similar to the approach
favored by many pediatric HIV specialists in Europe
(Table 22.4) [3, 47].

If therapy is deferred, the clinician should carefully mon-
itor virologic, immunologic, and clinical status. Factors that
should be considered in deciding when to initiate ther-
apy include: development of clinical symptoms; high or
increasing HIV RNA levels; rapidly declining CD4+ lym-
phocyte count or percentage to values approaching those
indicative of severe immune suppression (CDC Pediatric
immune category 3); and the ability of the caregiver and
child to adhere to the prescribed regimen.

There is controversy among pediatric HIV experts regard-
ing the exact plasma HIV RNA threshold that would war-
rant consideration of therapy in asymptomatic infected
children with normal immune status. While the US guide-
lines suggest that an HIV RNA level >100 000 copies/mL
indicates the need to initiate therapy, some experts would
consider initiation of therapy in asymptomatic children if
plasma HIV RNA levels were between 50 000 to 100 000
copies/mL. Similarly, some experts would not wait until
immune suppression is severe (<15%) to start therapy in
an asymptomatic child, but would initiate therapy if CD4+

cell percentage is between 15–20%, and continue to defer
therapy with increased monitoring frequency in children
with CD4+ cell percentage between 21–25%.

22.2.3 Differences between US and European PENTA
guidelines for children

The primary difference between the US and European
guidelines relates to when to initiate therapy in HIV-
infected infants under the age of 12 months. The difficul-
ties of long-term adherence, problems with data on opti-
mal dosing for infants, and an increasing recognition of the
potential for drug toxicity has led to a more cautious and
less aggressive approach to initiation of therapy in this age
group in the PENTA guidelines (Table 22.4) [3]. Treatment
is recommended for infants <12 months of age only in the
case of AIDS-related symptoms or CD4+ cell percentage
<15% indicating severe immune suppression. Treatment
is considered for infants if they have moderate symptoms
(CDC Clinical Stage B), CD4+ percentage 15–20%, or HIV
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RNA levels >1 000 000 copies/mL; treatment is deferred for
infants with no or mild symptoms and CD4+ percentage
>20% and HIV RNA levels <1 000 000 copies/mL. For chil-
dren aged >12 months, the recommendations are similar
to those in the USA.

22.2.4 World Health Organization interim guidelines
for resource-limited settings

Guidelines for antiretroviral therapy have generally been
developed for application in high- and middle-income
countries and extrapolated to resource-limited settings.
However, in April 2002 (and revised in December 2003), the
WHO released interim guidelines for antiretroviral use in
resource-limited settings, with the intent of facilitating the
dramatic scale-up that is needed in countries with limited
infrastructures and significant resource limitations in order
to provide care to millions of infected people. These guide-
lines can be accessed on the WHO website (http://www.
who.int/3by5/publications/documents/arv guidelines/en).
Recognizing that the availability of affordable and accurate
laboratory testing is severely constrained in many resource-
limited countries, these guidelines reflect decision-
making in situations in which virologic assays and CD4+

cell counts may not be available.
In children, the WHO recommends offering combina-

tion antiretroviral therapy to HIV-infected children under
the age of 18 months with WHO Pediatric stage III HIV dis-
ease (i.e. clinical AIDS) or advanced symptomatic HIV dis-
ease regardless of CD4+ percentage, or with WHO Pediatric
stage I or II disease and a CD4+ percentage <20% (Table
22.5). If CD4+ assays are not available, treatment should be
considered for children under 18 months of age with WHO
Pediatric stage III disease (regardless of total lymphocyte
count), or with WHO Pediatric stage II disease and total
lymphocyte count < 2500 cells/mm3.

It was recognized that viral diagnostic assays are not
available in some resource-limited settings, and there-
fore a definitive diagnosis of HIV infection would not
be possible until 18 months of age, at which time the
child may have developed significant symptoms. There-
fore, the guidelines recommend that, if CD4+ assays are
available, children who are HIV-seropositive, have had an
AIDS-defining illness (WHO Pediatric stage III disease),
and who also have CD4+ cell percentage < 20%, may
be considered for therapy even if virologic testing is not
available. HIV antibody testing must be repeated at 18
months of age to confirm the diagnosis of HIV infection;
therapy would be continued only in those children who
remain HIV-seropositive. If CD4+ cell assays are not avail-
able, HIV-exposed children under the age of 18 months

without a definitive diagnosis of HIV infection should
not be considered for treatment, regardless of clinical
symptoms.

For children over the age of 18 months who are HIV-
seropositive, WHO recommends therapy if they have WHO
stage III HIV disease (i.e. clinical AIDS) regardless of CD4+

percentage. For those older children with WHO stage I or II
HIV disease (i.e. asymptomatic or moderate symptoms),
antiretroviral therapy is recommended if the CD4+ per-
centage is < 15%. If CD4+ assays are not available, treat-
ment should be considered for children 18 months of age
or older with WHO Pediatric stage III disease (regardless
of total lymphocyte count), or with WHO Pediatric stage II
disease and total lymphocyte count < 1500 cells/mm3.

22.3 What is the recommended initial
antiretroviral regimen?

Early clinical trials in adults and children evaluated
antiretroviral treatment consisting of a single nucleoside
analogue reverse transcriptase inhibitor (NRTI), which
provided substantial clinical benefit despite the limited
potency of monotherapy [19, 22–26]. Subsequent com-
parative clinical trials in symptomatic infected adults and
children demonstrated that initial therapy with dual NRTI
combination antiretroviral regimens was better than NRTI
monotherapy [18, 19, 48, 49]. However, it was the devel-
opment of new classes of antiretroviral drugs, the non-
nucleoside reverse transcriptase inhibitors (NNRTIs) and
protease inhibitors (PI), and use of these drugs in combi-
nation with NRTIs, that dramatically changed the course of
HIV disease in adults and children, resulting in substantial
decreases in overall morbidity and mortality in resource-
rich countries since 1996 [5, 6]. Studies in adults and chil-
dren have demonstrated that combination therapy that
includes a PI (generally with two NRTIs) is superior to dual
NRTI therapy [50–52].

Based on these pediatric and adult clinical trial data,
combination therapy is now recommended for all infected
children and adults treated with antiretroviral drugs
(Tables 22.6 and 22.7). Compared with monotherapy
with the currently available antiretroviral drugs, combi-
nation therapy yields significantly lower rates of disease
progression, a greater and more sustained virologic
and immunologic response, and less frequent develop-
ment of drug resistance. Therefore, with the exception
of the use of ZDV as perinatal transmission prophy-
laxis in infants of indeterminate infection status during
the first 6 weeks of life, monotherapy with currently
available antiretroviral drugs is no longer recommended
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Table 22.5 World Health Organization guidelines for HIV-infected infants, children, and young adolescents: indications for initiation of

antiretroviral therapy in resource-poor settings

CD4+ Testing Age HIV diagnostic testing Treatment recommendation

If CD4+ testing is available <18 months Positive HIV virologic testa WHO Pediatric stage III disease
(AIDS), irrespective of CD4+

cell percentageb

WHO Pediatric stage I disease
(asymptomatic) or stage II
disease with CD4+ percentage
<20%c

HIV virologic testing not available
but infant HIV seropositive or
born to known HIV-infected
mother (Note: HIV antibody test
must be repeated at age 18
months to obtain definitive
diagnosis of HIV infection)

WHO Pediatric stage III disease
(AIDS) with CD4+ cell
percentage <20%

≥18 months HIV seropositive WHO Pediatric stage III disease
(AIDS) irrespective of CD4+ cell
percentageb

WHO Pediatric stage I disease
(asymptomatic) or stage II
disease with CD4+ percentage
<15%c

If CD4+ testing is not
available

<18 months Positive HIV virologic test WHO Pediatric stage IIIb

WHO Pediatric stage II disease
with total lymphocyte count
2500 cells/mm3

HIV virologic testing not available
but infant HIV seropositive or
born to known HIV-infected
mother

Treatment not recommendedd

≥18 months HIV seropositive WHO Pediatric stage III diseaseb

WHO Pediatric stage II disease
with total lymphocyte count
1150 cells/mm3

a HIV DNA PCR or HIV RNA or immune complex dissociated p24 antigen assays.
b Initiation of antiretroviral therapy (ARV) can also be considered for children who have advanced WHO Pediatric stage II
disease including such events as severe recurrent or persistent oral candidiasis outside the neonatal period, weight loss,
fevers, or recurrent severe bacterial infections, irrespective of CD4+ count.
c The rate of decline in CD4+ percentage (if measurement available) should be factored into the decision-making.
d Many of the clinical symptoms in the WHO Pediatric stage II and III disease classification are not specific for HIV infection
and significantly overlap those seen in children without HIV infection in resource-limited settings; thus, in the absence
of virologic testing and CD4+ cell assay availability, HIV-exposed children <18 months of age should generally not be
considered for ART regardless of symptoms except in unusual circumstances (e.g., a child with a classic AIDS-defining
event such as Pneumocystis jiroveci pneumonia (PCP) or crytococcal meningitis.
e Total lymphocyte count (<2500 cells/mm3 for children <18 months old or <1500 cells/mm3 for children ≥18 months
old) can be substituted for CD4+ when the latter is not available and when the child has HIV-related symptoms. Its
utility among asymptomatic children is unknown. Therefore, in the absence of CD4+ assays, asymptomatic HIV-infected
children (WHO Pediatric stage I) should not be treated.



Table 22.6 United States Public Health Service guidelines for HIV-infected infants, children, and young adolescents: recommended

antiretroviral options for initial therapy

Protease inhibitor-based regimens

Strongly recommended: Two NRTIsa plus lopinavir/ritonavir or nelfinavir or ritonavir

Alternative recommendation: Two NRTIsa plus amprenavir (children ≥4 years old)b or indinavir

Non-nucleoside reverse transcriptase inhibitor-based regimens

Strongly recommended: Children > 3 years: Two NRTIsa plus efavirenzc (with or without nelfinavir)

Children ≤ 3 years or who cannot swallow capsules: Two NRTIs1 plus nevirapinec

Alternative recommendation: Two NRTIs1 plus nevirapinec (children >3 years)

Nucleoside analogue-based regimens

Strongly recommended: None

Alternative recommendation: Zidovudine plus lamivudine plus abacavir

Use in special circumstances: Two NRTIsa

Regimens that are not recommended

Monotherapyd

Certain two NRTI combinationsa

Two NRTIs plus saquinavir soft or hard gel capsule as a sole protease inhibitore

Insufficient data to recommend

Two NRTIsa plus delavirdine

Dual protease inhibitors, including saquinavir soft or hard gel capsule with low dose

ritonavir, with the exception of lopinavir/ritonavird

NRTI plus NNRTI plus protease inhibitorf

Tenofovir-containing regimens

Enfuvirtide (T-20)-containing regimens

Emtricitabine (FTC)-containing regimens

Atazanavir-containing regimens

Fosamprenavir-containing regimens

Modified from [1].
a Dual NRTI combination recommendations:
Strongly recommended choices: zidovudine plus didanosine or lamivudine; or stavudine plus lamivudine.
Alternative choices: abacavir plus zidovudine or lamivudine; or didanosine plus lamivudine.
Use in special circumstances: stavudine plus didanosine; or zalcitabine plus zidovudine.
Not recommended: zalcitabine plus didanosine, stavudine, or lamivudine; or zidovudine plus stavudine.
Insufficient data: tenofovir- or emtricitabine-containing regimens.
b Amprenavir should not be administered to children under age 4 years due to the propylene glycol and vitamin E
content of the oral liquid preparation and lack of pharmacokinetic data in this age group.
c Efavirenz is currently available only in capsule form, although a liquid formulation is currently under study to determine
appropriate dosage in HIV-infected children under age 3 years; nevirapine would be the preferred NNRTI for children
under age 3 years or require a liquid formulation.
d Except for zidovudine chemoprophylaxis administered to HIV-exposed infants during the first 6 weeks of life to
prevent perinatal HIV transmission; if an infant is confirmed as HIV-infected while receiving zidovudine prophylaxis,
antiretroviral therapy should either be discontinued or changed to a combination antiretroviral drug regimen.
e With the exception of lopinavir/ritonavir, data on the pharmacokinetics and safety of dual protease inhibitor combi-
nations (e.g. low dose ritonavir pharmacologic boosting of saquinavir, indinavir, or nelfinavir) are limited, use of dual
protease inhibitors as a component of initial therapy is not recommended, although such regimens may have utility as
secondary treatment regimens for children who have failed initial therapy. Saquinavir soft and hard gel capsule require
low dose ritonavir boosting to achieve adequate levels in children, but pharmacokinetic data on appropriate dosing
not yet available.
f With the exception of efavirenz plus nelfinavir plus one or two NRTIs, which has been studied in HIV-infected children
and shown to have virologic and immunologic efficacy in a clinical trial.
NRTI: Nucleoside analogue reverse transcriptase inhibitor.
NnRTI: Non-nucleoside analogue reverse transcriptase inhibitor.
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Table 22.7 United States Public Health Service Guidelines for HIV-infected postpubertal adolescents and adults: recommended

antiretroviral options for initial therapy

Non-nucleoside reverse transcriptase inhibitor-based regimens
Preferred regimens Efavirenz plus (lamivudine or emtricitabinea) plus (zidovudine or tenofovir DF or

stavudineb) – except for pregnant women or women with pregnancy potential
Alternative regimens Efavirenz plus (lamivudine or emtricitabinea) plus didanosine or abacivir –

except for pregnant women or women with pregnancy potential
Nevirapine plus (lamivudine or emtricitabinea) plus (zidovudine or stavudineb

or didanosine or abacivir)

Protease inhibitor-based regimens
Preferred regimens Lopinavir/ritonavir plus (lamivudineb) plus (zidovudine or stavudineb)
Alternative regimens Fosamprenavirc plus (lamivudine or emtricitabinea) plus (zidovudine or

stavudineb or abacavir)
Fosamprenavir/ritonavir plus (lamivudine or emtricitabine) plus (zidovudine or
stavudineb or abacavir)
Atazanavir plus (lamivudine or emtricitabinea) plus (zidovudine or stavudineb)
Lopinavir/ritonavir plus (emtricitabinea) plus (zidovudine or stavudineb or
abacavir)
Indinavir/ritonavirc plus (lamivudine or emtricitabinea) plus (zidovudine or
stavudineb or abacavir)
Nelfinavird plus (lamivudine or emtricitabinea) plus (zidovudine or stavudineb

or abacavir)
Saquinavir (sgc or hcg)e /ritonavirc plus (lamivudine or emtricitabineb) plus

(zidovudine or stavudineb or abacavir)

Nucleoside analogue-based regimen – only when a PI- or NNRTI-based regimen cannot or
should not be used as first-line therapy

Only as alternative to PI- or NNRTI-based regimen
Abacavir plus lamivudine plus zidovudine (or stavudineb)

Modified from [1].
a Long-term efficacy data on emtricitabine used in combination with these regimens is limited or not available.
b Higher incidence of lipoatrophy, hyperlipidemia, and mitochondrial toxicities reported with stavudine than with
other NRTIs.
c Low-dose (100–400 mg) ritonavir.
d Nelfinavir available in 250 mg or 625 mg tablet.
e sgc = soft gel capsule; hgc = hard gel capsule.
NNRTI: Non-nucleoside analogue reverse transcriptase inhibitor.
NRTI: Nucleoside analogue reverse transcriptase inhibitor.
PI: Protease inhibitor.

for treatment of HIV infection. Infants confirmed as HIV-
infected while receiving ZDV chemoprophylaxis during
the first 6 weeks of life should have ZDV discontinued
pending decisions regarding initiation of antiretroviral
therapy.

When using combination therapy, all drugs should be
started at the same time or within 1–2 days of each other.
Sequential initiation of drugs increases the possibility that
antiretroviral resistance will develop due to incomplete
viral suppression during the initial stages of therapy.
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22.3.1 Children and pre-pubertal adolescents

The initial antiretroviral regimen chosen for infected
infants theoretically could be influenced by the antiretro-
viral regimen their mother may have received during preg-
nancy. Current data do not suggest that the antiretroviral
regimen for infected infants should routinely be chosen on
the basis of maternal antiretroviral use [53, 54]. However, it
will be important to continue to monitor the frequency of
perinatal transmission of antiretroviral-resistant HIV iso-
lates because maternal therapy with multiple antiretroviral
agents is becoming increasingly common and the preva-
lence of resistant viral strains in the HIV-infected popula-
tion may increase over time [55]. Current US guidelines sug-
gest consideration of resistance testing prior to initiation
of therapy in newly diagnosed infants under the age of 12
months, particularly if the mother has known or suspected
infection with drug-resistant virus [1]. However, there are
no definitive data at this time that demonstrate that resis-
tance testing in this setting correlates with greater success
of initial antiretroviral therapy.

There are few randomized, phase III clinical trials in chil-
dren that provide direct comparison of different treatment
regimens. Recommendations for initial therapy in children
have been based upon clinical trials demonstrating durable
viral suppression and immunologic and clinical improve-
ment (when such data are available), preferably in children
as well as adults; the incidence and types of drug toxic-
ity with the regimen; availability and palatability of for-
mulations appropriate for pediatric use; dosing frequency,
and food and fluid requirements; and potential for drug
interactions.

Antiretroviral drug regimens are classified as follows:
strongly recommended; recommended as alternative; use
in special circumstances; not recommended; or insufficient
data to make a recommendation [1]. Recommendations
on the optimal initial therapy for children are continually
being modified as new data become available, new thera-
pies or drug formulations are developed, and late toxicities
become recognized. The most up-to-date pediatric guide-
lines can be accessed at: http://www.AIDSInfo.nih.gov.

As of July 2004, there are 20 antiretroviral drugs
approved for use in HIV-infected adults and adolescents;
12 of these have an approved pediatric treatment indica-
tion. These drugs fall into several major classes: nucleo-
side analogue or nucleotide reverse transcriptase inhibitors
(NRTIs, NtRTIs), non-nucleoside reverse transcriptase
inhibitors (NNRTIs), PIs, and fusion inhibitors. A dual NRTI
combination forms the backbone of recommended regi-
mens, and is given with a protease inhibitor, an NNRTI, or
a third NRTI.

Each class-based regimen has advantages and disadvan-
tages. Protease inhibitor-based regimens are highly potent,
but have a high pill burden and the liquid formulations are
often unpalatable to children. NNRTI-based regimens are
palatable and effective, but have a low genetic barrier to
resistance that can lead to rapid development of genetic
mutations in the virus that confer resistance to all drugs
in the NNRTI class if therapy does not fully suppress viral
replication. Triple NRTI-based regimens spare other drug
classes, but appear to have lower potency than other regi-
mens. Within each drug class, some drugs may be preferred
over others for children, based on the extent of pediatric
experience, drug formulation (including taste and volume
of liquid formulations and pill size and number), storage
and food requirements, and short- and long-term toxicity.

Choice of dual NRTI backbone
The dual NRTI combinations with the most experience
in children are ZDV/lamivudine (3TC), ZDV/didanosine
(ddI), and stavudine (d4T)/3TC, which are the strongly re-
commended dual NRTI combinations for inclusion in ini-
tial therapy regimens in children. Alternative dual NRTI
combinations include ZDV/abacavir (ABC), 3TC/ABC, and
ddI/3TC. Although some studies have shown that dual
NRTI backbone regimens containing ABC may have similar
potency to ZDV/3TC [56], ABC has the potential for ABC-
associated life-threatening hypersensitivity reactions in
about 5% of patients [57, 58], and therefore ABC-containing
regimens are viewed as alternative rather than recom-
mended in children. Because there is less pediatric ex-
perience with ddI/3TC than the recommended dual NRTIs,
it is also recommended as an alternative. The dual NRTI
combinations d4T/ddI and ZDV/zalcitabine (ddC) are re-
commended for use only in special circumstances;
d4T/ddI-based combination regimens are associated
with greater rates of neurotoxicity, hyperlactatemia, and
lipodystrophy than ZDV/3TC-based therapies [59, 60], and
ddC is less potent than the other NRTI drugs and has greater
toxicity, and thus would not be first choice for inclusion in
an initial therapy regimen. Certain dual NRTI drug combi-
nations should not be given. These include ZDV and d4T,
due to pharmacologic and 3TC and ddC due to pharma-
cologic, interactions that can result in potential virologic
antagonism, and dual regimens combining ddC with ddI
or d4T or 3TC, as pediatric experience with these combi-
nations is limited and there is overlapping neurotoxicity
between the drugs. Emtricitabine (FTC) is approved for
use in adults aged 18 years or older; while under study
in children, pharmacokinetic, safety, and efficacy data in
pediatric patients are not yet available and no pediatric
formulation is commercially available [1]. Therefore, there
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are insufficient data to recommend use of FTC for initial
therapy in children.

Strongly recommended regimens for initial therapy
Based on clinical trials in infected adults and children, the
antiretroviral regimens that are strongly recommended for
initial therapy in children include the combination of two
NRTIs plus one of the recommended PIs, or the combina-
tion of two NRTIs plus the NNRTI efavirenz for children
over the age of 3 years or nevirapine for children under the
age of 3 years or who cannot take capsules (Table 22.6).
Choice of a dual NRTI backbone is discussed above.

Lopinavir, nelfinavir, and ritonavir are the recommended
PIs for use in PI-based regimens in young children because
they are available in appropriate formulations (nelfinavir
is available in a powder which can be mixed with water or
food; lopinavir and ritonavir are available as liquids) and
there is experience with these drugs in pediatric popula-
tions, with relatively low rates of toxicity [52, 61–65]. In
adult clinical trials, combination therapy with two NRTIs
and a potent PI can produce sustained suppression of
viral replication to undetectable levels; similar pediatric
data indicate such therapy also can reduce HIV RNA to
undetectable levels in a substantial proportion of children,
although the rate of response may be somewhat less than
in adults, particularly for younger children [32–34, 62–64].
Additionally, longer-term clinical and immunologic ben-
efits have been reported in children receiving these reg-
imens, including improvements in growth, an important
measure of response to therapy in children [66–69].

Efavirenz, in combination with two NRTIs with or with-
out nelfinavir, is the strongly recommended NNRTI for
NNRTI-based initial therapy of children over the age of 3
years who can take capsules, based on clinical trial experi-
ence in children and because higher rates of toxicity have
been observed in clinical trials in adults with nevirapine.
In a pediatric clinical trial, efavirenz in combination with
one or two NRTIs and the PI nelfinavir reduced viral load
to < 400 copies/mL in 76% of treated children and to < 50
copies/mL in 63% [70]. The regimen was well-tolerated and
virologic response sustained through 48 weeks. However,
this regimen contains drugs from all three available drug
classes and therefore there is the potential for development
of resistance to all three classes if virologic failure occurs. In
clinical trials in adults, a PI-sparing regimen of efavirenz in
combination with dual NRTIs was associated with an excel-
lent virologic and immunologic response comparable to
PI-containing regimens, with similar or better tolerability
[71, 72]. While there have not been clinical trials of efavirenz
as part of a PI sparing regimen as initial therapy in pediatric
patients, it seems reasonable to extrapolate efficacy from

the adult data. A liquid formulation of efavirenz is under
study in children under the age of 3 years and is available
by expanded access and in a few countries outside the USA
[73]. Because efavirenz is only commercially available in
a capsule in the USA and nevirapine is available in a liq-
uid formulation, nevirapine is the strongly recommended
NNRTI for children who require a liquid formulation or who
are under the age of 3 years.

Alternative regimens for initial therapy
Antiretroviral regimens recommended as alternatives for
initial therapy of children include two NRTIs with the PIs
indinavir or amprenavir (the latter only for children over
4 years of age); the combination of two NRTIs with nevi-
rapine (for children aged 3 years or older); or the triple
NRTI combination of ZDV/3TC/ABC (Table 22.6). Each of
these alternative regimens has demonstrated evidence of
virologic suppression in some children [69, 74, 75]. How-
ever, either experience in the pediatric population is more
limited than for the strongly recommended regimens or
the extent and durability of suppression less well defined
in children. Additionally, for some drugs, although clinical
trials in children have demonstrated reasonable virologic
response in combination regimens, the potential for seri-
ous adverse effects (3–5% rate of hypersensitivity reactions
with ABC; 6–9% rate of severe rash and/or hepatitis with
nevirapine; and 9–13% rate of nephrolithiasis with indi-
navir) make them less favorable choices for initial therapy
at this time.

There is no liquid formulation of indinavir, and there-
fore it can only be used in children who can swallow cap-
sules. Additionally, there has been a high rate of hematuria,
sterile leukocytouria, and nephrolithiasis reported in pedi-
atric patients receiving indinavir [69, 76]. Amprenavir liquid
formulation cannot be administered to children under the
age of 4 years due to the high concentration of propylene
glycol and vitamin E in the liquid preparation. Thus, ini-
tial PI-based regimens containing either of these drugs are
viewed as alternative as opposed to strongly recommended
regimens.

Clinical trials in adults are conflicting in terms of com-
parative efficacy of nevirapine and efavirenz, with some
studies showing more virologic failures with nevirapine and
others showing equivalent efficacy of the two drugs [77–79].
However, serious hepatobiliary toxicity appears more fre-
quent in adult studies with use of nevirapine than efavirenz
(79, 80). No comparative trials of nevirapine and efavirenz
have been conducted in children. Because of the poten-
tial for higher rates of hepatic toxicity, a nevirapine-based
regimen is viewed as an alternative rather than as recom-
mended for NNRTI-based regimens, with the exception of
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children under the age of 3 years (for whom no data are
available on appropriate dose for efavirenz, the recom-
mended NNRTI) or those who require a liquid formulation
(which is not yet available for efavirenz).

Triple NRTI regimens can be considered as alternative
regimens as initial therapy when PI- or NNRTI-based regi-
mens cannot be given (for example, due to potential
important drug interactions). Data on the efficacy of triple
NRTI regimens for treatment of antiretroviral-naı̈ve chil-
dren are limited; in small observational studies, response
rates of 47–50% have been reported [81–83]. A European
study found that the dual NRTI backbone of ABC/ZDV
or ABC/3TC had greater virologic efficacy than combi-
nation ZDV/3TC when studied alone or in combination
with nelfinavir in treatment-naı̈ve children [83]. A triple-
NRTI regimen spares the initial use of PIs and NNRTIs
and can be administered twice a day in children, which
may facilitate adherence. However, a clinical trial (ACTG
5095) in antiretroviral-naı̈ve adults that compared ini-
tial therapy with ABC/ZDV/3TC, efavirenz/ZDV/3TC, or
efavirenz/ZDV/3TC/ABC found that the triple NRTI regi-
men was inferior to the efavirenz-based regimens, with a
higher incidence of and an earlier time to virologic fail-
ure (National Institute of Allergy and Infectious Diseases.
Physician letter, AACTG protocol 5095, March 13, 2003.
Available at: http://www.nlm.nih.gov/databases/alerts/
hiv.html.). After 48 weeks of therapy, 74% of adults receiv-
ing ABC/ZDV/3TC had HIV RNA < 200 copies/mL com-
pared with 89% of patients receiving efavirenz-based
regimens. Therefore, because of the uncertain long-term
durability of viral load suppression with this triple NRTI reg-
imen, the recent adult data suggesting an inferior virologic
response with ABC/ZDV/3TC compared with efavirenz-
based regimens, and the potentially life-threatening hyper-
sensitivity syndrome associated with ABC in 5% of recipi-
ents [57, 58], the use of this triple NRTI drug combination
is recommended as an alternative for initial therapy.

Use in special circumstances for initial therapy
Dual NRTI therapy alone is recommended for initial ther-
apy only in special circumstances (Table 22.6). Therapy
with two NRTIs alone has been shown to provide clin-
ical, virologic, and immunologic benefit in pediatric stud-
ies, but the extent and durability of virologic suppres-
sion is less than with PI-containing combination regimens
[18, 19, 52]. Use of a regimen consisting of two NRTIs
alone might be considered when the healthcare provider or
guardian/patient has concerns regarding the feasibility of
adherence to a more complex drug regimen. It is important
to note that drug regimens that do not result in sustained
viral suppression, such as a dual NRTI regimen, may result

in the development of viral resistance to the drugs being
used and cross-resistance to other drugs within the same
drug class. Thus, a dual NRTI regimen would be chosen for
initial therapy only under very limited circumstances.

Not recommended for initial therapy
Antiretroviral regimens not recommended for initial treat-
ment of antiretroviral-naı̈ve children include monother-
apy, certain dual NRTI combinations (ZDV and d4T; and
ddC and ddI, d4T or 3TC), and saquinavir-soft gel cap-
sule or saquinavir-hard gel capsule as sole PIs (Table 22.6).
These combinations are not recommended either because
of pharmacological antagonism, potential overlapping tox-
icities, or inferior virologic response. There are only lim-
ited data on saquinavir in children, and pharmacokinetic
studies have found lower than expected plasma drug con-
centrations [85, 86]. Combining saquinavir with another
PI, either nelfinavir or ritonavir, is required in children to
increase saquinavir exposure to acceptable levels; however,
these regimens have been principally studied in small num-
bers of antiretroviral-experienced population of children,
as opposed to initial therapy, and appropriate dosing of
dual PI regimens in pediatric patients is not yet established
[84–86].

Insufficient data to recommend for initial therapy
There are a number of antiretroviral drugs or regimens for
which there are insufficient data to recommend for use
as initial therapy of antiretroviral-naı̈ve children, although
they may be of use in children who have failed other
antiretroviral drug regimens (Table 22.6). The NNRTI
delavirdine has not been studied in HIV-infected children
and is not available in a liquid formulation. Dual PI-based
regimens (with the exception of lopinavir-ritonavir, a co-
formulated preparation) have only limited data on appro-
priate dosing and safety in children; these regimens often
use one PI, often ritonavir, to “boost” levels of the other PI
to a therapeutic range [88]. There are also minimal pedi-
atric data on regimens containing agents from three drug
classes (e.g. NRTI plus NNRTI plus a PI), with the exception
of efavirenz plus nelfinavir and one or two NRTIs, which has
been shown to be effective in HIV-infected children [71].
The reverse transcriptase inhibitors tenofovir and emtric-
itabine (FTC), and the PIs atazanavir and fosamprenavir
do not have pediatric pharmacokinetic and safety data cur-
rently available and are not available in liquid formulations.
Finally, the fusion inhibitor T-20 has been approved for
children over the age of 6 years [88], but requires adminis-
tration by subcutaneous injection and has only been stud-
ied in treatment-experienced children; thus, more data are
needed before it would be considered for use as initial
therapy.
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22.3.2 Adults and post-pubertal adolescents

Regimens recommended for initial therapy for infected
adults and adolescents include some antiretroviral drug
combinations or agents not yet recommended for initial
therapy in children (Table 22.7). Use of drugs that inhibit
the liver cytochrome P450 metabolic enzyme system can
produce substantial increases in drug levels of PIs, which
are metabolized by this system. Low, non-therapeutic doses
of ritonavir, a potent P450 inhibitor, can act as a phar-
macologic “enhancer” when administered with other pro-
tease inhibitors, resulting in elevated plasma concentra-
tions of the second drug at a lower dosage and longer elim-
ination kinetics than if the drug was administered alone
[88]. This approach exploits pharmacokinetic interactions
to allow reduced dosing frequency as well as reduced
dose of the second drug; potentially can provide additive
or synergistic antiviral effects; may delay the appearance
of drug-resistance mutations raising the genetic barrier
for resistance by using drugs with non-overlapping resist-
ance profiles; and overcome low-level reduced sensitivity
to this drug class. In infected adults, low-dose ritonavir in
combination with saquinavir, indinavir, nelfinavir, fosam-
prenavir, and amprenavir, either as dual PI therapy alone
or combined with one or two NRTIs, has been well tol-
erated and shown substantial antiretroviral activity [88].
Most of these studies have been conducted in treatment-
experienced patients, and it is unclear whether dual Pls
offer any substantial benefit compared to single PI regi-
mens for initial therapy. A few dual PI regimens have been
studied in a small number of children [66, 89]. However,
because data on the pharmacokinetics, safety, and efficacy
of dual PI combinations in children are limited, use of such
regimens for initial therapy is not recommended in chil-
dren, with the exception of lopinavir/ritonavir. The NRTI
emtricitabine, the PI atazanavir, and the nucleotide reverse
transcriptase inhibitor tenofovir have been approved for
treatment of adults; however, studies to define appropri-
ate dosage and safety in children are still in initial phases.
Additional new antiretroviral drugs and combinations are
under study, and it is highly likely that other drug combina-
tions capable of suppressing viral replication will become
available in the future and will increase treatment options
for children.

22.4 When should a change in antiretroviral
therapy be considered?

The reasons to consider changing an antiretroviral regi-
men include: (1) evidence of disease progression based on
virologic, immunologic, or clinical parameters indicating

therapeutic failure of the current regimen; (2) toxicity or
intolerance to the current regimen; and (3) consideration
of new data demonstrating that a drug or regimen is superi-
or to the current regimen.

Failure of an antiretroviral regimen can occur for
many reasons, including problems with absorption or
metabolism of a drug due to inherent characteristics of
the individual or pharmacokinetic interactions with con-
comitant medications leading to sub-therapeutic drug lev-
els; pre-existing or acquired drug resistance; and/or prob-
lems with patient adherence to the regimen. Adherence
can be a special problem in pediatrics and innovative tech-
niques may be needed to ensure compliance. Close family
and medical follow-up are essential to ensure adherence
with new therapeutic regimens. If inconsistent adherence
to therapy is identified as a problem, renewed efforts to edu-
cate the caregivers and patient, and closer follow-up from
supportive members of a multi-disciplinary care team, may
improve adherence.

22.5 Virologic considerations for
changing therapy

HIV RNA parameters for adults that warrant considera-
tion of changing antiretroviral therapy are shown in
Table 22.8. These recommendations are also appropriate
for infected post-pubertal adolescents (Tanner Stage V).
However, because the natural history of HIV RNA in perina-
tal infection differs from what is observed in infected adults,
these recommendations are modified for pediatrics; spe-
cific virologic findings that should prompt consideration
of a change in the initial therapeutic regimen for children
are shown in Table 22.9.

The timeline used to judge virologic therapeutic
response may differ in children. Virologic response should
be assessed 4 weeks after initiating or changing therapy.
However, the time to achieve a maximal virologic response
to therapy will vary depending on the baseline HIV RNA
value at the time therapy is started. Because HIV RNA lev-
els in perinatal infection are extremely high compared with
most infected adults, the initial response of infected infants
and young children to initiation of antiretroviral therapy
may be slower than that observed in adults. If baseline HIV
RNA levels are very high (e.g. >1 000 000 copies/mL), viro-
logic response may not be observed until after 8–12 weeks
or more of therapy. However, if baseline HIV RNA levels were
similar to those observed in infected adults, a response time
more consistent with that of adults would be expected.

The suppression of plasma HIV RNA to undetectable
levels may be achieved less often in children despite
potent combination therapy due to the high level of viral
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Table 22.8 United States Public Health Service guidelines for HIV-infected postpubertal adolescents and adults: considerations for

changing antiretroviral therapy

Virologic considerations 1. Incomplete virologic response (not achieving HIV RNA < 400 copies/mL
by 24 weeks or < 50 copies/mL by 48 weeks in a treatment-naı̈ve patient starting
therapy)a

2. Virologic rebound (repeated detection of viremia after achieved virologic
suppression)b

Immunologic considerations 1. Failure to increase 25–50 CD4+ cells/�L over the first year of therapy
2. Experiencing a decrease in CD4+ cell count below the baseline CD4+ cell count

on therapy

Clinical considerations 1. Occurrence or recurrence of HIV-related events (after at least 3 months on an
antiretroviral regimen), excluding immune reconstitution syndromes

Modified from [2].
a Baseline HIV RNA may impact the time course of response, and some patients may take longer than others to suppress
viremia.
b The degree of plasma HIV RNA increase should be considered, and the healthcare provider may consider short-term
observation in a patient whose plasma HIV RNA increases from undetectable to low-level detectability (e.g., 500–5000
copies/mL) at 4 months. In this situation, the patient should be followed very closely.

replication. However, significant clinical benefit may be
seen with decrements in HIV RNA that do not result in
undetectable levels; in one pediatric trial, there was a 54%
reduction in the relative risk of disease progression for every
1.0 log10 decrease in HIV RNA from baseline [45, 46]. There-
fore, the initial HIV RNA level of the child at the start of
therapy should be taken into consideration when contem-
plating potential drug changes, as well as the nadir achieved
with therapy. For example, an immediate change in ther-
apy may not necessarily be warranted if there is a sustained
1.5–2.0 log10 fall in HIV RNA copy number, even if RNA
remains detectable at relatively low levels. Given the obser-
vation that HIV-infected infants often have much higher
viral loads than adults and the fact that even the most
effective current combination antiretroviral therapies only
decrease viral loads by factors of 10–100 (1–2 logs), it may
be difficult to decrease the viral loads of many infants to
below detectable limits. Rapid modifications of antiretro-
viral therapy might not achieve this goal and could unne-
cessarily and prematurely exhaust the patient’s therapeutic
options. However, it should also be recognized that failure
to maximally suppress viral replication might be associ-
ated with increased risk for viral mutations and selection
for drug-resistant viral variants. Resistance testing is re-
commended in children, as in adults, in the setting of per-
sistent or increasing HIV RNA levels [1].

Following achievement of a maximal virologic response,
HIV RNA levels should be measured at least every 3 months
as a means of monitoring continued response to therapy. At
least two measurements taken at least a week apart should

be performed before considering a change. Intra-patient
biologic variation in HIV RNA levels may be greater in young
children than adults, making it somewhat more difficult to
define a significant change in HIV RNA copy number in chil-
dren. Repeated measurement of HIV RNA levels in a clini-
cally stable, infected adult can vary by as much as 3-fold (0.5
log10) in either direction over the course of a day or on dif-
ferent days; this inherent biologic variability must be con-
sidered when interpreting changes in HIV RNA levels over
time. In the natural history of perinatal HIV infection, the
most rapid decline in plasma HIV RNA levels in untreated
infected children occurs in the first 15–24 months of life
(average decline, 0.6 log10 per year), with a slower decline
until approximately 4–5 years of age (average decline, 0.3
log10 per year) [44, 90, 91]. Therefore, the definition of a
significant plasma HIV RNA change for pediatric patients
differs by age (see Chapter 5). For children < 2 years old, a
change should be > 5-fold (0.7 log10) on repeated testing to
be viewed as significant, whereas for children >2 years old,
a change >3-fold (0.5 log10) is significant.

22.6 Immunologic considerations for
changing therapy

In HIV-infected adults, disease progression risk has
been shown to increase directly with baseline plasma
HIV RNA concentration and inversely with baseline
CD4+ lymphocyte number; at any given HIV RNA level,
patients with lower CD4+ counts have poorer prognosis.
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Table 22.9 United States Public Health Service guidelines for HIV-infected infants, children, and young adolescents: considerations for

changing antiretroviral therapy

Virologic considerationsa 1. Less than a minimally acceptable virologic response after 8–12 weeks of therapy. For
children receiving aggressive antiretroviral therapy, such a response is defined as a
less than 10-fold (1.0 log10) decrease from baseline HIV RNA levels.

2. HIV RNA not suppressed to undetectable levels after 4–6 months of antiretroviral
therapy.b

3. Repeated detection of HIV RNA in children who initially had undetectable levels in
response to antiretroviral therapy.c

4. Substantial reproducible increasec in plasma viremia from the nadir of
suppression, defined as:
• For children < 2 years old, an increase of >5-fold (>0.7 log10) copies/mL.
• For children ≥2 years old, an increase of >3-fold (>0.5 log10) copies/mL.

Immunologic considerations a 1. Change in pediatric CDC immune category.d

2. For children with CD4+ percentage <15% (pediatric CDC immune category 3), a
persistent decline of 5% or more in CD4+ cell percentage (e.g. from 15% to 10%).

3. A rapid and substantial decrease in absolute CD4+ lymphocyte count (e.g. >30%
decline <6 months).

Clinical considerations 1. Progressive neurodevelopmental deterioration.
2. Growth failure defined as persistent decline in weight growth velocity despite

adequate nutritional support and without other explanation.
3. Disease progression, as defined by advancement from one pediatric CDC clinical

category to another.e

Modified from [1].
a At least two measurements (at least 1 week apart) should be performed before considering a change.
b The initial HIV RNA level of the child at the start of therapy as well as the level achieved with therapy should be considered
when contemplating potential drug changes.
c Continued observation with more frequent evaluation of HIV RNA levels should be considered if the HIV RNA increase
is limited (i.e. less than 5000 copies/mL). The presence of repeatedly detectable or increasing RNA levels suggests the
development of resistance mutations.
d Minimal changes in CD4+ percentile that may result in CDC immune category change (e.g. from 26% to 24%, or 16% to
14%) may not be as concerning as a major rapid substantial change in CD4+ percentile within the same immune category
(e.g. a drop from 35% to 25% in a short period of time).
e In patients with stable immunologic and virologic parameters, progression from one clinical category to another may
not in itself represent an indication to change therapy.

Treatment-mediated changes in CD4+ count after 6
months of therapy predict prognosis in adult clinical trials
[92]. CD4+ lymphocyte count and plasma HIV RNA also
predict disease progression and mortality in children [44–
46]. In one pediatric study, there was a 1.3-fold increase in
mortality risk, independent of HIV RNA level, for every 5%
decline in CD4+ percent [44].

Interpretation of CD4+ lymphocyte changes in pediatric
patients is complicated by the normal age-related changes
in absolute number; CD4+ lymphocyte percent is more
stable and less affected by age (see Chapter 5). Antiretroviral
therapy should not be changed due to an apparent decline

in CD4+ lymphocyte values unless the change is validated
by at least two repeated measurements obtained at least
a week apart. Specific immunologic findings that should
prompt consideration of a change in therapy for children
are shown in Table 22.9.

22.7 Clinical considerations for changing therapy

In infected adults and children, clinical deterioration,
defined as a new AIDS-defining diagnosis acquired after
treatment is initiated, is an indication for a change in
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therapy (Tables 22.8 and 22.9). However, if the patient has
had a good virologic response to therapy, the appearance
of a new opportunistic infection may not reflect a failure
of therapy, but persistence of severe immunocompromise.
Defects in T cell phenotype (e.g. continued depletion of
naive CD4+ cells) and repertoire (e.g. disruption of T cell
beta-chain family expression) may persist despite signifi-
cant increases in CD4+ counts during therapy [93].

As in infected adults, prognosis is poorer in children with
more advanced CDC clinical categories [94]. However, in
children with stable immunologic and virologic parame-
ters, development of HIV-related infectious complications
may not in itself represent an indication to change therapy.
In children, involvement of the CNS and growth failure are
common manifestations of HIV infection and have been
shown to improve with therapy [18, 19, 67]. Thus, deterio-
ration in these latter parameters may be more useful than
development of opportunistic infections in determining
therapeutic failure in children (Table 22.9). Central nervous
system disease is monitored clinically (physical examina-
tion and standard neurodevelopmental testing (see Chap-
ter 17), and radiographically (e.g. computerized tomogra-
phy [CT] or magnetic resonance imaging [MRI]). Persist-
ent or progressive neurologic deterioration is defined as
the presence of two or more of the following: impairment
in brain growth (e.g. assessed by serial head circumfer-
ence measurements or neuroimaging); decline of cognitive
function documented by psychometric testing; or clinical
motor dysfunction. Clinical findings that should prompt
consideration of a change in therapeutic regimen in chil-
dren are shown in Table 22.9.

22.8 Choosing a new antiretroviral regimen

Recommendations for choice of a new antiretroviral regi-
men differ according to the reason for the change. Reasons
for a change in antiretroviral regimen include toxicity or
intolerance, and disease progression (virologic, immuno-
logic, or clinical).

22.8.1 When a change is due to toxicity or intolerance

The nature and severity of the toxicity or intolerance are
important considerations in decisions about alterations in
therapy. In determining the relationship of clinical or labor-
atory toxicity to antiretroviral therapy, alternative explana-
tions such as HIV-related disease progression, intercurrent
infections, or toxicity secondary to concomitant medica-
tions must be considered. Severe and potentially fatal toxi-
cities such as pancreatitis, hepatic failure, lactic acidosis, or

severe skin rash or Stevens–Johnson syndrome require dis-
continuation of therapy. If a child develops an ABC hyper-
sensitivity reaction, ABC should never be restarted since
hypotension, renal and respiratory insufficiency, and death
have occurred within hours of rechallenge. Similarly, nevi-
rapine should not be restarted in children who experience
a severe skin rash; who develop cutaneous bullae or tar-
get lesions, mucosal involvement, or symptoms consis-
tent with hypersensitivity; or who have had nevirapine-
associated hepatitis. When therapy requires discontinu-
ation, all drugs should be stopped temporarily to avoid
development of drug resistance. In such cases, following
resolution of the toxicity, restarting the drug regimen with
change of a single drug is permissible. The substituted drug
should ideally be in a similar class (e.g. substitute one NRTI
for another NRTI) but have different toxicity or tolerance
characteristics.

However, in the presence of non-life-threatening toxi-
cities in a patient in whom virologic, immunologic, and
clinical response are adequate, all efforts should be made
to continue the current therapeutic regimen. This should
include use of adjunctive therapies that are directed at the
observed toxicity, such as erythropoietin and/or transfu-
sions for treatment of anemia, or granulocyte-stimulating
factor for neutropenia. Some toxicity may be transient in
nature, and therapy may be safely continued with close
monitoring (e.g. nausea secondary to therapy with certain
PIs), while other toxicities may require only a temporary or
permanent reduction in dose. Due to concerns about the
development of resistance in the presence of subtherapeu-
tic drug levels, antiretroviral drugs should only be reduced
to the lower end of their therapeutic range, and adequacy
of continued antiretroviral activity should be confirmed by
monitoring HIV RNA levels.

The toxicities of antiretroviral drugs can occur at differ-
ent frequencies in children and adults and/or have differ-
ent implications for children. Chapters 18 and 19 detail
toxicities observed in pediatric patients with the currently
available antiretroviral drugs.

22.8.2 When a change is due to virologic,
immunologic, or clinical disease progression

An assessment of adherence problems is important in
choosing a new therapeutic regimen. For example, certain
drug combinations may be difficult for young infants to
take because of requirements regarding food intake. There-
fore, other regimens might be preferable (e.g. ddI cannot be
given with food due to decreased drug absorption, whereas
ritonavir must be taken with food to increase absorption).



372 L. M. Mofenson and L. K. Serchuck

When changing therapy, all medications taken by the
patient should be reviewed for possible drug interactions
with the new regimen. Alterations in drug absorption, dis-
tribution, metabolism, or elimination induced by one drug
can result in altered pharmacokinetics of one or more other
drugs; pharmacodynamic synergy or antagonism between
antiretroviral agents could affect toxicity or efficacy. Drugs
metabolized by cytochrome P450, such as NNRTIs and pro-
tease inhibitors, have particularly significant interactions
with many drugs (see Chapter 19).

Antiretroviral history and the impact of change on future
treatment are important when choosing a new regimen.
Replacement with a regimen containing drugs the child has
not previously received would be ideal. However, the num-
ber of available drug options may be restricted due to prior
antiretroviral drug experience and limited data on phar-
macokinetics and safety of some combination regimens in
children (e.g. low-dose ritonavir boosted dual PI regimens),
and it may not be possible to provide a completely new reg-
imen. In that case, the failing regimen should be changed to
incorporate at least two new drugs. Change in or addition
of a single drug to a failing regimen is suboptimal and not
recommended, as it promotes development of resistance to
the new agent. For children failing initial therapy, change in
dual NRTI backbone and of the drug class of the third drug
(e.g. change of PI to NNRTI, or vice versa) should be feasible.
However, there is no consensus about the best approach to
salvage therapy for children with more antiretroviral experi-
ence. Interchange of NNRTI drugs should be avoided due to
cross-resistance. The mutation patterns associated with PI
resistance overlap; resistance to one may result in reduced
susceptibility to some or all of the other currently available
PIs; for example, high-level cross-resistance exists between
ritonavir and indinavir.

Data from some but not all studies in adults experiencing
virologic failure have demonstrated a modest short-term
virologic benefit with use of genotypic or phenotypic resis-
tance testing to guide choice of a new therapeutic regimen
compared with clinical judgment alone [96–99]. Resistance
testing should be considered in children when changing a
failing regimen [1]. However, interpretation of the results
can be difficult because the mutations that lead to resis-
tance are not fully understood and there is a potential for
cross-resistance to other drugs to be conferred by certain
mutations. Additionally, while the presence of viral resis-
tance to a particular drug suggests that the drug is unlikely
to successfully suppress viral replication, the absence of
resistance to a drug does not ensure that its use will be suc-
cessful. Consultation with an HIV specialist is advised for
interpretation of test results. Resistance assays should be
performed while the patient is receiving the drug regimen,

because in the absence of drug pressure, wild-type virus is
likely to replace resistant strains and mask the presence of
resistant virus (see Chapter 21).

For children with extensive prior treatment with all
three antiretroviral drug classes, approaches have included
the following: continuing the current regimen if par-
tial virologic suppression was achieved and the patient
is immunologically and clinically stable; use of “mega-
HAART” (treatment with 4–6 antiretroviral drugs in an
attempt to overcome resistance and suppress viral repli-
cation, often including two NRTIs, an NNRTI and 2–3 PIs);
use of “drug holidays” to see if wild-type virus will again
predominate (although, since all prior species are archived
and can rapidly re-emerge, many would argue that this
approach should not be considered); recycling previously
tolerated medications; or discontinuing therapy. Data sug-
gest that HIV with multi-drug resistance mutations has
reduced replication capacity and pathogenicity compared
with wild-type virus. Some patients who have failed mul-
tiple antiretroviral drug regimens and have actively repli-
cating, drug-resistant virus have had low rates of clinical
progression and stabilization of CD4+ cell numbers if viral
load is sustained 0.5 logs below the patient’s pretreatment
value [99].

22.9 Conclusions

Although the pathogenesis of HIV infection and the general
virologic and immunologic principles underlying the use of
antiretroviral therapy are similar for all HIV-infected indi-
viduals, there are unique considerations for HIV-infected
infants, children, and adolescents. Most children acquire
HIV infection through perinatal exposure, which raises the
possibility of initiating therapy during the period of pri-
mary infection if sensitive diagnostic tests are used to deter-
mine infection status early in life. Because perinatal infec-
tion occurs during the development of the infant immune
system, both the clinical manifestations and course of
immunologic and virologic markers of infection differ from
those in adults. These differences must be taken into con-
sideration when using immunologic and virologic mark-
ers for therapeutic decision-making in children. Addition-
ally, changes in drug pharmacokinetics during the transi-
tion from the newborn period to adulthood require spe-
cific evaluation of drug dosing and toxicities in infants and
children. Finally, unique issues related to compliance exist
for pediatric patients that need to be addressed to achieve
optimal response to therapy.

Guidelines for antiretroviral therapy in children have
evolved over time. The initial years of the HIV epidemic,
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prior to the availability of antiretroviral drugs for children,
were characterized by a focus on prevention of oppor-
tunistic infections and palliative care. In the early 1990s,
antiretroviral drugs were approved for use in children, and
monotherapy was shown to provide clinical benefit. As the
results of clinical trials became available, dual antiretro-
viral therapy was shown to further improve clinical out-
come. Currently, more complex, multidrug regimens, often
including several antiretroviral drug classes, have been
shown to provide potent suppression of viral replication,
significant immunologic reconstitution, and are associated
with dramatic decreases in HIV-related morbidity and mor-
tality in infected children and adults.

What constitutes the most appropriate therapy for an
individual child will depend on multiple factors, including
potency, complexity, and toxicity of the drug combination,
interactions with other drugs the child is taking, the abil-
ity of the child and family to adhere to the regimen, and
prior antiretroviral treatment. Current US treatment guide-
lines recommend that antiretroviral therapy be initiated in
infected infants under the age of 12 months who have any
clinical symptoms of HIV disease or immune suppression,
even if these are mild, while therapy could be deferred in
children over 12 months with no or mild symptoms and
mild immune suppression. Combination therapy, prefer-
ably with a potent PI or the NNRTI efavirenz in combina-
tion with two NRTIs, is the treatment regimen of choice. In
Europe, although guidelines for older children are similar
to those in the US, guidelines for infants are more con-
servative, deferring therapy in infants under the age of 12
months with no or mild symptoms until significant clinical,
immunologic, and/or virologic progression is identified.
Due to concerns regarding drug resistance, if modification
of therapy is required due to clinical, immunologic, or viro-
logic progression, the failing regimen should be changed
to include at least two new antiretroviral drugs. Resistance
testing prior to changing therapy should be considered to
assist in selection of a new regimen in children who have
virologic failure. Because treatment recommendations are
expected to continually change over time, the healthcare
provider is advised to review updated guidelines as they
become available.
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Therapeutic drug monitoring
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Therapeutic drug monitoring (TDM) refers to the adjust-
ment of drug doses based on measured plasma concentra-
tions to attain values within a “therapeutic window.” Clin-
icians have used these principles for years to adjust doses
of drugs including theophylline, aminoglycosides, digoxin,
and anticonvulsants. However, TDM has not generally been
used for monitoring the treatment of chronic infectious
diseases. There is growing evidence that TDM may be use-
ful in some circumstances to insure HIV-infected patients
have adequate blood concentrations for efficacy without
producing toxicity. This may be especially true for children
where there is wide variability in plasma concentrations. A
number of critical questions remain to be addressed before
TDM is used routinely in HIV infection. To this end, several
large clinical trials have recently been initiated that may
help to define its role.

A number of retrospective studies have demonstrated
that plasma concentrations of antiretroviral drugs corre-
late with antiviral activity [1–4]. It is clear that drug con-
centrations are an important predictor of response to HIV
treatment. However, these findings are quite different than
assessing the value of using TDM in the clinic to guide
antiretroviral therapy for an individual. This chapter will
review the available data, describe which drugs can be
monitored, indicate when samples should be collected, and
address practical concerns and issues for the clinician.

23.1 Drugs as TDM candidates

Some antiretrovirals share many of the characteris-
tics of drugs that require monitoring of plasma levels,
including variable inter-subject pharmacokinetics, serious

consequences if there is a lack of effect or drug toxicity,
documented relationships between drug concentration
and effect or toxicity, identification of a therapeutic range,
and the availability of rapid and accurate assays.

Plasma concentrations of protease inhibitors (PIs) may
vary by more than 10-fold between individuals receiving
the same dose [5]. This is especially true for children who
have been shown to have wide inter-patient variability
in pharmacokinetic parameters of PIs [6]. There is also a
common misconception that boosting with ritonavir (RTV)
decreases the inter-patient variability. While the mean con-
centration has been shown to increase with RTV added, the
overall variability remains high [7]. Thus, even with RTV
boosting, there will likely be some patients with subopti-
mal plasma concentrations.

There are obvious serious consequences for patients if
plasma concentrations are above or below the optimal
range. Sustained low plasma concentrations will invariably
lead to the development of resistance and high concentra-
tions may result in toxicity. Since HIV disease is lifelong, it
makes sense to use every tool possible to achieve a durable
response and avoid adverse effects.

The identification of a therapeutic range remains prob-
lematic. Treatment-experienced patients, infected with
virus that has high, but not insurmountable levels of resis-
tance to antiretrovirals, are likely to need much higher con-
centrations for an antiviral response compared with treat-
ment naı̈ve patients. In addition, target concentrations may
be different between patients due to demographic factors
such as weight and gender. Several laboratories and com-
panies possess large databases of plasma concentrations
that could also be used to define a therapeutic range, or
at least an expected range of concentrations. There have
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been attempts to establish “normal ranges” for antiretro-
virals based on large data sets but further refinement is
warranted.

23.2 Which antiretrovirals are candidates
for TDM?

Protease inhibitors and non-nucleoside reverse transcrip-
tase inhibitors (NNRTIs) meet many of the conditions for
TDM and could be monitored during therapy. There are
many retrospective studies demonstrating that PI concen-
trations correlate with antiviral activity [1–4]. More recent
data also suggest that NNRTI concentrations correlate with
effect [8]. The long half-life of NNRTIs combined with their
generally high concentrations ensure that most patients
with wild-type virus will have therapeutic concentrations
even if their adherence is less than perfect. However, TDM
for NNRTIs is important because the small percentage of
patients with suboptimal levels are at clear risk for the rapid
development of resistance and treatment failure, since a
single amino acid substitution in reverse transcriptase is
sufficient to render the virus highly resistant to currently
available NNRTIs. This raises the dilemma of whether all
patients should receive TDM to identify the small percent-
age who will benefit the most.

Nucleoside reverse transcriptase inhibitors (NRTIs) are
actually pro-drugs that must be converted intracellularly
to their active forms. Thus, the concentration in the plasma
does not accurately reflect the concentration of the active
moiety at the site of action. While some studies have shown
relationships between plasma levels and antiviral effect for
NRTIs, findings are generally inconsistent and monitoring
of NRTIs is not recommended [9, 10]. However, there may
be certain instances such as evaluation of toxicity or adher-
ence when assessment of plasma concentrations would be
helpful.

23.3 Unique TDM issues for children

The rapid development and maturation of liver enzyme
activity and renal function, combined with changes in body
fat and protein, complicate the dosing of HIV-infected chil-
dren and make plasma concentrations difficult to predict.
There may also be differences in drug absorption between
children and adults due to changes in gastric pH, gastric
emptying time, or other factors. Attempts to dose children
by applying pharmacokinetic data from adults have con-
sistently shown poor results. Similarly, dosages based on
pharmacokinetic data from older children may not apply

to young children and infants. Clinical trials with nelfi-
navir and efavirenz using mg/kg doses based on adults have
shown that adequate concentrations are often not achieved
[11, 12]. In some cases, dosing based on BSA may be more
consistent than dosing based on weight. Indinavir has also
been shown to require increased doses or shorter dosing
intervals in children compared with adults to achieve sim-
ilar concentrations [13]. For these reasons, a consensus
panel on TDM in HIV infection agreed that children rep-
resent a population that may benefit the most from TDM
[14].

23.4 Clinical trials of TDM

The beneficial role of TDM in HIV clinical practice remains
to be demonstrated. Over the past 5 years, a number of
studies have described relationships between antiretrovi-
ral drug concentrations and antiviral effect. Results from
four prospective, randomized trials of TDM in HIV-infected
patients have been reported. ATHENA is an ongoing study
of 600 patients randomized to TDM or no TDM [15, 16].
In treatment-naı̈ve patients, indinavir and nelfinavir doses
were adjusted based on the “concentration ratio,” a meas-
ure of the patient’s drug level compared with the mean
expected drug level in the population at any time dur-
ing the dosage interval. Blood samples were collected at
each clinic visit and concentrations were reported back to
the physician within 4 weeks. Fifty-five patients receiving
indinavir (2/3 boosted with RTU) and 92 patients receiv-
ing nelfinavir were randomized to concentration-targeted
therapy or standard dosing. Data were analyzed using a
non-completer equals failure approach. For indinavir, 75%
of patients in the TDM group achieved viral loads < 500
copies/mL at 12 months compared with 48% in the stan-
dard dose group (P < 0.05). Improved outcome with TDM
for indinavir was primarily driven by reduced toxicity lead-
ing to fewer discontinuations while on TDM. For nelfinavir,
the TDM group had a higher percentage of patients < 500
copies/mL compared with standard dosing (81% vs 59%;
P < 0.05), a result primarily due to fewer virological fail-
ures in the TDM group. Results in treatment-experienced
patients are not yet available.

Conversely, PHARMADAPT, which used trough plasma
PI concentrations to modify salvage therapy, did not show
a significant improvement in virologic outcomes at 12
weeks [17]. Patients failing therapy with a viral load of
> 2000 copies/mL were genotyped and a new regimen
was selected. They were then randomized to TDM or stan-
dard dosing. Samples were collected at week 4 of the
new regimen and reported back at week 8. At week 12,
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the percentage of patients achieving a viral load < 200
copies/mL was 52% in the standard group and 45% in the
TDM group. The lack of a difference may have occurred
because only 22% of patients receiving TDM had a modifi-
cation of PI therapy and because dosage modifications did
not occur until 8 weeks into therapy. This may have been too
late for an effective intervention; a patient’s virus may have
developed resistance by that time. In addition, the concen-
tration that inhibits 50% of replication (IC50) for wild-type
virus was used as target concentrations in PHARMADAPT,
and this target may have been too low in this antiretroviral-
experienced population.

A prospective trial in HIV-infected patients evaluated
TDM of all drugs in a three-drug regimen [18]. Forty
treatment-naı̈ve patients were randomized to receive
indinavir, zidovudine, and lamivudine by concentration-
guided therapy or per standard fixed doses. Of 33 evaluable
patients, 15 of 16 in the TDM arm and 9 of 17 in the standard
dose arm had HIV RNA levels < 50 copies/mL at week 52
(P = 0.017). Those patients in the TDM arm also reached
undetectable viral loads in a significantly shorter period
of time. Adverse effects were not different between study
groups.

The GENOPHAR study randomized patients failing ther-
apy with viral load > 1000 RNA copies/mL to either treat-
ment based on genotyping or treatment based on genotyp-
ing and TDM [19]. An expert committee selected the drug
regimen based on the genotype results for both groups, and
patients in the TDM arm could have their doses adjusted
during the trial. At week 24, the genotype alone group had
34/59 (58%) patients with viral load < 200 copies/mL while
40/61 (66%) of the genotype with TDM patients were unde-
tectable (P = NS).

These clinical trials demonstrate that TDM may be use-
ful in some settings and not others. It is understandable
that TDM alone could be useful in treatment-naı̈ve patients
where standard doses can achieve high enough concentra-
tions to block replication of wild-type virus. However, in
treatment-experienced patients, it is likely that some meas-
urement of the sensitivity of the virus must be used in con-
junction with drug levels for optimal treatment. The con-
cept of a monitoring tool that incorporates both plasma
concentrations and resistance testing is described below.

23.5 The IQ ratio

Recent studies have evaluated the phenotype or “virtual”
phenotype used along with the plasma concentration as
a potential tool to optimize drug therapy. The ratio of the
Cmin (trough level) to the protein binding-adjusted IC50 is

often called the Inhibitory Quotient or IQ. A number of vari-
ations in calculating the IQ have been described including
the “Virtual IQ” and the “Normalized IQ” [20]. Both of these
variations use the fold-change in the sensitivity of the virus
compared with wild type from the Virtual PhenotypeTM

(Virco) test in their equations and attempt to correct for
protein binding.

Regardless of the specific equation, a number of small tri-
als have demonstrated relationships between IQ and clini-
cal outcome. Retrospective studies with lopinavir and indi-
navir have shown a correlation between the Virtual IQ and
clinical outcome after 24–48 weeks [21, 22]. These studies
identified breakpoints of 2 for indinavir and 15 for lopinavir
that were associated with improved clinical outcome. The
Virtual IQ has also been shown to be predictive of outcome
in PI-experienced patients receiving regimens containing
lopinavir, ritonavir, and amprenavir [23–25]. In these stud-
ies, resistance testing or drug level measurement alone was
not associated with improved outcome, while IQ was pre-
dictive. These trials suggest that integration of the drug level
and virus susceptibility to the drug may provide more com-
plete information than either measurement used alone.
Two large multicenter IQ trials initiated by the AIDS Clinical
Trials Group (ACTG) will further evaluate the clinical util-
ity of the IQ ratio in HIV-infected patients and help define
which patients will receive the most benefit.

23.6 Plasma levels and toxicity

In contrast to the large number of studies demonstrat-
ing relationships between plasma drug concentrations and
antiviral activity, there is limited information linking drug
levels with toxicity. Indinavir concentrations have been
examined in patients experiencing urological complaints
compared with a group with no urological adverse events.
The indinavir concentration in 14/15 patients with urolog-
ical complaints was higher than the mean in the control
group (n = 14) [26]. A study in subjects receiving a regi-
men of stavudine, lamivudine, saquinavir, and nelfinavir
reported that abdominal pain was associated with higher
plasma levels of saquinavir and nelfinavir [27]. Increased
concentrations of ritonavir have also been reported to
be associated with gastrointestinal complaints [28]. While
these data may be intriguing, it remains difficult to use
plasma concentrations to predict, avoid, or reduce toxi-
city. Some clinicians are willing to increase doses based
on low drug levels but may be reluctant to decrease the
dose if levels are high, for fear of compromising efficacy.
It is also important to note that some toxicities, such
as hyperlipidemia and fat redistribution, are unlikely to
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Table 23.1 Proposed target trough concentrations in

treatment-naı̈ve patients

Drug Concentration (ng/ml)

Protease inhibitors
Amprenavir 150–400
Indinavir 80–120
Lopinavir/ritonavir 1000–2000
Nelfinavir 700–1000
Ritonavir 1500–2100 (full dose)
Saquinavir 100–250

Non-nucleoside reverse transcriptase inhibitors
Efavirenz 1000–1100
Nevirapine 3400

Source: Reference [29].

have a definitive dose–response relationship with plasma
levels.

23.7 Target concentrations and plasma sampling

Retrospective studies have provided some target con-
centrations for treatment-naı̈ve patients [29]. Table 23.1
shows general therapeutic ranges that the clinician can
use for TDM in treatment-naı̈ve patients. For treatment-
experienced patients, these concentrations are likely too
low. In the experienced population, plasma concentrations
should be used along with resistance testing. A simple
method on using drug levels with phenotyping to guide
therapy has been described previously [29].

The specific parameter to monitor, whether it be peak,
trough, or area under the curve (AUC), has not been ade-
quately defined. There appears to be general agreement
that trough concentrations correlate best with antiviral
effect. This seems reasonable from a biologic rationale in
keeping concentrations of the antiretroviral above a thresh-
old level throughout the dosage interval to avoid any break-
through replication. The trough is also the easiest to collect
from a practical and feasibility standpoint. However, collec-
tion of a trough sample relies upon the patient to accurately
recall the time of their last dose. Without directly observed
dosing, the use of patient-recorded dosing times may lead
to a trough concentration that was drawn several hours
away from the true trough. Such errors clearly complicate
interpretation of drug levels. A definitive study to address
this question has not been performed. Data to support the
use of the trough concentration for modeling also include
in vivo modeling of protease inhibitors and a clinical trial of
BID vs TID indinavir [30, 31]. In this study, the BID regimen

was inferior in antiviral activity and had lower trough values
although the AUCs were similar between the regimens.

Another approach to TDM sampling is the concentra-
tion ratio [14]. This method compares the plasma con-
centration of an individual patient at any time during the
dosing interval to a mean value that was determined in sub-
jects who had extensive pharmacokinetic sampling after a
directly observed dose. From this control group, a refer-
ence concentration-time curve is constructed that can be
compared with a patient sample at any time after admin-
istration. For example, an individual’s sample collected at
4 hours after their last dose would be compared with the
mean 4-hour value from the reference group. The patient’s
dose might be adjusted if the concentration was above
or below some predetermined confidence interval of the
reference value at 4 hours.

Pharmacokinetic modeling is another method for TDM
sampling where one or more concentrations are collected
at random times after a dose (i.e. 2 and 4 hours after dosing)
[14]. Using a mathematical model and previous informa-
tion on the drug’s pharmacokinetics, the trough concen-
tration can be estimated. This approach has an advantage
in that other parameters (AUC, maximum concentration
[Cmax], plasma clearance) can also be estimated and used
to guide therapy. This method can be very accurate if more
than one sample is obtained. The model does require vali-
dation and pharmacokinetics expertise for calculation and
interpretation. Collection of multiple samples may also
be inconvenient for patients and medical staff in a busy
clinic.

23.8 Problems, concerns, and unresolved issues

A number of practical and logistical challenges may limit
the widespread use of TDM for antiretroviral therapy. A pri-
mary limitation of TDM is that it does not provide infor-
mation on long-term adherence. A patient could not have
taken their drugs correctly for weeks, but may do so for the
2 or 3 days immediately before their clinic appointment
if they know a TDM sample will be taken. The drug con-
centration in such a patient would appear to be adequate
although the patient may be failing therapy due to non-
adherence. Another problem could be the upward adjust-
ment of a dose in a patient who was non-adherent based on
low levels and subsequent toxicity when the patient starts
to adhere to the new dose. Clearly, a successful TDM pro-
gram needs to be coupled with adherence monitoring so
that plasma concentrations can be accurately interpreted.

Intra-patient variability for key pharmacokinetic param-
eters also appears to be large for some antiretrovirals,
particularly in pediatric populations, suggesting that
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Table 23.2 Commercial laboratories that measure antiretroviral

concentrations for individual patients

Consolidated Laboratories, Van Nuys, CA
Mayo Clinic, Rochester, MN
National Jewish Hospital, Denver, CO
Specialty Labs, Santa Monica, CA
TDM Service, University of Liverpool, UK

clinical decisions should be made only after two or more
trough levels are collected and not after a single deter-
mination. Intra-patient variability may be large because
concentrations can be affected by small changes in diet,
time of administration, concomitant illnesses, or other
unknown factors. However, intra-patient variability has
been reported to be modest when these factors are con-
trolled for, and most importantly, is smaller than inter-
patient variability [32].

Logistical issues cannot be ignored in the use of TDM.
Currently, there are no rapid tests for antiretroviral drug lev-
els that can be performed in the hospital or clinic. Samples
must be shipped to a reference laboratory for measure-
ment. Table 23.2 shows a number of commercial labor-
atories that measure concentrations of antiretrovirals for
a fee. Several academic centers also perform these tests
for research purposes. Accurate sample collection, timely
processing, storage and shipping of plasma, and rapid
turnaround times for assay results must be assured. A more
important factor is the quality of the reference laboratory.
Since there is no common assay method among labora-
tories, the clinician needs some assurance that the results
being reported back are accurate. An international quality
assurance program has been developed whereby partici-
pating laboratories received samples with spiked amounts
of various PIs and NNRTIs [33]. Laboratories send their
results back to a central site and are given a report of how
well their method compared with the actual concentra-
tions. A similar program exists for laboratories participat-
ing in ACTG trials. Clinicians should select a laboratory that
participates in such a program and has demonstrated that
it can produce accurate results.

23.9 Practical issues for the clinician

Adjustment of drug doses should only be performed in a
thoughtful and methodical manner. The clinician should
first identify the reason for the measurement. This could be
an inadequate response, dose-limiting toxicity, potential
drug interaction, starting a new regimen in a special

Table 23.3 Clinical situations for therapeutic drug monitoring in

HIV-infected patients

Experimental regimens (i.e. Once Daily Dosing)
Confirm adequate concentrations in children
Confirm adequate concentrations in pregnant women
Document levels in patients with organ dysfunction
In conjunction with resistance testing in patients failing

therapy (IQ ratio)
Provide additional information in patients experiencing

drug toxicity
Evaluation for unknown drug interactions (mega-HAART,

enzyme inducers, herbal remedies, etc.)

Table 23.4 Questions to ask before altering a dose based on a

TDM result

Did the patient follow the drug’s dietary restrictions?
Was the sample collected at the correct time (trough

value)?
Has the patient been adherent with his/her therapy?
Was the dose observed or was the dose taken at the

correct time?
Is the pill burden of the new regimen reasonable?

population (children, pregnant women, patients with
organ dysfunction), or others (Table 23.3). In general, TDM
should not be used for adherence testing as the concentra-
tion only describes the patient’s drug administration in the
past 1–2 days.

If TDM is to be performed, the sample should be collected
at steady-state which generally is at least 2 weeks into a
new regimen. The time of the patient’s last dose should
be recorded and a trough sample should be collected. The
sample should be sent to a TDM laboratory following the
processing and shipping instructions of the specific facility.

When the patient’s concentration is reported, clinicians
should carefully consider several factors before adjusting
the dose (Table 23.4). These include an understanding of
the patient’s adherence, the current pill burden, and the
quality of the sample collection. The dosage change should
not be dramatic and limited to a 15–20% increase in the
dose of the drug or the addition a second drug such as
low-dose ritonavir to optimize the pharmacokinetics. The
drug level should be repeated in 2–4 weeks to evaluate
the change. It is important to note that TDM in clinical
practice is mainly focused on PIs, however, concentra-
tions of NNRTIs have also been reported to correlate with
outcome [8].
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23.10 Conclusion

There is increasing interest in TDM as a tool for improv-
ing therapy for HIV-infected patients. A number of trials
have shown that TDM is both feasible and can improve
outcomes, however, large randomized trials are ongoing
and will provide more definitive answers. The treatment
of HIV-infected patients is complicated. It is critical to
understand that successful TDM programs cannot exist by
themselves but must be used in conjunction with other
interventions such as adherence counseling, management
of adverse effects, resistance testing, and treatment of
concomitant illnesses.
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HIV postexposure prophylaxis for pediatric patients
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24.1 Background

Postexposure prophylaxis (PEP) refers to the timely admin-
istration of antiretroviral (ARV) chemoprophylaxis to
reduce the probability of becoming infected with HIV after
an acute well-defined exposure. PEP can be categorized
as occupational (oPEP) or non-occupational (nPEP). This
chapter summarizes the epidemiology of various types of
HIV exposures, including strategies for preventing these
exposures and recent findings from animal and human
studies which lend support for the use of oPEP and nPEP, re-
views current United States Public Health Service (USPHS)
recommendations for oPEP and nPEP, and addresses spe-
cial considerations regarding nPEP for pediatric patients.
Prevention of mother-to-child transmission (MTCT) of HIV
is addressed in Chapter 8. The USPHS oPEP recommenda-
tions continue to recommend a two-tiered system of three
ARVs vs two ARVs, depending on level of risk. The chapter
highlights a change in the USPHS nPEP recommendations,
which now emphasize the importance of using three-drug
regimens, when feasible, for all exposures that warrant PEP
in order to be consistent with the current standard of care
regarding treatment of established HIV infection.

24.1.1 Occupational postexposure prophylaxis

For the purposes of this chapter, healthcare personnel
(HCP) are defined as persons whose activities involve con-
tact with patients or with patients’ blood or other body
fluids in a healthcare, laboratory, or public-safety setting
[1]. Occupational exposures that could place HCP at risk
for HIV infection include: (a) percutaneous injury (e.g. a
needlestick or cut with a sharp object); or (b) contact of

mucous membrane or non-intact skin (e.g. exposed skin
that is chapped, abraded, or afflicted with dermatitis) with
blood, tissue, or other body fluids that are potentially
infectious. Non-intact skin exposures with potentially
infectious body materials are not considered to be of risk
except for direct contact (i.e. without barrier protection)
with concentrated HIV in a research laboratory or produc-
tion facility. Other body fluids include: (a) semen, vaginal
secretions, or other body fluids contaminated with visi-
ble blood that have been implicated in the transmission of
HIV infection; and (b) fluids with an undetermined risk of
HIV transmission, i.e. cerebrospinal, synovial, pleural, peri-
toneal, pericardial, and amniotic fluids [1]. In the absence
of visible blood in the fluid or substance, exposure to saliva,
tears, sweat, urine, or feces is not considered to pose a risk
for HIV transmission and does not require postexposure
follow-up. Although mother-to-child transmission (MTCT)
of HIV can occur through breastfeeding [2], exposure to
breast milk has not been implicated in occupational trans-
mission of HIV.

24.1.2 Non-occupational postexposure prophylaxis

Examples of non-occupational exposures to HIV include
exposure to HIV through unprotected sex or through shar-
ing needles with HIV-infected persons. More common
pediatric consultations for nPEP involve sexual abuse or
exposure to discarded needles.

24.1.3 Studies of the biologic plausibility of PEP

In 1990, the USPHS published the first statement on oPEP
[3]. Because of lack of convincing data on the efficacy of
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PEP at the time, this statement did not recommend or
discourage PEP, but rather outlined considerations sur-
rounding the possible use of zidovudine (ZDV) for PEP.
Since then, additional data provide a rationale for HIV
PEP in both occupational and non-occupational settings,
including information regarding primary HIV pathogene-
sis, the biological plausibility of the effectiveness of ARV
drug administration for the PEP, and the effectiveness of
ARV drugs for PEP in animal and human studies [1].

Primary HIV pathogenesis and biological plausibility
of PEP effectiveness
In a primate model of simian immunodeficiency virus
(SIV), SIV infection was limited to dendritic-like cells at
the site of SIV inoculation during the first 24 hours, moved
to regional lymph nodes over the next 24–48 hours, and
reached the peripheral blood within 5 days [4]. It seems
biologically plausible that PEP, if started within hours after
HIV exposure, could prevent spread of infection beyond the
initially infected cells or lymph nodes.

Effectiveness of PEP in animal and human studies
Animal and human data support the biological plausibil-
ity of the effectiveness of HIV nPEP, and suggest nPEP can
be justified as an intervention to reduce the probability of
becoming infected with HIV after an acute, well-defined
exposure. Animal models of the effectiveness of PEP vary
by: type of animal, type of virus, route and strength of
inoculation, drug used for PEP, and the number, timing,
and duration of doses of PEP (Table 24.1). Most studies
inoculated macaque primate models with SIV either intra-
venously or orally. All studies initiated PEP between 24
hours pre-exposure and 72 hours postexposure, and most
used more than one dose of a single ARV drug such as ZDV
or (R)-9-(2-phosphonylmethoxypropyl) adenine (PMPA or
tenofovir) at varying time points of up to 28 days after expo-
sure. All studies exhibited a range of effectiveness in pre-
venting infection, or decreasing the severity of the initial
infection, depending on the specific characteristics of the
model. For example, two studies that did not demonstrate
effectiveness of PEP in preventing infection were associ-
ated with decreased severity of infection (as evidenced by
decreased initial viremia, decreased antigenemia, and/or
preservation of CD4+ cell counts) if PEP was started within
a few hours of exposure [7, 13]. Other studies have shown
similar responses as evidenced by slower disease progres-
sion after infection or less severe initial infection despite
the presence of drug-resistant viral strains [12, 16]. In gen-
eral, early initiation of PEP within a few hours of exposure
was associated with the highest effectiveness.

Human studies have been primarily observational. A
case control study evaluated HIV seroconversion in HCP in
the USA, France, and the UK with percutaneous exposure
(i.e. needlestick or cut with a sharp object) to HIV-infected
blood [17, 18]. Cases had HIV seroconversion temporally
associated with the exposure and no other concurrent
exposure to HIV. Controls had a documented occupational
percutaneous exposure to HIV-infected blood and were
HIV seronegative through at least 6 months after exposure.
Postexposure prophylaxis (consisting of 1000 mg/day of
ZDV for 3–4 weeks) was received by 9 of 33 (27%) cases,
and 247 of 679 (36%) of controls. Risk factors for HIV
transmission included characteristics of both the expo-
sures (e.g. those involving large quantities of blood) and
of the source patient (e.g. having terminal HIV-related
illness) (Table 24.2). After controlling for other factors,
the likelihood of HIV infection among HCP who received
PEP with ZDV was approximately 81% lower than among
those who did not receive such PEP. Observational studies
and registries designed to collect information about nPEP
are being conducted and established. Among registries in
the USA, France, Switzerland, and Australia, no serocon-
versions have been reported among 350 individuals who
received nPEP after exposure to HIV. Such results could
be attributable to the low risk for seroconversion associ-
ated with nonoccupational exposures (Centers for Disease
Control and Prevention (CDC), unpublished data). Limited
data regarding PEP of infants to prevent MTCT exist (see
Chapter 8).

24.1.4 Studies of nPEP in pediatric practice

Few data exist regarding PEP in pediatric patients. In 1998,
a nPEP survey of pediatric infectious disease and pedi-
atric emergency medicine departments was conducted
[19]. Less than 20% of physicians reported institutional
policies for HIV nPEP and 33% had ever initiated HIV nPEP
in their patients. In another study, eight of ten pediatric
and adolescent patients offered HIV nPEP in an urban aca-
demic pediatric emergency department were started on
nPEP. Only two patients (40%) completed the full course of
4 weeks of nPEP and only five of the ten (50%) returned for
follow-up testing between 4–28 weeks after exposure [20].
Financial concerns, side-effects, additional psychiatric and
substance abuse issues as well as the degree of parental
involvement influenced whether PEP and HIV follow-up
testing was completed. The authors conclude that any suc-
cessful PEP program should include psychosocial support,
HIV-related community resources, early follow-up with a
physician knowledgeable about pediatric ARV therapy to
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Table 24.2 Logistic regression analysis of risk factors for HIV

transmission after percutaneous exposure to HIV-infected

blooda

Adjusted (95% confidence
Risk factor odds ratio interval)

Deep injury 15 (6.0–41)
Visible blood on device 6.2 (2.2–21)
Procedure involving

needle in a vein or
artery

4.3 (1.7–12)

Terminal illness in source
patient

5.6 (2.0–16)

Postexposure use of
zidovudine

0.19 (0.06–0.52)

a Source: Reference [18].

assess compliance, and a written institutional protocol to
provide a co-ordinated and standardized approach.

In a similar study at another urban academic pediatric
medical center, seven pediatric and adolescent patients
were offered nPEP with ZDV and 3TC after sexual assault,
three (47%) had 98% compliance with total days of therapy,
and four of seven returned for testing through 6 months
postexposure and were HIV-uninfected [21]. The side-
effects reported included abdominal pain and transient
anemia. The authors recommend a well-structured spe-
cialized program to manage sexual assault nPEP and the
associated follow-up.

24.2 Epidemiology of exposures to HIV

24.2.1 Exposures among HCP

The average risk for HIV infection for HCP exposed to HIV-
infected blood has been estimated at 0.3% for percutaneous
exposures [22], and 0.09% for mucous membrane expo-
sures [23]. The risk is unknown for skin exposures, but is
thought to be less than that for mucous membrane expo-
sures [24]. As of December 31, 2002, the CDC has received
reports of 57 USA. HCP with documented HIV seroconver-
sion temporally associated with occupational HIV expo-
sure and has been informed of an additional 139 HCP who
report occupationally acquired HIV infection without such
documentation [25].

The risk of HIV transmission from exposures that involve
a larger volume of blood, especially when the source
patient’s viral load is probably high, is estimated to exceed
the average risk of 0.3% [26].

There are very limited epidemiological data on the most
common exposures to blood for HCP in pediatric health-
care settings. One study in a pediatric healthcare facility
reported 113 sharp object injuries (SOIs) (six injuries/100
employees/year) [27]. Most SOIs involved needles (71%)
and contamination with blood or body fluid (88%). Nurses
and physicians experienced the highest percentage of
SOIs (46% and 23%, respectively), and phlebotomists ex-
perienced the highest rate of SOIs at 25.5 injuries per
100 full-time equivalent employees per year. Of 88 known
source patients, one tested positive for hepatitis B virus
(HBV) surface antigen, two for hepatitis C virus (HCV), and
none for HIV. A study involving 74 hospitals between 1993
and 1995 documented 50 human bite exposures among
HCP per 41 677 occupied hospital beds for a rate of 12
human bite exposures per 10 000 occupied hospitals beds
per year [28]. Ten of 28 incidents in which descriptions of
bites were available involved children. None of the injuries
involving blood resulted in HIV seroconversion.

Prevention
Measures to prevent occupational HIV exposures include
strict adherence to standard precautions [29] and Office
of Safety and Health (OSHA) guidelines [30]. Examples
include the use of safer medical devices where appropri-
ate [31], properly restraining patients when drawing lab
samples, being well trained in doing procedures involv-
ing sharps, and using gloves when managing patients who
might be combative, or when manipulating the oral cavity
[28]. The use of gloves for handling breast milk is not nec-
essary except in situations where exposures to breast milk
might be frequent, as in breast milk banking [32], or if the
HCP has non-intact skin.

24.2.2 Exposures among children
in healthcare settings

Children are present in hospitals either as patients or vis-
itors and are subject to situations that could place them
at risk for HIV infection. There have been case reports of
children that were probably exposed inadvertently to blood
from an HIV infected person in the hospital or during in-
home healthcare [33, 34]. One child suffered laceration
to the inside of oral mucosa after biting through a glass
blood sample tube filled with blood from an adult patient
with a history of injecting drug use but unknown HIV-
infection status [35]. Newborns have been inadvertently
fed the expressed breast milk intended for another infant
[35–36]. An infant was inadvertently taken to the wrong
mother to be breast fed while in the hospital [37]. Such
exposures to breast milk would generally be considered
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to carry a low risk for HIV exposure unless the hospital is
located in a geographic area with a high seroprevalence in
women of child-bearing age.

Prevention
Measures to prevent pediatric exposures to HIV in health-
care settings include rapid disposal of used needles in
sharps containers located out of the reach of children but
readily accessible to HCP [38], and use of standard pro-
cedures for labeling and dispensing bottles of expressed
breast milk. Healthcare institutions may consider adapting
existing recommendations related to bottles of expressed
breast milk designed for day-care centers to hospital set-
tings (Box 24.1) [39]. A bottle of expressed breast milk which
has been properly labeled with the mother’s and infant’s
hospital identifiers should always be checked against the
infant’s identification bracelet prior to bottle feedings of
expressed breast milk. In addition, healthcare institutions
which allow feeding of infants with human donor milk
should use donor milk banks that adhere to existing state
laws or regulations or national guidelines that insure proper
screening of donors and sterilization of milk [40–42].

24.2.3 Exposures among children outside of the
healthcare setting

Children can be exposed to HIV outside of the hospital
setting. Examples of such exposures include sexual abuse
involving oral, anal, or vaginal penetration by an HIV-
infected perpetrator, needlesticks in the home or pub-
lic areas with recently discarded syringes containing HIV-
infected blood, exposures to HIV-containing breast milk,
and human bites that compromise the skin’s integrity and
involve an exchange of HIV-infected blood.

Sexual abuse
There were 88 238 cases of various types of sexual abuse
in children less than 18 years of age reported in the USA
during 1999 [43], including 26 cases of sexual abuse (17
confirmed, 9 suspected) among children with AIDS [44].
These cases probably represent an underestimate due to
the under-reporting of such abuse.

Among adults, the probability of HIV transmission asso-
ciated with a single act of unprotected receptive anal inter-
course has been estimated to be between 0.008 to 0.032
[45] and associated with vaginal intercourse to be between
0.0005 and 0.0015 [46–48]. The medical literature suggests
that child sexual abuse may be a more efficient means of
transmitting HIV than adult sexual abuse because of dif-
ferences in thickness of vaginal epithelium [49], higher
frequency of repeated molestations, particularly by a

Box 24.1. Preventing and managing bottle switches
in day-care centers

[adapted from Ref. 39]

1. Make sure that parents label each child’s bottle of
formula or breast milk with the child’s name and the
date
� Only use a bottle labeled for that child on that date
� Never accept an unlabeled bottle from a parent
� Do not use any unlabeled bottles that have been

accidentally accepted
2. In the event that a child has mistakenly been given

another child’s bottle of expressed breast milk, do the
following:
� Inform the parents of the child who was given the

wrong bottle that:
� Their child was given another child’s bottle of

expressed breast milk
� The risk of transmission of HIV is very small (see

discussion below)
� They should notify the child’s physician of the

exposure
� The child should have a baseline test for HIV

� Inform the mother who expressed the breast milk
of the bottle switch, and ask:
� If she has ever had an HIV test and, if so, if she

would be willing to share the results with the par-
ents

� If she does not know if she has ever had an HIV
test, if she would be willing to contact her obste-
trician and find out and, if she has, share the
results with the parents

� If she has never had an HIV test, if she would be
willing to have one and share the results with the
parents and

� When the breast milk was expressed and how it
was handled prior to being brought to the facility

� Provide the exposed child’s physician with infor-
mation on when the milk was expressed and how
the milk was handled prior to being brought to the
facility.

3. Risk of HIV transmission from expressed breast milk
drunk by another child is believed to be low because:
� In the USA, women who are HIV-infected and

aware of that fact are advised not to breast feed
their infants

� Chemicals present in breast milk act, together with
time and cold temperatures, to destroy the HIV
present in expressed breast milk
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parent [50] or multiple perpetrators [51], and longer-term
abuse in children [52].

Any child that has been sexually assaulted should be
assessed within 72 hours of sexual assault [53]. The clin-
ician should: (a) review the local HIV/AIDS epidemiology
and assess risk for HIV infection in the assailant; (b) eval-
uate circumstances of the assault that may affect risk for
HIV transmission; (c) consult with an HIV specialist if con-
sidering PEP; (d) discuss PEP, including its toxicity and
unknown efficacy with the caregiver; (e) if indicated, pro-
vide enough medication to last until the return visit 3–7 days
later at which time the child can be re-evaluated, including
his/her tolerance of the medication (if PEP is prescribed);
and (f) perform HIV testing at baseline and then at 6 weeks,
3 months, and 6 months later.

The following situations are associated with a high risk of
transmission of sexually transmitted infections (STIs), and
HIV testing should be performed if: (a) one or more children
in a household has signs or symptoms of an STI; (b) the
suspected assailant is known to have a STI, or to be at high
risk for STIs (e.g. the individual has multiple sexual part-
ners or a history of STIs); (c) the patient or his/her parent(s)
requests testing; (d) there is a high prevalence of STIs in the
community; (e) there is evidence of genital, oral, or anal
penetration or ejaculation; or (f) the assault involved trau-
matic mucosal injuries of the anus or vagina, associated
with bleeding and contact with the semen of a known HIV-
infected assailant. An example of a lower risk exposure is
the sexual abuse of a child by a perpetrator with unknown
HIV infection status in an area with low HIV seroprevalence.

Prevention
Examples of strategies to prevent the sexual abuse of
children include: (1) educating caretakers about teaching
children to refuse to engage in abusive situations, to avoid
keeping secrets related to abuse, and to disclose abusive
situations to someone who is trusted; and (2) educating
parents to select day-care centers with licensed day-care
workers, open and visible play areas, and policies that allow
parental visitation and do not allow for individual instruc-
tion in isolated settings [54].

Breast milk exposures
Globally, breast-milk transmission of HIV represents an
important mode of MTCT of HIV. In the USA, exposure
to breast milk from an unknown or unscreened source
is unlikely to result in HIV transmission but each expo-
sure must be considered on a case-by-case basis. Such
exposures may occur through the switching or mislabel-
ing of bottles containing expressed breast milk (e.g. in day-
care settings), or allowing an infant to breastfeed from a

wet nurse with unknown HIV infection status, or using
expressed, unpasteurized human milk that has not been
screened for HIV. The likelihood that HIV is present in
the breast milk of an unknown or unscreened source is
low in the USA because the seroprevalence of HIV among
pregnant women has been estimated at less than 2 per
1000 [55]. The USPHS guidelines recommended that preg-
nant woman undergo HIV testing and that HIV-infected
women should not breast feed their infants [56]. The
risk of such an exposure would increase if the source
individual is determined to have a history of behaviors
that put her at risk for HIV transmission or comes from
a community with a high HIV seroprevalence.

Prevention
Based on the 2001 CDC guidelines, prenatal HIV testing
should be offered to all pregnant women and routine rapid
HIV testing should be offered to all pregnant women whose
HIV status is still unknown at the time of delivery [57]. HIV-
infected mothers in resource-rich settings should be coun-
seled to avoid breastfeeding, and clinicians should pro-
vide education to HIV-infected mothers regarding feeding
options. Every effort should be made to avoid exposure to
HIV-contaminated breast milk. Other prevention strategies
are listed in the section on pediatric exposures in healthcare
settings.

Discarded needles or syringes
The risk of HIV transmission from discarded needles in
public places is thought to be low [58]. It is estimated that
the probability of HIV transmission associated with a punc-
ture wound involving a known HIV-contaminated needle
in a healthcare setting is 0.0032 [59–60]. It is likely that dis-
carded needles in outdoor public settings have a lower risk
for transmission due to the effect of environmental fac-
tors and the length of time between injection drug use and
a subsequent, accidental puncture wound. The stability
of HIV under various environmental conditions has been
shown to decrease over time [61]. HIV RNA was detected
in 3.8% of needles used for intramuscular or subcutaneous
infections in HIV-infected persons [62]. At room tempera-
ture, survival of HIV in syringes was halved when the vol-
ume of blood was decreased 10-fold [63]. Less than 1% of
syringes had viable HIV detected when left at room tem-
perature for more than a week [63]. The following factors
are likely to increase the risk or are required for HIV trans-
mission in needlestick injuries: presence of blood in a nee-
dle or syringe emptying into the wound; large needle bore
size; deep puncture wounds; a needlestick injury directly
into a vein or artery; a short lag time from time of discard-
ing the needle or syringe to time of injury; positive HIV
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infection status of source individual; and a high sero-
prevalence among persons frequenting the geographic area
where the needle was discarded [64]. For example, a child
injured by picking up a freshly discarded syringe from a
known HIV-infected injection drug user would be at high
risk of acquiring HIV infection. However, most pediatric
needlestick injuries do not occur under such circumstances
and would be considered to have a very low risk for trans-
mission.

Prevention
Children should be educated to avoid playing in areas
known to be frequented by injecting drug users and to avoid
playing with discarded needles and syringes [65]. Needle
exchange programs may play a role in decreasing the num-
ber of discarded needles in public places [65].

Human bites
It has been estimated that 250 000 human bites occur annu-
ally in the USA [66]. Fifty percent of children at one day-care
center were bitten at least once in a year [67]. There is cur-
rently no evidence that human bites without the presence
of blood-tinged saliva in the wound pose an HIV infec-
tion risk to the victim. Although biting has been cited as
a possible mode of transmission in several case reports,
in all of the well-documented reports, the bites were by
adults and involved severe biting with blood exchange
[68]. One documented seroconversion occurred in a man
bitten by an HIV-infected sex worker with blood-tinged
saliva [69].

Management of bite wounds should include an evalua-
tion for breaks or abrasions in the skin of the bite victim.
Should such breaks or abrasions occur, the person who
inflicted the bite should be evaluated for the presence of
blood in the mouth or oral lesions which may cause the
wound to be contaminated with blood. Proper wound care
includes irrigation, debridement, immobilization and ele-
vation of the affected body part and antimicrobial prophy-
laxis [70].

Prevention
Biting in day-care centers may be deterred by setting limits
for a child’s behavior, teaching and reinforcing coping skills,
and providing other acceptable avenues or activities for
children to release or redirect their anger [68].

Sports-related and day-care related bleeding injuries
The risk of transmitting HIV or other blood-borne
pathogens through sports-related injuries during athletic
activities is considered to be low [71, 72]. In order to trans-
mit a blood-borne pathogen during an athletic activity,

blood from a bleeding wound or exudative skin lesion of an
HIV-infected athlete would have to contaminate the skin
lesion or exposed mucous membranes of another athlete.
In the US National Football League, an average of 3.5 play-
ers per team per game experience bleeding injuries for an
estimated risk of HIV transmission of one per 85 million
physical contacts between two randomly chosen profes-
sional football players in one game [72]. The likelihood of
transmission of blood-borne pathogens in contact sports
is estimated at 1 in 4 million/player/game for HIV and 1 in
20 000/player/game for HBV [73] because of HBV’s higher
concentration in the blood and higher stability in the envi-
ronment. There have been no substantiated cases of HIV
transmission and two cases of HBV transmission between
athletes during an athletic event [74–75].

Similar to sports-related injuries, the incidence of
injuries in day-care centers is low, the overall reported inci-
dence of injuries in day-care settings has ranged from 0.25
to 2.50 per 100 000 child-hours in various studies [76–79].
In a survey of 133 day-care sites in Washington State, with
an incidence rate of 1.99 injuries/100 000 child-hours, 39%
of injuries required sutures.

Prevention
Guidelines to prevent blood-borne pathogen transmission
during athletic activities [80–83] or at day-care facilities
[84] have been described. Once a child or athlete has suf-
fered a bleeding injury the physical activity associated with
the injury should be stopped until the wound has been
cleaned and dressed, the bleeding has stopped, blood-
contaminated skin has been washed with soap and water,
and blood-contaminated mucous membranes have been
flushed with ample water. Gloves should be made available
to staff in charge of cleaning wounds or surfaces contam-
inated with blood. Blood-contaminated surfaces should
be cleaned with bleach solution (1 part bleach/100 parts
water, or 1 tablespoon bleach/1 quart water, or 1/4 cup of
bleach/1 gallon of water) and allowed to dry before reusing
[80, 85].

24.3 United States PHS occupational
postexposure prophylaxis recommendations

The USPHS oPEP recommendations [1] underscore the
need to balance the risk for infection against the poten-
tial toxicity or ARV agents. Because PEP is potentially toxic
and side-effects are common, its use is not justified for
exposures that pose a negligible risk for transmission. For
exposures that represent an increased risk for transmis-
sion, aggressive treatment using a highly active expanded
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Table 24.3 Basic and expanded postexposure prophylaxis regimens for occupational exposures

Regimen Category/Application Suggested 28-day PEP drug regimensa

Basic 2-drug
Occupational HIV exposures for which there is recognized

transmission risk (see Table 24.1)

Select one of the following dual regimens:
ZDV + 3TC
3TC + d4T
d4T + ddI

Expanded 3-drug
Occupational HIV exposures that pose an increased risk for

transmission (e.g. larger volume of blood and/or higher virus
titer) (see Table 24.1)

Basic 2-drug regimen + one of the following:
Recommended:
Indinavir (IDV)
Nelfinavir (NFV)
Efavirenz (EFV)
Abacavir (ABC)

Use as PEP with expert consultation:
Ritonavir (RTV)
Saquinavir (SQV)
Amprenavir (AMP)
Delaviridine (DLV)
Lopinavir/Ritonavir

Generally not recommended for use as PEP:
Nevirapine (NVP)

a See doses in Table 24.4.

regimen that includes three ARV drugs is recommended.
However, most exposures do not represent an increased
transmission risk and, for these exposures, CDC recom-
mends a basic two-drug regimen (Tables 24.3 and 24.4).
In addition, the 2001 HIV oPEP recommendations also
address oPEP for HBV and HCV.

24.3.1 First steps in management of exposures and
considerations for determining the level of risk in
occupational exposures and the appropriateness
of offering PEP

Care of the exposure site
Wound and skin sites exposed to blood or body fluids
should be washed with soap and water. Mucous mem-
branes should be flushed with water. Postexposure pro-
phylaxis may be instituted immediately and discontinued
at a later time should the detailed evaluation determine
that the exposure does not warrant continued PEP.

The occupational exposure report and considerations
for determining level of risk
For the purposes of PEP, how does one determine whether
the exposed person should be given PEP, and if so, whether
the basic or expanded regimen should be given and how

should this be documented? Box 24.2 contains a list of
the details regarding the occupational exposure and the
postexposure management which should be noted in the
exposed person’s medical record, in addition to any other
local, state, or federal requirements.

Tables 24.5a and 24.5b take into account both the details
of the exposure and the HIV infection status of the occupa-
tional exposure source to determine the appropriate level
of risk and recommendations for follow-up [1]. In general,
the following types of injuries or exposures require fur-
ther evaluation: (1) percutaneous injuries, mucous mem-
brane exposures, or skin exposures with compromised
skin integrity (e.g. dermatitis, abrasion, or open wound) to
blood, fluids that contain blood, or potentially infectious
fluids; (2) exposures to blood-filled hollow needle or visibly
bloody devices; (3) direct contact with concentrated virus
in a research laboratory or production facility; and (4) bites
with blood exposure to either person involved.

Evaluation of the source and exposed individuals
for evidence of blood-borne infections, including
HIV, HBV, and HCV
The source individual should be informed of the exposure,
and once informed consent is obtained, should be tested
for HbsAg, anti-HCV, and HIV antibody [1]. In addition, the
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Table 24.4 Doses of antiretrovirals used for occupational

postexposure prophylaxis

Drug preparations Adult dose

Nucleoside analogue
reverse transcriptase
inhibitors (NRTIs)

Zidovudine (AZT, ZDV) 200 mg tid;
300 mg bid

Lamivudine (3TC) 150 mg bid
40 mg bid (weight ≥ 60 kg)
30 mg bid (weight < 60 kg)

Didanosine (ddI) 200 mg bid (weight ≥ 60
kg) on empty stomach
125 mg bid (weight< 60 kg)

on empty stomach
200 mg bid (weight ≥ 60 kg)

on empty stomach
125 mg bid (weight< 60 kg)

on empty stomach
250 mg bid (weight ≥ 60 kg)

on empty stomach
125 mg bid (weight < 60 kg)

on empty stomach
400 mg qd (weight ≥ 60 kg)
250 mg qd (weight< 60 kg)

Abacavir (ABC) 300 mg bid
Non-nucleoside reverse
transcriptase inhibitors
(NNRTIs)
Efavirenz (EFV; DMP-266) 600 mg once daily
Protease inhibitors (PIs)
Indinavir (IDV) 800 mg q 8 hour, on empty

stomach
Nelfinavir (NFV) 1250 mg bid, with meals or

snack
750 mg tid, with meals or

snack
Lopinavir/ritonavir

(ABT 378, LPV/RTV)
see formulary

Amprenavir (APV) 1200 mg (eight 150 mg
capsules) bid; see adult
treatment guidelines for
APV/RTV combination
bid or qd treatment
regimen

a Dose is under study in clinical trials.

Box 24.2. Recommendations for Contents of
Occupational Exposure Report

(Adapted from [1])

� Date and time of exposure
� The procedure being performed

� how and where exposure occurred and if sharps
device involved, type of device

� The exposure
� type of exposure: percutaneous injury (e.g. needle-

stick or other penetrating sharps, etc.), mucous
membrane exposure (e.g. splash in eye, etc.), non-
intact skin exposure (e.g. broken or abraded skin,
etc.), bites resulting in blood exposure to either per-
son involved

� type and amount of fluid/tissue: blood, fluids con-
taining blood, or potentially infectious fluid or tis-
sue (semen; vaginal, cerebrospinal, synovial, pleu-
ral, peritoneal, pericardial, and amniotic fluids)

� severity of exposure, depth of wound, duration of
contact, condition of skin

� likelihood of presence of HIV, HBV, or HCV in
source material

� The source of exposure:
� infection status of person

� HIV: presence of HIV antibody
� HBV: presence of HbsAg
� HCV: presence of HCV antibody
� or other infectious disease
� stage of disease, history of antiretroviral therapy,

antiretroviral resistance information, viral load,
CD4+ T cell count, liver enzymes (e.g. ALT)

� If infectious status unknown, determine risk for
HIV, HBV, or HCV infection
� Known sources: consider medical diagnoses,

clinical symptoms (e.g. acute syndrome suggest-
ive of primary HIV infection), history of risk
behaviors

� Unknown sources: consider likelihood of blood-
borne pathogen infection among patients in the
exposure setting

� Susceptibility of exposed person
� hepatitis B vaccination and vaccine-response sta-

tus
� HIV, HBV, and HIV immune status

� Details about care of exposed site: washing of wound,
flushing of mucous membranes

� Details about counseling, postexposure manage-
ment, and follow-up

� Current medication history of exposed person and
ability to swallow pills
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source person’s medical record information available at the
time of exposure (e.g. previous medical history, laboratory
test results and diagnoses) may help confirm or exclude
blood-borne virus infection [1]. An FDA-approved rapid
HIV antibody test such as the Ora-quick test [86] should
be considered for use. The newly revised draft CDC nPEP
guidelines that are currently under review recommend that
such rapid testing should be conducted within an hour
after exposure [87]. Repeatedly reactive HIV EIA (non-p24
antigen type) or rapid HIV antibody tests are suggestive
of infection and can be used to make initial decisions on
PEP management. Additional information on HIV rapid
tests can be found at www.cdc.gov/hiv/pubs/rt.htm. Con-
firmation by HIV Western blot of a reactive result should be
conducted before notifying the source patient of the final
results. A negative HIV EIA or rapid HIV antibody test is an
excellent indicator of the absence of HIV antibody. Direct
virus assays such as HIV RNA viral load tests or HIV p24
antigen EIA tests for routine screening of source patients
are not recommended due to concerns about high false
positive rates in this setting [88, 89]. Because source test-
ing can take some time to complete, and given that PEP
may not be effective if not given soon after exposure, clin-
icians may have to make a decision about PEP based on
incomplete information (e.g. prior to initiating HIV test-
ing or obtaining HIV testing results). A baseline evalua-
tion of HIV-exposed HCP should include testing for HIV
within hours after their exposure unless the source per-
son is known to be HIV seronegative, and obtaining infor-
mation about current medication history and any medical
conditions or circumstances which might influence drug
selection (e.g. pregnancy, breast-feeding, hepatic, or renal
disease). The HIV-exposed HCP should be counseled about
the signs and symptoms of acute retroviral syndrome and to
return quickly for evaluation should an acute HIV infection
be suspected. The exposed person should be re-evaluated
within 72 hours postexposure to determine whether addi-
tional information about the exposure or source person
has become available. If the source person is found to be
definitively HIV-uninfected and has no symptoms of HIV
infection or AIDS, the exposed person no longer needs to
be followed up (e.g. no need for baseline HIV testing or
PEP). If the source individual is found to be HIV-infected,
the exposed HCP should be retested periodically for a min-
imum of 6 months after exposure (e.g. 6 weeks, 12 weeks,
and 6 months after exposure). If the exposed individual
is not on oPEP and is within the window period for ini-
tiating it, oPEP should be offered. A 12-month follow-up
HIV test is indicated in exposed HCP if they become HCV-
infected following exposure to an HIV-HCV co-infected
source individual. Similarly, any exposed HCP who devel-

ops an illness compatible with an acute retroviral syn-
drome should undergo HIV testing regardless of the interval
since exposure. Confidentiality of the source and exposed
individuals should be maintained. If the HIV infection sta-
tus of the source patient is unknown or cannot be deter-
mined, decisions about PEP should be made on a case-
by-case basis, considering the risk of transmission from
the exposure and the likelihood that the source patient is
HIV-infected. Information about seroprevalence rates of
HIV, HBV, or HCV in the community or institution from
which the source material or source person originates may
be helpful in evaluating the risk for exposure. The relia-
bility and interpretation of tests of needles or other sharp
instruments implicated in exposures is unknown and not
recommended. The possible need for prophylaxis against
hepatitis B virus should also be considered. Additional
guidelines on the management of occupational exposures
to HBV and HBC can be accessed at the following website:
http://www.cdc.gov/mmwr/PDF/RR/RR5011.pdf.

24.3.2 HIV treatment principles used in developing
oPEP recommendations

The selection of the regimens recommended for oPEP
reflects the consideration of efficacy data, site of activity in
the HIV replication cycle, and drug side-effects. The USPHS
emphasizes, however, that the determination of which
agents, number of agents to use, and when to alter a PEP
regimen is empiric [1]. Selected drugs from three classes of
ARV agents are recommended for use for oPEP: nucleo-
side analogue reverse transcriptase inhibitors (NRTIs),
non-nucleoside reverse transcriptase inhibitors (NNRTIs)
and protease inhibitors (PIs).

Combination regimens have been shown to be more
effective than monotherapy in reducing viral load and
are therefore recommended for oPEP. Dual and triple
combination regimens have been shown to be supe-
rior to monotherapy in reducing viral load. Highly active
antiretroviral therapy (HAART) regimens containing, for
example, NRTIs with a PI and/or an NNRTI, have been
shown to be superior to dual therapy alone in reducing
HIV viral load [90]. Although there are no studies to sup-
port the idea that using other ARV drugs in addition to
ZDV will enhance the effectiveness of PEP, it is felt that
the same factors which improve the efficacy of HIV treat-
ment might similarly improve PEP efficacy. Because ARVs
have associated adverse effects, the USPHS oPEP guidelines
reserve the use of triple-drug HAART regimens for more
severe exposures. These guidelines describe a two-tiered
paradigm of “basic” or “expanded” prophylaxis for less
severe and more severe exposures, respectively. Although
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Table 24.6 Two-drug and three-drug pediatric nPEP regimensa

A. 2-drug PEP regimens
Strongly recommended ZDV + [3TCb or ddI]

d4T + 3TC
Alternative recommendation

with expert consultation
ABC + [ZDV or 3TC]

ddI + 3TC
Use in special circumstances d4T + ddI or ZDV + ddC
Not recommended ddC + [ddI or d4T or 3TC]

ZDV + d4T

B. Three-drug HAART Pediatric nPEP drug regimensa

Strongly recommended Recommended two drug regimen from above + Nelfinavir or Lopinavir/Ritonavir
Recommended two drug regimen from above + Efavirenzc

Alternative recommendation Recommended two drug regimen from above + Amprenavird or IDVe

ZDV + 3TC + ABC f

Not recommended Two drug regimen from above + Nevirapine
Two drug regimen from above + Saquinavir

a Adapted from [87].
b ZDV + 3TC available as a combination formulation, use of which would decrease pill burden and may improve adherence.
c Efavirenz recommended for children > 3 years of age. Contraindicated during pregnancy due to teratogenicity in animal
studies.
d Amprenavir recommended for children ≥ 3 years of age.
e IDV recommended for older children who can tolerate swallowing solid tablets or caplets.
f ABC + ZDV + 3TC available as a combination formulation, use of which would decrease pill burden and may improve
adherence – but potential side effects should be considered.

some treatment regimens include HAART combinations of
more than three drugs, current oPEP guidelines recom-
mend the use of triple drug regimens for more severe
exposures to maximize adherence and reduce the likeli-
hood of side-effects. In addition, the emergence of resis-
tance to ARV drugs and development of new ARV drugs has
prompted some changes in the list of drugs recommended
for oPEP.

Basic and expanded oPEP regimens
The USPHS has developed guidelines for dual and triple-
drug oPEP regimens, known as basic and expanded reg-
imens, respectively, based on the level of HIV transmis-
sion risk (Table 24.3). For lower risk exposures, the USPHS
has recommended that a basic or dual drug regimen
be considered. Zidovudine/3TC was considered the basic
combination of choice. A combination formulation of
ZDV/3TC is available, and is convenient (thereby likely
to improve adherence). However, recent data suggest that
ZDV and 3TC resistance mutations may be common in cer-
tain locales [91]. Therefore, clinicians may choose other
NRTIs or ARV combinations based on local clinical expe-

rience and knowledge. Table 24.6 lists other dual regi-
mens aside from ZDV/3TC to be considered for basic oPEP
regimens.

The addition of a third drug, a PI or an NNRTI, to the basic
dual drug regimen is recommended to create the expanded,
triple-drug PEP regimen, thereby enhancing the ARV activ-
ity of the basic regimen in higher risk exposures. In addi-
tion, if the patient becomes HIV-infected, inclusion of a
third drug should increase the effectiveness of treatment
during this early phase of infection after seroconversion.
Table 24.6 lists selected three-drug combinations in three
categories: (1) recommended; (2) use as PEP with expert
consultation; and (3) generally not recommended for use
as PEP. The drugs recommended for use with expert con-
sultation are those which might be used in cases of devel-
opment of drug resistance to those drugs included in the
recommended list and which may require special monitor-
ing due to the potential for adverse events (e.g. hypersensi-
tivity reactions with abacavir). Although nevirapine (NVP)
is recognized as a highly potent ARV, it is not generally re-
commended for PEP due to case reports of serious adverse
events related to multi-dose NVP taken for PEP, including
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Table 24.7 Main adverse events associated with antiretrovirals (Reprinted from [1])

Antiretroviral class/agent Primary side-effects and toxicities

Nucleoside reverse transcriptase
inhibitors (NRTIs)

Mainly nausea or diarrhea

Zidovudine (ZDV; AZT) Anemia, neutropenia, nausea, headache, insomnia, muscle pain, and
weakness

Lamivudine (3TC) Abdominal pain, nausea, diarrhea, rash, and pancreatitis
Stavudine (d4T) Peripheral neuropathy, headache, diarrhea, nausea, insomnia, anorexia,

pancreatitis, increased liver function tests (LFT), anemia, and neutropenia
Didanosine (ddI) Pancreatitisa, lactic acidosis, neuropathy, diarrhea, abdominal pain, and

nausea
Abacavir (ABC) Nausea, diarrhea, anorexia, abdominal pain, fatigue, headache, insomnia, and

hypersensitivity reactions
Nonnucleoside reverse transcriptase

inhibitors (NNRTIs)
Severe skin reactions (Stevens–Johnson syndrome, toxic epidermal necrolysis)

Nevirapine (NVP) Rash (including cases of Stevens–Johnson syndrome), fever, nausea, headache,
hepatitis, increased LFTs, rarely fatal hepatic necrosis

Delaviridine (DLV) Rash (including cases of Stevens–Johnson syndrome), nausea, diarrhea,
headache, fatigue, and increased LFTs

Efavirenz (EFV)b Rash (including cases of Stevens–Johnson syndrome), insomnia, somnolence,
dizziness, trouble concentrating, and abnormal dreaming

Protease inhibitors (PIs) New onset diabetes mellitus, hyperglycemia, diabetic ketoacidosis,
exacerbation of pre-existing diabetes mellitus, and dyslipidemia

Indivinavir (IDV) Nausea, abdominal pain, nephrolithiasisc, and indirect hyperbilirubinemia
Nelfinavir (NFV) Diarrhead, nausea, abdominal pain, weakness, and rash
Ritonavir (RTV) Weakness, diarrhea, nausea, circumoral paresthesia, taste alteration, and

increased cholesterol and triglycerides
Saquinavir (SQV) Diarrhea, abdominal pain, nausea, hyperglycemia, and increased LFTs
Amprenavir (AMP) Nausea, diarrhea, rash, circumoral paresthesia, taste alteration, and depression
Lopinavir/ritonavir Diarrhea, fatigue, headache, nausea, and increased cholesterol and

triglycerides

a Fatal and nonfatal pancreatitis in patients treated > 4 weeks.
b See text regarding use of EFV, d4T + ddI, IDV, ZDV + 3TC in pregnant women.
c Nephrolithiasis less of a problem with good hydration (see text).
d Diarrhea may be controlled with antimotility agents.

hepatotoxicity and fulminant liver failure requiring liver
transplantation, hypersensitivity syndrome, skin reactions,
and rhabdomyolysis [1, 92] (Table 24.7). It is important to
distinguish this recommendation to avoid multi-dose NVP
for PEP from separate recommendations concerning the
use of the two-dose NVP regimen (one dose to the mother
at labor, one dose to the infant shortly after birth) for pre-
vention of MTCT of HIV [93].

In general, clinical experience or judgment may influ-
ence an individual practitioner to use alternate drug com-
binations for either the basic or expanded PEP regimens.
When possible, persons with expertise in the management

of HIV-infected patients should be consulted in the selec-
tion and implementation of PEP regimens.

Timing of initiation and duration of PEP
after exposure
Postexposure prophylaxis should be implemented as soon
as possible after an occupational exposure, preferably
within hours. Postexposure prophylaxis is less effective
when initiated after 24–36 hours, but since the interval after
which no benefit is derived from PEP is unknown, PEP may
be considered even after 36 hours [1]. Some experts suggest
postexposure prophylaxis for non-occupational exposures
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should be initiated as soon as feasible within 72 hours after
exposure, although clinicians may consider administering
nPEP for patients seeking care more than 72 hours after a
significant exposure if they believe the benefits outweigh
the risks. Although the appropriate duration of PEP is not
known, based on the CDC case control study and animal
data [9], a 28-day regimen is recommended.

Postexposure prophylaxis drug toxicity monitoring
Among HCP on PEP enrolled in a national surveillance sys-
tem and registry, 50% experienced adverse symptoms and
nearly 33% stopped taking PEP because of adverse signs
and symptoms [94–97]. Such side-effects and discontinua-
tion of PEP were more common among HCP taking three-
drug versus two-drug combination regimens in two studies
[95–97]. The most common side-effects associated with
ARV agents and methods used to lessen certain of these
side-effects are well described (Table 24.7).

Nevirapine toxicity deserves special mention as severe
toxicity has been reported in 22 patients taking
NVP-containing ARV regimens including two cases of
life-threatening liver failure, one of which required liver
transplantation, and other cases of hepatotoxicity, skin
reaction (including one documented and two possible
cases of Stevens–Johnson syndrome), and rhabdomyoly-
sis [92, 98]. Of the 22 cases, 16 adults received oPEP, five
adults received nPEP, and one child who had suffered a
needlestick exposure received PEP. Most regimens con-
tained three drugs (range: one to five). Onset of symptoms
occurred between 3–36 days with the median onset at 14
days. Because of severity and rapidity of onset of these
severe toxicities, NVP is not recommended for use as PEP.

Toxicity monitoring should include a complete blood
count and renal and hepatic chemical function tests at
baseline and 2 weeks after starting PEP (Table 24.8). Poten-
tial toxicities and measures to minimize these effects,
drug interactions [1], and methods for monitoring these
side-effects should be discussed with patients to maxi-
mize adherence to PEP regimens. The following side-effects
should be reported immediately to the clinician: rash, fever,
back or abdominal pain, pain on urination or blood in
the urine, and symptoms of hyperglycemia (e.g. increased
thirst and/or frequent urination). The US Food and Drug
Administration [Telephone (800) 332–1088 in the USA]
and/or the manufacturer should be informed of unusual,
serious, or unexpected toxicity associated with receipt of
ARV drugs. In addition, pregnant HCP who are exposed to
ARVs through PEP should be reported to the Antiretrovi-
ral Pregnancy Registry [Telephone (800) 258–4263 in the
USA, or write to the Antiretroviral Pregnancy Registry, 1011
Research Park, 1011 Ashes Drive, Wilmington, NC 28405].

Finally, HCP receiving PEP who become HIV-infected
should be encouraged to contact the CDC [Telephone: 800-
893-0485 or 404-639-1250] regarding enrollment into a clin-
ical protocol to evaluate such events.

Considerations involving pregnant HCP
Certain ARV drugs or combinations of drugs either are not
recommended, or should be used with caution, in preg-
nant women. Efavirenz (EFV) is associated with teratogenic
effects in primate studies [99]. Stavudine (d4T) in combina-
tion with didanosine (ddI) have been associated with fatal
and non-fatal lactic acidosis in pregnant women [100]. Indi-
navir (IDV) may lead to hyperbilirubinemia in newborns;
therefore, it should not be administered to women shortly
before delivery [101]. Finally, the combination of ZDV and
3TC has been reported as possibly related to two cases of
mitochondrial toxicity and death in HIV-uninfected infants
exposed to the drugs perinatally in France [102]. However,
no similar deaths have been found in an exhaustive review
of 20 000 infants in the major US perinatal cohorts [103].

Resistance to ARV agents
Despite the documentation of resistance mutations in
source patients [91, 104, 105] and the transmission of resist-
ant HIV strains after occupational exposure [104], the rele-
vance of such exposures to resistant virus is not fully under-
stood. Although it is recommended that resistance testing
information on the source be collected at the time of the
initial exposure and taken into account in the selection of
the PEP regimen, resistance testing of all source patients is
not recommended because it is unlikely that results would
arrive in time to make adjustments in the 28-day PEP regi-
men and there are no data to support such an approach.

HIV postexposure counseling and education
HIV-exposed HCP should be counseled regarding the pre-
vention of secondary transmission, particularly during the
initial 6–12 weeks after exposure when seroconversion
might occur. Specifically, sexual abstinence and the use
of condoms should be encouraged, while breast-feeding
and the donation of blood, plasma, organs, tissue, or
semen should be discouraged. Exposed persons should
also be encouraged to seek medical advice should the
following signs and symptoms of acute HIV infection or
viremia appear: fever, rash, myalgia, fatigue, malaise, or
lymphadenopathy. Early initiation of HAART relative to
HIV seroconversion may improve the immune system’s
long-term ability to combat HIV infection [106]. Infor-
mation about adherence to the PEP regimen and man-
agement of side-effects should emphasize the need to
complete the full course of the regimen, the potential
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side-effects and drug interactions, and ways in which these
can be minimized and monitored. The following side-
effects should be reported immediately to the healthcare
provider: rash, fever, back or abdominal pain, pain on uri-
nation or blood in the urine, and symptoms of hyper-
glycemia (e.g. increased thirst and/or frequent urination).
The potential toxicities, laboratory tests for monitoring tox-
icities, and drug interactions to consider with ARV ther-
apy or prophylaxis is described in detail in Chapters 18
and Chapter 19. Patients should also be told how to pre-
vent and manage side-effects including drinking at least 48
ounces of fluid per 24-hour period to limit the incidence
of nephrolithiasis associated with indinavir, and the use of
prescription antimotility agents to limit the diarrhea asso-
ciated with nelfinavir, saquinavir, and ritonavir. When rec-
ommending or offering PEP, exposed persons should also
be informed that knowledge about the efficacy and toxicity
of PEP is limited. A summary of recent human and animal
PEP efficacy data also may be provided.

24.4 HIV nPEP for exposures in children and
adolescents

Since 1999, at least four states have published either
nPEP guidelines [107–109] or clinical advisories [110].
The American Academy of Pediatrics has released its
own guidelines [111]. The USPHS guidelines for nPEP
are undergoing revision [87]. The recommendations for
nPEP in children and adolescents in this chapter are based
on oPEP guidelines [1], nPEP guidelines [87, 112], and
treatment guidelines for pediatric [113] and adult [90]
guidelines.

24.4.1 New policy recommendations pertinent
to pediatric nPEP

The CDC’s stance in 1998 as a result of its initial consul-
tation with the USPHS on nPEP was that it was a clinical
intervention of unproven efficacy, but did not recommend
or discourage its use and did not make specific ARV drug
recommendations [112]. Recent data from animal models
was presented earlier in this chapter that supports the use
of nPEP as late as 72 hours after an exposure to reduce the
likelihood of HIV transmission. In the draft revised USPHS
nPEP guidelines [87], it is noted that data from animal mod-
els, perinatal clinical trials, studies of healthcare workers
receiving oPEP and observational nPEP studies suggest that
nPEP may be effective in reducing the risk of HIV acquisi-
tion and recommend that specific ARV drug regimens be
used based on the most current USPHS adult ARV treatment

guidelines [90]. Individuals who present for care within 72
hours of exposure to an HIV-infected person with a signif-
icant risk for HIV transmission would be eligible to receive
an nPEP ARV regimen based on the most current ARV HIV
treatment recommendations, with the caveat that those
individuals presenting after 72 hours of exposure with a sig-
nificant risk could be offered nPEP if the caregiver believed
the benefits of nPEP outweighed the risks [87].

Current UPSHS oPEP guidelines [1] recommend three-
drug regimens for more severe or increased risk exposures,
and two-drug regimens for less severe exposures because
there is insufficient evidence to support three-drug regi-
mens for both levels of exposure. Based on the assumption
that HAART’s ability to maximally suppress viral replica-
tion translates into a higher likelihood of preventing the
establishment of HIV infection in an exposed individual,
the revised nPEP guidelines recommend a 28-day course
of a three-drug HAART regimen for all persons present-
ing for care within 72 hours of nonoccupational exposures
that represents a significant risk of HIV transmission with a
known HIV-infected source [87]. In addition, because there
is no evidence to suggest that a three-drug HAART regimen
is more effective than a two-drug regimen, the revised nPEP
guidelines suggest that a two-drug regimen could be con-
sidered when there is a concern regarding potential difficul-
ties with adherence or adverse events requiring immediate
medical attention.

A list of selected nPEP recommendations by selected
states or national organizations are noted in Box 24.3.
Most recommend offering PEP within 72 hours and using
two-drug or three-drug regimens. The New York State
Department of Health AIDS Institute generally recom-
mends three drugs, but their Committee could not reach a
consensus on number of drugs to be used because of the
issues of better adherence with two-drug regimens versus
the superiority of three-drug regimens for HIV treatment
purposes. The American Academy of Pediatrics acknow-
ledges that many clinicians would use three drugs but that
two drugs may be considered in certain situations includ-
ing issues related to toxicity and ease of adherence [111].

24.4.2 Principles for pediatric PEP

The PEP recommendations for children in this chapter
are based on both the oPEP recommendations for HCP
with occupational exposures [1] and for persons with non-
occupational exposures [87, 112], and the most current
guidelines on HIV ARV therapy in children [113] and adults
[90]. However, nPEP for exposed children should always
be initiated in close consultation with a physician expert
in the care of HIV-infected children. Based on a review
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Box 24.3. Comparison of selected nPEP policies

Policy State/Date of release
Offer PEP within how
many hours? No. of PEP drugs

Pediatric
recommendations

New York State
Department of Health
AIDS Institute: March,
2002 [107]

36 hours “In general three drugs,”
but no consensus reached
between two or three drugs
Notes common use of
AZT/3TC/Nelfinavir

Detailed
recommendations

State of California: 2001
[109]

72 hours Two or three drugs
depending on level of risk

Consult pediatric HIV
specialist

Massachusetts Dept.
Health
Clinical Advisory
October 20, 2000 [110]

72 hours Not specified Not specified

Rhode Island Department
of Health,
August 1, 2002 [108]

72 hours, but may be given
afterwards in special
circumstances

Two or three drugs
depending on level of risk

Special considerations
listed in terms of dosing,
support services, informed
consent, necessity for
caretaker involvement

American Academy of
Pediatrics, 2003 [111]

72 hours Physician choice: many
physicians will choose
three; some will prefer two

Detailed instructions

Centers for Disease
Control and Prevention,
2004
(nPEP Guidelines) [87]

72 hours Three drugs from list of
preferred and alternative
regimens. Consider two
drugs if concerns
regarding potential
adherence or toxicity
issues

See APP nPEP guidelines
[111] and USPHS pediatric
ARV guidelines [113]

of the most recent national nPEP guidelines and current
data from oPEP and nPEP studies, the following are essen-
tial principles to be considered for administering pediatric
nPEP.
1. The effectiveness of combination therapy is greater than

that of monotherapy to treat HIV infection. Similarly,
the effectiveness of combination PEP is assumed to be
greater than that of monoprophylaxis to prevent HIV
infection.

Three-drug regimens are recommended for treatment
of HIV-infected pediatric patients. Two-drug treatment
regimens are recommended only under special circum-
stances. Triple drug combinations that include a PI are
superior to the dual NRTI combination regimens alone

in reducing viral load to undetectable levels and increas-
ing CD4+ lymphoctye number [114].

2. Monotherapy for HIV infection should be avoided based
on its poor efficacy relative to HAART and rapid emer-
gence of resistance. Similarly, it is assumed that mono-
prophylaxis to prevent transmission of HIV should be
avoided, except for prevention of MTCT [113].

Prophylaxis with ZDV is recommended during the first
6 weeks for an HIV-exposed infant after birth to an HIV-
infected mother.

3. Because the duration of PEP is only 28 days, drugs
which do not require graded dosing schemes, and
are maximally effective throughout the entire course,
should be considered drugs of choice for PEP.
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Ritonavir is an example of a drug which requires a
graded dosing scheme of five days when initiating ther-
apy. Although it is appropriate for treatment of HIV, it
would not be a first choice nPEP medication because
the patient would not be on the maximally inhibitory
dose of the medication until 5 days after starting nPEP.

4. Two-drug NRTI combinations are not optimal for and
used under special circumstances for treatment of HIV
[113] and are considered the basic oPEP regimen for
lower risk HIV exposures [1]

The revised USPHS nPEP recommendations are per-
missive of the use of two-drug regimens in significant
exposures when adherence or drug toxicity is a consid-
eration [87].

5. Triple drug combinations are used as part of the
expanded oPEP regimen for higher-risk HIV exposures
[1] and are considered the first choice regimen for HIV
treatment and for nPEP based on the revised nPEP
guidelines [87].

The triple drug combination of choice is a highly active
PI (nelfinavir) in combination with two NRTIs (ZDV and
3TC). The dual NRTI combination of choice to be used
with the PI is ZDV and 3TC. Zidovudine and ddC is a
less preferred choice for use in combination with a PI
[113]. The PI of choice for PEP is nelfinavir because it
has fewer side-effects and does not require step-wise
dosing. Lopinavir/ritonavir is the only Pl approved by
the US FDA for use in children 6 months of age or older.
Although no other PI aside from lopinavir/ritonavir is
FDA-approved for children under 2 years of age, the cur-
rent treatment guidelines recommend the use of pedi-
atric formulations of ritonavir and nelfinavir in infants,
with the understanding that optimal dosing of these
agents in young infants has not been defined, but is
under study in clinical trials [113]. Nelfinavir would be
preferable to ritonavir, because of ritonavir’s graded dos-
ing schedule.

6. Pill burden, side-effects, potency of, and formulations of
medications are important considerations in choosing
a PEP regimen.

Because it has been shown that it is difficult for both
adults and children to adhere to a full 28-day course of
PEP, clinicians should take these factors into account in
choosing a PEP regimen.

7. Approved ARV drugs for adults may be used in children
despite lack of FDA approval for pediatric formulations.

Some recommended ARV drugs are not yet FDA-
approved for use in children or for use in all age groups
among children. However, current pediatric ARV treat-
ment guidelines [113] state that the absence of clin-

ical trials addressing pediatric-specific manifestations
of HIV infection does not preclude the use of any
approved ARV drug in children and that all ARV drugs
approved for treatment of HIV infection may be used for
children when indicated – irrespective of labeling nota-
tions. However, because some physicians may wish to
assign priority to particular ARV regimens for PEP pur-
poses based on the FDA-approval status of the drugs,
more detailed information about age-specific consider-
ations is provided in the next section.

8. Clinicians faced with a decision regarding PEP should
consult with a physician with expertise in pediatric HIV
care.

Pediatric ARV therapy is a rapidly evolving field and
physicians with expertise in pediatric HIV care should
be consulted whenever possible when deciding on PEP
regimens (Box 24.4).

24.4.3 Age-specific considerations for PEP in children

The choice of drugs available for treatment of HIV is more
limited for children than for adults. Some drugs available
for treatment of adults are not FDA-approved, are not re-
commended for use in children, or lack formulations suit-
able for small children. However, current pediatric ARV
guidelines state that FDA labeling practices should not ne-
cessarily limit use of ARVs in children [113]. Pediatric ARV
therapy is a rapidly evolving field. Clinicians faced with
a decision regarding PEP should consult with a physician
with expertise in pediatric HIV care and consider the most
current local and national [113] recommendations. No
definitive recommendations exist for PEP in older infants
and in children. However, a reasonable approach must take
into account which pediatric formulations are available in
a particular area, which are available through compassion-
ate use programs, which are accessible in the appropriate
time frame for PEP, and which have age-appropriate dosing
schemes available for the child in question.

Other alternate drugs for nPEP are listed in Table 24.6, as
are drugs not recommended for nPEP. The dosing for the
ARV drugs used in pediatric PEP is generally the same for
that used to treat pediatric HIV infection and the duration
of treatment is usually 4 weeks. In addition, although NVP
is approved for treatment of HIV infection in children older
than 2 months of age, multiple-use NVP is not currently
recommended for PEP in the U.S.A. due to its toxicity [98].
Table 24.9 describes the antiretroviral agents approved by
the US FDA for the treatment of HIV infection in children
by age category.



Box 24.4. PEP management resources (adapted from [1])

National Clinicians’ Postexposure Prophylaxis
Hotline (PEP line)
Run by University of California-San Francisco/San
Francisco General Hospital staff; supported by the
Health Resources and Services Administration Ryan
White CARE Act, HIV/AIDS Bureau, AIDS Education
and Training Centers, and CDC.

Phone: (888) 448-4911
Internet:<http://www.ucsf.edu/hivcntr>

Needlestick!
A website to help clinicians manage and document
occupational blood and body fluid exposures.
Developed and maintained by the University of
California, Los Angeles (UCLA), Emergency
Medicine Center, UCLA School of Medicine and
funded in part by CDC and the Agency for
Healthcare Research and Quality

Internet:<http://www.needlestick.mednet.ucla.edu>

Hepatitis Hotline Phone: (888) 443-7232
Internet:<http://www.cdc.gov/hepatitis>

Reporting to CDC: Occupationally acquired HIV
infections and failures of PEP

Phone: (800) 893-0485

HIV Antiretroviral Pregnancy Registry Phone: (800) 258-4263
Fax: (800) 800–1052
Internet:<http://www.APRegistry.org>

nPEP Surveillance:
CDC National PEP Registry: Collects information on
persons who either receive or are considered for
nPEP. It is run for CDC by John Snow, Inc.

Phone: 1-(877) HIV-1PEP (1-877-448-1737)
Internet:<http://www.hivpepregistry.org>

Reporting unusual or severe toxicities: Contact
manufacturer directly or FDA

FDA: 1-800-332-1088

Selected nPEP guidelines:
American Academy of Pediatrics www.aappolicy.aappublications.org/cgi/

content/full/pediatrics;111/6/1475
PEP in Children and Adolescents for
nonoccupational exposure to HIV

New York State Dept. of Health
AIDS Institute

www.hivguidelines.org
HIV PEP for children beyond the perinatal period
HIV PEP following sexual assault

State of California www.dhs.cahwnet.gov/ps/ooa/Reports/
PDF/HIVProphylaxisFollowing Sexual Assault.pdf
Offering HIV prophylaxis following sexual assault:
recommendations for the State of California

Commonwealth of Massachusetts http://www.state.ma.us/dph/aids/
guidelines/ca exposure nonwork.htm
Clinical advisory:HIV prophylaxis for
non-occupational exposures

Rhode Island Dept. Health/Brown University AIDS
Program

www.brown.edu/Departments/BRUNA/backnpep.htm
Nonoccupational human immunodeficiency virus
postexposure prophylaxis guidelines for Rhode Island
healthcare practitioners
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Table 24.9 Antiretrovirals approved by the US FDA for treatment of HIV infection in children by age category

Drug 0 to < 3 months 3 months to < 2 years ≥ 2 years

NRTIs
Abacavir No Yes Yes
Zalcitabine No No Yes, ≥ 13 years of age
Didanosine Yes, ≥2 weeks Yes Yes
Stavudine Yes Yes Yes
Zidovudine Yes Yes Yes
Lamivudine Noa Yes Yes

NNRTIs
Delaviridine No No Yes, ≥ 16 years of age
Efavirenz No No Yes, ≥ 3 years of age
Nevirapine No Yes (>2 months) Yes

PIs
Amprenavir No No Yes, ≥ 4 years of age
Indinavir No No Yes (Adolescents/adults)
Lopinavir/Ritonavir No Yes (≥6 months) Yes
Nelfinavir No No Yes
Ritonavir No No Yes
Saquinavir No No Yes, > 16 years of age

a Use of 3TC recommended in children < 3 months of age, despite absence of FDA approval [113].
NRTIs, nucleoside analogue reverse transcriptase inhibitors; NNRTIs, non-nucleoside analogue
reverse transcriptase inhibitors; PIs, protease inhibitors.

Term infants, age less than 3 months
Zidovudine is an FDA-approved ARV drug for both HIV
therapy and prophylaxis from the time of birth. ddI and
d4T are approved for treatment of infants younger than 3
months of age. However, d4T is not recommended in com-
bination with ZDV. In addition, experts feel that enough
data exist regarding 3TC dosing for infants younger than 3
months of age to consider it safe to use for therapy of HIV-
infected infants [113] (see Table 24.4 for 3TC dose under
study for infants younger than 3 months of age). For infants
exposed to HIV after birth, prophylaxis with ZDV and 3TC
is considered the PEP two-drug regimen of choice in this
and other age groups, unless there is a high level of resist-
ance mutations to these drugs in the community. Stavudine
(d4T) is also FDA-approved in children 5 weeks of age or
older, but is not recommended in combination with ZDV
[113]. An expanded regimen for infants using a PI and two
NRTIs (including ZDV) might be considered for higher risk
exposures using investigational dosing schemes.

Children aged at least 3 months but less than 2 years
Zidovudine, 3TC, ddI, d4T, abacavir, nevirapine, and
lopinavir/ritonavir are the only FDA-approved ARVs for
HIV therapy in this age group. However liquid formu-

lations of nelfinavir and ritonavir are recommended for
use in older infants [121] and nevirapine is not recom-
mended as a PEP agent. The nPEP regimens of choice
in this age group include the two-drug nPEP regimen of
ZDV/3TC and a three-drug regimen adding nelfinavir or
lopinavir/ritonavir. An investigational dose for nelfinavir is
noted in Table 24.4. Lopinavir/ritonavir is an approved PI
combination in this age group for children 6 months of age
and older.

Children aged 2–13 years
Zidovudine, 3TC, ddI, d4T, abacavir, nevirapine, nelfinavir,
lopinavir/ritonavir, and ritonavir have been approved by
the FDA for therapy of HIV infection for this entire age
group. In addition, the following drugs have been approved
for the following age groups: amprenavir (>4 years), ddC
(≥ 13 years), delaviridine (≥16 years), efavirenz (≥ 3 years),
saquinavir (>16 years), and indinavir (adolescent/adults).
The nPEP regimens of choice in this age group include the
two-drug nPEP regimen of ZDV/3TC and a three-drug reg-
imen adding nelfinavir, lopinavir/ritonavir, or efavirenz as
the third drug. Multi-dose NVP is not recommended as a
PEP agent.
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Adolescent dosing
Adolescent dosages should be prescribed according to Tan-
ner staging of puberty and not by age [113]. Therefore, those
in Tanner stages I and II should be dosed according to pedi-
atric schedules and those in Tanner V should be dosed using
adult schedules. Youth undergoing growth spurts (Tanner
III females and Tanner IV males) should be closely moni-
tored for medication efficacy and toxicity when using adult
or pediatric dosing guidelines [113].

24.4.4 Considerations for determining level of
risk in non-occupational HIV exposures and the
appropriateness of administering PEP

In addition to the considerations for determining level of
risk for occupational exposures (Tables 24.5a and 24.5b),
and those described earlier in this chapter by type of expo-
sure, the following generic considerations should be taken
into account for non-occupational HIV exposures [115]:
(a) the likelihood that the source is infected with HIV; (b)
the likelihood of transmission, including the many cofac-
tors that might increase or decrease transmission risk;
(c) characteristics (e.g. viral load, stage of infection) of
an HIV-infected source; (d) isolated versus recurrent HIV
exposures; (e) time delay between possible exposure and
presentation for medical care; and (f) ability to adhere
to the ARV regimen. Factors to consider in determining
level of risk in pediatric exposures are described earlier
in this chapter. Each case must be evaluated individu-
ally taking into account the specifics of each situation. In
general, the USPHS guidelines consider significant expo-
sures to be exposures of the vagina, rectum, eye, mouth,
or other mucous membranes, non-intact skin, or percuta-
neous contact with blood, semen, vaginal secretions, rectal
secretions, or any body fluid that is visibly contaminated
with blood from a source who is known or suspected to
be HIV-infected [87]. These guidelines recommend con-
sideration of the use of nPEP in individuals with significant
exposures presenting for care within 72 hours after expo-
sure to a source patient known to be HIV-infected. In addi-
tion, they suggest that similar exposures to a source patient
with unknown HIV infection status be considered for nPEP
on a case-by-case basis [87].

24.4.5 Prophylaxis for infectious agents other than
HIV after accidental needlesticks with discarded
needles and sexual assault

Recommendations for management of percutaneous
exposures to other infectious agents other than HIV have
been described [58] and guidelines for HBV and HCV

exposures have recently been incorporated into the HIV
oPEP guidelines [1]. Because HBV may survive on fomites
for at least several days, one should check the HBV vac-
cination status of a child with a percutaneous exposure.
For children who have completed their HBV immunization
regimen, no further action is needed. Children who have
not completed their regimen, should receive an additional
HBV vaccination and be scheduled to receive their remain-
ing doses. Experts differ in their opinions on the need to
administer Hepatitis B immunoglobulin (HBIG) to chil-
dren who have not completed the HBV immunization regi-
men. Healthcare personnel with occupational blood-borne
exposures should be screened for HCV in addition to HBV
and HIV [1]. Should the clinician elect to test for HCV in a
pediatric nPEP exposure, it should be done at time of injury
and then 6 months later with a confirmatory test for posi-
tive tests [58]. It is thought that the risk for transmission for
hepatitis A virus (HAV) and HCV through discarded needles
is very low and therefore administration of immune globu-
lin for HAV is not recommended [58). In addition, tetanus
toxoid and tetanus immunoglobulin should be adminis-
tered based on the vaccination history of the person who
has been injured.

Children or adolescents who are victims of sexual abuse
should receive a baseline evaluation, and then follow-up
evaluations at 2 and 12 weeks afterwards for detection of
STDs [53]. Sexual contacts of patients who have acute HBV
should receive HBIG and begin the hepatitis B vaccine
series within 14 days after the most recent sexual contact.

24.5 Summary

In general, either a basic or expanded combination ARV
regimen is recommended for oPEP, depending on level of
risk, and should be continued for 4 weeks. The combina-
tion of ZDV with 3TC is recommended as the two-drug or
basic regimen of choice and the combination of ZDV with
3TC and nelfinavir are recommended as the three-drug or
expanded regimen of choice. Alternate regimens also may
be considered. Based on animal data and human studies,
nPEP should be considered as a means of reducing HIV
transmission after significant exposures among patients
presenting within 72 hours of exposure. The therapeutic
principles established for oPEP [1] and pediatric HIV ther-
apy [113] may be applied to nPEP for children and ado-
lescents with some exceptions. Optimal therapy for most
HIV-infected children and adults includes the use of triple
combination ARV drug therapy. Recently updated USPHS
nPEP recommendations to encourage the use of triple-
drug ARV PEP regimens for all exposures that warrant
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nPEP except for those where adherence or toxicity may be
an issue. Although NVP is approved for use in treatment
of HIV-infected children, multiple-use NVP is not recom-
mended for use in HIV PEP due to its severe toxicity asso-
ciated with both oPEP and nPEP. Determining the level of
risk in these situations must be done on a case-by-case
basis. Table 24.8 summarizes the important points to keep
in mind for occupational PEP, however, most are appli-
cable to nPEP as well. In addition to preventing infection
in exposures that have already occurred, there needs to be
continuing public health and clinical emphasis on prevent-
ing these exposures from occurring in the first place in both
occupational and non-occupational settings.
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Cutaneous diseases

Andrew Blauvelt, M.D.

Department of Dermatology, Oregon Health and Science University, Portland, OR

The skin of HIV-infected individuals, both young and old,
is a major target organ for numerous infectious, inflamma-
tory, and neoplastic processes. Thus, dermatologists and
other clinicians who are adept at diagnosing and treat-
ing skin diseases play an extremely important role in the
overall care of these patients. For example, many HIV-
infected individuals are unaware of their serologic status
and present initially with a dermatologic complaint (e.g. the
rash of primary HIV infection or herpes zoster). It is thus
the responsibility of the astute clinician to inquire about
underlying HIV infection. For children, a pediatrician or
dermatologist may be the first to suggest HIV disease when
evaluating a baby with a particularly recalcitrant case of
diaper dermatitis. A second important role for those evalu-
ating the skin of HIV-infected patients is in the recognition
of cutaneous clues that are signs of severe systemic infec-
tion or cancer (e.g. cutaneous lesions of cryptococcosis
or disseminated candidiasis). Prompt and accurate diag-
nosis through biopsy and microscopic examination of the
skin may be life saving in these types of cases. Lastly, clini-
cians caring for patients with skin diseases associated with
HIV disease may provide tremendous symptomatic relief
to their patients by correctly diagnosing and treating par-
ticularly severe conditions, such as generalized pruritus,
widespread genital warts, or numerous disfiguring lesions
of molluscum contagiosum on the face.

As with adults, the majority of the cutaneous manifesta-
tions of HIV disease are observed in children with greater
degrees of immunosuppression [1–4]. Dermatologic prob-
lems occur in greater than 90% of children with AIDS. While
no single dermatologic condition is pathognomonic for
HIV disease, cutaneous infections predominate. Following
a brief section on general principles in the dermatologic

care of HIV-infected children, specific features of many of
the common dermatoses that affect these patients will be
outlined.

25.1 General principles

The approach to evaluating the skin of a child with HIV
infection should be standardized. Important general prin-
ciples for examination of the skin are listed in Table 25.1.
Primary care clinicians should maintain a low threshold for
formally consulting a dermatologist (if available) to assist in
the diagnosis and care of HIV-infected children with skin
diseases. When performing the physical examination, an
important goal is to determine and accurately describe the
type and nature of the primary skin lesion. Primary and
secondary skin lesions are listed in Table 25.2, along with
examples of diseases that manifest with each particular
lesion. In addition to identifying primary and secondary
lesions, other important aspects of the lesions should
be noted, including the shape of the individual lesions
(e.g. annular, linear, arciform), the distribution of the
lesions (e.g. localized, generalized, grouped, zosteriform,
photodistributed), and the color of the lesions (erythe-
matous, violaceous, brown). The correct characterization
of the disease leads to a useful list of differential diag-
noses, and allows the clinician to communicate informa-
tion accurately to other doctors. Although physical exam-
ination remains the most important “tool” in assessing
the skin of patients, a few basic carefully performed bed-
side procedures can greatly aid in obtaining correct diag-
noses. An outline of the materials used in these procedures
and basic guidelines for performing them are provided in

413



414 A. Blauvelt

Table 25.1 General guidelines for the proper evaluation of dermatologic diseases in HIV-infected children

Always have a parent or guardian in the exam room to assist
Examine the patient in a well-lit room. The oral cavity and many skin lesions are only seen

with good lighting
It is not absolutely necessary to wear gloves while doing a skin exam on an HIV-infected child,

however, gloves should always be worn if there is a potential for transmission of blood or
body fluids, or when a potentially infectious agent, such as scabies or varicella-zoster
virus, is suspected

Completely examine all skin and mucous membrane surfaces. A complete skin exam should
be done regardless of whether the lesions are localized or generalized. In particular, don’t
forget the nails, scalp, oral mucosa, genital area, and feet

So that a particularly focused examination can be done to search for a suspected lesion or
pathogen, know the history well

Always refer the patient for a consultation with a dermatologist if there is significant doubt as
to proper diagnosis and/or treatment

Tables 25.3 and 25.4, respectively. Several photographs of
bedside preps that demonstrate representative positive
findings are shown in the color plate section.

25.2 Infectious diseases that predominantly
involve the skin and oral mucosa

25.2.1 Fungal infections

Candidiasis
Mucocutaneous candidiasis is the most common derma-
tologic manifestation in HIV-infected children [5–7]. Can-
dida albicans is the most frequently isolated organism. Oral
candidiasis typically presents as friable white plaques on
the oral mucosa, which is termed the pseudomembranous
form of the disease (Figure 25.1). Less commonly, oral can-
didiasis presents as erythematous atrophic plaques, pap-
illary hyperplasia, chronic hyperplastic plaques, median
rhomboid glossitis, or angular cheilitis. On the skin sur-
face, lesions appear as ill-defined erythematous plaques
with surrounding “satellite” pustules; the diaper area and
other intertriginous areas are typically affected. In chil-
dren from ages 2 to 6, chronic candidal paronychia (i.e.
nail fold infection) with secondary nail dystrophy may
occur. In all clinical types of disease, observing spores and
non-septated non-branching pseudohyphae on potassium
hydroxide (KOH) examination of superficial scale or roofs
of pustules confirms the diagnosis. Importantly, mucocu-
taneous candidiasis in HIV-infected children, when persis-
tent or recurrent, is a sign of relatively severe immunodefi-
ciency. Hoarseness or trouble swallowing should prompt
a search for disease involving the larynx or esophagus.

Depending on the extent and severity of infection, treat-
ment of candidiasis consists of topical (e.g. 2% ketocona-
zole cream twice daily) or systemic antifungal agents.

Dermatophytosis
Dermatophyte infections occur frequently in HIV-infected
children, most often after the age of 2 years [1, 2]. Trichophy-
ton rubrum is the most common organism isolated. The
scalp (tinea capitis), feet (tinea pedis) and nails (onychomy-
cosis) are often affected. In the scalp, lesions usually appear
as non-inflammatory scaly plaques with secondary alope-
cia (Figure 25.2). Typical kerion formation, as observed
in HIV-uninfected children, is not common in children
with AIDS. Lesions on the feet and other skin surfaces
commonly appear as annular plaques with scales on the
advancing borders of the lesions. In the nails, infection may
occur beneath the nail plate (subungual onychomycosis)
or within the superficial nail plate (white superficial ony-
chomycosis) (Figure 25.3). This latter disease, in particular,
is not a specific marker for HIV infection, although it often
indicates severe underlying immunodeficiency. Diagnosis
can be confirmed by the observation of septated branching
hyphae on KOH examination of superficial scale obtained
from the advancing borders of lesions (Figure 25.4), or by
fungal culture of scales. Therapy consists of topical (e.g. 2%
ketoconazole cream twice daily) or oral antifungal agents.

Disseminated fungal infection with skin involvement
Disseminated cryptococcosis and histoplasmosis may
involve the skin in approximately 10% of cases. Cutaneous
cryptococcosis can present with a variety of lesions, includ-
ing umbilicated papules and nodules (i.e. molluscum-like),
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Table 25.2 Primary and secondary skin lesions

Type of primary or secondary lesion Representative diseases Typical distinguishing features

Papule (raised lesion <1 cm in diameter) Verruca vulgaris
Molluscum

contagiosum
Scabies
Insect bites
Drug eruption
Psoriasis
Viral exanthem
Cryptococcosis
Histoplasmosis
Kaposi’s sarcoma

Verrucous surface
Smooth surface with central umbilication

Pruritic, excoriated, with burrows
Pruritic, grouped, on extremities
Small, erythematous, on trunk
Erythematous, with thick gray scale
Small, erythematous
Smooth with necrotic centers
Acneiform
Smooth, violaceous

Nodule (raised lesion 1–2.5 cm in
diameter)

Kaposi’s sarcoma
Prurigo nodularis

Smooth, violaceous
Pruritic, on extremities

Tumor (raised lesion >2.5 cm in diameter) Kaposi’s sarcoma Violaceous, associated edema
Macule (flat lesion <1 cm in diameter) Drug eruption

Kaposi’s sarcoma
Viral exanthem

Erythematous, on trunk
Violaceous
Erythematous, on trunk

Patch (flat lesion >1 cm in diameter) Kaposi’s sarcoma
Plaque (raised planar lesion) Psoriasis

Dermatophytosis
Kaposi’s sarcoma
Cellulitis

Erythematous, with thick gray scale
Annular, with peripheral scale
Violaceous
Erythematous, edematous, painful

Vesicle (clear fluid-filled lesion <1 cm in
diameter)

Herpes simplex
Varicella
Herpes zoster
Impetigo

Grouped, painful
Disseminated, erythematous base
Dermatomal, painful
Golden crust

Bulla (clear fluid-filled lesion >1 cm in
diameter)

Impetigo Golden crust

Pustule (white fluid-filled lesion) Candidiasis
Bacterial folliculitis
Psoriasis

Satellite lesions near inflammation
Centered around hair follicles
With typical scaly papules and plaques

Wheal (hive) Idiopathic urticaria Erythematous, edematous, transient
Burrow (linear array of papules) Scabies Pruritic, linear
Scale (superficial layers of epidermis) Seborrheic dermatitis

Psoriasis
Dermatophytosis
Xerosis

Greasy, in scalp and eyebrows
Thick, gray
On periphery of lesion
Fine, diffuse

Crust (dried exudate) Impetigo
Herpes simplex

Golden
Grouped

Erosion (loss of epidermis) Herpes simplex Painful
Ulcer (loss of epidermis extending into

dermis)
Herpes simplex Painful, chronic coarse

Scar (collagen deposition in dermis) Herpes zoster Dermatomal
Excoriations (scratch marks) Scabies

Insect bites
Atopic dermatitis

Associated burrows
Grouped, on extremities
Associated xerosis, systemic signs of atopy

Lichenification (accentuation of skin lines) Atopic dermatitis Associated xerosis, systemic signs of atopy



Table 25.3 Basic materials that are extremely useful as diagnostic aids when evaluating dermatologic

diseases in HIV-infected children

Microscope and glass slides
10% potassium hydroxide (KOH) to examine skin and mucous membrane scrapings for fungal

infection
Gram stain kit to examine bacterial contents of pustules and to examine suspected

herpesvirus lesions for multinucleated Giant cells (Tzanck preps)
Mineral oil to examine skin scrapings for scabies or Demodex infestation
Materials for tissue culture

Sterile cups for fungal culture
Bacterial culture swabs
Viral culture medium for herpes simplex/varicella-zoster virus

Materials for skin biopsy
2% lidocaine with epinephrine
30 gauge needles
3–4 mm punch biopsy devices
Suture kit
Cup with 10% formaldehyde

Dermatology textbook for reference

Table 25.4 Basic guidelines for performing bedside dermatologic procedures

Prep Candidate Diseases Ideal Procedure

KOH Dermatophytosis,
candidiasis

1. Choose peripheral scale or roofs of intact pustules
2. Scrape scales or roofs with #15 scalpel blade and place

contents onto glass slide containing 10% KOH
3. Place cover slip on slide and gently heat with match
4. Examine at low power for hyphae (dermatophytosis)

or pseudohyphae and spores (candidiasis) and confirm
at high power if necessary

Gram stain Bacterial infections 1. Choose intact pustule or abscess
2. Express pus/exudate and smear onto glass
3. Fix and stain slide using Gram stain kit
3. Examine at high power with oil for bacteria

Tzanck Herpes virus
infections

1. Choose newest lesions, preferably intact vesicles
2. Remove roofs and scrape bases of blisters with #15

scalpel blade and smear cellular material onto glass slide
3. Fix and stain slide using Gram stain kit
4. Scan at low power for multinucleated giant cells and confirm

at high power

Mineral oil Scabies 1. Choose intact papules or papulovesicles, preferably at
the ends of burrows

2. Superficially shave tops of these lesions with #15 scalpel
blade and place contents onto glass slide containing
mineral oil

3. Examine at low power for mites, eggs, and feces

Demodex 1. Scrape superficial scales from affected areas onto glass
slide containing mineral oil

2. Examine at low power for mites
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Figure 25.1. Oral candidiasis.

The most common

mucocutaneous

manifestation of HIV disease

in children, mucosal

candidiasis typically appears

as white friable plaques that

are easily removed with

scraping.

Figure 25.2. Tinea capitis. Classic non-inflammatory scaly plaque associated with secondary alopecia.

cellulitis, abscesses, and ulcers. Cutaneous histoplasmosis
can present with acneiform papules and pustules, macules,
and plaques, often involving the face. Disseminated coc-
cidiomycosis, aspergillosis, and sporotrichosis may occur
as well. Fortunately, these infections have only rarely been
reported in children with HIV disease. Nevertheless, it is
important to keep in mind these diagnostic possibilities
because disseminated fungal infections cause severe dis-

ease with high mortality rates, and because early diagno-
sis can often lead to life-saving treatment. Diagnosis can
be confirmed by skin biopsy in conjunction with special
stains to identify organisms, or by fungal culture of affected
skin.

Penicillium marneffei is a dimorphic fungus endemic
in South-East Asia. Disseminated infections in children
with AIDS in this region are not uncommon, with skin
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Figure 25.3. White superficial onychomycosis. Tinea infection involves the superficial nail plate in this type of fungal nail infection, and

is a harbinger of severe underlying immunodeficiency.

Figure 25.4. KOH prep-dermatophyte. Typical hyphae isolated from scales of a superficial dermatophyte infection.
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Figure 25.5. Tzanck prep – herpes simplex infection.

Multinucleated giant cells scraped from the floor of an

erosion caused by herpes simplex virus. Similar cells are

observed from lesions caused by varicella-zoster virus.

lesions appearing in 67% of cases [8]. Lesions appear as
papules with central umbilication (i.e. molluscum-like) on
the face and extremities, and are a major clue to the diag-
nosis. Biopsy of representative skin lesions should be per-
formed to make a definitive diagnosis, especially if a patient
appears acutely ill or has symptoms of malaise, fever, or
cough.

25.2.2 Viral infections

Herpes simplex virus
Primary herpetic gingivostomatitis is fairly common and
may be particularly severe in HIV-infected children [5–7].
Children present with painful ulceration of the lips, tongue,
palate, and buccal mucosa. Secondary dehydration may
occur when patients avoid eating and drinking because of
pain. Diagnosis can be confirmed by observing multinu-
cleated giant cells (scraped from the base of ulcerations)
on Tzanck preps (Figure 25.5), or by viral culture. Recur-
rent herpes simplex virus infection may involve any cuta-
neous site, regardless of whether disease is caused by her-
pes simplex 1 or herpes simplex 2. Acute lesions typically
present as painful grouped vesicles. As individual lesions
age, they become pustular and erosive. Chronic herpes sim-
plex virus infection may not have the classic grouped distri-
bution, and thus may present diagnostic difficulties for the
physician. In these cases, lesions often present as chronic
painful ulcers and crusted painful erosions (Figure 25.6).
Indeed, it is important to always consider herpes simplex

virus infection in any HIV-infected child with these types of
lesions. Treatment of herpes simplex infection is outlined in
Chapter 41.

Varicella-zoster virus
Varicella (chicken pox) is a primary infection with vari-
cella zoster virus and may be more prolonged and more
severe in HIV-infected children compared with disease in
HIV-uninfected children [1, 2]. Patients should be closely
monitored for systemic disease, including pneumonia,
hepatitis, central nervous system (CNS) involvement, pan-
creatitis, and secondary bacterial infection. Primary lesions
of varicella are vesicles with surrounding erythema, usu-
ally disseminated, and have been figuratively described as
“dew drops on rose petals” (Figure 25.7). Recurrent vari-
cella zoster virus infection (which is rare in healthy chil-
dren) may present as herpes zoster or chronic dissem-
inated infection. The former occurs as painful vesicles and
deep crusted erosions in a dermatomal distribution and
often leads to scarring in HIV-infected children. The lat-
ter presents as crusted erosions and/or verrucous papules
and plaques (Figure 25.8, see color plate) [9], and is not
observed in immunocompetent individuals. As with her-
pes simplex virus infection, diagnosis of varicella-zoster
virus infection can be confirmed by observing multinucle-
ated giant cells on Tzanck preps (see Figure 25.5), or by
viral culture. Treatment of varicella-zoster virus infections
is outlined in Chapter 41.



Figure 25.6. Chronic herpes simplex virus infection. Chronic

ulcerative lesion in a child with AIDS.
Figure 25.7. Varicella (chicken pox). Varicella may be particularly

severe and prolonged in children infected with HIV.

Figure 25.8. Chronic varicella zoster virus infection commonly occurs as scattered crusted erosions and ulcers in children with AIDS.
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Figure 25.9. Kaposi’s sarcoma. Although uncommon in US children with AIDS, Kaposi’s sarcoma can occur in children and lesions

appear as violaceous patches, plaques, papules, or nodules.

Kaposi’s sarcoma-associated herpesvirus
Kaposi’s sarcoma-associated herpesvirus (KSHV), also
known as human herpesvirus 8 (HHV-8), is a newly
described �-herpesvirus that has been linked to all clinical
types of Kaposi’s sarcoma (KS) [10]. Infection with KSHV
is uncommon in HIV-infected children from the USA and
western Europe, and KS is rare in those areas of the world.
In sub-Saharan Africa (especially in Uganda, Zimbabwe,
and Zambia), however, KSHV infection is endemic and KS
is relatively common. In fact, KS is one of the most common
pediatric neoplasms in sub-Saharan Africa [11, 12]. Similar
to adults, KS in children presents as violaceous patches,
plaques, papules, nodules, and tumors (Figure 25.9). Of
note, disease in both HIV-infected and HIV-uninfected
African children can be particularly aggressive and often
involves the lymph nodes, the so-called lymphadenopathic
variant of KS. In this form of KS, clinical differentiation from
filariasis may be difficult.

Human papillomavirus
Warts are caused by human papillomavirus (HPV) infection
within keratinocytes, and are relatively common in HIV-
infected children [1, 2]. Lesions appear as multiple verru-
cous papules (Figure 25.10). At times, lesions are smooth,
flat (Figure 25.11), or pedunculated. The hands, feet, and
face are commonly involved, although warts may occur

on any part of the body. Palmar/plantar warts tend to
be caused by HPV type 1, common warts by HPV types
2 and 4, and flat warts by HPV types 3 and 10. Genital
warts (also known as condyloma acuminata) in children
may or may not be a sign of sexual abuse, and thus this
possibility should be considered in a straightforward, but
not accusatory manner; condylomas usually contain HPV
types 6 or 11. Oncogenic HPV types (e.g. HPV types 16
and 18) are sexually transmitted, and thus are not typically
found in children. Treatment of warts in HIV-infected chil-
dren is often difficult. Individual lesions can be destroyed
using cryotherapy (i.e. application of liquid nitrogen) or
electrodesiccation, but this is painful and usually requires
repeated treatments.

Molluscum contagiosum virus
Molluscum contagiosum is a DNA poxvirus that also infects
keratinocytes, and like human papillomavirus, is rela-
tively common in children with HIV disease [1, 2]. Lesions
classically appear as multiple dome-shaped umbilicated
papules (Figure 25.12), most commonly on the face. If
doubt exists as to the correct diagnosis, white material can
be expressed from individual lesions, placed onto a slide,
and examined for typical molluscum bodies under a micro-
scope (Figure 25.13). Molluscum bodies are large intracy-
toplasmic viral inclusions that appear as ovoid structures
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Figure 25.10. Verruca vulgaris. Warts in HIV-infected children are common and are often resistant to treatment.

Figure 25.11. Verruca plana (flat warts). Flat warts are relatively common on the face of HIV-infected children

and appear as non-inflammatory, smooth, flat-topped papules.

within keratinocytes. Like human papillomavirus, no
universally effective topical therapy exists for molluscum.
Destructive therapy, using cryosurgery or electrodesicca-
tion, is the most effective treatment for individual lesions.
For widespread molluscum contagiosum infection in HIV-
infected children, intravenous and topical cidofovir have

both been reported to be effective, although cidofovir
is not approved by the US Food and Drug administra-
tion for use in this disease. As well, improving over-
all immune function in these children with antiretrovi-
ral therapy is likely to lead to resolution of molluscum
lesions.
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Figure 25.12. Molluscum contagiosum. Smooth dome-shaped

papules with central umbilication are classic for molluscum, and

are very common in children with HIV disease.

Other viral infections
Oral hairy leukoplakia is caused by chronic active Epstein-
Barr virus infection of epithelial cells [5]. Although more
common in HIV-infected adults, children may present with
typical disease, which includes white verrucous plaques on
the lateral aspects of the tongue that cannot be removed
with scraping (in contrast to white plaques of pseu-
domembranous candidiasis that are easily removed with
scraping).

In developing countries, measles is often more severe
in HIV-infected children compared with those uninfected
with HIV [13]. HIV-infected children usually present with a
typical morbilliform rash and dramatic signs of acute illness
(e.g. malaise, fever, and cough). Mortality, which can be
as high as 70% in these cases, is most often secondary to
measles giant cell pneumonia.

25.2.3 Bacterial infections

The clinical manifestations of cutaneous bacterial infec-
tions are usually similar in HIV-infected and -uninfected
children. Staphylococcus aureus and Streptococcus pneu-
moniae infection cause impetigo (Figure 25.14), folliculi-
tis, abscesses, wound infection, and cellulitis. Bacterial
infection should be suspected when cutaneous erythema,
edema, and tenderness are present, and confirmation can
be made by bacterial culture if lesions exhibit frank pus or
exudate. Treatment consists of oral antibiotics with good
activity against S. aureus, e.g. dicloxacillin for 10–14 days.

Bacillary angiomatosis, caused by infection with the
spirochetes Bartonella henselae or B. quintana, occurs
rarely in HIV-infected children. Lesions appear as erythe-
matous or violaceous exophytic papules or nodules that
bleed easily upon minimal trauma. Patients often have a
history of exposure to cats. The treatment of choice is oral
erythromycin, with the first alternative treatment being
oral tetracycline.

Tuberculosis and atypical mycobacterial infections are
common in HIV disease, although skin involvement is
uncommon. Mycobacterial infection within skin may
manifest as reddish-brown papules, nodules, and plaques,
as well as abscesses and ulcers. Rarely, BCG vaccination
may cause severe disseminated disease in children with
AIDS.

25.2.4 Diseases caused by arthropods

Scabies
Scabies is common in HIV-infected children and is caused
by the mite Scabies sarcoptei [1, 2]. Transmission occurs by
contact with an infected individual. Cutaneous manifesta-
tions may be relatively mild (e.g. localized pruritus, scat-
tered excoriations, excoriated papules, or areas of dermati-
tis). Mild infestations may be easily misdiagnosed, since
usually less than 10 mites are present on a given individual
in a mild infestation. Lesions typically occur on the wrists,
axillae, areolae, genitalia, and waist. By contrast, Norwe-
gian, or crusted, scabies often manifests with widespread
superficial friable scales (Figure 25.15), less pronounced
pruritus, lesions on the scalp, and thousands of mites
within lesions. Norwegian scabies is a marker for severe
underlying immunodeficiency. Ideally, diagnosis of sca-
bies should be confirmed with a scabies prep, performed
by superficially scraping suspicious papules and burrows
with a scalpel blade and placing the contents of the scraped
material onto a glass slide with a drop of mineral oil. Preps
are considered positive if any one following are observed
under the microscope: mite (Figure 25.16), mite eggs
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Figure 25.13. Molluscum prep. White material can be expressed from the center of molluscum lesions, placed onto a slide with KOH, and

examined for molluscum bodies, which are oval keratinocytes (left side of the picture) infected with molluscum contagiosum virus.

Figure 25.14. Impetigo. Classic presentation of impetigo secondary to Staphylococcus aureus infection in a child with HIV disease.
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Figure 25.15. Norwegian scabies. Unlike typical scabies, children with Norwegian scabies have prominent scaly non-pruritic lesions,

lesions on the scalp, and numerous mites within lesions. Norwegian scabies is a sign of severe underlying immunodeficiency.

Figure 25.16. Scabies prep-mite. Typical appearance of a scabies mite.
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Figure 25.17. Scabies prep-larvae within eggs. Typical appearance of scabies larvae within eggshells.

(Figure 25.17), or mite feces; the latter appear as small
circular golden-brown material. The patient and all house-
hold contacts should be treated with 5% permethrin
cream or lindane, and all bedding should be washed
with detergent the morning following treatment. One
total body application, followed by an additional appli-
cation one week later, is curative. Single doses of oral
ivermectin are also effective. Because of the potential
to cause unnecessary worry among family members,
the considerable effort involved in the treatments (i.e.
whole body applications and laundering bedding), and
the expense of the medications, treatment of individual
patients and close contacts for scabies on a presumptive
basis (without a positive scabies prep confirmation) is not
recommended.

Demodicidosis
Demodex brevis and Demodex folliculorum are mites that
are part of the normal cutaneous flora. In immunosup-
pressed children, overgrowth of Demodex can at times

cause scaly plaques, typically on the face (Figure 25.18).
Scraping scales from lesions and observing mites under the
microscope confirms the diagnosis (Figure 25.19). In con-
trast to children with scabies, these patients should not be
considered infectious. Treatment with topical permethrin
should be considered if patients have observable and/or
symptomatic lesions secondary to overgrowth of Demodex
mites.

Insect bite reactions
Exaggerated responses to bites by mosquitoes and other
insects are commonly observed in HIV-infected children.
Diagnosis should be suspected when observing grouped
erythematous papules (often with prominent excoriations)
on the distal extremities (Figure 25.20). The lesions are also
commonly secondarily infected with S. aureus. Chronic
scratching of these lesions may lead to the development
of prurigo nodularis. These types of reactions appear to be
more prevalent in children who reside in southern US states
(particular Florida and Texas) and in Africa.
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Figure 25.18. Demodicidosis. Prominent scale on the face of a child with AIDS contained numerous Demodex mites and was

successfully treated with topical permethrin.

Figure 25.19. Demodex prep. Scales of suspected lesions can be scraped and examined for Demodex mites, which have elongated bodies

(compared to scabies mites) and easily recognized legs near the head of the mite.
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Figure 25.20. Insect bites. To avoid unnecessary treatment, it is

important to distinguish insect bites from cutaneous bacterial or

viral infection. Lesions are often pruritic, grouped, and located on

the distal extremities.

25.3 Non-infectious diseases that predominantly
involve the skin and oral mucosa

25.3.1 Drug eruptions

Drug eruptions occur commonly in HIV-infected individ-
uals [1, 2]. Trimethoprim-sulfamethoxizole is particularly
notorious, although nearly every medication is capable
of causing a widespread erythematous maculopapular
eruption (Figure 25.21). Typically, the onset of the rash
occurs 7–14 days following initiation of the medication
and 1–2 days following re-introducing the medication. Of
note, in patients previously sensitized to trimethoprim-
sulfamethoxazole, many clinicians are able to success-
fully re-initiate therapy by systematically administering
drugs in incremental doses, beginning with extremely low
doses.

Important clinical variants of drug reactions include
photosensitive eruptions (which appear to be increas-
ingly common), fixed drug eruptions, erythema multiforme

(with classic “targetoid” lesions), Stevens–Johnson syn-
drome (with mucosal involvement), and toxic epidermal
necrolysis. The latter is an extremely severe and danger-
ous drug reaction that manifests with widespread blister-
ing (and subsequent loss) of skin and mucous membranes,
often complicated by fluid and electrolyte imbalance, as
well as secondary infection. In particular, non-nucleoside
reverse transcriptase inhibitors (e.g. nevirapine) have been
implicated in many cases of Stevens–Johnson syndrome.
Drugs should be stopped at the first sign of mucosal symp-
toms, which may include itching or burning sensations
prior to the development of visible lesions.

Lipodystrophy associated with protease inhibitor ther-
apy has recently been reported in HIV-infected children
[14, 15]. This complication is discussed more fully in
Chapter 20.

25.3.2 Dermatitis

Seborrheic dermatitis, a classic cutaneous manifestation in
HIV-infected adults, also occurs in HIV-infected children.
Disease may occur as scaly plaques involving the scalp and
diaper area in infants, or as scaly greasy plaques on the
nasolabial folds, eyebrows, and scalp in older children.

Atopic dermatitis may be particularly severe in HIV-
infected children, especially in those with AIDS, although
it is unclear whether there is an increased incidence of this
disease compared with HIV-uninfected children. Severe
pruritus and secondary bacterial infections are common
complications. Lesions appear as they do in the absence
of HIV infection, e.g. poorly demarcated, erythematous,
lichenified, scaly plaques in flexural areas.

Diaper dermatitis can often be severe in HIV-infected
infants. It is important to rule out and treat candidiasis and
dermatophytosis if present. Further evaluation includes
properly controlling concomitant diarrhea (which often
exacerbates diaper dermatitis) and ruling out underlying
nutritional deficiency.

For all types of dermatitis, treatment consists of con-
trolling exacerbating factors and judicious use of topical
corticosteroids. Specifically, minor inflammatory skin dis-
eases should be treated with mild corticosteroids, e.g. 2.5%
hydrocortisone ointment twice daily, whereas more severe
inflammatory skin diseases should be treated with mid-
to-high potency topical corticosteroids, e.g. 0.1% triam-
cinolone acetonide ointment or 0.05% fluocinonide oint-
ment twice daily, respectively. Because disrupted skin is
prone to secondary infection with Staphylococcus aureus,
oral antibiotics are also an important therapeutic compo-
nent in treating patients with all types of dermatitis.



Figure 25.21. Drug eruption secondary to trimethoprim-sulfamethoxazole. Drug eruptions are extremely common in HIV-infected

children and often occur 7–14 days following the onset of initial treatment.

Figure 25.22. Trichomegaly of the eyelashes. A peculiar condition observed in children with AIDS, as well as children with other severe

underlying immunodeficiencies.
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25.3.3 Miscellaneous disorders

Many other dermatologic diseases have been reported in
children infected with HIV. Some of these include psoriasis,
xerosis, generalized pruritus, urticaria, vasculitis, vitiligo,
dysplastic nevi, aphthous ulcers, alopecia, and trichome-
galy of the eyelashes. The latter condition is a peculiar
lengthening of the eyelashes (Figure 25.22), with no known
cause, associated with severe underlying immunodefi-
ciency. HIV-infected children are also prone to child abuse,
and therefore physicians should be aware of cutaneous
signs of trauma when examining these individuals. Lastly,
in developing countries, nutritional deficiency often ex-
acerbates existing skin conditions or leads to specific cuta-
neous signs. For examples, protein deficiency (kwash-
iorkor) is associated with dry scaling skin and thinning of
the hair, vitamin C deficiency (scurvy) causes a follicular
petechial eruption and bleeding gums, and zinc deficiency
(acrodermatitis enteropathica) causes a genital and acral
rash with diarrhea.
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26.1 Introduction

Since the first descriptions of pediatric AIDS in the 1980s,
neurodevelopmental abnormalities have been a well-
known complication of HIV disease in children, causing sig-
nificant morbidity and mortality [1–3]. Over the last decade,
significant progress has been made in the early diagnosis
and treatment of the HIV-infected infant and child. As a
result, the prevalence and natural history of neurological
illnesses in these patients have changed, with improvement
in neurologic outcome in many cases.

The central nervous system (CNS) manifestations of
HIV disease can be subdivided into two main groups: (1)
those indirectly related to the effects of HIV disease on the
brain, such as CNS opportunistic infections (OIs), malig-
nancies, and cerebrovascular disease; and (2) those directly
attributable to HIV brain infection.

Peripheral nervous system (PNS) abnormalities occur
relatively frequently in adult HIV-infected patients and are
usually related to antiretroviral therapy, HIV disease, or OIs
[4–7]. Although much less common in infants and children,
neuropathies and myopathies do occur, with similar etiol-
ogies [8, 9].

26.2 Secondary CNS disorders

26.2.1 Opportunistic infections of the CNS

Children with HIV disease have fewer problems with CNS
OIs compared with adults, probably because OIs rep-
resent reactivation of previous, relatively asymptomatic
infections. Nevertheless, CNS OIs can present significant

problems in children, and their incidence may increase
because children with HIV disease are living longer. Gen-
erally, OIs are seen in patients with severe immunosup-
pression (CD4+ lymphocyte counts less than 200 cells/�L),
and in older children and adolescents. They may also occur
in infants and younger children as a result of congenital
infection.

The most common CNS OI in children is cytomegalovirus
(CMV) infection, which may present as a subacute or
chronic encephalitis/ventriculitis, an acute ascending
radiculomyelitis or as an acute or subacute neuritis [10–13]
(see also Chapter 41). Other viruses (herpes simplex virus
[HSV], varicella-zoster virus [VZV]) may also cause an
acute or subacute encephalitis [14]. Progressive multi-
focal leukoencephalopathy (PML), caused by the JC virus
(a papova virus), has rarely been reported in the pediatric
AIDS population [15] .

The second most common CNS OIs in children are fun-
gal infections (Candida and Aspergillus meningitis and
abscess) [10]. Cryptococcal meningitis, although seen in
5–10% of adult AIDS patients, was reported in less than 1%
of pediatric AIDS patients followed at the National Cancer
Institute over a period of 8 years [16] (see also Chapter 40).

Toxoplasma encephalitis, a protozoan CNS infection,
is the most common cause of intracranial mass lesions
in adults with AIDS, occurring in 10–50% of patients
[17]. However, it has only been reported in about 1% of
HIV-infected children [18].

Bacterial CNS infections are also relatively uncommon
in children with HIV disease. Initial studies reported a
4–11% incidence of bacterial CNS infections, including
Streptococcus pneumoniae, Haemophilus influenzae type
B, Escherichia coli, Staphylococcus aureus and group B
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Figure 26.1. Magnetic resonance imaging scan of large

aneurysmal dilatations of multiple vessels of the Circle of Willis in

an adolescent boy with transfusion-acquired HIV infection.

(Image courtesy of Department of Radiology, National Institutes

of Health.)

streptococcus [19]. There was only one case of bacterial
meningitis in 372 HIV-infected children enrolled in an
IVIG trial sponsored by NICHD [20]. Unusual bacterial
pathogens need to be considered in these immunocompro-
mised hosts, such as Mycobacterium tuberculosis, atypical
Mycobacteria, syphilis, Bartonella, Listeria monocytogenes
and Nocardia asteroides [21].

26.2.2 Neoplasms

Primary CNS lymphoma is the most common cause of
CNS mass lesions in pediatric AIDS patients and is the
second most common cause of focal neurologic deficits
after stroke [22] (see also Chapter 36). These are usually
high grade, multifocal B-cell tumors, which present with

the subacute onset of change in mental status or beha-
vior, headache, seizures, and new focal neurological signs.
The tumors have a predilection for the deep gray matter
(basal ganglia and thalamus). On neuroimaging studies,
they enhance with contrast and are associated with edema
and mass effect. The prognosis is poor [23]. Treatment
options include steroids, radiation therapy, and systemic
chemotherapy. Metastatic lymphomas tend to cause more
peripheral meningeal involvement and are rare in children
with HIV disease.

26.2.3 Cerebrovascular disease

Strokes are the most common cause of clinical focal neu-
rologic deficits in children with HIV infection [22, 24].
Strokes may be secondary to hemorrhage (related to coagu-
lopathies), or ischemia. Ischemic strokes may be embolic,
or may be related to an infectious vasculitis (for example,
VZV) [25]. AIDS patients may also develop a hypercoag-
ulable state related to acquired protein C and/or S defi-
ciencies. In addition, there is a characteristic vasculopa-
thy seen in HIV-infected children resulting in aneurys-
mal dilatation of vessels of the circle of Willis with or
without ischemic infarction or hemorrhage [26, 27]. The
etiology of this vasculopathy is unclear but it may be
related to direct viral invasion of the vessel walls [28]
(Fig. 26.1).

26.3 Primary HIV-related CNS disease

HIV-related CNS disease is a prominent feature in pedi-
atric patients with HIV infection. Even early on in the epi-
demic, it was recognized that the frequent neurological
abnormalities seen in these children were due to the direct
effects of HIV infection on the brain and not due to OIs or
malignancies [1–3]. HIV was isolated from the brain and
cerebrospinal fluid (CSF) in 1985 [29]. Soon after, HIV
antigens were detected in the brain, viral particles were
visualized in brain macrophages by electron microscopy,
HIV nucleic acids were detected in brain tissue by in situ
hybridization, and intrathecal anti-HIV antibodies were
observed [30–33].

26.3.1 Epidemiology

The prevalence of HIV-related CNS disease in children was
estimated at 50–90% in early studies [19, 34, 35]. By the
mid 1990s, the prevalence was estimated to be between
20–50% [36–39]. Since the advent of HAART (highly active
antiretroviral therapy), the incidence of encephalopathy in
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children is lower. This decrease in CNS disease has been
documented in adults in the Multicenter AIDS Cohort
Study [40].

In general, children less than 3 years of age have higher
rates of CNS disease than older children and adolescents
[36–38]. Patients with more advanced degrees of immune
suppression have higher rates of encephalopathy [41]. It is
also important to note that HIV-related CNS disease may
be the presenting manifestation of HIV infection in as many
as 18% of pediatric patients [42]. Early onset of HIV infec-
tion (i.e. infection occurring in utero) increases a child’s
risk for poor neurodevelopmental outcome within the first
30 months of life [43].

Early onset of neurologic symptoms and signs in HIV-
infected infants (before the age of 1 year) seems to have
a different significance and pathophysiology than those
occurring later on in children and adults [44]. When pedi-
atric patients from the French Perinatal Cohort were com-
pared with the French SEROCO Cohort of adults, the cumu-
lative incidence of encephalopathy was higher in children
than in adults only during the first year after infection (9.9%
vs 0.3%) and during the second year (4.2% vs 0%) but was
similar afterward (less than 1% per year in each group).
The cumulative incidence at 7 years reached 16% in chil-
dren and 5% in adults. The early encephalopathy was not
prevented by zidovudine (ZDV) use during pregnancy. In
addition, the babies who went on to develop early CNS
symptoms had significantly smaller head sizes and weights
at birth than their counterparts without neurological
symptoms. These findings suggest a prenatal onset of HIV
brain infection in this subgroup of infants with early onset
of neurological disease. It also suggests that the course and
pathophysiology of CNS disease in older children and adol-
escents is more similar to the dementia and motor cogni-
tive dysfunction seen in adults. This may have important
therapeutic and preventive implications.

26.3.2 Clinical manifestations

The well-described classic triad of HIV-related enceph-
alopathy identified in the mid-1980s and early 1990s
included developmental delays (particularly motor and
expressive language), acquired microcephaly and pyra-
midal tract motor deficits [1–3] (see Chapter 17). In the
past, pediatric patients were classified as either having
encephalopathy or not. However, it has become increas-
ingly evident that there is a broad spectrum of clinical mani-
festations and severity of CNS disease in infants and chil-
dren. These observations have led to the development of
a new classification system for pediatric HIV-related CNS
disease that is currently used at the HIV and AIDS Malig-

Table 26.1 Clinical manifestations of HIV-related encephalopathy

Progressive encephalopathies
Subacute Progressive

Loss of milestones
Progressive motor dysfunction
Oromotor dysfunction
Acquired microcephaly
Cognitive deterioration
Apathy
Progressive long tract signs
Movement disorders (uncommon)
Cerebellar signs (uncommon)
Seizures (uncommon)
More rapid course (weeks to months)

Plateau
No loss of skills
No or slower acquisition of skills
Decline in rate of cognitive development
Motor dysfunction (non-progressive)
Acquired microcephaly
More indolent course

Static encephalopathy
Fixed deficits
No loss of skills
Skills acquired at a stable but slow rate
Deficient, but stable IQ
Motor dysfunction (non-progressive)
Static course
Many potential etiologies

nancy Branch (HAMB) of the National Cancer Institute
(NCI) of the National Institutes of Health (NIH). This sys-
tem is used to track the CNS status of children on different
treatment protocols and natural history studies. Patients
are classified based on several clinical observations (see
Table 17.1 in Chapter 17).

Patients with encephalopathy have more severe and
pervasive CNS dysfunction that affects their day-to-
day functioning than patients without encephalopathy.
Encephalopathy can be either progressive (subacute – the
most severe – or plateau subtypes) or static (Table 26.1).
The subacute progressive type is often seen in infants and
young children who are naı̈ve to antiretroviral therapy [1–3,
19, 34, 45]. The hallmarks of this disorder are loss of previ-
ously acquired milestones, particularly motor and expres-
sive language, with progressive non-focal motor dysfunc-
tion (spastic quadriplegia or hypotonia in young infants
and spastic diplegia or hypotonia in older infants and chil-
dren) [46]. The course of this disorder is usually slower,
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developing over weeks to months, and more insidious
than the course observed with OIs, tumor, or stroke. Chil-
dren with HIV encephalopathy may have prominent oro-
motor dysfunction, facial diparesis, and abnormal eye
movements (particularly nystagmus and impaired upgaze)
[34]. Impaired brain growth leads to acquired micro-
cephaly. Progressive cognitive deterioration occurs along
with social regression and apathy. Extrapyramidal move-
ment disorders (particularly bradykinesia which can be
responsive to L-dopa), cerebellar signs, and symptoms and
seizures occur less commonly [47]. Seizures may occur in
about 16% of children with HIV-related CNS disease [34].
About half of seizures seen are provoked by febrile illnesses.
Recurrent unprovoked seizures (epilepsy) are rarely due to
HIV CNS disease; more often they are due to other factors
(e.g. complications of prematurity, CNS OIs, etc.). Rarely,
infants and toddlers also exhibit generalized subcortical
myoclonus that clinically resembles myoclonic seizures
(infantile spasms). However EEGs are typically normal and
myoclonus resolves with treatment of HIV CNS disease
alone.

In the school-aged child, the first complaints may be
a decline in academic achievement, change in behavior,
and psychomotor slowing. Eventually, progressive cogni-
tive impairment and new pyramidal tract signs (hyper-
reflexia and gait disturbances) occur.

The course of the plateau type of progressive ence-
phalopathy is more indolent with either the absence of
acquisition of new developmental skills or a slower rate
of acquisition of skills than previously. The rate of cog-
nitive development declines, as does the rate of brain
growth. Motor involvement is common, particularly spastic
diplegia.

Children with static encephalopathy tend to have fixed
neurodevelopmental deficits with no loss of skills. Devel-
opment continues at a stable but slow rate. Intelligence
quotas are stable but low. Motor dysfunction is common,
but not progressive. Whereas the etiology of progressive
encephalopathy is related to the direct effects of HIV brain
infection, the etiology of static encephalopathy can be
varied and can include in utero exposure to drugs, alco-
hol, and/or infections, prematurity and perinatal difficul-
ties. Other factors to consider include genetic influences,
nutritional, endocrinologic, and metabolic factors. Envi-
ronmental and psychosocial factors may also affect devel-
opment. Finally, HIV brain infection may play a role as well.

Children with HIV-related CNS compromise have less
severe CNS dysfunction and usually function normally
(i.e. attend school, interact normally). They typically have
normal overall cognitive functioning, but they may have
had a significant decline in one or more psychological
test (but are still functioning above the delayed range) or

they may have significant impairments in selective neu-
rodevelopment functions. Alternatively they may have a
mildly abnormal neurological examination (pathologically
brisk deep tendon reflexes with extensor plantar responses)
without change in their day-to-day functioning. Patients
who were functioning in the average cognitive range at
baseline and who have shown improvement after institu-
tion of or change in antiretroviral therapy are also classified
in this category.

The specific domains of neuropsychologic impairment
seen in children with HIV disease include expressive
(greater than receptive) language, attention, adaptive func-
tioning (socialization, behavior, quality of life), and mem-
ory [48–52]. Children are classified as apparently not
affected when their cognitive functioning is at least within
normal limits and when there has been no evidence of a
decline in functioning, or of neurological deficits that affect
their day-to-day functioning. In addition, there should be
no therapy-related improvements in cognitive or motor
functioning.

Psychiatric disturbances have also been described in the
pediatric AIDS population, but may be underreported, par-
ticularly in the adolescent population [45, 53]. These dis-
turbances may include depression, bipolar disorder, anxi-
ety, and adjustment disorders. In addition, acute psychoses
can be seen with varying etiologies (including CNS OIs or
tumors, medication side-effects, nutritional deficiencies,
and active HIV-related CNS disease).

26.3.3 Neuroradiologic findings

Neuroradiologic studies provide essential information for
the evaluation and management of HIV-related CNS dis-
ease. The most common abnormalities seen on computed
tomography (CT) scans in symptomatic, treatment-naı̈ve,
HIV-infected children are ventricular enlargement, cortical
atrophy, white matter attenuation and basal ganglia cal-
cifications [54] (Figure 26.2). Calcifications may indicate a
selective vulnerability of the basal ganglia of the developing
brain to HIV infection. They are seen primarily in vertically
infected children or premature babies who were transfused
in the neonatal period. They are not seen in adults [55].

In general, greater degrees of CT brain scan abnormalities
are seen with more advanced stages of HIV disease [56]. In
addition the severity of CT brain abnormalities has been
correlated with lower levels of general cognitive abilities
and language functioning in children with symptomatic
HIV infection [41, 48, 57].

There is also a correlation between cortical atrophy,
but not calcifications, on CT scans and CSF RNA viral
concentrations [58]. This finding supports the hypothesis
that active HIV replication in the CNS is at least in part
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Figure 26.2. Computerized axial tomographic scan depicting

cortical atrophy and basal ganglia calcifications in a preschool

child with vertically acquired HIV infection. (Image courtesy of

Gilbert Vezina, M.D., Children’s National Medical Center.)

responsible for the development of cortical atrophy. Calci-
fications appear to have a different pathophysiologic mech-
anism and may not be related to active HIV replication, but
rather may indicate the timing and location of initial viral
entry into the immature brain. A decreased prevalence of
CT scan abnormalities has been found in children treated
with combination nucleoside analogue antiretroviral ther-
apy, even prior to the availability of protease inhibitors (PIs)
[59].

Similar abnormalities are seen on magnetic resonance
imaging (MRI) scans although calcifications are not as
well seen as on CT scans. White matter abnormalities are
more readily seen on MRIs (Figure 26.3). Mild white mat-
ter MRI changes in children are not necessarily correlated
with cognitive dysfunction, although extensive white mat-
ter changes may be associated with cognitive impairments
[60, 61].

Proton magnetic-resonance spectroscopy (MRS) studies
in adults have revealed decreased levels of N-acetyl aspar-
tate (NAA) (indicating neuronal loss), and increased lev-
els of Choline (Cho) (indicating cell membrane turnover),

Figure 26.3. Magnetic resonance imaging scan of a school-aged

child with vertically acquired HIV infection depicting bright

signal in the periventricular white matter. (Image courtesy of

Gilbert Vezina, M.D., Children’s National Medical Center.)

and Myo-inositol (MI) (a glial marker), particularly in the
white matter [62, 63]. These changes have been corre-
lated with clinical CNS disease. Magnetic-resonance spec-
troscopy studies in encephalopathic HIV-infected children
have shown a decrease in NAA and an increase in MI indi-
cating neuronal loss. Decreased NAA/Cr ratios with lactate
peaks (indicative of anaerobic metabolism) were reversed
by ZDV in at least two children with HIV-related CNS dis-
ease [64, 65]. In general MRS findings in adults and children
are consistent with neuronal cell loss and inflammation,
some of which can be reversed by antiretroviral treatment.

26.3.4 Cerebrospinal fluid Studies

Routine CSF studies may show non-specific abnormalities,
such as a mild pleocytosis or elevated protein level, but are
usually normal. In adults, an aseptic meningitis is often
seen at the time of seroconversion, but this has seldom
been documented in the pediatric population [47].

Children and adults with abnormal brain function have
increased levels of HIV RNA in the CSF as compared with
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those patients with normal brain function [66–69]. As noted
above, RNA viral load in the CSF is correlated with corti-
cal atrophy on CT scans in children [58]. Therefore, CSF
viral load may be predictive of CNS status. In support of
this notion, a study showed that elevated baseline CSF HIV
RNA levels in adults significantly predicted progression to
neuropsychological impairment at follow-up 1 year later
[70].

In addition, markers of immune activation in the
CSF (and serum) such as tumor-necrosis factor, beta-
2-microglobulin, neopterin, quinolinic acid and certain
chemokines have been correlated with CNS disease in both
adults and children. These observations may be important
in neuropathogenesis [71–75].

26.3.5 Diagnosis of HIV-related CNS disease

The diagnosis of HIV-related CNS disease remains a clin-
ical one, based on history, physical and neurological exam-
inations, and age-appropriate neuropsychological testing,
which can be compared with prior testing if available. Other
causes of CNS disease should be ruled out, including CNS
OIs, malignancies, cerebrovascular disease, and non-HIV
related conditions (static encephalopathies due to effects
of prematurity, maternal drug use, other congenital infec-
tions, genetic, nutritional, and endocrinologic factors, etc.).
Neuroimaging should also be part of the work-up to rule out
OIs, malignancies and cerebrovascular disease, as well as to
identify the characteristic features of HIV-related CNS dis-
ease. Cerebrospinal fluid studies should be done primarily
to rule out OIs.

26.3.6 Neuropathology

HIV “encephalitis” consists of perivascular, inflammatory
cell infiltrates (microglial nodules) composed of microglia,
macrophages, and multinucleated giant cells [76, 77].
These infiltrates occur in the subcortical white matter, the
deep gray nuclei (putamen, globus pallidus), and pons. The
characteristic finding in pediatric CNS disease is a calcific
basal ganglia vasculopathy which consists of vascular and
perivascular mineralization, sometimes extending into the
white matter. This is seen in vertically infected children
and in those children who acquired their infection through
transfusions early in life. This is not seen in adults.

HIV leukoencephalopathy consists of myelin loss and
reactive astrocytosis. In adults, neuronal loss is seen in the
hippocampi as well as in the orbitofrontal cortex, along
with loss of dendritic arborizations. These features are dif-
ficult to appreciate in pediatric patients because there are
few standards for neuronal cell counts [78].

26.3.7 Neuropathogenesis

HIV enters the brain early during the course of infection
in adults, either as free viral particles or within infected
monocytes, which then set up residence in the brain as
macrophages [79, 80]. There is evidence that the blood–
brain barrier (BBB) is disrupted in HIV CNS disease. Matrix
metalloproteinases (which degrade collagen type IV, a
component of the BBB) and their inhibitors, both of which
are produced and secreted by microglia and macrophages,
may be involved in the development of CNS disease
[81, 82].

Only two brain cell types, the microglia/macrophage and
the astrocyte, have clearly been shown to be infected by HIV
[31, 83–87]. In microglia, a productive and cytopathic infec-
tion results, but in astrocytes a latent or restricted infec-
tion results. However, despite the prominent neuronal cell
loss and evidence of neuronal apoptosis, neurons are not
thought to be directly infected by HIV.

The above observations lead to several important consid-
erations. First, since glial cells outnumber neurons by 10 : 1
in the CNS, there are potentially a large number of infected
cells in the CNS. The brain may act as an important viral
reservoir and theoretically may even reseed the periph-
ery. Second, this suggests that products released from HIV-
infected glial cells may be responsible for causing neuro-
toxicity [83, 84, 88]. These products may be derived from
the virus or from the host, and can set up a chain of events
leading to a significant amount of potentially reversible
neuronal dysfunction at sites distant from infected cells.

Infected, activated glial cells release viral proteins (gp120,
Tat), as well as a number of host-derived soluble factors,
which are toxic to neurons [89, 90]. These factors include
the proinflammatory cytokines (TNF alpha, IL-1, IL-6, IFN-
gamma and alpha), arachidonic acid and its metabolites,
quinolinic acid (an agonist of excitatory amino acid recep-
tors), and nitric oxide [71–74, 91–94]. Chemokines are also
released which result in influx of monocytes from periph-
eral blood into the brain, resulting in an increase in inflam-
mation as well as an increase in the number of target cells
for the virus in the brain [95]. The chemokine, monocyte
chemoattractant protein-1 (MCP-1) is present in high levels
in the CSF and brains of adult patients with HIV dementia.
Macrophage inflammatory protein-1 alpha (MIP-1-alpha)
and MIP-1-beta may be important in CNS disease as well
[69, 75]. In addition, chemokine receptors have been identi-
fied as important coreceptors for HIV entry into target cells.
Astrocytes express the CXCR4 chemokine receptor and
there is evidence that this expression may be related to neu-
ronal damage [96]. Microglia express the CCR5 chemokine
receptor [97]. Individuals with defective CCR5 alleles seem
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to exhibit resistance to HIV-1 infection. This suggests that
host factors influencing the host’s immune response may
be important in the development of CNS HIV disease and
that there may be a genetic predisposition to the devel-
opment of HIV dementia. Alternatively, there may also be
other genetic factors that protect the host from developing
CNS disease.

This entire process of HIV CNS infection is ampli-
fied by cell-to-cell interactions between HIV-infected
macrophages and astrocytes, which initiate a self-
perpetuating cascade of neurotoxic events in the brain.
These events ultimately lead to an increase in the extracel-
lular concentration of the excitatory amino acid glutamate
which, through activation of the N-methyl-d-aspartate
(NMDA) receptor and non-NMDA excitatory amino acid
receptors, leads to increases in intracellular calcium con-
centrations and eventually disruption of mitochondrial
function, generation of nitric oxide and other free radi-
cals and eventual activation of apoptotic and other cellular
pathways [83, 84, 88–93, 95, 98–100].

Therapeutic approaches to HIV-related CNS disease
should therefore be based on knowledge of the above mech-
anisms and should target both active HIV replication in the
brain as well as the associated indirect neurotoxic events.

26.4 Treatment of HIV-related CNS disease

There are three main types of therapy for HIV CNS
disease: (1) antiretroviral, (2) neuroprotective, and (3)
symptomatic.

26.4.1 Antiretroviral therapy

There is ample evidence that HIV encephalopathy is at least
in part related to active viral replication in the brain [66–
68]. There is also evidence that the CNS represents a sep-
arate compartment from the rest of the body in HIV dis-
ease [101–105]. Plasma viral loads do not necessarily reflect
the degree of viral replication in the brain. The brain may
also act as a viral reservoir and may theoretically reseed the
plasma (103), potentially with species of pathophysiologic
significance, for example with drug-resistance mutations.
At times of high plasma viral load there may also be virus
trafficking into the CNS through a disrupted BBB. If HIV
CNS disease is a concern, patients should be treated with
drugs able to cross the BBB and reach effective concentra-
tions in the CSF and brain. Some evidence suggests that HIV
CNS disease may be worse when the peripheral viral load
is high, perhaps due to continued seeding of the CNS from
the periphery. Aggressive efforts to decrease the peripheral

viral load may therefore also have beneficial effects upon
CNS HIV disease.

The nucleoside analogue reverse transcriptase inhibitors
(NRTIs), zidovudine (AZT, ZDV, Retrovir) and stavudine
(d4T, Zerit) have relatively good CSF penetration [105, 106].
Both continuous infusion ZDV as well as oral intermittent
ZDV have been shown to be clinically beneficial in pediatric
patients with HIV-related encephalopathy [107, 108]. Early
epidemiologic studies in Europe demonstrated a decreased
prevalence of dementia in adult AIDS patients after ZDV
was introduced [109]. There are limited studies document-
ing the clinical efficacy of d4T in CNS disease in pediatric
patients [110].

Other NRTIs, didanosine (ddI, Videx), zalcitabine (ddC,
Hivid), and lamivudine (3TC, Epivir) have less CSF pen-
etration [105, 106]. One study of pediatric patients sug-
gested clinical benefits of ddI in HIV-related encephalopa-
thy [111]. When either ZDV or ddI were given alone in a
recent study of adult HIV-infected patients, motor abnor-
malities improved [112].

One study, conducted between 1991 and 1995, demon-
strated that combination therapy with ZDV and ddI was
more effective than either ZDV or ddI alone against HIV
encephalopathy in treatment-naı̈ve children. In this study
there did not appear to be long-term benefits for ZDV com-
pared with ddI monotherapy [113]. In adults, combinations
containing either d4T or ZDV have been found to be equally
efficacious in improving motor function [114].

A more recently developed NRTI, abacavir (ABC, Ziagen)
crosses the BBB and offers the potential for good CNS cov-
erage in children and adults [105]. However, most stud-
ies of the efficacy of abacavir in HIV-related CNS disease
have occurred with combinations of other antiretroviral
agents.

Of the non-nucleoside reverse transcriptase inhibitors
(NNRTIs), nevirapine (NVP, Viramune) has the best poten-
tial for treatment of CNS disease. Nevirapine has been stud-
ied more extensively than the other NNRTIs in children. It
was found to be effective in combination with ZDV and
ddI in children with advanced HIV disease [115]. Efavirenz
(EFV, Sustiva, Stocrin) and delavirdine (DLV, Rescriptor)
have less CSF penetration.

As a rule, PIs have poor CSF penetration, with indinavir
(Crixivan) having the best penetration in this group of drugs
[105]. Indinavir was shown to be present in the CSF in
therapeutic concentrations with a reduction in CSF viral
load in 25 adult patients in a Swedish study published in
1999 [116]. Ritonavir (Norvir) and indinavir were the first
two PIs used in pediatric clinical trials [117, 118]. Full-scale
IQs significantly improved from baseline to 6/7 months and
to 18/24 months with either drug (used in combination
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Figure 26.4. Effect of indinavir treatment on full scale IQ from

baseline to 6/7 months, to 18/24 months and to 36 months

(n = 20). There was a significant improvement in Full-scale IQ

over time (p < 0.02.) (See [59]).

with two NRTIs), but then appeared to plateau at 36
months, possibly due to the development of drug resistance
(Figure 26.4) [59].

HAART has been found to be beneficial in the treat-
ment of HIV CNS disease in many studies in adults. In
a recent French study, HAART improved subcortical cog-
nitive functions in adults with HIV-related cognitive dys-
function [119]. These patients demonstrated continued
improvement in performance on psychomotor tests with
a plateau in improvement on memory tasks, suggesting
that sustained HAART therapy may be necessary to pro-
duce optimal neurocognitive benefits.

In a large retrospective study in Germany, the prevalence
of AIDS dementia and neuropathy, as well as toxoplasma
encephalitis, have significantly decreased since the intro-
duction of HAART. CD4+ counts were also significantly
higher [120].

In three separate studies, both clinical and proton MRS
abnormalities improved in adult HIV-infected patients
with mild cognitive impairment who were treated with
HAART [121–123]. In the most recent study, both viral
loads and CD4+ counts improved at 3 months, but cere-
bral metabolite concentrations and clinical test measures
did not show any improvement until 9 months after the
institution of HAART [123].

There have been few reported studies of the effect
of HAART on cognitive function in HIV-infected chil-
dren other than the above-mentioned NCI study [59].
There are two case reports of improvement of HIV-related
encephalopathy in children treated with HAART [124, 125].

Since the CSF penetration of PIs is so poor, in vitro mod-
els are being used to study transport across the BBB. These
studies show that PIs are mainly transported across the
BBB in an active process by a plasma membrane localized
drug transporter, P-glycoprotein (Pgp). Substances that
inhibit Pgp could increase the concentrations of PIs in the
brain by decreasing their efflux out of the brain and there-

Table 26.2 Antiretroviral therapy of CNS disease

Nucleoside reverse transcriptase inhibitors (NRTIs)
(In order of potential efficacy in CNS disease)

ZDV (zidovudine, Retrovir)
d4T (stavudine, Zerit)
Abacavir (Ziagen)
ddI (didanosine, Videx)
3TC (lamivudine, Epivir)
ddC (zalcitabine, Hivid)

Non-nucleoside reverse transciptase inhibitors (NNRTIs)
(in order of potential efficacy in CNS disease)

Nevirapine (Viramune)
Efavirenz (Sustiva, Stocrin)
Delavirdine (Rescriptor)

Protease inhibitors
(in order of potential efficacy in CNS disease)

Indinavir (Crixivan)
Ritonavir (Norvir)
Saquinavir (Fortovase, Invirase)
Nelfinavir (Viracept)
Amprenavir (Agenerase)

fore might be helpful in treating HIV-related brain injury
[126].

Currently, HAART including one NRTI or NNRTI with
good CSF penetration is indicated in the treatment
of children with HIV-related CNS disease (Table 26.2).
Zidovudine, d4T, abacavir and nevirapine have the best
CSF penetration among the NRTIs and NNRTIs. The choice
of individual drugs would depend on the patient’s history
of prior antiretroviral use and on drug-resistance patterns.
There is not yet clear-cut evidence to suggest that regimens
containing multiple CSF-penetrating drugs are superior to
those with single CSF-penetrating drugs [114].

26.4.2 Neuroprophylaxis

Once CNS disease is present, antiretroviral regimens may
improve neurocognitive dysfunction. However, since there
is an improved survival rate for patients with HIV disease
who are treated with HAART, it is possible that CNS disease
is being delayed and not prevented. Therefore, the prophy-
lactic value of antiretroviral therapy on the CNS is becoming
more important. Zidovudine appears to have some bene-
ficial prophylactic effects for HIV CNS disease [109, 127].
The Multicenter AIDS cohort (MAC) study, conducted in
the US, has documented the decreasing incidence of CNS
disease in adults since the advent of HAART [40].
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The prophylactic value of HAART for HIV CNS disease
appears to occur in a subgroup of patients with subclinical
psychomotor slowing and with clinical motor signs. How-
ever, this prophylactic effect appears to be time-limited,
which again may be related to the development of drug
resistance over time. HAART may not have prophylactic
effects for patients with more sustained subclinical psy-
chomotor slowing [128].

26.4.3 Neuroprotection

Neuroprotective strategies (adjunctive therapies) are
directed toward blunting the deleterious effects of viral
proteins and other potential CNS “toxins,” such as
cytokines, on neuronal function. These strategies are
largely investigational at this time and are not recom-
mended for general use in pediatric patients.

Steroids have the potential to downregulate cytokine pro-
duction, but no large studies have examined the effects
of steroids for HIV-associated dementia [129, 130]. Nei-
ther pentoxifylline nor thalidomide, TNF-alpha antago-
nists, have had beneficial effects in adults with CNS disease
[129, 131]. Nimodipine, a calcium channel blocker, may
be of benefit in adults who are also receiving ZDV [132].
Memantine is an analogue of the antiviral drug amanta-
dine and acts as an uncompetitive antagonist at the NMDA
receptor [133]. Memantine is now being studied as a pro-
tective agent [133]. L-deprenyl, an antioxidant and puta-
tive antiapoptotic agent, has been shown to reverse in
vitro mitochondrial dysfunction in human fetal neurons
exposed to CSF from HIV-infected patients with demen-
tia [134]. Clinical trials are in progress. Other antioxidants
(thioctic acid (alpha lipoic acid), didox, imidate) are being
studied both in vitro and/or in clinical trials [135]. Addi-
tional agents under consideration for further study as ther-
apeutic agents for HIV-associated dementia include other
antioxidants, other cytokine antagonists, antichemokine
agents, other NMDA receptor antagonists, nitric oxide syn-
thase inhibitors, inhibitors of arachidonic acid metabolites,
and inhibitors of apoptosis [83].

26.4.4 Symptomatic treatment

Symptomatic treatment includes pharmacologic treat-
ment of pain, movement disorders, seizures, spasticity,
attention deficit/hyperactivity disorder (ADHD), and psy-
chiatric/behavioral disorders in children with HIV-related
CNS disease. In general, the same agents can be used in
the HIV-infected child as in patients without HIV infection.
However, one should always keep in mind the bone marrow
suppression, liver and pancreatic toxicities of the agents

used to treat such neurological and psychiatric disorders,
and their effect on metabolism of antiretrovirals, partic-
ularly PIs. It is important to note that patients with neuro-
logical involvement may be very sensitive to psychotropic
medications.

Children with severe neurodevelopmental deficits may
benefit from physical, occupational, and speech ther-
apy. Educational remediation is indicated for children
with ADHD and/or learning disabilities. Optimal nutri-
tion is extremely important in the care of these chil-
dren. Other causes of neurodevelopmental disorders, such
as endocrinologic and metabolic disturbances, such as
hypothyroidism, vitamin and co-factor deficiencies should
be carefully sought out and treated. Psychostimulants, such
as methylphenidate, have been used in adults with lethargy
and progressive slowing [136].

26.5 Other nervous system abnormalities

26.5.1 Myelopathies

Vacuolar myelopathy, seen in up to 30% of adult AIDS
patients at autopsy in the past, is rarely seen in children
[137]. Spinal corticospinal tract degeneration is one of the
characteristic features seen in pediatric AIDS patients at
autopsy, but this is not usually a clinical diagnosis [138].
Myelopathies can also be due to OIs (HSV, CMV, VZV) or
tumors.

26.5.2 Peripheral neuropathies

Peripheral neuropathies are less common in children than
adults with HIV infection. Several patterns of neuropathy,
similar to those observed in adult patients, were seen in
a retrospective review of 50 children who were referred
for nerve conduction velocities [9] due to clinical con-
cerns. The most common pattern was a distal sensory or
axonal neuropathy, possibly related to antiretroviral use
and/or HIV disease itself. Carpal tunnel syndrome was less
common. A subacute demyelinating neuropathy due to
HIV infection was seen in one child and a lumbosacral
polyradiculopathy related to VZV infection was seen in
one adolescent. Paresthesias and pain were the most com-
mon presenting complaints, followed by weakness or loss
of motor milestones.

Antiretrovirals that have been implicated in peripheral
neuropathy include, but are not limited to, the NRTIs ddI,
ddC and d4T. Peripheral neuropathies due to these agents
can be severe and may require discontinuation of the
drug.
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26.5.3 Myopathies

Numerous muscle disorders have been described in adults
with HIV infection, including HIV myopathy, ZDV and
d4T-induced mitochondrial myopathy, and secondary
myopathies (due to OIs or lymphoma) [139, 140]. Typ-
ically, these patients present with progressive proximal
muscle weakness, sometimes with pain and elevated CPK.
These muscle disorders can occur in children, but are less
common.

26.6 Summary

There is evidence that the incidence of HIV-related CNS
disease has declined since the advent of HAART. However,
it is possible that CNS disease may become more prevalent
in the future as life-expectancy increases and as drug resist-
ance occurs. HAART improves neurocognitive dysfunction
in at least a subset of patients with CNS disease. However,
nervous system involvement, when it does occur, can have
a profound impact on quality of life, and on survival. The
accurate diagnosis and management of neurologic disease
in pediatric patients remains a challenge.
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27.1 Introduction

Ophthalmic disease is common in patients with HIV infec-
tion, occurring in up to 75% of patients over the course of
their illness [1]. As in other organ systems, a hallmark of the
ocular sequelae of HIV infection is the presence of oppor-
tunistic infections by bacteria, viruses, fungi, and parasites,
which may occur in up to 30% of HIV-positive individuals
[2, 3]. HIV-positive children may acquire infections that are
also common in immunocompetent patients, although the
severity is often greatly increased.

Because children rarely complain of ocular symptoms,
eye disease such as cytomegalovirus (CMV) retinitis, is
often diagnosed at a more advanced stage. This chapter
gives an overview of the ocular manifestations of HIV in
children.

27.2 Epidemiology

Ophthalmologic disease in HIV-infected children can
involve any part of the eye. The ocular manifestations
of HIV infection in children are listed in Table 27.1; few
of the disorders occur in more than 5% of children. The
most common ophthalmologic disease in HIV-infected
children affects the posterior segment (vitreous, retina, and
choroid).

27.3 Clinical examination

Routine screening eye examinations are suggested because
sight-threatening complications like CMV retinitis can be
asymptomatic, and early diagnosis and treatment can

prevent loss of sight. Sight-threatening diseases occur most
frequently in children with advanced HIV infection and low
CD4+ lymphocyte counts. Regular screening examinations
should be performed by an experienced ophthalmologist
according to Table 27.2 [4].

The complete ophthalmic examination consists of a
slit lamp examination for anterior segment disease and a
dilated retinal examination primarily to rule out asymp-
tomatic CMV retinitis.

27.4 Lids/conjunctiva

Ocular sequelae of HIV in the lids and conjunctiva of chil-
dren are not common.

Molluscum contagiosum, a growth of cutaneous papules
and nodules with central umbilication, is caused by a pox
virus (Figure 27.1). They can occur near the lid margin
and be associated with a chronic follicular conjunctivitis
[5]. The lesions are usually larger, more numerous, and
faster growing in HIV-positive children compared with
lesions occurring in normal children [6]. Lesions may be
treated with excision, cryotherapy, and/or newer therapeu-
tic agents such as imiquimod [7].

Excessive growth and length of the lashes, termed hyper-
trichosis or acquired trichomegaly, has been reported in
HIV-infected children, especially in end-stage disease. The
underlying mechanism is currently unknown [8].

27.5 Cornea/sclera

The HIV virus can damage lacrimal glands, leading to kera-
toconjunctivitis sicca (dry eye), which is often relieved with
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Table 27.1 Ocular manifestations of pediatric HIV infection

Lids/conjunctiva
Molluscum contagiosum
Hypertrichosis
Kaposi’s sarcoma

Cornea/sclera
Keratoconjunctivitis siccaa

Herpes keratitis
Herpes zoster ophthalmicus
Corneal microsporidiosis

Vitreous/retina/choroid
CMV retinitisa

Immune recovery uveitis
Toxoplasmosis
Progressive Outer Retinal Necrosis (PORN)
HIV microangiopathya

Frosted branch angiitis
Orbit

Fungi (aspergillosis, mucormycosis)
Bacteria (Pseudomonas aeruginosa, Treponema

pallidum, Staphylococcus aureus)
Parasites (Toxoplasma gondii)
Protozoa (Pneumocystis carinii)

Neoplasms
Burkitt’s/Burkitt’s-like lymphoma
Kaposi’s sarcoma

Neuro-ophthalmology
Papilledema
Optic neuropathy
Motor neuropathies
Field defects
Nystagmus
Gaze paresis
Horner’s syndrome

Developmental
AIDS-associated embryopathy

Drug ocular toxicity
Rifabutin
Cidofovir
Didanosine
Atovaquone

a Occurs in more than 5% of patients.

lubrication [9]. This must be distinguished from epithe-
lial keratitis, caused by the herpes viruses including herpes
simplex virus (HSV), CMV, and varicella-zoster virus (VZV),
which can be associated with significant pain, reduced
corneal sensation, dendritic corneal lesions, and secondary
glaucoma. Treatment may include topical trifluorothymi-

Table 27.2 Screening examination frequency

Age < 6 years CD4% < 21 CD4% ≥ 21
q2–3 months q6 months

Age ≥ 6 years CD4+ cells < 50 cells/�L CD4+ cells ≥
50 cells/�L

q2–3 months q6 months

dine and oral acyclovir or valacyclovir [10]. Varicella-zoster
virus keratitis is commonly observed with herpes zoster
ophthalmicus, a painful, vesicular dermatitis in the distri-
bution of the ophthalmic division of the trigeminal nerve.

Corneal microsporidiosis causes a bilateral epithelial
keratitis associated with blurred vision, photophobia,
and foreign body sensation. Treatment with itraconazole,
benzomidazoles, fumagilin, or HAART (causing immune
reconstitution) has been effective [11].

27.6 Vitreous/retina/choroid

27.6.1 Cytomegalovirus retinitis

Cytomegalovirus retinitis in children with HIV is less com-
mon than in adults, yet is still the most common HIV-
related ocular infection. The prevalence of CMV retini-
tis in HIV-positive children in the pre-HAART era was
approximately 3–5%. After the introduction of HAART in
1996, the occurrence of CMV retinopathy has been dramat-
ically reduced [2]. The disease is usually associated with
low CD4+ counts, < 50 cells/�L. The mean time to devel-
opment of CMV retinitis is approximately 18 months, once
CD4+ counts are low. While older children may complain of
floaters and decreased peripheral or central vision, young
children often present without subjective visual complaints
despite advanced retinitis [12].

Cytomegalovirus retinitis may progress in several ways.
Indolent or smoldering CMV is usually peripheral with
a granular appearance and progresses slowly, at a rate
of 1–3 mm/month without therapy. Fulminant retinitis is
marked by a confluent, yellow-white, geographic opacifi-
cation which follows vascular arcades and may be associ-
ated with mild vitritis (Figure 27.2) [13]. Serious sequelae
of CMV retinitis include vitreous hemorrhages, often at the
edge of advancing retinitis, and retinal detachments, which
occurred in almost 40% of adult patients without HAART
at 1 year. Risk factors for detachment include the area of
retinitis involvement and lower CD4+ T cell counts [14].
Fortunately, with HAART therapy the risk of retinal detach-
ment has decreased by about 60% [15].
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Figure 27.1. External photograph of molluscum contagiosum involving the eyelids. A chronic keratoconjunctivitis can

occur with lesions on the eyelid margin.

Figure 27.2. CMV retinitis.

A: Retinal photograph of a patient with CMV retinitis

involving the optic disc (arrow) with counting fingers

vision. The patient was treated with intravenous

ganciclovir and the vision improved to 20/40 with

residual optic disc pallor.

B: Retinal photograph showing an area of CMV retinitis

in the midperiphery. This patient was asymptomatic and

was diagnosed during a routine screening examination.

C: Retinal photograph showing CMV retinitis extending

from the optic disc to the superior quadrants.

D: Retinal photograph of the patient shown in Figure

27.2C after treatment with intravenous ganciclovir. Note

the retinal hemorrhages and necrosis are replaced by an

atrophic chorioretinal scar.

Treatment of CMV retinitis is outlined in Table 27.3.
Systemic therapy is generally given as an initial induc-
tion for 2–3 weeks, followed by maintenance therapy at a
lower dosage. Note that maintenance therapy can be safely
stopped in those patients with stable retinitis who have
recovered CD4+ counts on HAART [16]. Local antiviral ther-
apy is effective and can avoid the serious adverse effects
of systemic administration (Figure 27.3). Orally admin-
istered valganciclovir has been shown to be as effective
as intravenous ganciclovir in adult patients [17], how-
ever, clinical trials in a pediatric population have not been
reported.

27.6.2 Immune recovery uveitis

Patients with CMV retinitis and depressed CD4+ counts
who subsequently regain immune function on HAART ther-
apy can develop inflammation in the eye (uveitis) com-
prised of vitreous inflammatory cells (vitritis) and edema
of the optic disk and macula [18, 19]. This condition, termed
immune recovery uveitis, can be sight-threatening, but
may be treated with topical, periocular, and/or systemic
corticosteroids (Figure 27.4) [19]. Immune recovery uveitis
is also associated with a lower risk of retinal detachment,
possibly because the inflammation causes chorioretinal
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Table 27.3 Treatment of cytomegalovirus retinitis

Systemic therapy:
Systemic agent Dose Toxicity

Ganciclovir Intravenous: 5 mg/kg body
weight bid for 14–21 days, then
5 mg/kg maintenance

Neutropenia,
thrombocytopenia

Oral: FDA approved in adults only
at 3–6 g/day. Consult pediatric
ID specialist

Foscarnet Intravenous: 60 or 90 mg/kg body
weight bid for 14–21 days, then
90–120 mg/kg maintenance

Nephrotoxicity, electrolyte
imbalance (hypocalcemia,
hypokalemia,
hypomagnesemia)

Cidofovir Intravenous: 5 mg/kg weekly for
2 weeks, then 5 mg/kg every
2 weeks maintenance

Intravenous: nephrotoxicity,
uveitis

Local therapy:
Intraocular agent

Ganciclovir Injection: 400–800 �g/0.1 mL
2–3 times/week for 2–3 weeks,
then 400–800 �g/0.1 mL 102
times/week maintenance
Implant: Releases 1.4 �g/h over
5–8 months, 1–3 week course of
intravenous ganciclovir may be
used in the perioperative
period

Local: vitreous hemorrhage,
retinal detachment,
endophthalmitis

Foscarnet Injection: 2.4 mg/0.1 mL 2–3
times/week, then 1.2–2.4
mg/0.05–0.10 mL 1–2
times/week for maintenance

Cidofovir Injection: 10–20 �g/0.1 mL every
3–6 weeks

scarring that firmly secures the retina [15]. The mecha-
nism of immune recovery uveitis may be in part explained
because CMV antigens in the eye incite an inflammatory
response by a newly reconstituted immune system.

27.6.3 Toxoplasmosis

HIV-infected children are at significant risk for ocular infec-
tion with the protozoan Toxoplasma gondii [20]. Toxo-
plasma causes necrotizing retinochoroiditis, which may
be unilateral or bilateral; unifocal, multifocal, or dif-
fuse; and is often associated with retinal detachments
and marked anterior chamber and vitreal inflammation
(Figure 27.5). The supposed route of ocular infection in

patients with AIDS, as opposed to immunocompetent
patients, is hematogenous, rather than via reactivation
of congenital ocular cysts. Diagnosis is made clinically.
Serologies can be unreliable in patients with AIDS or with
congenital infection. Clinical differentiation of toxoplas-
mosis from CMV retinitis can be difficult, although marked
inflammation favors toxoplasmosis [21]. Standard treat-
ment for HIV-positive children consists of pyrimethamine,
sulfadiazine (or clindamycin), and folinic acid [22]. Relapse
is common after therapy cessation; the appropriate length
of maintenance therapy has yet to be defined. Accurate
and early diagnosis of ocular toxoplasmosis is essential to
preserve vision and prevent life-threatening intracranial
spread or systemic dissemination [21].
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Figure 27.3. Local anti-viral therapy.

A: Vitrasert implant (Bausch and Lomb, Rochester NY) –

delivers ganciclovir for the treatment of CMV retinitis for

up to 8 months.

B: The release of ganciclovir occurs at the base of the

implant and clinical trials have shown the implant to be

superior in efficacy to systemic therapy for the

treatment of CMV retinitis.

C: External photograph showing the implant through a

dilated pupil (arrow). The implant is sutured to the

sclera and projects into the vitreous cavity releasing

ganciclovir.

D: External photograph showing an intravitreal injection

of ganciclovir into the eye in a patient with refractory

CMV retinitis. The injections are performed at least

weekly under local anesthesia and are not suitable for

children under the age of about 15 years without general

anesthesia.

Figure 27.4. Immune recovery uveitis (IRU).

A: Retinal photograph of a patient with IRU. This patient

had inactive CMV retinitis in the periphery, a mild

vitritis, reduced visual acuity to 20/60 from cystoid

macular edema and an epiretinal membrane; all features

commonly seen with IRU.

B: A fluorescein angiogram retinal photograph of a

patient with IRU and reduced visual acuity. Leakage of

fluorescein in the central macula is consistent with

cystoid macular edema, a consistent finding in IRU

patients with reduced vision.

C: A retinal photograph of a patient with IRU with

inactive CMV retinitis (arrow). The remarkable finding in

this patient was a moderate vitritis obscuring retinal

details.

D: A retinal photograph of a patient with IRU that

developed recurrent vitreous hemorrhages. A small area

of neovascularization is present at the edge of the healed

CMV scar (arrow), a less common finding in patients

with IRU. Retinal details inferiorly obscured by overlying

vitreous hemorrhage.

27.6.4 Progressive outer retinal necrosis

Children with HIV are at risk for acquiring progressive
outer retinal necrosis (PORN) [23], a rapidly progressive
necrotizing retinopathy. The infection is due to either vari-
cella zoster or herpes simplex, and clinically appears as
ill-defined, posterior retinal lesions that rapidly progress
to full-thickness retinal necrosis (Figure 27.6). Progressive

outer retinal necrosis is associated with rapid involvement
of the macula and a lack of inflammation and end-stage dis-
ease is associated with opaque retinal scarring and detach-
ments. Patients experience rapid, painless vision loss, occa-
sionally after an episode of cutaneous zoster. The visual
prognosis is extremely poor, despite aggressive treatment
with antivirals (acyclovir, foscarnet) to halt progression and
photocoagulation to prevent retinal detachment.
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Figure 27.5. Toxoplasmosis chorioretinitis.

A: Retinal photograph of a patient with a presumptive diagnosis

of CMV retinitis responding poorly to specific anti-CMV

medications. Patient was referred and workup revealed a positive

toxoplasmosis titer.

B: Retinal photograph of patient discussed in Figure 27.5A. With a

presumptive diagnosis of toxoplasmosis chorioretinitis, following

3 months of treatment with anti-toxoplasmosis medications, the

lesion showed resolution with a chorioretinal scar remaining in

the posterior pole. Unfortunately, the lesion had extended into the

central macula and the vision was reduced to counting fingers.

C: Retinal photograph of a patient who presented to the ER

following a seizure. Brain imaging showed a large solitary abscess.

Ophthalmologic consultation was requested for complaints of

reduced acuity in one eye. Examination showed an exudative

subretinal lesion in the macula not typical of CMV retinitis.

Further workup revealed a positive toxoplasmosis titer and a

brain biopsy confirmed toxoplasmosis.

D: Retinal photograph of patient discussed in Figure 27.5C. Six

months following treatment with anti-toxoplasmosis

medications, the chorioretinitis resolved with traction of the

macula inferiorly.

Figure 27.6. Progressive outer retinal necrosis (PORN).

A. External photograph of a patient with zoster ophthalmicus

who developed scleral and corneal involvement during the

healing phase of the skin disease.

B: Retinal photograph of the patient discussed in Figure 27.6A. He

complained of floaters in one eye 3 months after the onset of the

zoster ophthalmicus and examination showed a unilateral

retinitis involving the deep retinal structures consistent with

PORN. Note the relative sparing of the retinal vessels and lack of

hemorrhage, typical of this disease.

C: Retinal photograph of a patient with a history of varicella zoster

in the T10 dermatome. The patient subsequently developed an

outer retinal necrosis in both eyes consistent with PORN.

D: Retinal photograph of the patient discussed in Figure 27.6C.

The retinitis progressed rapidly towards the macula and within 2

months, this eye had no light perception despite aggressive use of

a combination of anti-HSV, HZV, and CMV medications.
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Figure 27.7. HIV microangiopathy.

A: Retinal photograph showing cotton wool spots and a retinal

hemorrhage, common findings in patients with CD4+

lymphocyte counts < 100 cells/�L.

B: Retinal photograph showing a branch retinal vein occlusion, an

uncommon manifestation of HIV microangioapathy.

27.6.5 HIV microangiopathy

HIV microangiopathy, a microvascular retinal ischemia evi-
denced by cotton wool spots (nerve fiber layer infarcts)
and hemorrhages, is seen much less commonly in HIV-
positive children than adults. Retinal venous occlusive dis-
ease has also been reported with HIV infection (Figure 27.7).
Additionally, children with HIV can exhibit a peripheral
perivasculitis, believed to represent an HIV-related infil-
trative lymphocytosis [24].

27.6.6 Frosted branch angiitis

Frosted branch angiitis, a white perivascular retinal sheath-
ing associated with decreased visual acuity, has been
reported in HIV-positive children and adults and can be
associated with CMV retinitis. Initial treatment should be
the same as for CMV retinitis. Systemic corticosteroids may
be given concurrently, or reserved for refractory disease
[25].

27.7 Orbit

Orbital infections in HIV-positive patients include: fungi
(aspergillosis, mucormycosis) often invading from the
sinuses/orbits to the brain; bacteria (Pseudomonas aerugi-
nosa, Rhizopus arrhizus, Treponema pallidum, Staphylo-
coccus aureus) causing orbital cellulitis; parasites (Toxo-
plasma gondii) engendering cysts, panophthalmitis, and
orbital cellulitis; and protozoa (Pneumocystis carinii)
inducing granulomatous orbital inflammation [3].

Although orbital infections are relatively rare, the most
common and life-threatening are due to invasive fungi.
Pediatric patients with prolonged neutropenia, especially
with CD4+ T lymphocyte counts less than 50 cells/�L, are
at risk for sino-orbital-cerebral fungal invasion. Additional
risk factors for invasion include previous sinus surgery and
Aspergillus (typically A. fumigatus) infection. In the set-
ting of irreversible immunosuppression, the mortality rate
is high despite aggressive surgical debridement, including
orbital exenteration, and antifungal therapies [26].

27.8 Neoplasms

Some ocular neoplasms in children with HIV are life
threatening. Diagnosis can be difficult and delayed when
neoplasms masquerade as more common ophthalmic
conditions.

Burkitt’s/Burkitt’s-like lymphoma in children with AIDS
has been reported to masquerade as acute bacterial sinusi-
tis and orbital cellulitis. If aggressive antimicrobial therapy
is ineffective, prompt imaging and/or biopsy to rule out
malignancy is essential so that the appropriate and often
curative systemic/intrathecal chemotherapy may be initi-
ated [27].

Kaposi’s sarcoma (KS), a common neoplasm in AIDS,
may be mistaken for other ocular conditions. On the eye-
lid, KS may resemble a chalazion. On the conjunctiva,
KS can mimic a foreign body granuloma, subconjunctival



452 H. F. Fine, S. S. Lee, and M. R. Robinson

Figure 27.8. External photograph of a Kaposi’s sarcoma lesion in

the medial orbit extending anteriorly. These lesions can be treated

with systemic chemotherapy or radiation.

hemorrhage, or cavernous hemangioma (Figure 27.8). Con-
junctival lesions are usually located in the inferior fornix.
Since ophthalmic KS is slowly progressive, treatment usu-
ally consists of observation alone or focal irradiation for
entropion prevention or cosmesis [28].

27.9 Neuro-ophthalmology

Neuro-ophthalmic signs are present in 2–12% of patients
with AIDS [4, 24, 29]. Findings include: meningeal
involvement (papilledema, optic neuropathy, motor
neuropathies); thalalmic-midbrain masses (cranial nerve
III involvement); pontine tegmental lesions (pontine gaze
paresis, internuclear ophthalmoplegia, nystagmus); cere-
bellar masses (abnormal spontaneous eye movements);
cerebral masses (homonymous hemianopia, papilledema);
and pupillary abnormalities (Horner’s syndrome). Eti-
ologies include lymphoma, cryptococcus, toxoplasmosis,
neurosyphilis, progressive multifocal leukoencephalopa-
thy (PML), CMV, herpes viruses, and HIV infection itself
[29, 30]. Cryptococcal meningitis is prevalent in adult HIV
patients and can be associated with an optic neuropathy
that can lead to blindness [31].

27.10 Developmental manifestations

A developmental AIDS-associated embryopathy has been
described which can be associated with growth failure,
microcephaly, and other craniofacial abnormalities. In
addition, ophthalmic manifestations include prominent
palpebral fissures, and hypertelorism [9, 32].

Figure 27.9. Retinal photograph of ddI toxicity associated with

didanosine (ddI) therapy. The well-circumscribed depigmented

lesions with some hyperpigmented borders are typically

observed.

27.11 Drug ocular toxicity

Several of the commonly used antimicrobials in HIV-
positive patients are associated with ocular toxicity.

In children, rifabutin can induce bilateral corneal
endothelial deposits, which are initially peripheral and stel-
late in nature [33]. Rifabutin can also cause a mild to severe
uveitis that may be associated with hypopyon, vitritis,
and/or retinal vasculitis [34]. This reaction may be linked
with plasma levels of the drug, which can be increased with
concurrent fluconazole therapy [35].

Didanosine (ddI) has been shown to induce retinal
lesions and decrease retinal function in approximately 7%
of children. The medication adversely affects the retinal
pigment epithelium (RPE), causing initial peripheral atro-
phy and secondary RPE hypertrophy and neurosensory
retinal loss (Figure 27.9). The toxicity is likely associated
with both cumulative and peak dosing [36].

Cidofovir, both intravenously and intravitreally adminis-
tered, has been associated with intraocular inflammation
in adults, causing iritis, vitritis, and/or hypotony. Concur-
rent treatment with probenecid may reduce the incidence
of toxicity. Treatment of the inflammation with topical
corticosteroids is often effective [37].

Atovaquone can cause vortex keratopathy, a swirling
pattern of corneal subepithelial deposits. This toxicity is
reversible with withdrawal of the drug [38]. Lastly, intra-
venous ganciclovir and acyclovir may be associated with
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corneal epithelial inclusions, but studies are inconclusive
[9, 39].

27.12 Summary

Understanding the diseases of the eye that occur with HIV
infection is crucial to properly diagnose and promptly treat
potentially blinding disorders. Diseases such as CMV retini-
tis can be especially difficult to diagnose in the pediatric
population because they are largely asymptomatic. Routine
screening eye exams and aggressive therapy are mandatory
to save vision.
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Oral health and dental problems

Jane C. Atkinson, D.D.S.1 and Anne O’Connell, B.D.S., M.S.2

1 University of Maryland Dental School, Baltimore, MD
2 Department of Public and Child Dental Health, Dublin, Ireland

28.1 Oral health and dental problems
in the HIV-infected child

Many children with HIV have oral manifestations of the
infection (Table 28.1), including some that are part of the
1994 CDC classification system [1]. Since the introduction
of antiretroviral therapy (ART) and highly active antiretrovi-
ral therapy (HAART), the prevalence of these oral manifes-
tations has decreased. However, in many countries where
therapy is less than ideal, such as Romania, Brazil and
Mexico, HIV-associated oral lesions have been identified
in 55–61% of infected children [2–4]. Their presence can
still be used as markers for progression of disease. Referral
to a dentist before 1 year of age is recommended for all chil-
dren, but this is especially important for the HIV-infected
child. Careful examination of the soft tissues and teeth is
essential by the primary healthcare provider.

28.2 Oral mucosal lesions

28.2.1 Candidiasis

Oral candidiasis (thrush) is by far the most common
oral opportunistic infection in HIV-infected children
[3–8]. Prevalence estimates in this group range from 28–
67% (Table 28.1), and its presence is associated with low or
declining CD4 counts [7, 8]. The diagnosis and treatment
of Candida infections are discussed in detail in Chapter 40.

Oral candidal infections can appear as a red patch (ery-
thematous, Figure 28.1), a white patch that rubs off (pseu-
domembranous) or as red patches at the corners of the
mouth (angular chelitis). Often patients are asymptomatic,

but they may experience oral burning or soreness. The
diagnosis of oral candidiasis is based on clinical appear-
ance and the presence of hyphae on a smear prepared
with potassium hydroxide. Smears also may be air-dried
and stained by a number of techniques commonly used
by clinical laboratories to visualize the organism. Candida
species are isolated most commonly; however, many other
species are recovered from the oral cavity [7]. All labor-
atory results must be correlated with the clinical presenta-
tion since HIV-positive patients have greater numbers of
Candida species in the oral cavity, even in the absence of
clinical infection. Treatment can be with systemic or top-
ical antifungal agents, but treatment is complicated with
the emergence of resistant strains (see Chapter 40).

28.2.2 Herpes infections

Oral viral infections are not found as frequently as fun-
gal infections [5–9]. Herpes simplex infection is the most
common, with a similar presentation in children with or
without HIV. However, the disease can be more severe and
debilitating for patients with HIV infection. Primary her-
petic stomatitis is characterized by fever, lymphadenopa-
thy, and fluid-filled vesicles on the gingiva and palate,
which quickly rupture and ulcerate. The vesicular fluid
is the best material for culture. After primary infection,
the virus establishes a latent infection in the trigemi-
nal ganglion until reactivation. Typically, intraoral recur-
rent HSV lesions are found on keratinized tissues of the
mouth, but lesions may be more severe and involve any oral
mucosal surfaces of children with HIV. Extraoral lesions are
found on the lips, and heal in 7–14 days without scarring
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Table 28.1 Oral manifestations of HIV-infected children

Diagnosis Prevalence Features

Oral mucosal changes
Candidiasis 28–67% White patches that rub off, red patches intra-orally or

redness at corners of mouth
Herpetic stomatitis 3–5% Both primary and recurrent forms may be more dramatic

in HIV-infected children
Aphthous ulcers Up to 15% Ulcers of unknown etiology that can be more severe in

HIV-infected children
Human papillomavirus Up to 2% Intra-oral elevations of tissue (warts)
Hairy leukoplakia 0–2% White plaques on the lateral border of the tongue that do

not rub off
Other viral infections Very rare CMV, VZV can cause oral changes
Tumors Very rare Kaposi’s sarcoma and non-Hodgkin’s lymphoma are very

rare in this population

Gingival changes
Gingivitis > 80% Erythematous gingival changes from plaque on teeth
Linear gingival erythema Up to 25% Specific to HIV infection
HIV-associated periodontitis Rare Rapidly advancing periodontal disease

Tooth changes
Decay Common Tooth breakdown can be obvious. Pain is not normally a

presenting complaint
Abscesses Fairly common Can cause fever and pain
Delayed exfoliation and eruption Fairly common Primary teeth may be retained well into teenage years

Parotid gland enlargement 2–11%
Lymphocytic-mediated Painless enlargements; clear saliva can be expressed from

glands. MRI can be used to confirm presence of cysts
Bacterial infection Pain on palpation; often, pus can be expressed from

glands. May or may not be accompanied by fever

CMV, cytomegalovirus; VZV, varicella-zoster virus.

(Figure 28.2). Burning and tingling may precede vesicle for-
mation. While coating agents can be used as a rinse to
decrease discomfort of small intraoral lesions, viscous xylo-
caine should be discouraged in young children. Intra-oral
herpes zoster occurs rarely in children, but was reported
recently in a study of Romanian children [4]. It may present
as small, crusted, painful ulcerated areas of keratinized
intraoral tissues in a unilateral pattern that follows the
distribution of the trigeminal nerve. The systemic ther-
apy of herpes virus infections is discussed in detail in
Chapter 41.

Epstein–Barr virus (EBV) is the causative agent of oral
hairy leukoplakia (OHL) [10]. It is very rare in children with
HIV infection. Clinically, the lesion is a white patch along
the lateral borders of the tongue that does not wipe off.
Diagnosis requires identification of EBV genome in a biopsy

specimen or cytologic smear, and lesions are not typically
treated.

28.2.3 Other soft tissue infections

Intraoral histoplasmosis, cryptococcus and other systemic
mycotic infections have been identified in adults with HIV
infection [11, 12]. In the oral cavity, the deep mycoses can
appear as nodules on the gingiva and painful ulcerations of
the palate and buccal mucosa. Very rarely, tuberculosis will
cause soft tissue ulcerations on the tongue and palate, and
could be considered as the etiological agent of a lesion in
a child with other symptoms of Mycobacterium infection
[13, 14]. Cytomegalovirus infection can also cause large
ulcers of the tongue and buccal mucosa.
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Figure 28.1. Erythematous candidiasis on the gingiva and buccal

mucosa of a child with HIV infection.

Figure 28.2. A 10-year-old child displays oral features typical of

HIV infection: oral candidiasis on the lateral border of the tongue

and at the corners of mouth, and a large, recurrent herpetic lesion

extraorally.

Human papillomavirus (HPV) causes intraoral warts in
adults and children [13, 14]. Both verruca vulgaris and
condyloma acuminatum are found intraorally, and are
recognized by their characteristic raised or pedunculated
appearance. Molluscum contagiosum, caused by a mem-
ber of the poxvirus family, may involve the lips and face.
Inside the mouth, multiple dome-shaped elevations may
be present on the soft tissues.

Sometimes, the cause of intraoral ulcerations in both
children and adults with HIV infection is not established,
despite repeated diagnostic procedures. Treatment of these
lesions with topical anesthetics, antimicrobial rinses or

topical corticosteroids may be necessary if they persist, are
symptomatic, and no etiology is established.

28.3 Neoplasms

In contrast to adults, neoplasms associated with HIV
infection are rarely found in the oral cavity of pediatric
patients. However, intra-oral Kaposi’s sarcoma (KS) and
non-Hodgkin’s lymphoma have been reported, and intrao-
ral KS will be present in approximately half of affected
adults [13, 14]. (See also Chapter 36)

28.4 Salivary gland pathology

Saliva is essential for the maintenance of oral health, hav-
ing lubricating, physical cleansing, and antibacterial and
antiviral properties. Salivary flow may be reduced by the
medications used in the treatment of HIV. Medications with
potent anticholinergic effects such as diphenhydramine
can reduce salivary flow by 50%, which can enhance the
development of dental caries or candidal infections.

Although many children with HIV infection may have
decreased salivary gland function as a consequence of
medication usage, a subset develop enlargement of the
salivary glands. Prevalence estimates in controlled studies
are 2–14% of children with HIV infection [5–8, 15]. Some
enlargements are secondary to a lymphocytic infiltration
of the salivary glands; others are the result of bacterial
infection. Enlargements from infiltrates can be persistent,
uni- or bilateral, and accompanied by xerostomia or pain.
The lymphocytic infiltrations may develop cysts contain-
ing lymphoid aggregates that can be visualized by mag-
netic resonance imaging. Clear saliva can be milked from
the glands. In contrast, glands infected with bacteria may
demonstrate a purulent discharge at the duct openings
when massaged (Figure 28.2). Mumps could be considered
in a child who has not received the measles–mumps–
rubella (MMR) vaccine. Finally, salivary gland tumors do
occur in children, regardless of their HIV status. If glands
continue to enlarge or a mass is detected on imaging, a
fine-needle aspiration or biopsy of the gland must be per-
formed.

The etiology of a salivary gland enlargement will dictate
its treatment. Bacterial parotitis usually occurs because
of a retrograde infection with oral flora, which usually
is sensitive to the penicillins, clindamycin or second-
generation cephalosporins. Treatment of lymphocyte-
mediated enlargements is rarely indicated. Frequent intake
of fluids (preferably water) throughout the day is recom-
mended.
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28.5 Periodontal tissues

The severity of periodontal (gum) diseases depends on the
presence of certain periodontal pathogens and the immune
status of the host. Gingivitis, the most common form of
periodontal disease in the general pediatric population,
is caused by an accumulation of oral bacteria and food
particles at the gum line. Usually, good oral hygiene can
reverse the inflammation and return the gingiva to health.
Up to 25% [16] of HIV-infected pediatric patients present
with linear gingival erythema (LGE), a form of gum dis-
ease that is unique to HIV infection. It is characterized by a
distinct red band of gingiva that bleeds easily. The inflam-
mation is disproportional to the amount of plaque present,
and resolution may not occur with conventional therapy.
A more rare form of gingivitis, necrotizing ulcerative gin-
givitis (NUG), presents with destruction of one or more
interdental papilla, tissue sloughing, halitosis, and often
pain. Treatment of both conditions includes meticulous
oral hygiene, antibacterial mouth rinses (chlorhexidine),
antibiotic therapy, and frequent dental cleanings. Very
rarely, necrotizing ulcerative periodontitis (NUP), a severe
periodontal disease with rapid destruction of periodontal
tissues and supporting bone, is found in children with HIV
infection [16]. Frequent monitoring by a dentist is essential
to prevent progression and ultimate tooth loss. Neutrope-
nia, which sometimes occurs in HIV-infected children,
can predispose children to severe pediatric periodontal
disease.

28.6 Dental development

Delays in the eruption and exfoliation of primary teeth
and eruption of permanent teeth, particularly in symp-
tomatic children, have been noted in HIV-infected children
[17–20]. Prevention of dental disease in the primary denti-
tion, therefore, is critical since these teeth will be retained
in the mouth for longer than normal.

28.7 Teeth

Dental decay is frequently present in children with HIV-
infection and at levels higher than the general population
in the primary dentition [19–21]. Many factors have been
suggested to explain the unusually high caries incidence in
the HIV-infected population, including nutritional supple-
mentation, sweetened pediatric medications, lack of saliva
and declining immune system, frequency of fermentable
carbohydrates intake, prolonged bottle feeding, and poor

Figure 28.3. Caries of the primary dentition of an HIV-infected

child. Caries is evident on the anterior teeth, indicating a very

high rate of caries development. These lesions may have been

prevented by proper feeding practices and good oral hygiene.

oral hygiene. It may present as nursing or early childhood
caries, in which decay occurs on smooth surfaces nor-
mally not prone to caries (Figure 28.3). Caries rates of HIV-
infected children and their siblings have been compared.
While one study reported that HIV-infected children had
increases in caries compared with their non-infected sib-
lings [20], others have noted high rates in both groups [19].
Caries are more prevalent in children with advanced HIV
disease [21].

28.8 Prevention

All HIV-infected children should have an oral evaluation
within the first year to ensure proper treatment. Primary
caregivers should be encouraged to:
1. Enroll children in a prevention program that teaches

good oral hygiene practices, along with control of
dietary sugars. The use of fluorides and the placement
of sealants on teeth will minimize the risk of dental
caries and the possible dental pain. Prevention is easier
than provision of restorative care for the pediatric HIV-
infected patient, who often needs intravenous sedation
for dental treatments and may have other complications
such as neutropenia and thrombocytopenia.

2. Limit the frequency of ingestion of viscous sugar-
sweetened liquids or those with low pH (such as sodas,
pediatric syrups). Topical treatment of oral candidiasis
requires that the antifungal pastilles be retained in the
mouth for long periods of time to be effective. These
preparations are highly sweetened to disguise the taste
and encourage compliance with therapy. Unsweetened
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vaginal troches can be used in older children. However,
this is not always acceptable to young patients.

3. Limit the use of the bottle to daytime hours. Children
should never be put to bed with the bottle. Remind care-
givers of the risks of nursing caries when bottles con-
taining juice or high-calorie nutritional supplements are
given to children. Administer highly sweetened pediatric
medications by syringe to bypass the teeth and minimize
the time in the oral cavity.

4. Encourage frequent intake of water to facilitate clear-
ance of food, medicines, and other substances that can
initiate tooth decay.

28.9 Conclusion

Children with HIV infection may have inadequate oral
health. Soft tissue lesions, especially oral candidiasis, occur
frequently in this patient group, and should be treated
appropriately. Untreated dental caries is found more often
in children from poor families, primarily because they do
not have dental insurance or access to a dentist [22]. The
HIV-infected child is additionally at risk for periodontal
problems. Serious oral sequela can be averted by preven-
tive dental services and regular dental visits.
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29.1 Introduction and background

Otitis media and sinusitis are among the most common
minor bacterial infections affecting children with normal
immune function. To date, there has been a paucity of
systematic study of these infections in immunocompro-
mised hosts in general. However, substantial experience
and a limited literature suggest that, in their acute, chronic,
and recurrent forms, they also occur commonly in children
who are infected with HIV. Although the causes, manifesta-
tions, and clinical courses of most episodes of otitis media
and sinusitis in HIV-infected children are indistinguish-
able from those in immunocompetent children, unusu-
ally frequent, prolonged, severe, or otherwise problem-
atic episodes, or those caused by unusual or opportunistic
pathogens, can be the sentinel expressions of immun-
odeficiency that should prompt an assessment for HIV
infection.

29.2 Epidemiology of acute otitis media
and sinusitis

Acute otitis media (AOM) is a very common occurrence in
immunocompetent children with peak frequency during
the first 2 years of life. In addition to young age, risk factors
for AOM include male gender, a history of severe or recur-
rent AOM in sibling(s), early age of first AOM, absence of
breast feeding, winter season, race (with high rates among
Eskimos and other Native Americans, as well as among
Australian aborigines), day-care attendance, lower socio-
economic status, and craniofacial anomalies [1].

There are three controlled studies that describe the rela-
tive frequency of AOM among HIV-infected children [2–4].
All clearly indicate that, although this common childhood
condition does not affect a greater proportion of children
infected with HIV than normal children, it does recur sig-
nificantly more often among children with symptomatic
HIV infection.

Acute sinusitis is an extremely common problem among
young children with normal immunity. It has been esti-
mated that 5–10% of viral upper respiratory infections
(URIs) in young children (which occur 6–8 times annually)
are complicated by bacterial sinusitis [5]. There is some
evidence that episodes of sinusitis occur more frequently
among HIV-infected children than among immunologi-
cally normal children [4]. In a trial of intravenous
immunoglobulin (IVIG) prophylaxis for serious bacterial
infections in HIV-infected children, clinically diagnosed
acute sinusitis represented 39% of the episodes of “seri-
ous” infection and occurred irrespective of CD4+ count,
HIV disease severity classification, and receipt of IVIG
[6–7].

29.3 Pathogenesis and natural history OF AOM
and sinusitis

In the immunocompetent host, AOM is attributable to
dysfunction of the eustachian tube which is responsible
for (1) ventilation of the middle-ear cavity; (2) clearance
of secretions produced by the mucosa of the middle ear;
and (3) protection of the middle ear from nasopharyn-
geal contents [8]. Viral infection of the upper respiratory

460
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tract is the major pathogenetic factor which produces both
physiologic and anatomic obstruction of the eustachian
tube and effusion within the middle ear. Aspiration of heav-
ily colonized nasopharyngeal contents into the middle ear
leads to a suppurative process manifested as AOM.

A similar pathogenesis probably occurs in the immuno-
compromised host. Neutropenia, caused by HIV infection
or antiretroviral therapy, may also produce mucositis, caus-
ing eustachian tube dysfunction. Likewise, nasopharyngeal
lymphoid hyperplasia, associated with HIV infection, may
obstruct the eustachian tube extrinsically or infiltrate its
structure.

In the usual case of sinusitis, either a viral URI or allergy
leads to mucositis, resulting in obstruction of the sinus
ostia. Colonizing nasopharyngeal flora, which have gained
access to the formerly sterile sinuses, proliferate, pro-
ducing a local inflammatory reaction which damages the
mucosa and thereby further impairs ciliary function and
local phagocytic activity [5, 9]. Other less common patho-
genetic factors include trauma, polyps, gastric or endo-
tracheal tubes or other foreign bodies, septal deviation,
dysmotile cilia syndrome, and cystic fibrosis. Exposure to
infected siblings or other young children (e.g. at day care),
increases the risk of acquiring a viral URI, the usual prelude
to bacterial sinusitis.

29.4 Clinical presentation

29.4.1 Otitis media

In both immunocompetent and immunocompromised
hosts, AOM usually presents with the abrupt onset of
otalgia, fever, or irritability in association with typical
otoscopic findings described below. Suppurative compli-
cations of AOM include tympanic membrane perforation,
cholesteatoma, mastoiditis, and intracranial suppuration
including meningitis; brain, subdural or extradural abscess;
sinus thrombosis, and phlebitis [10].

29.4.2 Sinusitis

There are two patterns of illness with which acute sinusitis
presents in immunocompetent children – either persistent
or severe symptoms. Persistent symptoms represent the
more common presentation, which is characterized by the
presence of unimproving cough and/or rhinorrhea for 10–
30 days. Nasal discharge may have any quality (thin, thick,
clear, mucoid, or purulent) and cough may be either dry
or productive, and, although often worse at night, occurs
throughout the day. Breath may be malodorous. Affected

children do not usually appear very ill. If present, fever is
usually low-grade. Facial pain and headache are unusual
complaints; mild periorbital edema (frequently present
upon arising and resolving while upright during the day)
may occur. Less commonly, acute sinusitis may present
with features of a more severe nature – high fever (> 39 ◦C)
and purulent nasal discharge concurrently for 3–4 consec-
utive days. Intense headache (supra- or retroorbital), toxic-
ity, or substantial periorbital edema may be features of this
presentation.

In immunocompromised hosts, including children with
HIV infection, the clinical presentation of sinusitis is most
often indistinguishable from that in immunocompetent
patients. Unfortunately, the physical examination is usu-
ally not helpful in differentiating acute sinusitis from a viral
URI. Fungal sinusitis is suggested by the presence of nasal
mucosa that are focally pale, gray, or black; have decreased
or absent pain sensation; have increased friability; and do
not bleed following trauma.

Sinusitis in either the immunocompetent or immuno-
compromised host may be complicated by extension of
infection to adjacent bone, the orbit, or the central ner-
vous system (CNS) (in the form of an epidural abscess,
brain abscess, meningitis, cavernous sinus thrombosis,
optic neuritis, or carotid aneurysm). Orbital involvement is
signaled by the onset of proptosis, ophthalmoplegia, ocular
tenderness, or decreased visual acuity.

29.5 Diagnostic considerations in AOM and
sinusitis

29.5.1 Otitis media

The diagnosis of otitis media is based on otoscopic findings.
The tympanic membrane is assessed with respect to its con-
tour, color, transparency, architecture, and, most import-
antly, mobility. Decreased mobility implies the presence
of middle ear effusion, which is almost always present in
both acute and chronic otitis media. Marked fullness or
bulging of a white or yellow, sometimes hyperemic tym-
panic membrane are typical findings in AOM. Sometimes
purulent fluid can be visualized behind an intact tympanic
membrane or as it spills through a perforation. Such signs,
coupled with the appropriate symptoms, establish a diag-
nosis of AOM. Opacity of the tympanic membrane, or the
presence of clear or mucoid fluid behind it, and decreased
mobility, suggest a more chronic, non-suppurative otitis
media.

Tympanocentesis should be performed selectively in
both immunocompetent and immunocompromised hosts
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for diagnostic and therapeutic purposes. The major indi-
cations for tympanocentesis are failure to respond to med-
ical therapy, suppurative complications such as mastoiditis
or CNS abscess, suspicion of an unusual pathogen, oti-
tis media in patients who are seriously ill, or for relief of
severe pain [8]. Aspirated fluid should be used for diag-
nostic purposes as described below with reference to sinus
aspiration. Radiographs or computed tomography (CT)
scanning may be required occasionally to confirm the pres-
ence of inner ear or mastoid involvement, or of intracranial
complications.

29.5.2 Sinusitis

The diagnosis of acute bacterial sinusitis is most often
made solely on the basis of a clinical presentation with the
characteristic persistent symptoms described previously.
Physical examination seldom helps distinguish acute bac-
terial sinusitis from viral rhinosinusitis (a “cold”). In acute
sinusitis, radiographic findings include diffuse opacifica-
tion, mucosal thickening of at least 4–5 mm, or, rarely in
children, an air-fluid level. The presence of any of these
abnormalities in a child with features of sinusitis of either
the persistent or severe variety is associated with a bacterial
infection of the maxillary sinuses in 70% of cases [5]. Often,
the diagnosis of sinusitis is inferred on the basis of clinical
criteria alone. This practice is justified by the strong cor-
relation (88% agreement) between abnormal sinus radio-
graphs and features of persistent sinusitis described above
in children less than 6 years of age [5].

Sinus radiographs need not, and therefore should not,
routinely be used to confirm the diagnosis of clinically
suspected sinusitis in children less than 6 years of age
with persistent symptoms; some authorities advocate their
selective use in all children older than 6 years suspected of
having sinusitis on the basis of presentation with persistent
symptoms, and in all children of any age who present with
severe symptoms [11]. These recommendations apply to
both immunocompetent and immunocompromised hosts.

Computed tomography scans with contrast enhance-
ment are more sensitive than radiographs for detecting
sinusitis, but in general should be reserved for evalua-
tion of persistent or recurrent sinusitis not responsive to
medical management or associated with suspected com-
plications of the orbit or brain (situations in which surgical
intervention is being considered) [11]. Magnetic resonance
imaging (MRI) also is useful for diagnosing sinusitis but is
less helpful than CT scans. Ultrasonography is not a prac-
tically useful diagnostic technique. Transillumination of
sinuses is not usually helpful in establishing the diagnosis in
children.

Although not routinely used for diagnostic purposes,
maxillary sinus aspiration can be safely and effectively per-
formed by a pediatric otolaryngologist as an outpatient
procedure using a transnasal approach after careful decon-
tamination and adequate local anesthesia of the area below
the inferior turbinate, which the trocar traverses. Aspirated
material should be processed promptly for aerobic and
anaerobic bacterial cultures as well as for Gram’s stain.
Recovery of organisms in a density of at least 104 cfu/mL is
considered indicative of infection [5].

Indications for sinus aspiration and perhaps biopsy
include (1) failure to respond to two courses of antibiotics;
(2) relief of severe facial pain; (3) orbital or intracranial
complications; (4) suspicion of an unusual or opportunis-
tic pathogen; and (5) sinusitis in a severely ill patient.
These indications are similar to those for immunocom-
petent patients. In patients with advanced disease due to
HIV, the threshold for an invasive diagnostic procedure
should be low. In such cases, in addition to bacterial cul-
tures, aspirated and biopsied material should be processed
to facilitate the identification of fungi, viruses, mycobac-
teria, Legionella sp., parasites, protozoa, and possibly P.
jiroveci, and should be submitted for histologic examina-
tion. When fungal infection is suspected on the basis of
nasal or facial findings, a biopsy of nasal mucosa should be
similarly evaluated for the same diagnostic considerations
[12].

29.6 Microbiologic considerations

In immunocompetent children, the bacterial organisms
responsible for otitis media vary somewhat with the age
of the patient and duration of the infection, but Streptococ-
cus pneumoniae, Haemophilus influenzae, and Moraxella
catarrhalis predominate at all ages and in both acute and
chronic otitis media [12–13] (see Table 29.1). Respiratory
viruses have been isolated from middle ear or nasopha-
ryngeal specimens in approximately 20% of cases of AOM.
Their importance in the pathogenesis and etiology of AOM,
and as a possible explanation for some apparent antibiotic
failures, is now appreciated. Recurrent episodes of AOM, as
well as 20–66% of cases of chronic otitis media are caused
by the same array of bacterial species as is found in AOM
[10]. Chronic suppurative otitis media (CSOM), character-
ized by persistent otorrhea through a perforated tympanic
membrane, is usually attributable to Pseudomonas aerug-
inosa, staphylococci, or Proteus spp.; anaerobic organisms
have been documented in up to 50% of cases [12]. Occa-
sionally, fungi, especially Aspergillus and Candida species
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Table 29.1 Microbiology of otitis media among immunocompetent and HIV-infected children

Streptococcus Haemophilus Moraxella Streptococcus Staphylococcus

pneumoniaea influenzaeb catarrhalisc pyogenes aureus Anaerobes Viruses Other

Otitis media in

immunocompetent

children

30–40% 15–20% 8–12% 4% 2% 5–6% 20%

Otitis media in

children with HIV

30–40% 15–20% 8–12% 2% 4%d ND ND e, f

Sinusitis in

immunocompetent

children

30–40% 20% 20% 1% 10% g,h

Sinusitis in children

with HIV

30–40% 20% 20% i, j

a 15–38% (average 25%) may be penicillin-nonsusceptible; approximately 50% are highly resistant and 50% intermediately resistant.
b 30–50% may be ß-lactamase producing.
c 90–100% may be ß-lactamase producing; this bacterial species is less common in adults with AOM.
d S. aureus is more common in children diagnosed with AOM who are severely immunosuppressed.
e Pseudomonas aeruginosa, Escherichia coli, Proteus mirabilis, enterococci, and Candida species have been isolated from children with

HIV.
f Aspergillus, Nocardia, Cryptosporidium species, and Pneumocystis have been recovered from middle ear and external ear canal of

adults.
g S. aureus, anaerobic organisms, and H. influenzae are recovered more often from children with chronic sinusitis.
h Bacteria found uncommonly in children with acute sinusitis are group C streptococcus, viridans streptococcus, peptostreptococcus,

Moraxella sp., and Eikenella corrodens.
i Other organisms recovered from patients with HIV include S. aureus, P. aeruginosa, S. epidermidis, group G streptococcus, Rhizopus

arrhizus, Legionella pneumophila, C. albicans, microsporidium sp., Acanthamoeba sp., Cryptosporidium sp., A. fumigatus, Mycobac-

terium avium-intracellulare, Mycobacterium kansasii, Mycobacterium chelonei, Schizophyllum commune, Cryptococcus neoformans,

and cytomegalovirus.

and, rarely, Blastomycosis have been implicated in CSOM,
either alone or in combination with bacterial pathogens
[12].

In children with HIV who have AOM, the prevalence
of the three most common pathogens is similar to that
observed in uninfected children [2, 14] (Table 29.1). One
study suggests that S. aureus is significantly more often
associated with AOM in HIV-infected children who are
severely immunosuppressed [14].

The microbiology of acute sinusitis is very similar to that
of AOM. There have been no systematic studies document-
ing the microbiology of sinusitis in HIV-infected adults or
children. It is likely that they become infected with the same
organisms that usually infect immunocompetent hosts, as
well as the panoply of uncommon and opportunistic bacte-
rial, viral, fungal, mycobacterial, and protozoal pathogens
that have been implicated in a variety of compromised
hosts [12].

29.7 Treatment of middle ear and
sinus infections

Most episodes of AOM or acute sinusitis in non-toxic
children infected with HIV are managed without specific
microbiologic data with an orally administered antimi-
crobial agent that is predictably active against the most
likely pathogens. These pathogens include S. pneumoniae,
H. influenzae, and M. catarrhalis. H. influenzae and M.
catarrhalis are resistant to amoxicillin on the basis of beta-
lactamase production approximately 35–50% and 90–100%
of the time, respectively [11, 15]. Streptococcus pneumoniae
are not susceptible to penicillin between 8–38% (average
25%) of the time because of alteration of penicillin-binding
proteins. Fifty percent of resistant strains are intermedi-
ate in resistance and 50% are highly resistant. Penicillin
binding protein-mediated resistance, except for high-level
resistance, can often be overcome in vivo by use of high
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Table 29.2 Oral antimicrobial therapy for acute otitis media and acute sinusitis in children

Daily dosage Maximum Number of
Antimicrobial (mg/kg/day) daily dose (mg) daily doses

Amoxicillin 45–90 4000 2′

(Many Brands)
Amoxicillin/clavulanate

potassium
45–90 4000 2′

(Augmentin®)
Cefdinir (Omnicef®) 14 600 1
Cefpodoxime proxetil 10 800 2

(Vantin®)
Cefuroxime axetil 30 1000 2

(Ceftin®)
Clarithromycin 15 1000 2

(Biaxin®)
Azithromycin 10 mg/kg × 1 day* 500/250 1

(Zithromax®) 5 mg/kg × 4 days

*Azithromycin is prescribed at 10 mg/kg as a single daily dose on day 1; the four subsequent daily
doses are prescribed at 5 mg/kg/day. The maximum dose for day 1 is 500 mg; the maximum dose
for days 2–5 is 250 mg.

doses of penicillins. Risk factors for infection with
penicillin-resistant pathogens include attendance at day
care, treatment with antimicrobials within the previous 90
days, and age less than 2 years [11]. Candidate antimicro-
bial agents and dosage recommendations are presented in
Table 29.2 [11, 15, 16].

In general, amoxicillin, administered at either a standard
dose of 45 mg/kg/day or at a high dose of 90 mg/kg/day,
both in two divided doses for 10–14 days, is the agent of
choice for empiric treatment of the first episode of AOM
or acute sinusitis or the occasional recurrence after at
least 3 months in a child with uncomplicated, mildly-to-
moderately severe infection who does not attend day care.
This permissive dosing range allows the practitioner to
individualize therapy to some extent. Early in the respira-
tory season, lower doses of amoxicillin will suffice in chil-
dren who are older than 2 years, have not recently received
antibiotics, and do not attend day care. For patients with
penicillin allergy (provided it is not type 1 hypersensitivity),
alternatives to amoxicillin include cefdinir (14 mg/kg/day
in a single or two divided doses), cefuroxime (30 mg/kg/day
in two divided doses), or cefpodoxime (10 mg/kg/day in
two divided doses). Of the three cephalosporins, cefdinir is
reputed to be the most palatable. For patients with histories
of serious allergic reactions to penicillins, clarithromycin
(15 mg/kg/day in two divided doses) or azithromycin

(10 mg/kg/day on day 1 and 5 mg/kg/day on days 2 through
5 as a single daily dose) can be used (notwithstanding the
fact that the US Food and Drug Administration has not
approved azithromycin for use in sinusitis). Patients known
to be infected with penicillin-resistant S. pneumoniae can
be treated with clindamycin (30–40 mg/kg/day in three
divided doses).

For episodes of AOM or acute sinusitis that fail to improve
within 48–72 hours of initiation of standard dose amoxi-
cillin, that recur within 90 days of a previous episode
treated with antimicrobials, that are moderate or more
severe, or that occur in day-care attendees, a broader-
spectrum, orally administered antimicrobial should be pre-
scribed. High-dose amoxicillin-clavulanate (90 mg/kg/day
of amoxicillin in combination with 6.5 mg/kg/day of clavu-
lanate in divided doses) is an ideal choice. It is important
to note that amoxicillin-clavulanate comes in several liq-
uid and tablet formulations that differ in their fixed ratios
of amoxicillin to clavulanate (varying from 2 : 1 to 12.9 :
1). Only the new Augmentin ES-600® oral suspension for-
mulation (containing 600 mg of amoxicillin and 42.9 mg of
clavulanate per 5 ml) affords an easy means of prescribing
amoxicillin at the recommended high dose while avoid-
ing diarrhea associated with the doses of clavulanate that
exceed 10 mg/kg/day. (If other formulations are used, it is
necessary to prescribe both amoxicillin/clavulanate, each
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at doses that individually provide 45 mg/kg/day of amox-
icillin.) Alternatives include cefdinir, cefuroxime or cefpo-
doxime. For patients intolerant of oral therapy, treatment
may begin with ceftriaxone (50 mg/kg/day) intravenously
or intramuscularly until orally administered antimicro-
bials can be reliably instituted. Because of the emergence
of substantial pneumococcal resistance to trimethoprim-
sulfamethoxazole and erythromycin-sulfisoxazole, these
agents are no longer considered appropriate antimi-
crobial choices for empiric treatment of AOM and
sinusitis.

Decisions about the duration of antimicrobial therapy for
AOM and acute sinusitis need to be individualized. Recog-
nizing the demonstrated efficacy of relatively short courses
of treatment for uncomplicated AOM in children older than
5 years of age, and being cognizant of the contribution of
(prolonged) antibiotic usage to increasing rates of antimi-
crobial resistance, recent guidelines have endorsed courses
of treatment as brief as 5–7 days for clinically responsive
episodes of AOM in immunocompetent children of that
age [16]. However, children with symptomatic HIV are at
significantly increased risk for recurrences of AOM and bac-
terial sinusitis, as well as for the development of complica-
tions and treatment failures, with amoxicillin. In general,
we recommend treating recurrent episodes of AOM or acute
sinusitis in this population according to the general clin-
ical practice guideline advocated for managing sinusitis in
normal hosts [11], i.e. with a broader-spectrum antimi-
crobial for a duration of 10–21 days (or for at least one
week beyond the complete resolution of symptoms). In
the case of an HIV-infected child who appears systemic-
ally ill or toxic at presentation or during treatment of AOM
or acute sinusitis, tympanocentesis or sinus aspiration
should be performed, aspirated fluid should be cultured,
and a parenterally administered broad-spectrum antimi-
crobial (e.g. cefotaxime, ceftazidime, ceftriaxone or high-
dose ampicillin-sulbactam) should be initiated empirically.
(If the tympanic membrane has perforated spontaneously,
the canal should be suctioned, cleaned, and a sample of
middle ear fluid obtained for culture.) Specific treatment
is given as directed by results of cultures and susceptibility
testing, and as indicated for specific uncommon or oppor-
tunistic organisms that may be implicated.

The duration of antibiotic therapy in patients experien-
cing recurrent episodes of acute bacterial sinusitis is similar
to primary episodes. Most patients with “chronic” sinusitis
have an underlying problem such as allergic or non-allergic
rhinitis. These patients may benefit from systemic antihis-
tamines or intranasal steroids.

In immunocompetent children, persistence of middle-
ear effusion following treatment of AOM despite resolution

of signs and symptoms of suppuration is present in up
to 50% of cases immediately upon completion of ther-
apy, and gradually resolves in all but 10% over 3 months
[17]. Awareness of this natural history and concern for the
role of antibiotic usage in promoting antibiotic resistance
accounts for the caution to avoid prescribing repeated
courses of antimicrobials for otitis media with effusion in
the absence of signs and symptoms of recurrent AOM [16].
If the effusion persists for more than 2–3 months and is
associated with a significant hearing loss, a second course
of treatment with a broader-spectrum antimicrobial may
be given, especially before electing a surgical treatment.
When middle ear effusion persists unabated for more than
3 months despite treatment with antimicrobials, especially
when bilateral, occurring in a young child, or associated
with hearing loss, tinnitus, vertigo, or significant changes
in the tympanic membrane or middle ear, myringotomy
(usually with tympanostomy tube placement) should be
considered. These same recommendations apply to chil-
dren infected with HIV.

To date, P. jiroveci has not been reported to cause ear
infections in children infected with HIV. The few such adults
who have been described appear to have responded to oral
trimethoprim-sulfamethoxazole with or without dapsone,
or to intravenously administered pentamidine.

Chronic suppurative otitis media should be man-
aged in conjunction with an otolaryngologist who will
obtain a specimen for culture, perform daily aural toilet,
and undertake serial examinations. Topical therapy with
ofloxacin is advised [15]. If the otorrhea does not begin
to resolve in 48–72 hours, parenteral antibiotics, initially
selected empirically for activity against P. aeruginosa and
S. aureus (e.g. ticarcillin disodium/clavulanate potassium
or piperacillin/tazobactam or cefepime), and subsequently
chosen according to culture and antimicrobial susceptibil-
ity results, may be necessary to effect a cure. Antimicro-
bial therapy is usually continued for 7 days beyond resolu-
tion of the otorrhea. Tympanomastoidectomy is sometimes
required if otorrhea persists or recurs despite parenteral
therapy.

29.7.1 Sinus infections

In the absence of demonstrated efficacy, routine use of
inhaled decongestants is not recommended for patients
with sinusitis; however, in selected cases (severe nasal
congestion or periorbital swelling) their use for a few
days may be helpful. Systemic and local antihistamines,
intranasal corticosteroids, and sodium cromolyn appear to
help improve symptoms of nasal allergy, but offer minimal
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if any additional benefit beyond that afforded by antibiotics
in the treatment of acute bacterial sinusitis.

Rarely, when patients with acute sinusitis do not respond
to parenteral therapy, surgical drainage may be necessary to
restore physiologic function to a paranasal sinus. Currently,
functional endonasal sinus surgery (endoscopic removal of
obstructions in the osteomeatal complex, enlargement of
the meatus of the maxillary sinus outflow tract, and ante-
rior ethmoidectomy) represents the most promising surgi-
cal option. Limited literature suggests that this procedure
produces substantial improvement in carefully selected
children with chronic sinusitis [5, 19].

When fungal sinusitis is highly suspected or docu-
mented, treatment with amphotericin B should be insti-
tuted in an accelerated fashion to quickly achieve a
daily dose of 1 mg/kg. Five-fluorocytosine may pro-
vide additional benefit as adjunctive therapy. Liposomal
amphotericin should be used when use of conventional
amphotericin B is either contraindicated or complicated
by abnormal renal function. Fluconazole and intracona-
zole should be reserved for occasions when susceptibility
has been demonstrated or can be reliably predicted. Exten-
sive surgical debridement is usually required. Hyperbaric
oxygen may be helpful in cases of rhinocerebral mucormy-
cosis [12].

29.8 Prevention of otitis media and sinusitis

The use of chemoprophylaxis to prevent or reduce episodes
of recurrent AOM was commonly recommended prior to
the advent of extensive antimicrobial resistance (espe-
cially penicillin-nonsusceptible S. pneumoniae). Current
guidelines reserve its use in immunocompetent hosts for
highly selected cases that meet stringent criteria of three or
more well-documented episodes of AOM within 6 months
or four episodes within 12 months [16, 20]. We recom-
mend similarly rigorous criteria for initiating chemopro-
phylaxis in immunocompromised hosts, including chil-
dren with HIV infection. Agents for which efficacy had been
demonstrated (albeit, prior to the current era of substan-
tial antibiotic resistance) include amoxicillin (at a dose of
20 mg/kg once daily) and sulfisoxazole (at a dose of 50–
75 mg/kg/day in two divided doses). At least one publica-
tion has reported a failure of prophylaxis with amoxicillin
compared with placebo presumably because of the preva-
lence of resistant middle ear isolates (both beta-lactamase
producing H. influenzae and M. catarrhalis and penicillin-
resistant S. pneumoniae) [21]. Although concern for its tox-
icity has led some authorities to caution against the use of
trimethoprim-sulfamethoxazole, or sulfisoxazole alone, for

preventing recurrences of otitis media, it has demonstrated
efficacy for this purpose when given daily (admittedly,
documented at a time of less prevalent antimicrobial resist-
ance). Although its ability to prevent otitis media when
administered less frequently (as in thrice-weekly schedules
often used in HIV-infected patients for prophylaxis against
P. jiroveci pneumonia) is unknown, daily administration, if
tolerated, is recommended and would provide satisfactory
protection for both concerns.

Although antibiotic prophylaxis as a strategy to pre-
vent infection in patients with recurrent episodes of acute
bacterial sinusitis has not been systematically studied in
either immunocompetent or immunoincompetent hosts,
by analogy to its demonstrated effectiveness in reducing
episodes of recurrent AOM, it is a potentially effective
preventive modality. However, it too should only be pre-
scribed for highly selected patients (including children with
HIV infection) who satisfy stringent indications: three or
more (clinically) well-diagnosed episodes of acute sinusitis
within 6 months, or four episodes within a year [11]. Recom-
mended chemoprophylactic agents are the same as those
used for recurrent AOM. In those highly selected instances
when prophylaxis is initiated, it should generally be given
throughout the respiratory infection season (winter) for
those who experience the usual seasonal pattern of otitis
media and sinusitis. It should be given for at least 1 year for
those whose disease occurs year-round. Myringotomy and
tube placement is recommended for patients whose fre-
quency of recurrent AOM is not substantially reduced by
chemoprophylaxis and for selected patients with chronic
effusion (e.g. those with significant hearing loss).

Heptavalent pneumococcal conjugate vaccine (PCV7) is
recommended for universal use in children less than 24
months of age and selectively for others at high risk of
invasive pneumococcal disease, including all individuals of
any age with HIV infection [22]. A history of frequent otitis
media or sinusitis is not currently a formally recommended
indication for its administration to children older than 2
years who do not satisfy other “high risk” criteria. However,
the impact of immunizing infants with PCV7 on reducing
the frequency of: (a) all doctor visits for otitis (by 8.9%); (b)
all episodes of otitis media (by 6–7%); (c) episodes of oti-
tis caused by pneumococci of serotypes contained in the
vaccine (by 57–66.7%); (d) experiencing three episodes of
otitis within 6 months or four within 1 year (by 9.5%); and (e)
ventilatory tube placement (by 20.3%) has been well docu-
mented in two large studies in the USA [23] and Finland [24].
Although the impact of immunization with PCV7 on rates
of sinusitis among hosts with normal immune competence
has not been determined, and data relative to its efficacy
in reducing both AOM and sinusitis among children with
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HIV infection are lacking, routine administration of PCV7
as well as 23-valent pneumococcal polysaccharide vaccine
to all HIV-infected children according to published guide-
lines [22] is strongly recommended.

29.9 Summary

The clinical presentation, diagnosis, microbiology, and
management of episodes of AOM and bacterial sinusitis
in immunocompetent children and those who are infected
with HIV is very similar. In an era of increasing resistance
to antimicrobial agents, it is appropriate to obtain samples
of middle ear fluid or maxillary sinus aspirates in patients
who do not respond to the first or second antibiotic empir-
ically selected for treatment. The recovery of resistant or
unusual organisms including uncommon bacteria, or other
organisms that occasionally are responsible for AOM or
sinusitis in children with HIV infection, will help inform
the selection of specific antimicrobial agents.
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30.1 Introduction

The cardiovascular complications of HIV infection are
increasingly contributing to the overall morbidity and mor-
tality of this pediatric population. The prevalence of cardio-
vascular disease is estimated to be more than 90% in both
symptomatic and asymptomatic HIV-infected children [1].
The spectrum of cardiovascular disorders includes abnor-
malities in left ventricular (LV) performance, wall thick-
ness, and contractility; dilated cardiomyopathy; myocardi-
tis; pericarditis; and rhythm disturbances. These children
may have a wide spectrum of presenting symptoms for
their cardiovascular complications, but most are initially
asymptomatic. The cardiovascular symptoms may be inad-
vertently attributed to other causes, such as pulmonary
or infectious processes, which may delay treatment. Early
detection of and intervention for subclinical cardiovascular
abnormalities through routine screening and monitoring
will allow the clinician to initiate therapy with the goal of
preventing or delaying the onset of clinical cardiovascular
complications. Today the survival of pediatric HIV patients
has improved and cardiac complications are increasing
as the underlying cause of death (Figure 30.1) [2, 3].
Therefore, clinicians need a fundamental understanding
of the cardiovascular complications that can arise from
HIV infection in pediatric patients.

30.2 Risk factors

Several risk factors for cardiovascular disease among
HIV-infected children have been described. The triad of
encephalopathy, wasting, and low CD4+ counts in children

with HIV has been shown to be associated with an increased
risk of cardiovascular complications and a decreased sur-
vival [3]. Encephalopathy can lead to an autonomic neu-
ropathy, which may precipitate arrhythmias or even sud-
den death [4]. Children with a prior history of a serious
cardiac event (Figure 30.2) or who have rapid progression
of their disease (an AIDS-defining condition other than
lymphoid interstitial pneumonitis/pulmonary hyperpla-
sia or severe immunosuppression in the first year of life)
are at increased risk of severe cardiac complications [4].
Co-infection with other viruses has increased cardiac mor-
bidity and mortality in HIV patients [6]. The highest risk
of cardiac or noncardiac mortality following a viral co-
infection is associated with Epstein–Barr virus (EBV) [4].
Cytomegalovirus (CMV) is a significant predictor of cardiac
events, when associated with wasting and a prior history
of cardiac abnormalities [6]. Left ventricular dysfunction
and increased left ventricular wall thickness as detected
by echocardiography (ECHO) are independent risk factors
for all-cause mortality in pediatric HIV patients [7]. Car-
diotoxic medications used to treat HIV or associated dis-
eases (malignancies) may be another risk factor for the
development of cardiovascular complications.

30.3 Types of cardiovascular disease

HIV-infected children are more likely to develop LV
dysfunction during the first 2 years of age than uninfected
children (Figure 30.3) [7]. This is defined as decreased
systolic or diastolic function of the ventricle as identified
by ECHO. Left ventricular dysfunction is usually asymp-
tomatic and can occur at any stage of the HIV infection.
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Increased LV wall thickness can occur with or without LV
dysfunction. Both of these echocardiographic findings are
useful long-term predictors of mortality in HIV-infected
children [6]. The relationship of these changes to LV struc-
ture and function remains unknown, but may include any
of the risk factors discussed above. Progression of LV dys-
function results in alterations in heart rate, LV preload, LV
afterload, and in decreased LV contractility [7].

As LV dysfunction advances, patients develop a car-
diomyopathy. A cardiomyopathy is a disease process that
affects the structure or function of the myocardium [8]. It
can be idiopathic or it can be caused by processes such as
ischemia, systemic disease, infection, toxins, or a metabolic
process. A dilated cardiomyopathy, which can be caused
by HIV infection, occurs when the left or both ventricles
become enlarged and poorly contractile. It can present
with symptoms of congestive heart failure (CHF), includ-
ing tachypnea, diaphoresis, pallor, organomegaly, edema,
failure to thrive, or wasting.

Myocarditis is a common complication associated with
HIV infection. Myocarditis has been defined by the Dallas
criteria as “a process characterized by lymphocytic infil-
trate of the myocardium with necrosis and/or degener-
ation of adjacent myocytes not typical of the ischemic

damage associated with coronary artery disease” [9, 10].
This inflammation can be transient or can lead to a
cardiomyopathy. Myocarditis can be caused by a vari-
ety of agents including: direct HIV infection of the
myocyte; viral co-infections with adenovirus, CMV, EBV,
coxsackievirus, herpes simplex virus or parvovirus; oppor-
tunistic infections with Toxoplasma gondii, Cryptococcus
neoformans, Mycobacterium tuberculosis, and Mycobac-
terium avium complex; drug-related toxicities; nutritional
deficiencies; or autoimmune reactions [9]. The presenta-
tion of myocarditis can range from completely asymp-
tomatic to severe CHF.

Arrhythmias represent a life-threatening cardiovascular
complication of HIV infection. HIV encephalopathy can
produce an autonomic neuropathy, which has been asso-
ciated with sinus arrhythmias, bradycardia, hypotension,
and cardiac arrest [4]. Many medications used by HIV-
infected patients have the potential to provoke arrhythmias
by altering the autonomic regulation of the conduction sys-
tem of the heart. Pentamidine, amphotericin B, ganciclovir,
and trimethoprim-sulfamethoxazole have been shown to
cause both atrial and ventricular arrhythmias [9]. Pentami-
dine, especially when given intravenously, can prolong the
QTc interval and induce torsades de pointes, a polymorphic
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form of ventricular tachycardia [10]. Cardiomyopathies
and myocarditis result in myocardial irritability that
may induce premature ventricular beats and ventricular
arrhythmias. Patients with arrhythmias and conduction
disturbances of the heart may present with chest pain, pal-
pitations, syncope, near-syncope, dyspnea, or dizzy spells.

Pericarditis, inflammation of the pericardium, and peri-
cardial effusions, fluid collections within the pericardial
space, also occur in HIV patients. The etiological agents
are similar to those for myocarditis and include HIV, viral
co-infections, opportunistic agents, malignancy, malnutri-
tion, hypothyroidism, autoimmune reactions, and bacte-
rial infections [12]. Children can present with symptoms of
chest pain radiating to the neck or shoulder, a pericardial
friction rub upon auscultation, pulsus paradoxicus, tachy-
cardia, dyspnea, cough, and ECG changes.

Endocarditis is commonly seen in adult HIV patients with
a history of IV drug abuse, but can be encountered in the
pediatric population, especially if there is a pre-existing his-
tory of congenital heart disease. The most common agents
causing endocarditis include Staphylococcus aureus, Strep-
tococcus Species, Haemophilus influenzae, fastidious
organisms of the HACEK group (Haemophilus parainfluen-
zae, H. aphrophilus, H. paraphrophilus, Actinobacillus acti-
nomycetemcomitans, Cardiobacterium hominis, Eikenella
species, Kingella kingae) and opportunistic agents such as
Cryptococcus and Candida [12]. Patients usually present
with persistent fever, fatigue, heart murmur, splenomegaly,
signs of systemic micro-emboli (petechiae, Osler nodes,
Janeway lesions, and splinter hemorrhages), and a history
of congenital heart disease.

Hypertension can affect many pediatric HIV patients.
Hypertension is defined as a systolic and/or diastolic blood
pressure that is greater than the 95th percentile for age on at
least three different occasions. Hypertension can be caused
by medications, vasculitis, early or accelerated atheroscle-
rosis, renal disease, autonomic nervous system disturb-
ances, or protease inhibitor-induced insulin resistance
with increased sympathetic activity and sodium retention
[12]. These affected patients are usually asymptomatic and
are diagnosed by routine blood pressure monitoring.

Cardiac malignancies (Kaposi’s sarcoma and lym-
phoma), primary pulmonary hypertension with right ven-
tricular dysfunction, premature coronary artery disease
or atherosclerosis, and lipid abnormalities are all cardiac
complications that are frequently encountered in adults
but less so in the pediatric HIV population. Lipid abnor-
malities and other metabolic complications of antiretrovi-
ral therapy are discussed in Chapter 20. The clinician must
keep these other complications in mind as the survival of
the pediatric HIV population continues to improve and
pediatric patients enter adulthood.

30.4 Evaluation of the pediatric HIV patient for
cardiovascular problems

Detecting cardiovascular complications in HIV-infected
infants and children can be difficult because symptoms
can be masked by involvement of other organ systems. Pul-
monary disease, reactive organomegaly, anemia, gastroin-
testinal disease, renal disease, depression, or neurological
abnormalities can overshadow the signs and symptoms of
cardiac disease. The clinician should always remember that
subclinical cardiac disease may be present before any signs
or symptoms manifest themselves.

All evaluations should begin with a comprehensive
patient history. This should include: past medical history,
past surgical history, birth history, family history, develop-
mental milestones, allergies, diet, medications, and a com-
plete review of systems. The medical provider should focus
questions toward the following: previous cardiac events;
family history of congenital heart disease or arrhythmias;
current medications(s) with potential cardiac toxicity;
nutritional status; and, growth and development. The
review of systems should try to elicit specific symptoms,
which may indicate underlying cardiac problems. The clin-
ician should make a differential diagnosis for each positive
symptom. Table 30.1 reviews the cardiac symptoms that
should be reviewed during a complete history along with a
differential diagnosis for each symptom.

The next step in the evaluation of a pediatric HIV patient
for cardiovascular problems should be a complete phys-
ical exam. The clinician should remember to check the
patient’s weight (to rule out wasting syndrome), pulse rate
(tachycardia, bradycardia), blood pressure (hypo- or hyper-
tension), and mental status (encephalopathy). Once again,
the clinician should make a differential diagnosis related
to each physical exam finding. This approach will pre-
vent one from overlooking a subtle cardiovascular finding.
Table 30.2 reviews physical examination findings sug-
gestive of cardiovascular disease and their differential
diagnosis.

In general, a complete history and physical examination
is a reliable way of excluding cardiovascular disease, but
HIV patients may have sub-clinical findings many months
or years before overt clinical signs and symptoms arise.
Therefore, a number of different monitoring modalities
have been developed to look for cardiovascular complica-
tions in pediatric HIV patients. Early detection of cardiac
problems through appropriate screening and monitoring
will allow for the identification of patients who could bene-
fit from early intervention or aggressive antiretroviral ther-
apy. Table 30.3 summarizes the diagnosis, detection, and
management of cardiovascular problems in HIV patients.
In addition, clinicians must review a patient’s medications,
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Table 30.1 Symptoms suggestive of cardiovascular disease: differential diagnosis

Potential cardiovascular
Symptoms etiology Other etiologies

Fatigue, dyspnea with exertion Congestive heart failure Malnutrition, chronic illness, anemia,
depression

Pallor Congestive heart failure Malnutrition, chronic illness, anemia
Cyanosis Structural heart disease Lung disease, methemyoglobulinemia
Persistent respiratory symptoms: cough,

wheezes, tachypnea, dyspnea
Congestive heart failure Lung disease

Diaphoresis with feedings Congestive heart failure Chronic illness, lung disease
Nausea/vomiting Organomegaly from congestive

heart failure
Gastrointestinal disease

Syncope/pre-syncope Arrhythmia, low cardiac output Neurologic disease, anemia,
hypoglycemia

Failure to thrive Any form of heart disease Chronic illness, endocrine, renal, or
gastrointestinal disease

Chest pain Pericarditis, myocarditis,
arrhythmia, ischemia

Gastrointestinal or lung disease,
costochondritis

Table 30.2 Physical examination findings suggestive of cardiovascular disease: differential diagnosis

Sign Cardiovascular etiology Other etiologies

Tachycardia All forms of heart disease Anemia, sepsis, fever, dehydration, medications
Bradycardia All forms of heart disease Neurologic or pulmonary diseases, medications
Hypertension Cardiomyopathy Neurologic or renal diseases, medications
Hypotension All forms of heart disease Dehydration, sepsis, or neurologic disease
Jugular venous distention Congestive heart failure, pericardial

tamponade
Liver disease, malnutrition with ascites

Rales, wheezes, rhonchi Congestive heart failure Lung disease
Abnormal or displaced

precordial impulse
Pericarditis, myocarditis,

cardiomyopathy
Sepsis, pneumothorax

Abnormal S2 Structural heart disease,
cardiomyopathy

Increased pulmonary pressures

S3/S4 Congestive heart failure Sepsis, fever, anemia, dehydration
Murmur Structural heart disease endocarditis,

cardiomyopathy
Lung disease, anemia, normal physiology

Organomegaly Congestive heart failure Sepsis, liver disease
Poor perfusion Low cardiac output due to heart

disease
Low cardiac output due to sepsis or anemia

Disorientation Low cardiac output due to heart
disease

Low cardiac output due to sepsis, or neurological
disease (encephalopathy)

Edema, ascites, decreased
urine output

Congestive heart failure Renal or liver disease, malnutrition, anasarca



Table 30.3 Diagnosis and management of cardiovascular disease

Types of
cardiovascular
disease Signs and symptoms Diagnostic tests Possible etiologies Clinical management

Abnormalities of
left ventricular
structure and
dysfunction

May progress to CHF ECHO will show
decreased left
ventricular function
and increased wall
thickness

Unknown;
See text (risk factors)

Possibly ACE inhibitor or beta
antagonist therapy

Cardiomyopathy May progress to CHF CXR may show
cardiomegaly,
increased pulmonary
blood flow. ECHO
will show decreased
left ventricular
function

Unknown;
See text (risk factors)

Supportive therapy

Myocarditis Intercurrent viral-type
illness, murmur,
CHF, arrhythmia.
May present in
extremis or as
sudden death

Same as
cardiomyopathy.
Laboratory: elevated
WBC and other
indications of sepsis

Mostly viral etiologies,
such as CMV,
adenovirus, EBV,
parvovirus, herpes
virus, coxsackievirus

Treat underlying cause, if
possible. IVIG in monthly
doses. Steroid therapy
unclear

Pericarditis and
pericardial
effusions

Chest pain, shoulder
pain, hacking cough,
diaphoresis,
pericardial rub, fever,
CHF, hemodynamic
instability

CXR: enlarged cardiac
silhouette without
increased
intravascular
markings. ECHO:
pericardial effusion

May be secondary to
inflammatory,
infectious, malignant,
immune, or thyroid
abnormalities

Treat the underlying agent if
possible. Careful use of
diuretics, antiinflammatory
and steroids.
Pericardiocentesis for
diagnostic or if
hemo-dynamically
compromising

Endocarditis +/− fever, new
murmur, petechiae,
CHF

ECHO: valvular
abnormalities Labs:
blood cultures may
be positive

Usually Staphylococcus
aureus, but also
subtypes of
Streptococcus

Antimicrobial therapy. Surgery
if severely hemodynamically
compromised.

Premature
athero-
sclerosis

Asymptomatic EBCT will detect
calcium deposits in
coronary arteries

Unknown Modify traditional risk factors:
smoking, diabetes,
hypertension,
Cholesterol/LDL, physical
inactivity, obesity

Hypertension Asymptomatic Routine blood pressure
monitoring in the
office

Medications, vasculitis,
unknown

Life style modification,
reduced salt intake,
anti-hypertensive
medications

Arrhythmias or
conduction
disturbances

Syncope, presyncope,
palpitations, chest
pain

ECG Holter monitoring Autonomic neuropathy,
medication
side-effects, infections
irritating the sinus
node, AV node or
myocardium.

Early referral to a pediatric
cardiologist or
electrophysiologist and a
thorough review of all
medication side-effects.

Lipid
abnormalities

Asymptomatic Routine screening of
serum lipid panels

Medication side-effects,
especially protease
inhibitors

Lifestyle modification,
initiation of lipid lowering
agents to reduce risk of
atherosclerosis

CHF, congestive heart failure; ECHO, echocardiography; CXR, chest x-ray; WBC, white blood cells; CMV, cytomegalovirus; EBV,
Epstein-Barr virus; ECG, electrocardiogram; EBCT, electron beam computed tomography.
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Table 30.4 Cardiovascular interactions of commonly used drugs in HIV patients

Medications Cardiac Side-Effects

Nucleoside reverse
transcriptase inhibitors

Zidovudine – skeletal muscle myopathy, myocarditis, dilated cardiomyopathy
Zalcitabine – short-term free radical cardiotoxicity

Non-nucleoside reverse
transcriptase inhibitors

Delavirdine and vasoconstrictors can cause ischemia

Protease inhibitors Implicated in premature atherosclerosis, dyslipidemia, insulin resistance, diabetes
mellitus, fat wasting, and redistribution

Antibiotics Erythromycin: orthostatic hypertension, ventricular tachycardia, bradycardia, torsades
(with drug interactions)

Rifampin: reduces digoxin therapeutic effect.
Clarithromycin: QT prolongation and torsades
Trimethoprim/sulfamethoxazole: orthostatic hypertension, anaphylaxis, QT

prolongation, torsades, hypokalemia.
Sparfloxacin (fluoroquinolones): QT prolongation

Antifungal agents Amphotericin B: digoxin toxicity (interaction), hypertension, arrhythmia, renal failure,
hypokalemia, thrombophlebitis, bradycardia, angioedema, dilated cardiomyopathy.

Ketoconazole, fluconazole, itraconazole: QT prolongation and torsades de pointes

Antiviral agents Foscarnet: reversible cardiac failure, electrolyte imbalances
Ganciclovir: Ventricular tachycardia, hypotension

Anti-parasitic agents Pentamidine: hypotension, QT prolongation, arrhythmias, torsades, ventricular
tachycardia, hyperglycemia, hypoglycemia, sudden death. Effects are enhanced by
hypomagnesemia and hypokalemia.

Chemotherapeutic agents Vincristine: arrhythmia, myocardial infarction, cardiomyopathy, cardiac autonomic
neuropathy

Anthracyclines: myocarditis, cardiomyopathy, cardiac failure

Systemic corticosteroids Steroids: ventricular hypertrophy, cardiomyopathy, hyperglycemia

because many of the medications used to treat HIV infec-
tion have cardiovascular side-effects. Table 30.4 reviews
many of the common classes of medications used in
HIV therapy and their cardiovascular side-effects. Future
research will define which modalities are most sensitive,
specific and cost-effective to be used as general screening
tools for all HIV patients or restricted to specific subgroups.

Echocardiography is the most important screening tool
for the cardiovascular complications of HIV. It is capa-
ble of identifying LV systolic dysfunction and increased LV
wall thickness. The development of either of these find-
ings has been found to be an independent predictor of all-
cause mortality, even when other risk factors are taken into
account [6]. These echocardiographic findings are typically
asymptomatic, but have been reported to be present more
than a year before the patient’s death [4]. Early identifi-
cation of these findings may allow time for preventive or
therapeutic interventions. Echocardiography is also useful

for identifying the following: pericardial effusions, valvular
heart disease, endocarditis, right ventricular dysfunction
which may indicate underlying pulmonary hypertension,
endocardial masses or thrombus formation, and LV dias-
tolic dysfunction which may be associated with 30–60% of
cases of CHF. Our recommended schedule for echocardio-
grams is as follows:
� A baseline echocardiogram at the time of HIV diagnosis,

then asymptomatic HIV children should have a follow-
up echocardiogram every 1–2 years until they become
symptomatic [13].

� Once symptomatic with HIV, annual echocardiograms
are required [13].

� Any pediatric patient found to have a cardiovascular
abnormality should be followed by a pediatric cardiolo-
gist.
Electrocardiography and Holter monitoring are used to

detect abnormalities in the cardiac conduction system or
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rhythm disturbances. An electrocardiogram (ECG) should
be performed as a baseline study at the time of HIV
diagnosis and prior to the introduction of new medica-
tions since the potential for prolongation of the QTc inter-
val exists. Holter monitors provide a 24-hour electrocardio-
graphic recording of a patient’s rhythm. Holter monitors are
useful if a patient provides a history of symptoms that are
consistent with an arrhythmia, such as palpitations, chest
pain, syncope, or near-syncope.

Exercise stress testing can assess the degree of cardiac
reserve, determine the exercise potential of patients with
LV dysfunction, and screen for ischemic changes that can
be a marker of premature atherosclerosis [13]. An exercise
test is conducted by placing a child on a treadmill or bicycle
and following their heart’s rate, rhythm, blood pressure,
and ECG during exercise. Metabolic exercise stress tests
in adults have revealed that individuals with a maximal
oxygen uptake (VO2max) of less than 14 ml/kg/m2 have
significantly reduced survival [13]. The use of exercise or
metabolic tests should be considered under the guidance
of a pediatric cardiologist in any patient with arrhythmias
or significant LV dysfunction.

Cardiac catheterization with endomyocardial biopsy can
be a useful invasive diagnostic procedure for HIV patients
who have had CHF of an unclear etiology for more than
2 weeks [6]. The biopsy results can lead to a diagnosis of
myocarditis from a specific or non-specific etiology. This
information may allow the clinician to initiate or redirect
the current treatment plan.

Pericardiocentesis can be both a diagnostic and thera-
peutic invasive procedure for HIV patients with pericardial
effusions. Emergent pericardiocentesis may be needed if
signs of pericardial tamponade are present.

Non-invasive screening for premature atherosclerosis
may be considered in older children as they begin to enter
adolescence. New non-invasive technologies are available
to image the coronary arteries and assess for premature
atherosclerosis without the need for angiography. Elec-
tron beam computed tomography is an ultrafast computed
tomography scan that is available in many larger cities in
the USA. It is capable of imaging 3 mm slices, which can
identify calcium deposits within the walls of the coronary
arteries. The calcium deposits can be quantitated into a
calcium score, which may be predictive of future coron-
ary artery events. Other experimental technologies such
as contrast enhanced computed tomography and mag-
netic resonance angiography can produce non-invasive
images of the coronary artery anatomy and identify areas
of obstruction.

Serum laboratory tests can also be useful for detect-
ing micronutrient deficiencies, electrolyte abnormalities,

myocardial injury, lipid abnormalities, ongoing inflamma-
tion and potential thrombotic markers. Selenium and car-
nitine are two micronutrients that can be screened for
as potential causes of a cardiomyopathy. Patients with
LV dysfunction should have a cardiac troponin T level
measured to evaluate for active myocardial injury sec-
ondary to myocarditis [14]. Although we consider a cardiac
troponin T level of greater than 0.01 ng/ml as elevated, pedi-
atric standards have yet to be determined. General mark-
ers of inflammation, such as highly sensitive C-reactive
protein (hsCRP), also are elevated in patients with active
myocarditis [13]. Lipid panels should be done routinely on
all patients who are on protease inhibitors.

30.5 Management of the pediatric HIV patient
with cardiac problems

Prevention of cardiovascular complications is at the corner-
stone of the management in HIV-infected children. At the
present time, no uniform HIV-specific preventive or thera-
peutic guidelines have been published. Our recommenda-
tions are based on clinical experience and evidence-based
results from the general pediatric population. The reduc-
tion of traditional coronary artery risk factors for adults may
benefit children with HIV since they are at risk for prema-
ture atherosclerosis. These include smoking, hypertension,
elevated total and LDL cholesterol, low HDL cholesterol,
diabetes, and advancing age [15]. Exercise and a healthy
diet can decrease cardiovascular risk and also can stimu-
late the immune system. Good nutritional intake will pre-
vent wasting syndrome and avoid nutritional deficiencies.
Routine screening of the blood pressure, lipid panels, and a
regular schedule for echocardiograms as other ways of early
identification of cardiac problems in HIV patients were dis-
cussed previously in this chapter.

30.6 Abnormal left ventricular structure and
function, cardiomyopathies, and myocarditis

Immunomodulatory therapy with intravenous immuno-
globulin (IVIG) has shown significant promise for two spe-
cific sub-groups of pediatric HIV patients with cardiac
problems [13]. Pediatric HIV patients without CHF showed
less frequent echocardiographic abnormalities of LV struc-
ture and function with monthly doses of IVIG (2 g/kg/dose)
(Figure 30.4) [13, 16]. HIV-infected children with myocardi-
tis and CHF symptoms that are refractory to tradi-
tional anticongestive therapy can achieve resolution of
the myocarditis with IVIG therapy [13, 16]. We would
consider IVIG use in these situations, although future
research is needed to better define more exact guidelines.
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Figure 30.4. Monthly intravenous immunoglobulin (IVIG) therapy is associated with more normal left ventricular structure and function

in HIV-infected patients without congestive heart failure. Echocardiographic measurements of left ventricular structure and function in

HIV-infected patients without heart failure who received monthly IVIG therapy (black bars) and who did not receive IVIG therapy (shaded

bars). Z-scores indicate number of standard deviations above or below normal (z-score = 0) for each parameter. Asterisks indicate that

the parameter was significantly different from normal. ED, end-diastolic; ES, end-systolic; thick., left ventricular thickness; dimen., left

ventricular dimension. (From ref [13].)

Experimental immunomodulatory therapy is currently
being investigated in tumor necrosis factor antagonists
and other cytokine modulators [13]. Anti-infective therapy
aimed at eradicating co-infections with bacterial, viral, fun-
gal, or other opportunistic agents may improve the symp-
toms of CHF.

Conventional heart failure therapy can improve the
quality of life for many HIV-infected children with CHF. A
multi-disciplinary approach including: nutrition, patient
counseling, patient education, exercise training, and phar-
macotherapy is the best approach to these complex
patients [13, 17]. Polypharmacy therapy is used for heart
failure and includes digoxin, loop diuretics, ACE inhibitors,
aldosterone antagonists, and beta-blockers. Few data are
available about the significance of these medications in
pediatric HIV patients with heart failure and their use is
directed by studies in adult populations.

30.7 Pericardial effusions

Pericardial effusions in HIV patients are usually asymp-
tomatic and well tolerated from a cardiovascular stand-
point. The treatment of underlying infections or malignan-
cies that could be causing the pericarditis should be the
first priority for the clinician. Highly active antiretroviral
therapy (HAART) therapy for HIV infection may also need
to be initiated. Effusions may resolve spontaneously in as
many as 42% of HIV patients [12]. Traditional therapies
such as diuretics and steroids should be used cautiously
in this patient population. The steroids may cause further
immunosuppression and the diuretics may rapidly reduce
intravascular volume. The indications for pericardiocente-
sis are as follows: pericardial tamponade, diagnostic evalu-
ation of the pericardial fluid, or persistent, poorly tolerated
large effusions [12].
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30.8 Endocarditis

HIV patients with endocarditis can be very difficult to
treat. The causative agent should be identified and treated
aggressively (usually with a minimum of 6 weeks of intra-
venous (IV) antibiotics). The initiation of HAART therapy
may improve the patient’s immunologic status. Patients
should be followed with serial echocardiograms. In larger
children or young adults, transesophageal echocardiogra-
phy may be required to effectively view the heart valves.
Early referral to both an infectious disease specialist and
a pediatric cardiologist will help direct the treatment plan.
Cardiothoracic surgical intervention is only indicated for
severe valve dysfunction leading to intractable heart fail-
ure that is resistant to medical therapy.

30.9 Arrhythmias

Early referral to a pediatric cardiologist or electrophys-
iologist is crucial because of the vast array of different
arrhythmias an HIV patient can develop. A baseline ECG
should always be obtained by the primary provider in any
patient with symptoms of arrhythmias or conduction dis-
turbances. A thorough review of the patient’s medications
and their cardiac side effects should be completed. Any
patient with a history of syncope should receive urgent
attention.

30.10 Hypertension, lipid abnormalities, and
premature atherosclerosis

The clinician caring for HIV-infected pediatric patients
must remember that hypertension, lipid abnormalities,
and premature atherosclerosis can occur in this popula-
tion. As antiretroviral therapy improves, children will con-
tinue to increase their survival and therefore be susceptible
to these traditional adult diseases. Routine office screen-
ing of blood pressure should occur at every clinic appoint-
ment. Serum lipid panels should be evaluated in all patients
as a baseline and then regularly if protease inhibitors are
started. Electron beam computed tomography has been
able to detect coronary artery calcifications in pediatric
patients with coronary artery injuries from Kawasaki dis-
ease and may be a useful screening tool for pediatric
patients with advanced HIV disease [18]. Future research
will need to better define the clinical utility of this technol-
ogy in HIV patients. Detection of the abnormalities can lead
to early initiation of antihypertensive medications or lipid

lowering agents, which may improve overall morbidity in
the future.

30.11 Referral to a pediatric cardiologist

Referral to a pediatric cardiologist should be considered
based upon any of the following:
1. Findings on history:

Any previous cardiac disease;
Encephalopathy;
Severe wasting and malnutrition; or
Vague chest pain, malaise, fatigue, lethargy, weakness.

2. Findings on physical examination:
Respiratory symptoms for greater than seven days that

are not attributable to a pulmonary or infectious
process;

Signs and symptoms of CHF;
Evidence of structural or congenital heart disease;
Frequent arrhythmias or inappropriate tachycardias;
Episodes of cyanosis, syncope, seizure;
Pulmonary hypertension with recurrent bronchopul-

monary infections; or
Friction rub, hacking cough, pulsus paradoxicus, poor

peripheral perfusion (consistent with pericardial
effusion).

3. Findings by echocardiography:
LV systolic dysfunction;
LV hypertrophy; or
Other echocardiographic abnormalities including: peri-

cardial effusions, valvular heart disease, congenital
heart disease, regional wall motion abnormalities,
and intracardiac thrombi or masses.

30.12 Summary

Cardiovascular complications are common in pediatric
HIV patients. Clinicians need to be aware of subtle and
asymptomatic cardiac abnormalities such as LV dysfunc-
tion, LV hypertrophy, hypertension, and lipid abnormali-
ties, which may be present many years prior to the presen-
tation of overt clinical symptoms. Routine screening with
blood pressure monitoring, lipid panels, and echocardio-
grams may provide early detection of many cardiac prob-
lems. In addition, clinicians must be aware of the car-
diovascular signs and symptoms that can be obscured by
other organ system failure in HIV patients. In the future,
early detection and treatment of cardiac disease may pre-
vent a significant amount of the associated morbidity and
mortality [21].
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Pulmonary problems

Lauren V. Wood, M.D.

HIV and AIDS Malignancy Branch, National Cancer Institute, Bethesda, MD

31.1 Introduction

Despite advances in the treatment of HIV disease and
the implementation of highly active antiretroviral therapy
(HAART) as the standard of care in resource-rich countries
[1], pulmonary diseases continue to cause significant mor-
bidity and mortality in HIV-infected pediatric patients [2,
3]. With the advent of HAART, the incidence of opportunis-
tic infections has declined, although some evidence sug-
gests children may be developing AIDS-defining conditions
at higher CD4+ T cell counts than previously [4]. Longitudi-
nal studies have demonstrated that infection remains the
most prevalent cause of death for children under 6 years
of age, with 32% of deaths caused by pulmonary infection
[5]. However, with increasing age, the frequency of HIV-
associated pulmonary disease decreases significantly as
the underlying cause of death. Common pulmonary dis-
eases seen in pediatric HIV patients include: (1) lympho-
proliferative processes that accompany HIV infection, such
as lymphoid interstitial pneumonitis (LIP) or pulmonary
lymphoid hyperplasia (PLH); (2) conventional infectious
processes that may be exacerbated by the immunodefi-
ciency caused by HIV infection; (3) opportunistic infections
due to viral, bacterial, and fungal pathogens; and (4) disor-
ders such as asthma/reactive airway disease, that may be
associated with pulmonary infection or result from aller-
gies or hypersensitivities which can be worsened by the
immune dysregulation accompanying HIV infection.

Pneumocystis carinii pneumonia (PCP) remains the most
common pulmonary complication of pediatric HIV infec-
tion in the USA [6, 7]. In contrast, pulmonary tuberculo-
sis far exceeds recurrent bacterial infections or PCP as the
primary clinical manifestation of pediatric HIV disease in

countries where tuberculosis infection is endemic [8, 9].
Improvements in prophylaxis and in the clinical manage-
ment of HIV disease have led to a substantial decrease in the
incidence of PCP [10–12]. Lymphoid interstitial pneumoni-
tis is the second most common pulmonary complication of
pediatric HIV infection [7] and historically has been associ-
ated with improved survival in affected patients, including
those in developing countries [13–15].

Recent advances in understanding the pathogenesis of
LIP suggest that it is a cytokine-mediated process that is
initiated and perpetuated by immune responses directed
against HIV antigens and/or other pathogens such as
Epstein–Barr virus (EBV) [16, 17]. Alveolar macrophages act
as antigen-presenting cells (APCs) and secrete a variety of
pro-inflammatory cytokines including interleukin 1 (IL-1),
IL-6, IL-8, IL-15, interferon gamma (IFN-� ), tumor necrosis
factor alpha (TNF-�), granulocyte-macrophage colony-
stimulating factor (GM-CSF), and macrophage inflam-
matory protein 1alpha (MIP-1�) [16]. Cytokine recruit-
ment of CD8+ cytotoxic memory T cells (CTLs) results
in a virus-specific CTL-mediated immune response that
is hypothesized to directly damage the lung and lead to
the development of LIP [16, 18]. Further support for the
central involvement of cytokines in the pathogenesis of
LIP is underscored by recent examination of cytokine and
chemokine expression in LIP tissue from HIV-infected
pediatric patients demonstrating increased expression of
IL-18 and the chemokines RANTES (regulated upon acti-
vation, normal T expressed and secreted), MIP1-� and -�,
compared with normal lung biopsies from HIV-uninfected
controls [19].

Pediatric HIV patients may develop a variety of harm-
ful immune-related pulmonary conditions. These may
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include a T cell alveolitis due to CD8+ CTLs with both HIV-
specific and NK-like cytotoxic activities, an accumulation
of activated alveolar macrophages, local hyperproduction
of macrophage-derived cytokines, pulmonary neutrophilia
in patients with opportunistic infections, and the loss of
NK and HIV-specific CTL activities [16, 20]. These condi-
tions impair host responses to pulmonary pathogens, lead
to the release of proinflammatory cytokines, and worsen
gas exchange, producing a decline in pulmonary function.

The lung contains many cells (e.g. CD4+ T lymphocytes
and macrophages) that can be infected by HIV and signif-
icant levels of HIV replication may occur in the lung [21].
HIV replication in these cells may result in damage to the
lung directly or indirectly through the release of inflamma-
tory mediators by infected cells [18].

31.2 Common respiratory problems

Pediatric HIV patients may present with a variety of
relatively non-specific respiratory symptoms, including
cough, dyspnea, sputum production, and/or wheezing.
These symptoms may result from both pulmonary and
non-pulmonary causes. Respiratory symptoms in an HIV-
infected child may result from unusual opportunistic infec-
tions, lymphoproliferative disorders, immune-mediated
conditions, or from processes commonly seen in children
without HIV infection. Such common causes of respir-
atory symptoms may include upper respiratory infections,
reactive airway disease, bronchitis, sinusitis, and bacterial
pneumonias [22]. Practitioners evaluating pediatric HIV
patients with respiratory complaints should consider both
the unusual processes associated with HIV infection and
the more common disorders prevalent in the general pop-
ulation.

Other primary disease processes may produce res-
piratory symptoms. Cardiac disease can cause respir-
atory symptoms, particularly tachypnea, dyspnea, and/or
wheezing, with bilateral crepitant rales on auscultation,
and bilateral increased interstitial markings and small
pleural or lingular effusions on chest radiographs. Pul-
monary malignancies may result in respiratory com-
plaints. They include non-Hodgkin’s lymphomas, tumors
of smooth muscle origin, or mucosa-associated lym-
phoid tissue (MALT) lesions, and Kaposi’s sarcoma, a
rare problem in children. Malignancies can present as
hilar adenopathy, isolated parenchymal nodules, medi-
astinal masses or less commonly, diffuse interstitial dis-
ease, although they are often incidental findings on routine
chest radiographs. Foreign body aspiration is a classic cause
of difficult-to-diagnose respiratory distress in children.

Metabolic derangements, particularly systemic acidosis as
a consequence of diarrhea and dehydration, can produce
hyperventilation characterized by deep, rapid respirations
(Kussmaul breathing) as a result of efforts at respiratory
compensation.

31.2.1 Lymphoid interstitial pneumonitis

Lymphoid (or lymphocytic) interstitial pneumonitis is the
most common lymphoproliferative, non-infectious pul-
monary disorder seen among HIV-infected children and
its description pre-dated the AIDS era [23]. It occurs in
the absence of a detectable opportunistic infection or neo-
plasm and is characterized histologically by diffuse infil-
tration with mature, predominately CD8+ T lymphocytes,
plasma cells and histiocytes in the alveolar septa and along
the lymphatic vessels [24, 25]. Lymphoid interstitial pneu-
monia is very common in pediatric HIV infection [7, 26] and
has been found in up to 30–40% of HIV-infected infants
and children with pulmonary disease [13, 27]. Lymphoid
interstitial pneumonitis describes a spectrum of disorders
that involve pulmonary lymphocytic infiltrates of intersti-
tial lung parenchyma (LIP) and hyperplasia of bronchus-
associated lymphoid tissue and the surrounding alveolar
spaces or stroma, termed pulmonary lymphoid hyperpla-
sia (PLH) [28]. While the distinction between LIP and PLH
is clear histologically, the disorders are indistinguishable
clinically, and most clinicians refer to the disorders inter-
changeably. In the 1994 Revised Classification System for
Human Immunodeficiency Virus Infection in Children, LIP
is classified as a Category B condition, attributed to and
indicative of an HIV-related immunologic deficit [29]. Lym-
phoid interstitial pneumonitis has been reported in HIV-
infected adults [30–32] at a much lower rate than in chil-
dren, often as part of the diffuse infiltrative lymphocytosis
syndrome [33]; it also occurs in HIV-uninfected children
and adults as part of the spectrum of interstitial lung dis-
ease (ILD), but is uncommon and when present, is associ-
ated with autoimmune disorders.

In LIP, as in other forms of ILD, inflammatory cells are
recruited into the pulmonary interstitium, alveolar wall,
and perialveolar tissues, producing an alveolitis. This may
be accompanied by fibroblast proliferation, resulting in
interstitial fibrosis with progression to “honeycomb” lung
and respiratory failure [34]. The exact etiology of LIP in
HIV-infected individuals remains unknown, but appears to
involve a multifactorial process, including the direct effects
of HIV gene products [35], cytokine hyperproduction, and
host responses to HIV and other pathogens. Cytokines from
alveolar macrophages may produce localized immune
dysregulation, primary lung damage, and clinical disease
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[17, 36]. Epstein–Barr virus (EBV) is often found in the
lungs of children with LIP and AIDS [37] and an unusu-
ally large number of children with LIP have evidence of
infection with EBV [31, 38], suggesting a possible role in
pathogenesis. Recent studies have investigated the relative
contributions of known adhesion pathways in mediating
lymphocyte adherence to endothelium and the potential
role of human herpesviruses such as EBV in these lesions
[39]. Lymphoid interstitial pneumonitis was characterized
by infiltration of the pulmonary interstitium with CD8+ T
lymphocytes. In some individuals, expansion of the alve-
olar septae with dense aggregates of B lymphocytes was
seen, many of which contained the EBV genome. High lev-
els of vascular cell adhesion molecule-1 (VCAM-1) pro-
tein expression were found in venular endothelium from
the lungs of children with LIP, but not uninflamed lung
from other children with AIDS or lungs from children with
non-specific pneumonitis. In addition, CD8+ T cell clones
that express very late activation antigen-4 (VLA-4), the
leukocyte ligand for VCAM-1, were shown to bind pref-
erentially to pulmonary vessels expressing high levels of
VCAM-1 in sites of LIP. Hence interstitial infiltration was
highly correlated with VCAM-1/VLA-4 adhesive interac-
tions as well as focal expansion of B cells co-infected with
EBV.

The clinical manifestations of LIP can range from asymp-
tomatic disease with isolated radiographic abnormalities
to severe bullous lung disease with pulmonary insuf-
ficiency. Children with symptomatic LIP often present
during the second or third year of life with the
insidious onset of mild cough, fatigue, dyspnea, and
tachypnea. These respiratory symptoms are associated
with generalized lymphadenopathy, hepatosplenomegaly,
parotid gland enlargement (parotitis), and lymphocytosis
[40, 41]. The chest physical examination is usually nor-
mal. Wheezing, oxygen desaturation with cyanosis, and
digital clubbing may also be present in more advanced
stages of disease [34]. Chest radiographs show fine,
bilateral reticulonodular or alveolar infiltrates that are
more prominent in the lower lobes (Figure 31.1), but may
have no abnormalities other than hyperinflation. When
present, these reticulonodular infiltrates are often difficult
to differentiate from other infectious pneumonias due
to Candida spp., CMV, and Mycobacterium spp. Chest
computed tomography (CT) confirms the interstitial
pattern observed on x-ray and is useful for monitoring
the severity and extent of disease (Fig 31.2). Gallium scans
may reveal a pattern of diffuse pulmonary uptake indis-
tinguishable from that seen with Pneumocystis carinii
pneumonia (PCP) [42], but concurrent PCP infection
occurs infrequently. Patients with LIP can have significant

Figure 31.1. Posterior – anterior chest radiograph lymphoid

interstitial pneumonitis: Bilateral, diffuse reticulonodular

interstitial infiltrates associated with severe LIP.

Figure 31.2. Chest computed tomography lymphoid interstitial

pneumonitis: Chest CT correlation of radiographic findings in

Figure 31.1

pulmonary dysfunction with decreased oxygen saturation
at rest or with exercise, a decrease in diffusing capacity, and
an increased alveolar-arterial oxygen gradient. Although
diagnostic, clinical, radiographic, and laboratory studies
may suggest the diagnosis of LIP, only lung biopsy can
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establish a definitive diagnosis [43]. Biopsy specimens
reveal an interstitial infiltrate composed primarily of lym-
phocytes, with collections of lymphoid aggregates sur-
rounding the airways [44]. However, pulmonary biopsy is
now rarely used to confirm the diagnosis, unlike early in
the pediatric HIV epidemic. Hence the diagnosis is usually
a presumptive one based on clinical criteria supported by
radiographic lung findings.

The clinical course of LIP in children is highly variable but
generally benign. Historically, HIV-infected children with
LIP appeared to have a more indolent course of HIV dis-
ease and prolonged survival [13–15]. Lymphoid interstitial
pneumonitis can resolve spontaneously, worsen episodi-
cally, or worsen slowly and progressively with intercurrent
pulmonary infections and bronchiectasis resulting in inter-
mittent pulmonary decompensation or hypoxic respira-
tory failure [32, 45]. A retrospective study from the National
Cancer Institute evaluated the natural history of LIP in 22
HIV-infected children with biopsy-proven LIP for a median
period of 4 years (range 0.5–10) [46]. Lymphoid intersti-
tial pneumonitis-related clinical and radiological manifes-
tations as well as abnormal pulmonary function studies
resolved or significantly improved over time independent
of LIP disease severity or HIV disease status and LIP was
not a cause of mortality in the study. Radiographic sequelae
included bronchiectasis, emphysema, and bulla formation
in a small number of patients.

Broad anecdotal clinical experience indicates that LIP-
PLH responds to systemic corticosteroids [47], but no con-
trolled studies have been performed to assess their effic-
acy in LIP. Bronchodilators and intermittent cortico-
steroid bursts are currently used for mild to moderately
symptomatic LIP (e.g. intermittent cough or wheezing).
Treatment with steroids is usually reserved for patients
with significant hypoxemia and symptoms of pulmonary
insufficiency, including tachypnea, dyspnea on exertion,
or exercise intolerance. More severe symptoms may require
prolonged corticosteroid therapy. A typical regimen uses 2
mg/kg/day of prednisone administered for 2–4 weeks with
subsequent tapering to 1 mg/kg/day titrated to the lowest
possible dose that results in control of clinical symptoms
and resolution of hypoxemia with normalization of oxy-
gen saturation [48]. Once an adequate response has been
documented, steroids should be weaned and discontin-
ued. Most children respond promptly within the first few
weeks of treatment, although some with severe, advanced
lung disease may be refractory to therapy. Steroids should
be discontinued if no response is seen after 4–6 months of
therapy [10, 48]. Successful clinical treatment is often asso-
ciated with an improvement in radiographic abnormalities
(Fig 31.3).

Figure 31.3. Chest computed tomography lymphoid interstitial

pneumonitis following treatment with steroids: resolution of LIP

interstitial infiltrates in same patient as Figure 31.2 following

steroid administration.

31.2.2 Infectious pneumonias

Recurrent invasive bacterial infections
Serious bacterial infections are common in HIV-infected
children and are responsible for a substantial degree of
the morbidity associated with pediatric HIV disease. Recur-
rent bacterial pneumonias are a Category C severe mani-
festation of HIV disease in the CDC classification sys-
tem [29]. HIV infection is characterized by a state of
polyclonal B cell activation, which results in elevated,
but functionally ineffective serum immunoglobulins [49,
50]. The bacterial pathogens that cause invasive dis-
ease in HIV-infected children are often identical to those
seen in immunocompetent pediatric patients, although
HIV-infected patients are especially susceptible to infec-
tions with the encapsulated bacteria Streptococcus pneu-
moniae and Haemophilus influenzae type b [51] (see Chap-
ter 37). While the use of prophylactic vaccines against H.
influenzae type b has dramatically reduced the incidence
of disease caused by this bacterial pathogen, newer con-
jugated pneumococcal vaccines hold similar promise to
decrease the incidence of pneumococcal disease in chil-
dren of the serotypes present in the vaccine.

Bacterial pneumonia can occur at any time during the
course of HIV infection and at any CD4+ lymphocyte count,
but the rate of bacterial pneumonia increases with increas-
ing immunosuppression [52]. Pneumococcus remains the
most common organism recovered from the blood and
causative agent of lobar bacterial pneumonia. A study of S.
pneumoniae colonization rates revealed that colonization
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among HIV-infected and indeterminate children was equal
to that of controls and was not affected by CDC classifi-
cation or receipt of oral antibiotic therapy [53]. Import-
antly, high rates of trimethoprim-sulfamethoxazole (TMP-
SMX) antibiotic prophylaxis in HIV-infected children in this
study were not associated with increased pneumococcal
resistance. In contrast, a study of lower respiratory tract
infections in HIV-infected children in South Africa docu-
mented methicillin and trimethoprim-sulfamethoxazole
resistance in 60% of S. aureus and 86% of E. coli iso-
lates, respectively [54]. Importantly, in this cohort, diag-
nostic isolates of Mycobacterium tuberculosis were as com-
mon as S. pneumoniae, followed by H. influenzae type
b, S. aureus and E. coli. Both the conjugate pneumo-
coccal vaccine (PCV-7) and the pneumococcal polysac-
charide vaccine (PPV-23) are routinely recommended for
prophylaxis against invasive pneumococcal disease [55].
HIV-infected children often do respond to the immuniza-
tions with the production of effective, protective antibodies
(see Chapter 3).

Other bacterial pathogens associated with pneumonia
include Streptococcus pyogenes and Staphylococcus aureus,
although pneumonia caused by Pseudomonas aeruginosa
and other Gram-negative organisms appears to be increas-
ing in frequency, particularly in patients with chronic lung
disease [48, 52]. Recurrent bacterial pneumonia can result
in acute or chronic alterations in pulmonary architecture,
including bullous lung disease and bronchiectasis, predis-
posing patients to lower-airway colonization and recurrent
infectious exacerbations (Figure 31.4–31.7). The symptoms
of bacterial pneumonia in children are usually non-specific
and include high fever, cough, and respiratory distress, with
or without mild hypoxemia and/or wheezing. In patients
with underlying LIP/PLH, superimposed bacterial pneu-
monia may significantly worsen the respiratory status.
Chest radiographs usually show focal infiltrates or consol-
idation. Because sputum is extremely difficult to obtain in
very young children and non-invasive diagnostic proce-
dures yields an organism in only 30% of cases [48], ini-
tial treatment is often empiric. However, if obtainable, an
induced sputum should be examined for PCP as well as
cultured for routine bacterial, fungal, and mycobacterial
pathogens. Broad-spectrum antibiotics such as ticarcillin-
clavulanic acid effective against �-lactamase-producing
pathogens should be the initial choice. The addition of
aminoglycosides should be considered in patients with
severe immunocompromise, a history of neutropenia or
those infected with resistant Gram-negative bacteria. Bron-
choscopic evaluation may be necessary to obtain adequate
culture material, especially with severe or rapidly progres-
sive disease.

Figure 31.4. Chest computed tomography lobar consolidation

and bullous lung disease associated with recurrent bacterial

pneumonia due to Pseudomonas aeruginosa and Serratia

marcsens. Day 1: Dense focal lobar consolidation with air

bronchogram formation at presentation.

Figure 31.5. Week 1: Progression with extensive infiltrates and

cavitary lesions with air fluid levels and cystic bronchiectasis.

Mycobacterial pneumonias
Other pathogens must be considered in the differential
diagnosis of any HIV-infected child suspected of having
bacterial pneumonia. Mycobacterium tuberculosis infec-
tion is of particular concern because of its communicabil-
ity, the emergence of multi-drug resistant organisms and
the difficulty in identifying at-risk patients due to their
compromised ability to react to PPD-tuberculin skin test-
ing [56]. Mycobacterium tuberculosis infection is discussed
in more detail in Chapter 38. Despite tremendous advances
in the field of antimicrobial therapy, the global burden of
tuberculosis (TB) remains enormous, with an estimated
global prevalence of 32% or 1.86 billion people [57]. The



484 L. V. Wood

Figure 31.6. Week 2: Persistent infiltrates with multiple cavitary

lesions and pleural thickening.

Figure 31.7. Week 6: Almost complete resolution of infiltrates and

cavitary lesions status post 6 weeks IV antibiotic treatment.

combined TB and HIV epidemics present a major public
health threat as each disease has a negative effect on the
other, and mortality in dually infected patients is higher
than that associated with either condition alone. Many
HIV-infected persons in Africa are also co-infected with TB
(32% of TB cases are infected with HIV). Although great vari-
ation exists in the co-infection rate among African coun-
tries (14–65%), more co-infected individuals reside in India
[57, 58]. More importantly, many patients in both resource-
rich and resource-poor countries are diagnosed with HIV
infection only after presenting with tuberculosis. The pri-
mary source of tuberculosis infection in children is almost
universally an adult in close contact in the environment,

usually in the household, who has infectious pulmonary
TB [10]. Since TB may be the initial manifestation of HIV-
associated illness, HIV-infected children with pulmonary
illness should be tested for TB, and all children with TB
should be tested for HIV.

In general, HIV-infected children with TB tend to have
lower CD4+ counts, greater disease severity, more rapid
progression, an increased tendency for extrapulmonary or
disseminated disease, and a higher mortality rate [59–61].
In areas where TB is endemic, such as India, tuberculo-
sis has been reported in up to 67.5% of pediatric patients
with symptomatic HIV infection [9]. Clinical manifesta-
tions may vary (see Chapter 38), but fever, cough and lack of
weight gain are common. The diagnosis of TB is established
based on epidemiologic, clinical, immunologic (the tuber-
culin skin test) and radiographic criteria, with or without
microbiologic confirmation. Because of concerns of drug
resistance, efforts should always be made to obtain micro-
biologic isolates of M. tuberculosis. Ideal culture specimens
in young children include early morning gastric aspirates,
while pulmonary specimens may be more readily obtain-
able in older children. Tuberculin skin testing should be
performed in any child suspected of having TB although
pediatric HIV-infected patients are frequently anergic
[9, 61]. Although concerns about the development of
disseminated disease exists, vaccination with bacilli
Calmette–Guerin (BCG) is recommended for asymp-
tomatic HIV-infected children in regions with a high preva-
lence of tuberculosis. Fortunately, bacteremia due to BCG,
M. tuberculosis, and M. bovis is rare, even among chil-
dren with recent BCG immunization and symptomatic HIV
infection [62]. Children who are suspected of having tuber-
culosis should be treated promptly and preferably with
directly observed therapy. When initiating antituberculo-
sis therapy attention must be given to potential toxicities
and drug interactions with antiretroviral drugs.

Infection with nontuberculous mycobacteria, com-
monly referred to as Mycobacterium avium complex (MAC)
which includes M. avium, M. intracellulare, M. paratu-
berculosis, M. lepremurium, and M. scrofulaceum, results
in systemic infection associated with severe immunosup-
pression and late stage disease. Respiratory symptoms are
uncommon in children with systemic MAC infection and
isolated pulmonary disease is rare, although the organ-
ism may be detected in broncheoalveolar (BAL) fluid [44].
Treatment requires combination therapy with a mini-
mum of 2 or 3 drugs and hence clinical efforts should
be directed towards primary prophylaxis against dissem-
inated disease with clarithromycin or azithromycin (Table
31.1). Disease due to MAC is discussed in more detail in
Chapter 39.
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Table 31.1 Prophylaxis for pulmonary infections in HIV-infected children

Pathogen/indication First choice Alternatives

Pneumocystis carinii TMP-SMX 150/750 mg/m2/day PO bid
3 days/week on consecutive days

Dapsone (children ≥ 1 month of age):

Primary prophylaxis 2 mg/kg (max 100 mg) po qd
All infants aged 1–12 mos,

irrespective of HIV status; 1–5
years CD4+ count < 500 �l or
15%; 6–12 years CD4+ count
< 200 �l or 15%.

Acceptable alternative dosage
schedules:

Single dose po 3 days/wk on
consecutive days

4 mg/kg (max 200 mg) po q wk
Aerosolized pentamidine (≥ 5 years of

age): 300 mg q months via Respirgard
Nebulizer

Secondary prophylaxis Atovaquone:
After prior episode PCP BID dosing qd or 3 days/week on

alternate days
Age 1–3 months, >24 months:

30 mg/kg po qd. Age 4–24 months:
45 mg/kg po qd

Mycobacteriumtuberculosis
Isoniazid sensitive Isoniazid 10–15 mg/kg (max 300 mg)

po qd × 9 months or 20–30 mg/kg
(max 900 mg) po 2 days/wk × 9
months

Rifampin 10–20 mg/kg (max 600 mg)
po qd × 4–6 months

PPD reaction ≥ 5 mm or prior
positive result without
treatment; or contact with any
case of active TB regardless of
PPD result

Isoniazid resistant
Same as above; high probability of

exposure to isoniazid-resistant
TB

Rifampin 10–20 mg/kg (max 600 mg)
po qd × 4–6 months

Uncertain

Multi-drug (isoniazid/rifampin)
resistant

Same as above; high probability of
exposure to multi-drug resistant
TB

Choice of drugs requires consultation
with public health authorities and
susceptibility of isolate from patient

Mycobacterium avium complex
(MAC)
Primary prophylaxis
< 1 year CD4+ count < 750 �l; 1–2

years CD4+ count < 500 �l; 2–6
years CD4+ count < 75 �l; ≥ 6
years CD4+ count < 50 �l

Clarithromycin 7.5 mg/kg (max 500
mg) po bid or azithromycin 20 mg/kg
(max 1200 mg) po q week.

Azithromycin 5 mg/kg (max 250 mg)
po qd; children ≥ 6 years, rifabutin,
300 mg po qd

Secondary prophylaxis
After prior disseminated MAC

disease
Clarithromycin 7.5 mg/kg (max 500

mg) po BID plus ethambutol 15
mg/kg (max 900 mg) po qd; with or
without rifabutin 5 mg/kg (max 300
mg) po qd

Azithromycin 5 mg/kg (max 250 mg)
po qd plus ethambutol 15 mg/kg
(max 900 mg) po qd; with or without
rifabutin 5 mg/kg (max 300 mg)) po
qd

Recurrent invasive bacterial
infections

TMP-SMX 150/750 mg/m2 /day po bid
qd

Antibiotic chemoprophylaxis with
another active agent

> 2 serious infections in 1 year
period

IVIG 400 mg/kg IV q 2–4 weeks

Adapted from USPHS/IDSA Guidelines for the Prevention of Opportunistic Infections, November 2001.
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Viral and fungal pneumonias
The same viruses that cause lower respiratory tract infec-
tion in immunocompetent children also infect children
with HIV infection. They include respiratory syncytial virus
(RSV), parainfluenza viruses, influenza A and B, and ade-
novirus. These viruses may cause a primary pneumonia
or worsen pulmonary pathology in the setting of a concur-
rent opportunistic infection or bacterial pneumonia. Infec-
tion is characterized by severe disease, potential systemic
involvement and prolonged viral excretion [45]. Culture
of nasopharyngeal, sputum, or BAL specimens for respir-
atory viruses should be performed in children with persis-
tent or significant symptoms of upper or lower respiratory
tract infection, particularly during known seasonal peaks
of viral disease. All patients should receive inactivated split
trivalent influenza vaccine annually before influenza sea-
son starts [55]. FluMist, a trivalent, cold-adapted, live-
attenuated influenza vaccine, is administered intranasally.
It is effective in preventing influenza virus infection and
is approved by the US Food and Drug Administration for
healthy patients 5–49 years of age. It should not be given
to patients with known or suspected immunodeficiency,
including HIV infection [63]. Chronic interstitial pneu-
monitis due to cytomegalovirus (CMV) as a result of acute
infection or reactivation, or varicella pneumonitis associ-
ated with disseminated infection, are both uncommon in
the pediatric population. Even when isolated from pul-
monary secretions or tissue specimens, CMV’s role as a
pathogen remains difficult to assess unless there is direct
evidence of CMV inclusions on histopathologic examina-
tion. Infections due to herpesviruses, including CMV, are
described in more detail in Chapter 41.

Pulmonary mycoses are increasingly encountered in
children with HIV infection as a consequence of severe
immunodeficiency, although the exact incidence of fun-
gal pneumonia is unknown [64]. Histoplasmosis, crypto-
coccosis, and cocciodioidomycosis may all present with
pulmonary involvement and are frequently characterized
by progressive pneumonia and disseminated infection. In
contrast, some fungal pathogens such as aspergillus, typ-
ically present with locally invasive pulmonary and sinus
disease (Fig. 31.8) and present extremely challenging man-
agement problems [65] (see Chapter 40 for a more extensive
discussion of fungal pneumonias).

Diagnostic approach to evaluation of pneumonias
HIV-infected pediatric patients presenting with suspected
pneumonia represent a diagnostic challenge. Adequate
diagnostic specimens must be rapidly procured and blood
cultures should always be obtained. The choice of antimi-
crobial agent should be based on the sputum Gram stain

Figure 31.8. Chest computed tomography invasive pulmonary

aspergillosis due to A. fumigatus: prominent left perihilar

interstitial infiltrate with early parenchymal consolidation

and stains for acid-fast bacilli, and the clinical presentation.
The treatment of bacterial pneumonia is discussed more
extensively in Chapter 37. If the clinician suspects that fun-
gal or viral pathogens may be the etiologic agent for the
pneumonia, the evaluation may require broncheoalveolar
lavage or an open thorascopic lung biopsy to differentiate
simple colonization from invasive disease. This procedure
should be considered promptly if disease is severe, progres-
sion is rapid, and the response to antibacterial therapy is
not good. In patients with recurrent bacterial pneumonias
and other recurrent serious bacterial infections, prophy-
laxis with daily TMP–SMX should be initiated in those who
can tolerate it. In a much more costly approach, monthly
infusions of intravenous immunoglobulin (IVIG) may be
administered at a dose of 400 mg/kg if oral antibiotic pro-
phylaxis fails to reduce the frequency of infections [66].
Shorter dosing intervals can be considered in those indi-
viduals determined to have hypogammaglobulinemia.

31.2.3 Chronic cough

Many abnormalities of large and small airways, as well
as pulmonary parenchymal disease, can produce chronic
cough [67]. Common etiologies in patients without evi-
dence of a specific pulmonary disease include asthma,
allergic rhinitis, chronic sinusitis, chronic bronchitis, and
gastroesophageal reflux. Cough that occurs at night, after
crying spells, intense play, or during exercise is suggest-
ive of asthma [67]. Children with chronic cough who are
older than 6 years should have pulmonary function testing,
including an assessment of reversibility with bronchodila-
tors, if the history is suggestive of reactive airway disease.

Chronic sinusitis is a source of significant morbidity
in HIV disease and aggressive, empiric antibiotic therapy
for this condition often results in a dramatic reduction in
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or complete resolution of cough. CT examination of the
sinuses should be performed to determine the extent of
disease and response to therapy, particularly in individuals
with recurrent episodes.

In younger infants with chronic cough or children with
radiographic patterns suggestive of recurrent aspiration
pneumonia, significant gastroesophageal reflux (GER) can
usually be documented by barium swallow or more defin-
itively by pH probe testing. For patients diagnosed with
GER, pharmacologic management should be judicious
as many of the drugs used to treat this condition are
contraindicated in patients receiving certain antiretrovi-
ral agents, particularly protease inhibitors. Rare causes of
wheezing on forced exhalation or a seal-like, croupy cough
include tracheomalacia or a vascular ring. Young children
can also wheeze due to foreign body aspiration.

31.2.4 Asthma/reactive airway disease

Asthma or reactive airway disease (RAD) is a pattern of
intermittent recurrent wheezing, dyspnea, dry cough, or
chest tightness, precipitated by triggers such as allergens,
exercise, or infection [68]. It is often associated with other
atopic disorders, such as allergic rhinitis, atopic dermatitis,
and food allergy. Patterns of reactivity can be divided into
two distinct groups: intermittent and persistent asthma.
Many of the basic mechanisms underlying the develop-
ment of the disease remain unknown. While children
commonly wheeze during upper respiratory tract infec-
tions, many do not subsequently develop asthma [69]. Ele-
vated total serum IgE levels appear to be linked closely to
airway hyper-responsiveness, even in children who have
been asymptomatic throughout their lives and have no
history of atopic disease [70]. Elevated IgE levels have
been reported in individuals with HIV infection, are asso-
ciated with advanced disease and predictive of worsen-
ing immunosuppression [71]. Whether these elevations are
associated with an increased incidence of allergic manifes-
tations in HIV-infected persons has not been reported. The
incidence of asthma is increasing in the general population,
but the incidence in individuals with HIV infection remains
unknown.

Asthma can share a similar presentation with other prob-
lems commonly seen in HIV patients such as LIP, PCP,
chronic bronchitis, and bacterial pneumonia. Wheezing
associated with a dry, non-productive cough, without fever
may suggest asthma as opposed to a respiratory infec-
tion. Infections can exacerbate pre-existing asthma and
may be associated with acute wheezing and post-infectious
bronchial hyper-responsiveness [52]. Aerosolized pen-
tamidine for PCP prophylaxis is frequently associated with

bronchospasm. Pretreatment with bronchodilators is usu-
ally successful in minimizing symptoms; discontinuation
of therapy is rarely necessary.

Therapy for wheezing should be tailored to the sever-
ity of the episode and frequency of recurrences [72, 73].
Medication delivery devices such as spacers and holding
chambers, should be selected according to the child’s abil-
ity to use them. The goals of asthma therapy are: to mini-
mize chronic symptoms, exacerbations, the use of short-
acting inhaled beta2-agonists, and adverse effects from
medications; to eliminate limitations on activities of daily
living (e.g. missed school), and to maintain normal pul-
monary function [73]. Treatment guidelines for mild inter-
mittent and mild, moderate, and severe persistent asthma
are outlined in Table 31.2. A stepwise approach is taken
to managing asthma, and anti-inflammatory control, with
inhaled corticosteroids as the cornerstone of therapy. Pedi-
atric doses of commonly used medications are summarized
in Tables 31.3 and 31.4. Infrequent episodic asthma associ-
ated only with cough and audible wheezing, may be treated
alone with intermittent, short-acting, �2-agonist bron-
chodilators such as albuterol, using a metered dose inhaler
or a nebulizer. Administration of oral �2-agonists (albuterol
0.1mg/kg/dose given tid–qid) can be considered in younger
infants and children for whom aerosol therapy is diffi-
cult. Low-dose inhaled corticosteroids are the preferred
treatment for mild persistent asthma, although inhaled
cromolyn or a leukotriene receptor antagonist such as
monteleukast, are clinically acceptable alternatives and
may be preferable in patients predisposed to oral thrush.
Moderate persistent exacerbations associated with tachyp-
nea, use of accessory muscles or significant dyspnea in
addition to wheezing should be treated with low-dose
inhaled corticosteroids and long-acting inhaled beta2-
agonists or medium-dose inhaled corticosteroids. Alter-
native treatment can include low-dose inhaled cortico-
steroids in combination with either a leukotriene receptor
antagonist or theophylline. Monitoring of serum drug lev-
els is critical to the safe and successful use of theophylline in
asthma management. Severe persistent symptoms require
high-dose inhaled corticosteroids, long-acting inhaled
beta2-agonists and if needed, oral corticosteroid tablets
or syrup long term. Repeated attempts should be made
to reduce systemic corticosteroids and maintain control of
symptoms with high-dosed inhaled corticosteroids when-
ever possible.

Every patient with new wheezing, wheezing with a fever,
or significant immunocompromise should have a chest x-
ray to rule out concurrent pulmonary infection. Further
radiographic and diagnostic studies such as chest CT or
pulmonary function tests (PFTs) may be warranted if there
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Table 31.2 Management of asthma in infants and children

Symptoms Day Medications required to maintain long-term control
Asthma
severity Symptoms Night 5 years of age and younger Older than 5 years of age

Quick relief
All patients

Short-acting inhaled
beta2-agonists by nebulizer or
face mask and space/holding
chamber OR oral beta2-agonist

2–4 puffs short-acting inhaled
beta2-agonists as needed for
symptoms

Mild
Intermittent

≤ 2 days/week No daily medication needed No daily medication needed

≤ 2 nights/month
Severe exacerbations may occur,

separated by periods of normal
lung function and no
symptoms. A course of systemic
steroids is recommended.

Mild persistent Preferred treatment: Preferred treatment:> 2/week but < 1 × /day

> 2 night/month
Low-dose inhaled corticosteroids

(with nebulizer or MDI with
holding chamber with or
without face mask or DPI)

Low-dose inhaled corticosteroids

Alternative treatment:
Cromolyn (nebulizer preferred
or MDI with holding chamber)
OR leukotriene receptor
antagonist

Alternative Treatment:
Cromolyn, leukotriene
modifier, nedocromil, OR
sustained release theophylline
to serum concentrations of
5–15 mcg/mL

Moderate
persistent

Preferred treatment: Preferred treatment:Daily

> 1 night/week
Low-dose inhaled corticosteroids

and long-acting beta2-agonists
OR medium-dose inhaled
corticosteroids

Low-to-medium dose inhaled
corticosteroids and long-acting
inhaled beta2-agonists

Alternative treatment: Alternative treatment:
Low-dose inhaled corticosteroids

and either leukotriene receptor
antagonist or theophylline

Increase inhaled corticosteroids
within medium-dosage range
OR Low-to medium dose
inhaled corticosteroids and
either leukotriene modifer or
theophylline

Severe
persistent

Preferred treatment: Preferred treatment:Continual

Frequent
High-dose inhaled corticosteroids

AND long-acting inhaled
beta2-agonists AND if needed,
corticosteroid tablets or syrup
long term

High-dose inhaled corticosteroids
AND long-acting inhaled
beta2-agonists AND if needed,
corticosteroid tablets or syrup
long term

Adapted from NAEPP Expert Panel Report July 2002 (NIH Publication No. 02-5075). MDI, metered dose inhaler.
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Table 31.3 Pediatric dosages for long-term asthma control medications

Medication Dosage form Dose in children (≤ 12 years of age)

Long-acting inhaled
beta2-agonists
Salmeterol
Formoterol

MDI 121 mcg/puff
DPI 50 mcg/blister
DPI 12 mcg/single-use capsule

1–2 puffs q 12 h
1 blister q 12 h
1 capsule q 12 h

Combined medication
Flucatisone/Salmeterol DPI 100, 250, or 500

mcg/50mcg
1 inhalation BID; dose depends on severity of

asthma

Cromolyn and nedocromil
Cromolyn
Nedocromil

MDI 1 mg/puff
Nebulizer 20 mg/ampule
MDI 1.75 mg/puff

1–2 puffs TID – QID
1 ampule TID – QID
1–2 puffs BID – QID

Leukotriene modifiers
Monteleukast 4 or 5 mg chewable tablet

10 mg tablet
10 or 20 mg tablet

4 mg qhs (2–5 years)
5 mg qhs (6–14 years)
10 mg qhs (> 14 years)

Zafirlukast 20 mg daily (7–11 years)
(10 mg tablet bid)

Methylxanthines
Theophylline*
*Serum monitoring is critical;

target concentration of
5–15 mcg/mL @ steady state

Liquids, sustained-release
tablets, and capsules

Starting dose 10 mg/kg/day; usual max:
< 1 year: 0.2 (age in weeks) + 5 = mg/kg/day
≥ 1 year: 16 mg/kg/day

Systemic corticosteroids
Methylprednisolone

Prednisolone

Prednisone

2, 4, 8,16, 32 mg tablets
5 mg tablets,
5 mg/5 cc, 15 mg/5 cc
1, 2.5, 5, 10, 20, 50 mg tablets;
5 mg/5 cc

Applies to all three corticosteroids:
0.25–2 mg/kg daily in a single dose in a.m. or

qod as needed for control.
Short-course “burst”: 1–2 mg/kg/day,

maximum 60 mg/day for 3–10 days

Adapted from NAEPP Expert Panel Report July 2002 ( NIH Publication No. 02-5075).

is any evidence of anatomic abnormalities, interstitial lung
disease, or a clinical history of chronic pulmonary symp-
toms. For children with mild, infrequent episodic wheez-
ing, intermittent inhaled �2-agonists may be used to relieve
symptoms as daily medication is not indicated. While exac-
erbation of oral thrush is a well-known and undesirable
side-effect of inhaled corticosteroids, no increased inci-
dence of infection or significant adverse effects have been
observed in HIV-infected adults receiving them when clin-
ically indicated [52]. Oral rinsing following inhalation and
the use of spacers and holding chamber devices, further
minimizes the risk of developing oral thrush. Serial mon-
itoring of response to therapy should be done using peak
flow meters and pulmonary function testing. The approach

to management of wheezing and reactive airway disease is
the same for all children regardless of HIV infection status.
However, because wheezing may often be precipitated or
exacerbated by the inflammation associated with acute and
chronic infection, underlying pulmonary infections should
be treated promptly and aggressively in HIV-infected
children.

31.3 Other pulmonary problems

31.3.1 Bronchiectasis

Bronchiectasis is a permanent abnormal dilatation of
the bronchi and most commonly results from a previous
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Table 31.4 Comparative daily pediatric dosages for inhaled corticosteroids

Drug Low daily dose Medium daily dose High daily dose

Beclomethasone CFC
42 or 84 mcg/puff 84–336 mcg 336–672 mcg > 672 mcg

Beclomethasone HFA
40 or 80 mcg/puff 80–160 mcg 400–800 mcg > 800 mcg

Budesonide DPI
200 mcg/inhalation
Inhalation suspension for

nebulization (child dose)

200–400 mcg
0.5 mg

400–800 mcg
1.0 mg

> 800 mcg
2.0 mg

Flunisolide
250 mcg/puff 500–750 mcg 1000–1250 mcg > 1250 mcg

Flucatisone
MDI: 44, 110, or 220 mcg/puff
DPI: 50, 100, or 200 mcg/inhalation

88–176 mcg
100–200 mcg

176–440 mcg
200–400 mcg

> 440 mcg
> 400 mcg

Triamcinolone acetonide
100 mcg/puff 400–800 mcg 800–1200 mcg > 1200 mcg

Adapted from NAEPP Expert Panel Report July 2002 (NIH Publication No. 02-5075).

infectious process that damages the pulmonary mucosa
and the bronchial wall, irreversibly altering its shape and
function. These alterations in pulmonary architecture pre-
dispose to recurrent infection. In HIV disease this bronchial
damage can develop as a consequence of viral, bacterial,
mycobacterial, fungal, or protozoal pneumonia, or as a
consequence of less severe but more protracted bacter-
ial infections that are localized to the bronchus itself, as
in the case of chronic bronchitis. These infections com-
promise local host defenses, thus promoting additional
bronchial wall damage and initiating a vicious cycle of
infection and further disruption of normal pulmonary
architecture [74–77]. In their retrospective study of 164
children with AIDS and respiratory problems, Sheikh and
colleagues observed bronchiectasis in 16% of patients.
The median age at the time of diagnosis of bronchiectasis
was 7.5 years and there was a significant association
of bronchiectasis with LIP, recurrent and unresolved
pneumonia, and CD4+ T cell counts less than 100 cells/�L
[77]. Although chest radiographs often reveal evidence of
bronchial wall thickening, the hallmark bronchial dilata-
tion characteristic of bronchiectasis requires confirmation
by high-resolution, thin-section CT examination. Elevated
levels of BAL neutrophils and decreased diffusion capacity
have been associated with bronchial dilatation [76],
suggesting that increased pulmonary neutrophils may

be associated with airway damage and lung destruction.
Once a diagnosis of bronchiectasis is established, patients
should receive aggressive chest pulmonary toilet, prompt
antimicrobial therapy for exacerbations, and anti-
inflammatory therapy, if indicated, for LIP or recurrent
asthma. Patients with bronchiectasis should undergo
routine monitoring every 6 months with high-resolution
chest CTs and PFTs. Those with bronchiectasis due to
recurrent bacterial pneumonias should receive monthly
IVIG prophylaxis as previously described to minimize
the recurrence of serious bacterial infections and further
anatomic distortion.

31.3.2 Spontaneous pneumothorax

Spontaneous pneumothorax (PTX) is a well-recognized
complication of AIDS and may occur with Pneumocys-
tis carinii infection and pulmonary cryptococcosis [78,
79]. Although the cause of spontaneous PTXs remains
unclear, cigarette smoking, aerosolized pentamidine treat-
ment, and the presence of pneumatocoeles have been asso-
ciated with an increased risk of pneumothorax in adults
[78]. Persistent or recurrent PTXs are common in the adult
population and mortality is high, especially in individu-
als with bilateral PTXs or unresolving bronchopleural fis-
tulae [80]. The incidence of PTX in HIV-infected children
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is unknown. The single report of spontaneous PTX in
pediatric HIV disease [81] described the cases of three
children with AIDS, one with LIP (without evidence of
concurrent PCP) and two with PCP. Although none of
the children had any other risk factors for developing a
PTX, all had radiographic evidence of subpleural cystic
lesions and bilateral pleural adhesions. Regrettably none
of the patients responded to conservative medical man-
agement with chest tube thoracostomy and chemical pleu-
rodesis. Two patients required pleurectomy. This diagnosis
should always be suspected and immediately confirmed in
patients with cystic or bullous lung disease associated with
LIP or bronchiectasis who experience an acute respiratory
decompensation.

31.3.3 Lymphoproliferative thymic cysts

Multilocular thymic cysts (MTCs) are believed to result
from an unusual response of the normal thymus gland
to infection, inflammation, or neoplasm [82]. Congenital
thymic cysts have also been described, but they are typ-
ically located in the neck rather than the mediastinum,
are small, unilocular, and thin-walled, and lack inflam-
mation. In contrast, multilocular thymic cysts are usually
found in the mediastinum, are multilocular by definition
and demonstrate significant inflammation and fibrosis on
histopathologic examination [82]. Characteristically, MTCs
are associated with Sjogren’s disease and neoplasms that
are accompanied by a heavy inflammatory infiltrate, such
as Hodgkin’s disease and germinoma. Typically, HIV infec-
tion is associated with thymic gland atrophy, although
thymic enlargement has been reported in patients with
lymphoproliferative syndrome. MTCs appear to be a rare
condition in pediatric HIV disease since only two cases
have been reported in the literature [83, 84]. It should be
considered in the differential diagnosis in HIV-infected
children who present with an anterior mediastinal mass.
With the advent of HAART this condition is becoming
increasingly uncommon.

31.3.4 Pulmonary symptoms associated with
Cardiac disease

Underlying cardiac disease must always be considered in
the differential diagnosis of patients with respiratory symp-
toms. The frequency of chronic cardiac disease as an under-
lying cause of death increases with age in HIV-infected
children with prolonged survival [5]. Cardiomyopathy may
occur as a primary manifestation of HIV disease or poten-

Figure 31.9 and 31.10 Chest X-ray pulmonary mucosa-associated

lymphoid tissue (MALT): left upper lobe anterior pulmonary mass

projected over the left hilum.

tially be associated with extensive exposure to zidovu-
dine, an antiretroviral agent with known myotoxicity. Pul-
monary findings suggestive of cardiomyopathy include
recurrent episodes of tachypnea, dyspnea, and bilateral
crepitant rales on auscultation that may also be accom-
panied by wheezing. Chest radiographs typically show
bilateral increased interstitial markings and may demon-
strate small pleural or lingular effusions. The diagnosis is
confirmed by echocardiography and patients usually
respond promptly to the initiation of myocardial inotropic
support, after-load reduction, and discontinuation of
zidovudine, if indicated.

31.3.5 Malignancy

Pulmonary malignancies may present as hilar adenopathy,
isolated parenchymal nodules, mediastinal masses or,
less commonly, diffuse interstitial disease, and are often
incidental findings on routine chest radiographs. These
malignancies may occur in the presence of other chronic
HIV-associated pulmonary disease and often include non-
Hodgkin’s lymphomas, tumors of smooth muscle origin, or
mucosa-associated lymphoid tissue (MALT) lesions (Fig-
ures 31.9–31.12) [85]. While pulmonary Kaposi’s sarcoma



Figure 31.10. Corresponding later chest x-ray or Fig. 31.9.

Figure 31.11. Chest computed tomography pulmonary mucosa-

associated lymphoid tissue (MALT): Left upper lobe mass adjacent

to the mediastinum with a bronchus traversing the lesion.

−→
Figure 31.12. Histopathology of pulmonary MALT

(mucosa-associated lymphoid tissue). Panel A. Low power view,

hematoxylin and eosin stain. B: bronchiole. Panel B. High power,

hematoxylin and eosin stain. GC: germinal center. Panel C.

Immunohistochemical staining for the B cell marker. Leu-22.

Histologic findings suggestive of a low-grade lymphoma of MALT:

extensive infiltration by a dense lymphoid infiltrate (Panel A)

composed of germinal centers (Panel B) with marked

plasmacytosis and irregular lymphoid cells characteristic of

monocytoid B-lymphocytes. Co-expression of Leu-22 by most of

the B cells (Panel C).

(A)

(B)

(C)
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is a well-described phenomenon in adults, it is extremely
rare in children [30]. Lung biopsy is always required to
definitively establish a diagnosis. See Chapter 36 for an
extensive discussion of malignancies associated with pedi-
atric HIV disease.

31.4 Approach to evaluation and management
of pulmonary disease

Clinicians evaluating HIV-infected children with respir-
atory symptoms must first determine whether those
symptoms result from a common bacterial infection or
an opportunistic infection. A chest x-ray should always
be obtained in patients with any pulmonary complaints
even if infection is not suspected. An assessment of
the acuity, type, and severity of symptoms should guide
the practitioner’s approach to management (Table 31.5).
Children with mild to moderate or chronic symptoms
who are clinically stable can often be treated empiri-
cally, assessed for response to therapy, and if unimproved,
undergo more conclusive diagnostic studies. The sus-
pected clinical condition should also determine the tests
performed (Table 31.6). Clinicians should not hesitate to
employ additional, more intensive studies to establish
a definitive diagnosis, particularly in severely immuno-
suppressed patients. These studies include induced spu-
tum examination, bronchoscopy with broncheoalveolar
lavage (BAL), pulmonary function testing, arterial blood
gas analysis or pulse oximetry monitoring, and open lung
biopsy.

Pulmonary function tests (PFTs) provide a rapid,
albeit non-specific, non-invasive method to evaluate HIV-
infected children with cough or dyspnea. Children must
be cooperative and generally at least 6 years of age, to
generate a valid and accurate study. Pulmonary function
tests can be used to confirm the presence of pulmonary
disease in symptomatic patients with normal chest radio-
graphs or to detect evidence of diffuse disease in patients
with localized infiltrates. In HIV-infected persons without
defined lung disease, measurements of forced vital capa-
city (FVC), forced expiratory volume in 1 second (FEV1),
and FEV1/FVC are usually normal [11]. The diffusing
capacity (DLCO) is a highly sensitive but non-specific test
for detecting parenchymal lung disease in HIV-infected
patients. The DLCO may be reduced in patients with-
out clinically apparent pulmonary disease, especially in
those with advanced immunosuppression [11]. Abnor-
malities in DLCO may precede the development of rest-
ing hypoxemia or infiltrates on chest radiographs [86].

Resting hypoxemia is frequently found in children with
interstitial lung disease (ILD), and PFTs typically demon-
strate a pattern of restrictive lung disease characterized
by a reduced FVC and FEV1, and a normal FEV1/FVC
[25].

Careful measurements of the respiratory rate are use-
ful in evaluating children with ILD. Resting or sleeping
respiratory rates can provide objective documentation of
tachypnea that may reflect underlying hypoxemia. Arterial
blood gas analysis, especially after exercise, can be used to
measure the severity of impairment in gas exchange. Pulse
oximetry has the advantage of measuring oxygen satura-
tion without arterial puncture, making it a more attractive
diagnostic approach in children, but it is less sensitive for
detecting gas exchange abnormalities than blood gas ana-
lysis [86]. Assessment of oxygen saturation by either tech-
nique should be obtained in any child who presents with
significant tachypnea, wheezing, exercise intolerance, or
digital clubbing.

Although bronchoscopy may present technical chal-
lenges in pediatric patients, analysis of BAL fluid may
offer a moderately invasive opportunity to establish a clin-
ical diagnosis and allow refinement of antimicrobial ther-
apy. Patients with unrevealing induced sputum results
who are unresponsive to empiric antimicrobial therapy
or who have rapidly progressive disease are primary can-
didates for BAL. Fluid should be sent for Gram, acid-
fast, and silver stains; routine bacterial, fungal, and viral
cultures; cytology; and enzyme-linked immunosorbent
assays or fluorescent antibody studies for Bordetella per-
tussis, Chlamydia, and Legionella. If BAL analysis is incon-
clusive, open lung biopsy is the procedure of choice to
obtain tissue for definitive histologic diagnosis in chil-
dren, although thorascopic or CT-guided needle biopsy
can be considered for older children and adolescents. Ade-
quate tissue sampling of the lung parenchyma with the
most extensive involvement is necessary to ensure that
all the appropriate diagnostic studies can be performed.
The biopsy specimen should be subdivided into a mini-
mum of four portions for the following diagnostic studies:
a portion for bacterial, fungal, AFB and viral cultures, viral
probes, smears, or touch preparations with Gram stain
and special stains; a frozen portion for immunofluores-
cence studies; a small portion for electron microscopy;
and a large portion for light microscopy examination
[34]. Although associated with notable surgical morbid-
ity, when patients are selected appropriately, lung biopsy
may have a significant impact on therapy and clinical out-
come in HIV-infected children with pulmonary infiltrates
[87].
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Table 31.5 Approach to the pediatric patient with pulmonary disease

Respiratory symptoms
Determine if acute or chronic
Determine severity: mild, moderate, severe
Identify symptoms: cough, chest tightness, wheezing, tachypnea, dyspnea, sputum

production, digital clubbing, fever
Identify physical examination findings: consolidation, crepitant rales, rhonchi, wheezing,

pleural friction rubs, tachycardia, murmurs, gallops
Identify precipitants and exacerbators of respiratory symptoms

Relevant clinical history
CDC Classification (Clinical and Immunologic Category)
CD4+ T lymphocyte count and HIV-1 RNA level
Current antiretroviral treatment and prophylaxis for opportunistic infections
Prior episodes of recurrent serious bacterial or opportunistic infections
Exposure history

Fever absent Fever present
Suspect non-infectious complications Suspect infectious complications

↓ ↓

Chest radiograph Chest radiograph
Normal or

hyperinflated
Focal or Diffuse Infiltrates,

parenchymal nodules
Normal Focal or

diffuse infiltrates
Allergic rhinitis LIP / PLH Acute/chronic bronchitis Bacterial, fungal, viral,
Acute/chronic sinusitis Atypical Acute/chronic sinusitis mycobacterial pneumonia.
Foreign body mycobacterial

disease
Viral URI Atypical pneumonia

Asthma/RAD Cardiac disease OIs: PCP, TB, fungal
infection

Consider common vs
opportunistic pathogens

Bronchiectasis Bronchiectasis ↓
Gastroesophageal

reflux
Bronchiolitis obliterans ↓ ↓

Vocal cord dysfunction Malignancy ↓ ↓
Vascular ring ↓ ↓ ↓
Tracheomalacia ↓ ↓ ↓

Diagnostic studies Diagnostic studies
CT sinuses Induced sputum Expectorated sputum, n/p

wash
Blood culture

PFTs Chest CT Pathogen identified: treat Induced sputum
CT chest PFTs No pathogen identified: ABG or pulse oximetry
ABG or pulse oximetry ABG or pulse oximetry treat empirically Pathogen identified: treat
Barium swallow Echocardiogram If no improvement consider: No pathogen identified:

Consider open lung biopsy induced sputum → BAL BAL → open lung biopsy
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Table 31.6 Diagnostic evaluation of HIV-associated pulmonary problems

Condition Incidence Diagnostic and radiographic studies

LIP-PLH Common Chest radiograph, high resolution chest CT
Pulmonary function studies in older children
Assessment of arterial oxygen saturation at rest and with exercise
Consider BAL to rule out infectious pathogens
Open lung biopsy for definitive diagnosis

Recurrent Common Chest radiograph
pneumonias Blood cultures

Induced sputum or BAL with panmicrobial culture to assess for
infectious pathogens; early am gastric aspirates to rule out
Mycobacterium tuberculosis.

In severe recurrent disease:
High resolution chest CT to assess for bronchiectasis
Pulmonary function studies to assess for restrictive lung disease and

alterations in diffusion capacity and oxygen saturation

Chronic cough Common Assess and treat for acute/chronic bronchitis, allergic rhinitis
Consider CT of sinuses to asses for acute/chronic sinusitis
Pulmonary function studies to assess for reversible, subacute

bronchospasm
Barium swallow or pH probe to rule out gastroesophageal reflux

Asthma/wheezing Common Chest radiograph to rule out acute infiltrates, foreign bodies, anatomic
abnormalities

Pulmonary function studies with assessment of response to
bronchodilators. Peak flow meters should be used for ongoing
monitoring in patients with chronic symptoms

Induced sputum or BAL if indicated by radiographic studies to rule out
infectious pathogens

Consider comprehensive allergy assessment including skin testing in
patients with significant clinical or family history of atopic disease

Bronchiectasis Uncommon High resolution chest CT
Aggressive microbial screening with induced sputum or BAL with

exacerbations of recurrent pneumonia to rule out unusual
opportunistic pathogens

Spontaneous Uncommon Chest radiograph
pneumothorax Induced sputum or BAL to rule out infectious pathogens, especially

PCP
Lymphoproliferative

thymic cysts
Uncommon High resolution chest CT: assess for intrathoracic adenopathy and

other parenchymal lung lesions

Malignancy Uncommon Etiologies to consider: non-Hodgkin’s lymphoma, leiomyoma,
leiomyosarcoma, mucosa-associated lymphoid tumor (MALT)

Tissue histopathology is definitive:
CT guided needle biopsy
Open lung biopsy

LIP-PLH, lymphoid interstitial pneumonitis-pulmonary lymphoid hyperplasia; CT, computed tomography; BAL,
broncheoalveolar lavage; PCP, Pneumocystis cariniii pneumonia.
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31.5 Summary

Despite advances in treatment, respiratory symptoms con-
tinue to be a very common manifestation of disease in HIV-
infected children. Practitioners must determine whether
these symptoms are due to an opportunistic infection or
to a chronic process such as asthma, chronic bronchitis,
recurrent pneumonia, bronchiectasis, or LIP. New patterns
of disease will continue to emerge. Clinicians must be pre-
pared to meet this challenge by keeping abreast of the con-
stantly changing spectrum of pulmonary HIV disease.
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Most HIV-infected children and adolescents have abnor-
malities of their peripheral blood and/or hemostatic sys-
tems. These abnormalities may be caused by direct or
indirect effects of HIV on hematopoiesis, by secondary
infections, by nutritional deficits, by medications, or by
aberrations of the immune system. While in many cases
these abnormalities are asymptomatic, on occasion they
may cause life-threatening consequences. This chapter will
review the common hematologic consequences of HIV
infection and will emphasize the diagnostic and therapeu-
tic considerations in their management.

32.1 Anemia

Anemia is a common finding in children infected with HIV.
Ellaurie et al. noted that 94% of HIV-infected children had
a hematocrit < 33% [1]. Anemia is present in 37% of chil-
dren with perinatally acquired HIV at 1 year of age [2]. In
Ellaurie’s review, the anemia was more pronounced (hema-
tocrit< 25%) in 21 of 23 infants with opportunistic infection
[1]. Forsyth et al. followed infants with perinatally acquired
HIV and noted that anemia in the first year of life was asso-
ciated with an increased risk of mortality by 3 years of age
[2]. Adult studies have shown that anemia continues to pre-
dict decreased survival even with highly active antiretrovi-
ral therapy (HAART) [3].

Potential etiologies of anemia in children include
decreased red blood cell (RBC) production, defective eryth-
roid maturation, blood loss, and increased RBC destruc-
tion (hemolysis). In many anemic HIV-infected children,
the anemia is multifactorial. The potential etiologies of
anemia in HIV-infected children are listed in Table 32.1.

In addition to direct or indirect effects of HIV infection,
occasionally such children will coincidently have congen-
ital RBC disorders, such as hemoglobinopathies or intrinsic
RBC defects.

Decreased red cell production is common. It often results
from suppression of erythrocyte production by the effect of
HIV on the bone marrow microenvironment [4]. Cytokines
such as tumor necrosis factor and interleukin-1 are elevated
in active HIV infection and may have an inhibitory effect
on erythropoiesis [5]. Dyserythropoiesis was noted in 20%
of the bone marrow aspirates from HIV-infected children
[1]. Additionally, anemic patients with HIV have a relatively
poor response to erythropoietin [5].

Several types of infections suppress erythropoiesis,
including infections due to Mycobacterium avium complex
(MAC), cytomegalovirus (CMV), and Epstein–Barr virus
(EBV). Mycobacterium avium complex may be especially
associated with severe anemia [6]. Pure red cell aplasia due
to acute or persistent parvovirus B19 occurs in the HIV-
infected individual [7].

Medications used to treat HIV or its complications
may interfere with RBC production. For instance, the
dose-limiting toxicity of zidovudine is anemia that is
typically macrocytic. Lack of macrocytosis is sometimes
used as an indicator of poor adherence to zidovudine.
Trimethoprim-sulfamethoxazole (TMP–SMX), ganciclovir,
and acyclovir may inhibit erythropoiesis [8]. Infiltration of
the bone marrow by malignancy, a relatively uncommon
phenomenon in children with HIV, can result in decreased
RBC production.

Anemia may be induced by deficiencies in iron, folate,
vitamin B12, protein or rarely pyridoxine, copper, or sele-
nium. Iron deficiency can be due to poor nutritional intake,
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Table 32.1 Causes of and treatments for anemia in HIV-infected children and adolescents

Cause Treatment

Decreased erythrocyte production
Chronic disease/inflammation Treat underlying cause
Effect of HIV on erythropoiesis HAART and/or erythropoietin

Infections
Mycobacterium avium complex (MAC) Antibiotics
Parvovirus B19 Intravenous immunoglobulin
Cytomegalovirus Ganciclovir
Epstein–Barr virus Supportive care
Histoplasmosis Antifungal therapy

Medications
Zidovudine Medication adjustment and/or erythropoietin
Ganciclovir Medication adjustment and/or erythropoietin
Trimethoprim-sulfamethoxazole Change medication

Bone marrow infiltration
Lymphoma Chemotherapy
Leukemia Chemotherapy

Nutritional deficiencies
Iron Ferrous sulfate supplementation
Folate Folate supplementation
Vitamin B-12 Cobalamin supplementation

Hemolysis
Autoimmune hemolytic anemia (rare) Corticosteroids, other
Congenital erythrocyte disorder

G-6-PD deficiency Change medication
Transfusion for severe anemia

Hemoglobinopathy Folate supplementation
Transfusion for severe anemia

Thalassemia (ineffective erythropoiesis) Folate supplementation
Transfusion for severe anemia

Medications
Primaquine Change medication
Dapsone Change medication
Sulfonamide Change medication

HUS/TTP Plasmapheresis (TTP)
Supportive care

Hypersplenism Splenectomy if severe

Blood loss Treat underlying cause
Iron supplementation
Transfusion for severe anemia
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occult intestinal blood loss, or repeated phlebotomy. Folate
deficiency is usually caused by poor dietary intake. Vitamin
B12 deficiency can be caused by ileitis, intrinsic factor defi-
ciency, or poor nutritional intake as may occur with a strict
vegan diet [9].

Hemolysis means a shortened red cell lifespan. An ele-
vated reticulocyte count usually indicates increased RBC
production as may occur in response to hemolysis or blood
loss. Hypersplenism results in increased filtration and pre-
mature destruction of normal RBCs. While autoantibodies
are frequently detected by the Coombs’ test in HIV-infected
children, usually they do not result in clinically significant
hemolysis [5]. For instance, in Ellaurie’s series, a positive
Coomb’s test was present in 37% but none had evidence
of hemolysis [1]. G-6-PD deficiency is common in many
populations. Hemolysis can result in persons deficient in
G-6-PD in response to infection or multiple medications
including sulfonamides and antimalarials [10]. Hemolytic-
uremic syndrome (HUS) and thrombotic thrombocytope-
nia purpura (TTP) are uncommon disorders that appear
to occur with increased frequency in patients with HIV
[10–12]. In these disorders, there is usually a marked
hemolytic anemia with schistocytes on the peripheral
blood smear.

The diagnostic evaluation of anemia in the HIV-infected
patient begins with a thorough history and physical
exam, focusing on persistent fever, weight loss, blood
loss, medications, diet, and signs or symptoms of hemoly-
sis such as jaundice or darkening of the urine. If avail-
able, the newborn hemoglobinopathy screen should be
reviewed. The family history should be evaluated for ane-
mia, hemoglobinopathies, recurrent jaundice, splenec-
tomy, or early cholecystectomy that might indicate a
congenital cause of anemia.

The laboratory evaluation begins with a complete blood
count, reticulocyte count, and review of the periph-
eral blood smear. The combination of microcytosis and
hypochromia should raise the differential diagnosis of
iron deficiency, thalassemia, chronic disease or, less com-
monly, sideroblastic anemia or lead ingestion. The stan-
dard laboratory tests for iron deficiency such as the serum
iron : transferrin ratio and serum ferritin concentration
may be misleading. The serum iron is often low in the ane-
mia of chronic disease leading to a low iron : transferrin
ratio in the presence of adequate iron stores, while ferritin is
an acute phase reactant and can be falsely normal in inflam-
matory states. The combination of an elevated ferritin and
low total iron-binding capacity is typical of the anemia
of chronic inflammation [13]. When in doubt, the clini-
cal response to a trial of ferrous sulfate supplementation,
at a dose of 5–6 mg/kg/day of elemental iron, can be both

diagnostic and therapeutic. A hemoglobin electrophoresis
will evaluate for the presence of abnormal hemoglobin. To
evaluate the possibility of �-thalassemia trait, it is neces-
sary to perform a quantitative hemoglobin A2 level and
the child should be over the age of approximately 1 year
for this to be reliable. A lead level determination will rule
out lead intoxication, and a G-6-PD assay will rule out
G-6-PD deficiency. Red blood cell or serum folate and vita-
min B12 levels may be useful in patients with macrocyto-
sis or to look for concomitant iron and folate and/or vita-
min B12 deficiency. As noted above, a positive Coombs’
test is common, but autoimmune hemolysis is uncom-
mon. The combination of elevated serum indirect biliru-
bin, decreased serum haptoglobin, and microspherocytes
on the peripheral smear support the diagnosis of autoim-
mune hemolytic anemia, but hereditary spherocytosis may
also cause these findings. For the patient with refractory
anemia or unexplained fever, urine and buffy coat cultures
for CMV, blood cultures for MAC, serology or PCR for par-
vovirus, CMV, and EBV, and a bone marrow evaluation are
indicated to look for malignancy, to evaluate erythropoiesis
or to confirm infection [14]. In addition to routine mor-
phological evaluation, the bone marrow should be stained
for iron, cultured for bacteria, MAC, viruses, and fungi, and
tested for parvovirus by PCR. Bone marrow cytogenic analy-
sis should be considered for evaluation for myelodysplastic
disorders.

Effective treatment depends upon a correct diagnosis.
Often, effective antiretroviral therapy alone will ameliorate
the anemia [8]; however, this therapy may require modifi-
cation if it contributes to severe anemia as may be seen with
zidovudine. Likewise, supportive care drugs that inhibit
erythropoiesis may also require modification. Iron defi-
ciency anemia should be corrected with 6 mg/kg/day of ele-
mental iron. Other nutritional deficiencies (B12 and folate)
should be corrected with supplements, and opportunis-
tic infections should be treated appropriately. Intravenous
immunoglobulin can reverse parvovirus-induced pure red
blood cell aplasia [7]. Erythropoietin at 100–150 units/kg
given 3 days per week administered subcutaneously often
improves the quality of life [15] and allows continuation of
medications that can cause anemia, especially for patients
with baseline erythropoietin levels less than 500 IU/L [16].
Coyle [5] recommends a dosage escalation by 50 units/kg
every 4 weeks (to a maximum of 300 units/kg) until the
hematocrit rises by 5–6% or reaches a level of 36%. He fur-
ther recommends that if the hematocrit increases to > 40%,
the erythropoietin should be held until the hematocrit is
≤ 36% and then resumed at a dose that is 50 units/kg lower.
Iron sufficiency must be maintained for erythropoietin to
be effective.
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For patients with life-threatening anemia or for those
who continue to have symptomatic anemia despite appro-
priate interventions, transfusions of packed RBCs can be
utilized. Cytomegalovirus-negative or leukocyte-depleted
products are desirable to decrease the risk of new CMV
infection. If available, irradiated products should be used
to decrease the risk of graft-versus-host disease from trans-
fused lymphocytes, although this risk appears to be very
small [5].

32.2 Neutropenia

Neutropenia, defined as an absolute neutrophil count
(ANC) less than 1500 cells/�L, is common in HIV-infected
children. Ellaurie et al. found that 41 of 100 HIV-infected
children had an ANC < 1500/�L and 5 had an ANC
< 500/�L [1]. Neutropenia was present in 65% of children
with opportunistic infections as opposed to 34% without
opportunistic infections. In addition to a decreased ANC,
neutrophil function defects such as decreased bacterici-
dal activity or abnormal chemotaxis have been described
[5, 8]. Quantitative and qualitative neutrophil disorders
combined with other abnormalities of the immune sys-
tem predispose these patients to severe and opportunistic
infections.

Potential causes of neutropenia in the HIV-infected
patient are listed in Table 32.2. Neutropenia can result
from impaired myelopoiesis, drug myelotoxicity, or periph-
eral destruction of the circulating neutrophils. Causes
of impaired myelopoiesis include direct suppression of
infected marrow progenitor cells by HIV and/or indirect
effects caused by release of soluble glycoproteins that
inhibit myelopoiesis in HIV-infected marrow [5]. Oppor-
tunistic infections such as CMV, EBV, MAC, and parvovirus
can directly suppress myelopoiesis. Deficiencies of nutri-
ents such as vitamin B12 and folate as well as malignant
infiltration impair myelopoiesis.

Drugs used to treat HIV infection and its complications
often cause neutropenia. Zidovudine, ganciclovir, TMP-
SMX, and pentamidine, drugs commonly employed in HIV
therapeutic regimens, are potential causes of neutropenia
as are less commonly used medications such as alpha-
interferon and cancer chemotherapeutic agents. Kline
et al. reported that 20% of children treated with zidovu-
dine (180 mg/m2, maximum 200 mg every 6 hours) had an
ANC < 400/�L [17]. Although anti-granulocyte antibodies
are common in children with HIV infection, their presence
does not appear to correlate with the degree of neutropenia
[18].

The initial diagnostic approach begins with the his-
tory, focusing on signs or symptoms of infection, nutri-
tional factors, and the patient’s current medications. The
patient should be examined for evidence of active infec-
tion, adenopathy, and organomegaly. The laboratory evalu-
ations begin with a complete blood count including a
review of the peripheral smear. Appropriate cultures and/or
serological tests are useful for diagnosis of bacterial (MAC),
viral (CMV, EBV, and parvovirus), and fungal etiologies.
Bone marrow evaluation should be performed when two
or more cell lines are suppressed or when fever of unknown
origin is present [14]. Anti-granulocyte antibody tests are
generally not helpful [18].

Treatment of the underlying HIV infection itself with
antiretroviral therapy will often improve the neutropenia.
However, some antiretroviral medications cause neutrope-
nia. Stavudine have been shown to cause less neutropenia
than zidovudine [17]. The cytokines GM-CSF and G-CSF
both increase circulating neutrophils and improve neu-
trophil function [5]. In a randomized controlled clinical
trial in HIV-infected individuals > 13 years of age, G-CSF
was administered in either daily dosing (1–10 �g/kg/day) vs
intermittent (300 �g/dose) with the dose adjusted to main-
tain a neutrophil count of 2–10 × 109/L. The mean G-CSF
dosage required to maintain this ANC was 1.2 �g/kg/day
for the daily treatment and 300 �g twice a week for the inter-
mittent treatment group. G-CSF treatment significantly
reduced the incidence of severe neutropenia, severe bacter-
ial infections, and bacterial infection-related hospital days
[19]. Other supportive care drugs such as TMP–SMX may
need to be altered if they cause significant neutropenia.
G-CSF treatment may allow for the continued use of these
agents, but the toxicity of long-term use of G-CSF (or GM-
CSF) is unknown.

Opportunistic infections should be aggressively treated
(selecting drugs which are the least myelosuppressive)
nutritional deficiencies should be corrected, and malignant
diseases should be appropriately treated. HIV-infected
children who present with fever and severe neutropenia
(i.e. an absolute neutrophil count < 500/�L) should receive
a prompt and thorough evaluation for a source of the fever
and immediate broad-spectrum antibiotics.

32.3 Thrombocytopenia

Thrombocytopenia is present in about one-third of chil-
dren and adolescents infected by HIV [1, 20]. Mueller
found 20% of their HIV-infected children had a platelet
count < 50 000/�L [8]. In adults, the frequency of
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Table 32.2 Causes of and treatment of neutropenia in HIV-infected children and adolescents

Cause Treatment

Impaired myelopoiesis
Effect of HIV infection on myelopoiesis HAART and/or G-CSF
Drug myelotoxicity Medication change and/or G-CSF

Zidovudine
Ganciclovir
Trimethoprim-sulfamethoxazole
Pentamidine
Alpha-interferon
Cancer chemotherapy
Other

Infection
Mycobacterium avium complex (MAC) Antibiotics
Parvovirus B19 Intravenous immunoglobulin
Cytomegalovirus Ganciclovir
Epstein–Barr virus Supportive care
Histoplasmosis Antifungal therapy

Bone marrow infiltration
Lymphoma Chemotherapy
Leukemia Chemotherapy

Nutritional deficiencies
Folate Folate supplementation
Vitamin B-12 Cobalamin supplementation

Peripheral destruction
Hypersplenism Splenectomy (if severe)
Acute infection

thrombocytopenia increases as the CD4 count decreases
or the disease reaches an advanced stage [21]. While spon-
taneous remissions occur, in most instances untreated
thrombocytopenia is persistent or progressive [22].

As noted in Table 32.3, thrombocytopenia can result
from decreased platelet production, accelerated platelet
destruction, platelet sequestration or a combination of
these factors. There are indications that both decreased
production and accelerated destruction are contributory
to HIV-induced thrombocytopenia. Structural abnormal-
ities are seen in the megakaryocytes of HIV-infected indi-
viduals [1, 23] and HIV-1 RNA has been identified in the
megakaryocytes [23]. There are decreased megakaryocyte
precursor cells in the marrows of HIV-infected individuals
[24]. Ballem et al. [25] found decreased platelet production
in untreated HIV-infected individuals. In addition, bone
marrow infiltration by malignancy or infection can inhibit
platelet production. Other than myelosuppressive cancer

chemotherapy, medications infrequently inhibit platelet
production.

Platelet survival is shortened in patients with HIV, even
those with normal platelet counts [24, 25]. There are ele-
vated levels of immunoglobulin on the surface of the
platelet [26]. An antibody that reacts against platelet glyco-
protein IIIa is found in serum and at even higher concen-
trations in immune complexes isolated from HIV-infected
individuals [27]. Lastly, the platelet counts in HIV-infected
individuals often increase in response to therapies used to
treat immune thrombocytopenia [22, 28]. Together, these
findings indicate an immune mechanism for the thrombo-
cytopenia is often present.

In addition to immune thrombocytopenia, other fac-
tors contributing to shortened platelet lifespan should be
considered. Disseminated intravascular coagulation (DIC)
may occur in the HIV patient as a complication of granu-
locyte colony stimulating factor therapy or infection [29].
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Table 32.3 Causes of and treatment of thrombocytopenia in HIV-infected children and adolescents

Cause Treatment

Impaired thrombopoiesis
Direct effect of HIV on thrombopoiesis HAART
Drug myelotoxicity Adjust medication

Platelet transfusion
Zidovudine
Ganciclovir
Cancer chemotherapy
Other

Infection
Mycobacterium avium complex (MAC) Antibiotics
Cytomegalovirus Ganciclovir
Epstein–Barr virus Supportive care

Bone marrow infiltration
Lymphoma Chemotherapy
Leukemia Chemotherapy

Nutritional deficiencies
Folate Folate supplementation
Vitamin B-12 Cobalamin supplementation

Peripheral destruction
Immune thrombocytopenia Observation, Anti-D, intravenous

immunoglobulin, steroids, splenectomy
Disseminated intravascular coagulation Supportive care

Platelet transfusion for severe bleeding,
plasma infusion

HUS/TTP Plasmapheresis (TTP)
Supportive care

Splenic sequestration Splenectomy if severe

Thrombotic thrombocytopenia purpura also occurs in this
population [11, 12]. Splenomegaly may accentuate platelet
sequestration.

Mild thrombocytopenia is generally asymptomatic, but
when the platelet count falls below approximately 20–
50 000/�L, mucosal bleeding (epistaxis, menorrhagia,
mouth bleeding) and post-operative hemorrhage may
ensue. Rarely, severe thrombocytopenia leads to intracra-
nial hemorrhage [6]. Thrombocytopenia may be especially
problematic in patients with hemophilia affected by HIV
[30].

The development of easy bruising, petechiae, or unusual
bleeding should prompt a diagnostic evaluation. The phys-
ical examination should evaluate the size, distribution, and
age of petechiae and/or ecchymoses. Massive adenopathy
may indicate malignancy or superimposed viral infection
such as EBV or CMV. The child with DIC usually has a toxic

appearance. Severe headache or neurologic abnormalities
raise the possibility of intracranial hemorrhage, cerebral
infarction, or TTP.

The laboratory evaluation begins with a complete blood
count and careful review of the peripheral blood smear.
Concomitant anemia or neutropenia suggest bone mar-
row infiltrate, failure, or infection. Red cell fragmen-
tation is a feature of DIC or TTP/HUS. A bone mar-
row aspirate and biopsy should be considered early in
the HIV-infected child with thrombocytopenia. In addi-
tion to routine histologic evaluation, marrow samples
should be cultured for fungi and acid-fast bacilli. A DIC
screen (prothrombin time, activated partial thromboplas-
tin time, fibrinogen, and D-dimer or fibrin degradation
products) should be performed in the toxic-appearing
child. Platelet associated-immunoglobulin is unlikely to be
helpful.
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Management depends largely upon the patient’s clin-
ical status, the etiology and severity of the thrombocytope-
nia and physician/patient preference. For DIC, treatment
of the underlying cause should be instituted immediately.
Platelet and/or plasma transfusion is used to treat clinical
bleeding. There might also be a role for anti-thrombin con-
centrates [31]. Thrombotic thrombocytopenia purpura is a
rare life-threatening disorder, for which plasma exchange
has been shown to improve survival [11, 32]. Other treat-
ments tried but not studied by randomized clinical trial
for TTP include corticosteroids, vincristine, intravenous
immunoglobulin and splenectomy [33].

Antiretroviral therapy can raise the platelet count [25,
34, 35] and may provide durable responses. Patients
with more severe thrombocytopenia, clinical bleeding or
already receiving antiretroviral therapy usually need other
treatments. Corticosteroids have long been used to treat
immune thrombocytopenic purpura (ITP). Initial pred-
nisone doses of 2–4 mg/kg/day have been used [36, 37].
One approach is to administer prednisone at 2 mg/kg/day
for 2 weeks then taper or discontinue the medication.
Short-term therapy with dexamethasone has been used in
HIV-infected adults with immune thrombocytopenia [38].
High dose methylprednisolone (30 mg/kg/day for 3 days,
maximum dose 1 gram) has also been reported to be effect-
ive in children with ITP [39], although the effectiveness
of this approach in HIV-infected patients is unknown.
While steroids often improve platelet counts in the HIV-
infected patient, the effect is usually transient [40]. Long-
term treatment is best avoided due to the toxicity of cor-
ticosteroids, especially osteopenia and fungal infection
[41].

Intravenous immunoglobulin (IVIG) is widely used for
management of immune thrombocytopenia. The mechan-
ism of action likely involves blockade of the splenic Fc
receptor. Advantages include a rapid response and rela-
tive safety. Responses to IVIG in HIV-infected patients with
thrombocytopenia are well documented [40]. A total of
2 g/kg of IVIG is usually administered over 2–5 days. Com-
mon adverse effects include fever, headache, and vomit-
ing. A severe headache requires immediate medical atten-
tion in the thrombocytopenic individual, as the differential
diagnosis includes intracranial hemorrhage. Other prob-
lems with IVIG include its high cost, prolonged infusion
time and the very small risk of transfusion-transmitted
diseases.

Intravenous anti-D has also been effective in increas-
ing platelet counts in HIV-infected children [28]. Anti-D
binds to Rh-positive erythrocytes and causes splenic Fc
blockade. It is not effective in patients who have the Rh-

negative blood type or who have undergone splenectomy.
Scaradavou et al. [28] reported on a large series of patients
treated with anti-D that included 20 HIV-infected patients
under 18 years of age. Seventy percent of this subgroup had
an increase of ≥ 20 000/�L and 45% increased > 50 000/�L.
Advantages of anti-D over IVIG include a brief intravenous
infusion time and relatively few side-effects. Disadvant-
ages include expense, although it is less expensive than
IVIG, a theoretical risk of transfusion transmitted dis-
ease, and hemolysis. While hemolysis occurs, generally the
decrease in hemoglobin is small and well tolerated. Rarely
however, significant or even life-threatening hemolysis
occurs.

Splenectomy should be considered for patients who do
not tolerate or respond to anti-D or IVIG or who require
long-term corticosteroid treatment. Ideally, splenectomy
should be deferred for as long as possible in young chil-
dren [42]. While splenectomy does not appear to accel-
erate the progression of HIV, it is associated with a risk
for overwhelming bacterial infection. Prior to splenec-
tomy, patients should be immunized against Streptococ-
cus pneumoniae, Haemophilus influenzae type b, and Neis-
seria meningitidis [43]. However, it should be recognized
that HIV-infected patients, particularly those with signif-
icant immunosuppression may not respond optimally to
immunization [43]. Partial (subtotal) splenectomy was
reported to be successful in a child with HIV-related
immune thrombocytopenia [44]. While an occasional
patient will have a prolonged response to splenic irra-
diation [45], in most patients there is a limited increase
in the platelet count and a short duration of effect
[45, 46].

32.4 Coagulation abnormalities

Both bleeding and thrombotic abnormalities have been
described in HIV-infected children and adolescents. A list
of hemostatic abnormalities in this population is provided
in Table 32.4.

The population affected by hemophilia was one of the
first identified as at risk for AIDS. A large proportion of
this population become infected by HIV in the 1970s but
the use of HIV-screened donor plasma, viral inactivation of
plasma-derived anti-hemophilic factor concentrates and
the use of recombinant factor concentrates have made
these products safe from further transmission of HIV. Most
of the HIV-infected hemophilia population is now out-
side of the pediatric age-range. Acquired bleeding disor-
ders are also seen in HIV-infected patients including those
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Table 32.4 Causes of and treatment for coagulation abnormalities in HIV-infected

children and adolescents

Cause Treatment

Bleeding disorders
Factor VIII deficiency Factor VIII concentrate
Factor IX deficiency Factor IX concentrate
Von Willebrand disease Desmopressin or von Willebrand

factor-containing concentrates
Vitamin K deficiency Vitamin K supplementation

Fresh frozen plasma for severe bleeding
Liver disease Vitamin K supplementation

Fresh frozen plasma for severe bleeding

Prothrombotic disorders
Lupus anticoagulant Treatment for thrombosis
Protein S deficiency Treatment for thrombosis
Heparin cofactor II deficiency Treatment for thrombosis

due to medications which inhibit platelet function, vita-
min K deficiency, or advanced liver disease, as may occur in
individuals concomitantly infected with hepatitis B and/or
hepatitis C.

Lupus anticoagulants are common in HIV-infected indi-
viduals [47]. While the lupus anticoagulant causes a pro-
longed partial thromboplastin time (PTT), bleeding is not
usually a problem. Paradoxically, there is an increased
risk of thrombosis. Deficiencies of the circulating anti-
coagulants protein S and heparin co-factor II are also
seen in the HIV-infected population [48–50]. Deficiencies
of these proteins are associated with an increased risk of
thrombosis. Despite the laboratory evidence for hyper-
coagulability, the contribution of these factors to throm-
bosis in HIV-infected children is less clear. A high inci-
dence of stroke in young adults with HIV has been shown
[51]. Stroke in pediatric patients has also been described,
although infection or other mechanisms may contribute to
this complication [52, 53]. Patsalides et al. [54] found radio-
logic abnormalities in 11 of 426 pediatric HIV-infected
patients who had undergone neuroimaging (either MRI or
CT). Seven patients had a total of 26 cerebral aneurysms
and eight patients had a total of 27 infarctions identified.
Most of the infarctions were related to the aneurysms. Pro-
tein C deficiency was identified in one patient and protein S
in two. Only one of these patients was symptomatic. In con-
trast, Dubrovsky et al. [55] reported a series of five patients
in their care who had fatal cerebral aneurysms. In a retro-
spective review of hospitalized HIV-infected adults, deep
vein thrombosis was identified in nearly 1% [56]. Central

venous catheters are a known risk factor for thrombosis in
children.

Screening coagulation studies (prothrombin time (PT),
PTT) will not detect deficiencies of circulating anticoagu-
lants such as anti-thrombin, protein C, protein S, or heparin
co-factor II. Therefore, these specific proteins need to be
assayed if a deficiency is to be identified. In the patient with
the lupus anticoagulant, the PTT is generally prolonged
and does not correct when patient plasma is diluted 1:1
dilution with normal plasma. Confirmatory studies such as
the dilute Russell viper venom time are available in many
specialized laboratories.

For patients with congenital bleeding disorders, the
underlying hemostatic abnormality must be considered as
multiple new medications are introduced for management
of HIV and its complications. There are reports of severe,
unusual bleeding in hemophilia patients treated with pro-
tease inhibitors [57, 58]. The use of medications that
inhibit platelet function, such as aspirin or non-steroidal
anti-inflammatory agents, should be avoided in these
individuals.

Anticoagulation is not routinely administered to patients
with the lupus anticoagulant or deficiencies of circulat-
ing anticoagulants unless thrombosis occurs. However,
early intervention is recommended for children and ado-
lescents with thrombosis. A useful article on the man-
agement of thrombosis in children has been published
[59]. For the patient with severe or recurrent thrombo-
sis, the use of long-term anticoagulation should be enter-
tained.
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HIV infection and its treatments induce a wide range
of hematologic abnormalities. The advent of improved
antiretroviral therapy will likely lessen the direct impact
of HIV on hematopoiesis. However, additional research is
yet needed to determine the impact of these treatments
on the blood. Advances in hematologic supportive care
options will also improve the quality of life for HIV-infected
individuals.
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33.1 Introduction

Gastrointestinal (GI) dysfunction, a common occurrence
in children with HIV disease, can be related to infectious
agents, malnutrition, immunodeficiency, or HIV infection
itself, and can result in retardation of growth, increased
caloric requirements, and/or diarrhea/malabsorption. The
absorption and utilization of nutrients is a primary function
of the GI tract, but the immune system of the gut has been
shown to be the major site of CD4+ lymphocyte depletion
and viral replication [1]. The mucosal immune and enteric
nervous systems interact with the epithelium to regu-
late intestinal function. Lymphocytes and macrophages
produce cytokines and vasoactive peptides that can alter
brush border epithelial cell enzyme expression, secre-
tion, motility, or mucosal blood flow. These factors ulti-
mately affect nutrient absorption. As immune function
deteriorates in the HIV-infected child, intestinal function
declines to a degree greater than might be expected due
to opportunistic infections alone. The goal of this chapter
is to present the GI aspects of HIV disease so that clin-
icians will begin intervention in the early stages of the
disease, thereby minimizing the impact on growth and
development.

33.2 The role of the GI tract in pathogenesis
of HIV

HIV is acquired via the mucosa of the genital tract in most
cases of heterosexual transmission and via the GI tract in

most cases of mother-to-child transmission (MTCT). HIV
infection of a child can occur through swallowing infected
amniotic fluid in utero, or infected blood or cervical secre-
tions during delivery and/or through ingesting infected
breast milk in the postnatal period [2]. The mucosal
immune system of the GI tract plays an important role in
initial HIV infection as well as in the establishment and
progression of HIV disease.

33.2.1 The role of the GI tract in transmission

HIV can cross the intestinal epithelium through ulcera-
tions, damaged epithelial cells, M cells, or dendritic cells.
M cells are specialized epithelial cells that cover lymphoid
aggregates or Peyer’s patches in the intestine. Antigens
pass through these cells on their way to be processed
by macrophages and presented to T cells. The concen-
trations of virus in the blood and in the genital tract
are correlated, and viral load is a major factor in deter-
mining the risk of MTCT during birth [3]. In addition,
mucosal infections such as Mycobacterium avium complex
increase the expression of CCR5, the chemokine receptor
for macrophage-trophic HIV [4]. Because most transmitted
strains of HIV are macrophage trophic, mucosal infections
that increase CCR5 expression potentiate acquisition of
the macrophage-trophic (R5) HIV. Conversely, a nucleotide
deletion in the gene that encodes for CCR5, a mutation
found in about 1% of the white population, results in the
inability to acquire macrophage trophic HIV [5]. The new-
born GI tract is more permeable than the mucosa of the
adult and this might contribute as well to the susceptibility
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of the neonate to acquisition of HIV infection during
delivery.

33.2.2 The role of the GI tract in progression of disease

Once present in the GI tract, HIV is transported by M cells
to mononuclear cells. Although there are M cells in human
tonsil and rectum that in theory could act as a portal for viral
entry into the mucosal system, the presence of virus within
these cells has not as yet been demonstrated in humans.
However, animal studies in the mouse and rabbit provide
evidence of the role of M cells in the pathogenesis of HIV
[6]. Dendritic cells can be found in the human tonsil,
adenoid, and colon; however, the role of these cells in the
pathogenesis of HIV in the human small or large colon
is unclear. Dendritic cells bind the HIV envelope protein
gp20 by utilizing a C-type lectin [7]. These cells express
CD4 and are very efficient at binding HIV and present-
ing it to T cells that subsequently migrate to other lym-
phoid tissues. Dendritic cell-specific intercellular adhesion
molecule (ICAM)-grabbing non-integrin, DC-SIGN is a C-
type lectin that plays an important role in the activation of
T lymphocytes. The presence of DC-SIGN at mucosal sur-
faces provides circumstantial evidence of the role of this
lectin in potentiating entry of HIV into deeper tissues [8].
Intestinal epithelial cells also can play a role in the move-
ment of HIV across the mucosa. Intestinal epithelial cells do
not express the chemokine receptor for lymphotrophic HIV,
X4, or for CD4, the primary receptor on lymphocytes. Smith
and colleagues demonstrated, in freshly isolated intesti-
nal epithelial cells, that galactosylceramide (GalCer) is an
alternate primary receptor for HIV and CCR5 [9]. Thus,
intestinal epithelial cells are capable of transferring macro-
phage-trophic HIV to cells that express the chemokine
receptor CCR5 and could play a role in the acquisi-
tion of macrophage-trophic strains of HIV. Irrespect-
ive of the mechanism by which HIV enters the lamina pro-
pria of the mucosa, intestinal lymphocytes that express
both CCR5 and CXCR4 are able to support the replication
of both macrophage- and lymphocyte-trophic strains of
HIV.

The macaque model has been used to study the early
phase of intestinal mucosal infection with SIV. Large num-
bers of activated CD4+ lymphocytes reside in the lamina
propria, close to the site of HIV entry, making them prime
targets for infection [1]. Infection of macrophages is rare
during initial HIV infection. In the days following an acute
HIV infection, the viral load is high in the intestinal mucosa,
a finding that seems to correlate with villous atrophy and
nutrient malabsorption [10]. About 2 weeks later, cell lysis
and apoptosis in the lamina propria lymphoid population

results in severe depletion of CD4+ mucosal T cells. These
alterations in the mucosal immune system precede depres-
sion of the peripheral blood CD4+ count [11, 12]. These
data support the hypothesis that mucosal lymphocytes are
infected initially, and that these infected lymphocytes then
disseminate HIV through the circulation to other lymphoid
tissues.

During MTCT of HIV, certain features of the newborn
GI tract, such as decreased acid production during the
first 3 days of life, can increase the numbers of swallowed
viral particles that remain available to infect mucosal lym-
phocytes. Infection of lamina propria lymphocytes eventu-
ally results in a depletion of mucosal lymphocytes and an
increase in the viral load in the mucosa. The villous injury
and resulting nutrient malabsorption that can accompany
primary infection via the GI tract can have particular signifi-
cance for infants. In the infant, malabsorption of specific
nutrients, or a decrease in calories that are absorbed, can
lead to malnutrition. Protein-calorie malnutrition, inde-
pendent of the etiology, will cause or, in the case of an HIV-
infected individual, potentiate T cell immunodeficiency.
As the systemic and mucosal immune systems deteriorate,
the individual becomes more susceptible to both enteric
and systemic infection. Fever, as well as naturally occur-
ring or opportunistic infections, increase metabolic needs.
Enteric infection also increases the severity of malabsorp-
tion. Thus, a cycle of malabsorption, malnutrition, and
infection is established and can only be broken by control-
ling viral load and providing sufficient nutrition to support
growth.

In a prospective, longitudinal study of growth in chil-
dren born to HIV-infected mothers in Europe [13], at 10
years of age, uninfected children weighed approximately
7 kg more and were 7.5 cm taller than infected children.
HIV-infected children who were asymptomatic grew at
similar rates to those HIV-infected children with mild to
moderate symptoms. More severely ill children grew more
slowly throughout their first 10 years of life. The uninfected,
HIV-exposed child has a growth velocity between 96 and
120 months of age of 6.30 cm/year compared with 5.69
cm/year for the symptomatic HIV-infected child. Weight
gain also appears to be delayed (4.27 vs 3.06 kg/year). These
observations suggest that the presence of HIV infection,
even in the mildly symptomatic or asymptomatic child,
can affect growth. In a 24-month study of the impact of
highly active antiretroviral therapy (HAART) [14], there was
a beneficial effect on both weight and height, especially in
children who experienced a reduction in viral load to < 500
copies/mL and an increase in CD4+ T cell number. Cor-
relation with mucosal immune function is not available,
but one can speculate that the changes that are observed
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Figure 33.1. The cycle of events leading to clinical deterioration

and growth retardation in HIV-infected children.

in the peripheral blood also occur in the mucosa, resulting
in restoration of the absorptive surface, enhanced nutrient
absorption, and improved growth.

33.3 GI problems of HIV-infected children

During acute infection with HIV, GI symptoms are rare.
Older children can experience a “flu-like” illness, but most
infants infected through MTCT are asymptomatic. One of
the earliest clinical manifestations of HIV infection in chil-
dren is growth retardation and slow weight gain. These
changes in growth can occur as early as 2 months of age and
do not appear to be related to concomitant, e.g. opportunis-
tic, infection [15–17]. Older children and adults with HIV
disease have decreased lean body mass and relative preser-
vation of fat mass [18]. Alterations in body composition
in infants with primary HIV infection have yet to be stud-
ied directly, though progressive decrements in body mass
index during the first 6 months of life have been observed
in HIV-infected infants [2].

With progression of HIV infection, patients can develop
enteric infections, increased caloric requirements, and
malabsorption. Changes in GI function also can affect
nutrient utilization and growth. Decreased acid production
in the stomach (achlorhydria), by eliminating the normal
gastric acid barrier, predisposes to bacterial overgrowth.
Mucosal immune dysfunction can result in decreased
mucosal IgA that is targeted against specific pathogens,
thereby reducing one of the important mechanisms of pro-
tection against enteric pathogens. HIV-infected individu-
als can produce excessive amounts of antibodies, but the
quality or the specificity of the antibody is thought to be
poor. Although not yet evaluated in the intestinal lumen
of HIV-infected children, one assumes that this process

Table 33.1 Signs and symptoms of GI disease by location of

primary lesion

Location of
primary lesion Signs and symptoms

Mouth Pain with chewing, anorexia, poor
weight gain

Esophagus Dysphagia, odynophagia, retrosternal
or subxyphoid pain, anorexia, poor
weight gain

Stomach Nausea, vomiting, early satiety,
epigastric pain, hematemesis, pallor,
melena

Small intestine Abdominal pain (usually periumbilical),
watery diarrhea, abdominal
distention, early satiety, flatulence,
poor weight gain, or weight loss

Colon Abdominal pain (usually lower
abdomen), bloody diarrhea, poor
weight gain or weight loss

Liver Fever of unknown origin, jaundice, dark
urine, clay-colored stool, pruritis

Pancreas Abdominal pain (usually during or after
meals), anorexia, fever, weight loss,
diarrhea

pertains to the mucosal immune system as well as the
systemic immune system.

The absorptive capacity of the GI tract is altered in HIV-
infected children. Activity of brush border enzymes, partic-
ularly lactase, the enzyme required for metabolism of the
sugar found in milk, is decreased [19]. Lactose intolerance
can present challenges in selecting an appropriate diet for a
child because many foods that children like contain milk or
milk products. With progression of HIV, systemic immune
function declines, and children develop enteric infections
that exacerbate malabsorption and malnutrition. Since
malnutrition further impairs immune function, partic-
ularly T cell function, a cycle of immunodeficiency, enteric
infection, malabsorption, and malnutrition results in clin-
ical deterioration and growth retardation. Other brush bor-
der enzymes responsible for absorption of proteins and
other carbohydrates decrease as HIV continues to drive this
cycle (Figure 33.1).

Careful attention to a patient’s signs and symptoms
should guide the approach to diagnosis and therapy. In
the following section, GI tract diseases will be examined
by clinical presentation. When possible, a link will be made
between symptoms and pathophysiology (Table 33.1).
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33.4 Evaluation and management of GI disorders

33.4.1 Anorexia or dysphagia

In the pediatric population, any discomfort with eating can
result in anorexia (Table 33.2). Older children can identify
pain with chewing or abdominal pain, but younger chil-
dren and infants can only refuse to eat. In the HIV-infected
child, there are many causes of food refusal. The initial
manifestation of disease in the mouth is often decreased
oral intake and poor weight gain. Although HIV-infected
children with parotitis can have decreased caloric intake,
impaired salivary secretion of amylase rarely impacts on
the digestion of starch. A careful evaluation of the mouth,
gums, and teeth should be included in the physical exam-
ination. Herpes simplex virus infection, linear gingival ery-
thema, and recurrent aphthous ulcers are commonly found
in the oral cavity of HIV-infected children. Culture of the
lesion will help identify the pathogen. In addition, children
with HIV infection frequently have poor dental hygiene
and can have extensive caries, dental abscesses, and gin-
givitis, causing painful chewing and potential decreases in
oral intake (see Chapter 28). Routine dental care is critical
for proper management and should be part of the multi-
disciplinary team approach to caring for HIV-infected chil-
dren. In children in whom there is no identifiable etiol-
ogy for anorexia, increased disease activity associated with
circulating cytokines such as tumor necrosis factor can
decrease appetite. Medications such as megestrol acetate
have been prescribed in adults with AIDS wasting and
appear to be effective in increasing weight. However, results
are not as encouraging in the pediatric population among
whom weight is increased, but linear growth is not sus-
tained (see Chapter 16). The side-effect of diabetes mellitus
impacts on the use of megestrol in children and it should
not be given to any child with lipodystrophy.

Pain with swallowing (odynophagia) should alert the
provider to consider an invasive infectious or inflammatory
process in the esophageal mucosa (e.g. Candida esophagi-
tis). Although esophageal ulceration associated with gas-
troesophageal acid reflux can cause dysphagia, any symp-
toms associated with swallowing in the HIV-infected child
are likely to be caused by infectious agents such as Can-
dida species, cytomegalovirus, or herpes simplex virus
(Table 33.3). In the oral cavity, Candida infection can be
evident as exudative plaques on any mucosal surface, red
and atrophic lesions on the palate or tongue, or erythema-
tous fissures at the corners of the mouth, termed angular
cheilitis. However, many children with candidiasis of the
esophagus may not have evidence for the infection in the
mouth. If lesions compatible with thrush are identified,

treatment with fluconazole should be effective within
5 days. If dysphagia is not improved during this time, an
upper endoscopy is recommended to identify other causes
of esophagitis. A barium swallow is usually not sufficiently
sensitive to identify esophageal ulcerations. If oral lesions
are not identified, upper endoscopy is recommended for
the child with chronic dysphagia or odynophagia. Multiple
adherent white-yellow plaques can cover the lining of the
esophagus and suggest a diagnosis of candidiasis. However,
yeast forms on mucosal biopsy or from a mucosal scraping
are essential to establish a diagnosis of invasive Candida
species. Candida esophagitis often responds to oral flu-
conazole (3–6 mg/kg once daily, with a maximum dose of
200 mg). Intravenous amphotericin B should be reserved
for those children who fail initial therapy. Improvement in
immune function often results in resolution of candidiasis
and should not be overlooked as an important component
of treatment.

Co-infection with other pathogens is not uncommon.
Discrete ulcers with well demarcated borders are sug-
gestive of cytomegalovirus. Intranuclear inclusions with
confirmatory immunohistochemical staining support a
diagnosis of cytomegalovirus, but culture of mucosal
biopsy is necessary for confirmation. Herpes simplex virus
esophagitis can be characterized by a diffuse, hemorrhagic
appearing esophageal mucosa or by small vesicles with
superficial ulcerations. As with other pathogens, mucosal
biopsy and culture are confirmatory. Both herpes sim-
plex virus and cytomegalovirus should be treated with
ganciclovir, acyclovir, or foscarnet. The decision of which
agent to use depends upon the degree of immunode-
ficiency and the presence of extra-intestinal infections,
such as cytomegaloviral retinitis. Rarely in children, Histo-
plasma capsulatum and Cryptococcus neoformans can
cause painful ulcerations in the oropharynx. Zidovudine
or zalcitabine can cause injury to the mouth or esophagus
if not cleared rapidly into the stomach. Children should
be reminded to always drink a full glass of water when
taking medications. Tumors, such as Kaposi’s sarcoma of
the esophagus and lymphoma, are rare in HIV-infected
children in the USA, but should be considered in severely
immunocompromised children with intractable progres-
sive weight loss. In some regions of the world, such as sub-
Saharan Africa, these malignancies are much more com-
mon and should occupy a more prominent consideration
in the differential diagnosis of dysphagia and odynophagia.

33.4.2 Nausea and vomiting

Nausea and vomiting are usually caused by gastritis, enteri-
tis, pancreatitis, dysmotility, or medication.By producing
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Table 33.2 Recognition and management of GI disorders in HIV-infected children [20]

Signs and
symptoms Differential diagnosis Evaluation Management

Dysphagia or
anorexia

Disease localized to the
mouth and/or esophagus

Thrush Examination, scraping for KOH
preparation, culture for Candida

Nystatin, clotrimazole, ketoconazole,
fluconazole, Amphotericin B with
or without flucytosine

Stomatitis/esophagitis Culture for cytomegalovirus, herpes
simplex virus

Acyclovir, ganciclovir, foscarnet

Hairy leukoplakia Exam, biopsy for Epstein-Barr virus,
human papilloma virus

May resolve without treatment

Periodontal disease Dental evaluation Dental hygiene, topical
chlorhexidine

Oral ulcers Check for neutropenia; stop zalcitabine if
appropriate

Steroids in some patients

Medication Zalcitabine (ddC); stomatitis 2–17% Often self-limited
Zidovudine (ZDV); anorexia Discontinue therapy
Hydroxyurea; stomatitis 8% Discontinue therapy
Ritonavir (RTV); anorexia, dysgeusia 10% Discontinue therapy

Nausea and
vomiting

Diseases localized to the
stomach:

H. pylori Serum antibody
Upper endoscopy and biopsy
Urea breath test
Rapid urease test on antral biopsy
Stool antigen

Double or triple antibiotic regimen
and proton pump inhibitor

Candidiasis Upper endoscopy and biopsy Clotrimazole, ketoconazole,
fluconazole, Amphotericin B with
or without flucytosine

Cryptosporidium Stool analysis using concentration
technique prior to staining with
modified Kinyoun acid-fast stain or
upper endoscopy with biopsy

Paromomycin, azithromycin,
nitazoxanide and bovine
colostrum (investigational)

Non-intestinal causes: Discontinue therapy, substitute as
appropriate

Medication Review medications: Abacavir (ABC),
nausea 45%, vomiting 15%; lamivudine
(3TC), zidovudine (ZDV), nausea 4–26%,
vomiting 3–8%; stavudine (d4T), 26%;
adefovir and ZDV/3TC, mild nausea and
vomiting 1–8%; nevirapine (NVP);
delavirdine (DLV), nausea 7%; saquinavir
(SQC); ritonavir (RTV); indinavir (IDV);
amprenavir, vomiting 7–33%;
hydroxyurea, nausea 12%, vomiting;
trimethoprim-sulfamethoxazole;
trimethoprim-dapsone; clindamycin;
primaquine; atovaquone; pentamidine
isoethionate; sulfadiazine; atovaquone;
azithromycin; dapsone; clarithromycin
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Table 33.2 (cont.)

Signs and
symptoms Differential diagnosis Evaluation Management

Central nervous system
lesion

CT scan of the head Dependent on cause

Diarrhea Disease localized primarily
to the small intestine:

Salmonella
Shigella
Campylobacter
Giardia lamblia
Cryptosporidium
Cytomegalovirus
Mycobacterium avium

intracellulare

Clinitest or fecal fat, stool cultures, ova
and parasite examination, blood culture
if fever present

Pathogen-specific therapy

Lactose intolerance Lactose breathe hydrogen test

Disease localized to the
colon:

Cytomegalovirus Check for blood in the stool, fecal WBC
exam, blood culture if fever present

Acyclovir, ganciclovir, forcarnet

Endoscopy, culture or biopsy lesions
C. difficile C. difficile stool toxin assay if indicated Metronidazole, oral vancomycin,

avoid antiperistaltic agents
Medication Review medications: didanosine (ddI),

16%; stavudine (d4T), 33%; lamivudine
(3TC), mild transient; abacavir (ABC),
25%; adefovir dipivoxil; ZDV-3TC;
delavirdine (DLV) 4%; sequinavir;
ritonavir (RTV); indinavir (IDV);
nelfinavir (NLF) 2–19%; amprenavir;
Lopinavir/ritonavir, 10–20%;
hydroxyurea

Discontinue therapy if symptoms are
severe or persistent

Hepatomegaly,
jaundice or
elevated
aminotrans-
ferases

Nutritional
Obstruction of the
common bile duct:
malignancy, infection

Abdominal ultrasound
Abdominal ultrasound

Enteral nutrition
Depends on cause and clinical status

Medication Review medications: zidovudine (ZDV),
steatosis; didanosine (ddI), 6–20%;
stavudine (d4T), 65%; abacavir (ABC),
2–5% have hypersensitivity reaction
with elevated AST/ALT; adefovir
dipivoxil and ZDV3TC, 4%; nevirapine
(NVP), 1%; delavirdine (DLV), <5%;
ritonavir (RTV), 10–15%; indinavir
(IDV), 10%; ABT 378 (lopinavir-
ritonavir), 8%; hydroxyurea, 2%

Discontinue medication

Abdominal pain Enteric pathogen Stool analysis Treatment dependent upon stool
analysis

(cont.)
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Table 33.2 (cont.)

Signs and
symptoms Differential diagnosis Evaluation Management

Medication Review medications: stavudine (d4T),
23%; lamivudine (3TC); abacavir (ABC),
15%; saquinavir (SQC); ritonavir (RTV),
20–40%; indinavir (IDV), 4–15%;

For Abacavir, abdominal pain may
decrease after weeks of therapy

Lactose intolerance Lactose breath test Lactose free diet
Pancreatitis:

idiopathic
Abdominal ultrasound Bowel rest

Cryptosporidium Serum lipase and amylase Nutrition support with or without
total parenteral nutrition as
needed

Cytomegalovirus Endoscopic retrograde
cholangiopancreatography with culture
and/or biopsy

Medication Review medications: didanosine (ddI),
4–8%; zalcitabine (ddC), 0.5–9%;
nelfinavir (NLF); stavudine (d4T);
clindamycin-primaquine; atovaquone;
azithromycin; clarithromycin;
pentamidine

Discontinue implicated medication,
substitute therapy as appropriate

GI bleeding Hematemesis Upper endoscopy Depends on cause
Hematochezia Sigmoidoscopy Depends on cause

Reference [20].

acid, the stomach serves as an important barrier for the
prevention of bacteria colonizing the upper GI tract. To pre-
vent peptic injury to the esophagus from gastroesophageal
reflux, clinicians can initiate acid suppression treatment
with H2 blockers or proton pump inhibitors. Prolonged
and sustained hypochlorhydria, as achieved with high dose
H2 antagonists or proton pump inhibitors, can result in
Candida overgrowth in the stomach. Other agents, such
as antacids, are not as effective at neutralizing acid and
rarely result in severe hypochlorhydria. Helicobacter pylori,
a common gastric pathogen associated with chronic gas-
tritis and duodenal ulcer, can also cause hypochlorhydria,
but has been reported infrequently in the HIV-infected
child [21]. Other pathogens such as cytomegalovirus, her-
pes simplex virus, Candida, or the intestinal parasite Cryp-
tosporidium can present with nausea and vomiting caused
by inflammation in the stomach. Upper endoscopy and
mucosal biopsy is often helpful in identifying specific
causes and guiding treatment. A diagnosis of H. pylori
infection can be established by non-invasive methods such
as stool antigen or urea breath test. Serologic tests are not
reliable in the pediatric population and this is most likely

even more relevant for the HIV-infected child. Many of
the medications used to treat children with HIV disease
cause nausea and vomiting (Table 33.2). Abacavir (ABC),
lamivudine (3TC), zidovudine (ZDV), and stavudine (d4T)
are most commonly associated with nausea and vomiting.
Although not well characterized in the pediatric popula-
tion, one suspects that many of these medications injure
the mucosa, resulting in gastritis and possible ulceration.
When tolerated, giving medications with food can prevent
some of these symptoms.

33.4.3 Diarrhea and GI bleeding

Diarrhea is a very common clinical manifestation of HIV
disease, especially as the immune system deteriorates and
viral load increases. For this reason, diarrhea has been seen
throughout the pandemic as a clinical indicator of deteri-
orating immune function and disease progression. Dur-
ing this phase of the disease, the number of prescribed
medications increases. Many cause diarrhea. In the early
phases of HIV infection, some patients can experience an
acute, self-limited diarrheal illness. With progression of
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Table 33.3 Infectious agents causing esophageal injury in

HIV-infected children

Bacterial agents
Mycobacterium avium complex
Mycobacterium tuberculosis

Viral agents
Cytomegalovirus
HIV
Epstein–Barr virus
Herpes simplex virus

Fungal agents
Candida albicans
Torulopsis glabrata
Histoplasma capsulatum

Protozoal agents
Cryptosporidium
Pneumocystis carinii
Leishmania species

HIV disease and concomitant immune dysfunction, AIDS
enteropathy characterized by malabsorption can develop.
The mechanism of this enteropathy is not well under-
stood. There appears to be injury to the epithelium without
identification of a specific pathogen. Perhaps the mucosal
immune system plays a role in the maintenance of epithe-
lial function and deterioration of immune function results
in epithelial dysfunction and malabsorption. In the late
stages of the illness, parasitic, viral, bacterial, and fungal
infections contribute to diarrhea and malnutrition.

The differential diagnosis of diarrhea in the pediatric
population includes infectious agents, allergic conditions
(such as milk or soy intolerance in infants), lactose
intolerance, inflammatory bowel disorders, antibiotic-
associated colitis, and malabsorption syndromes. Intesti-
nal pathogens can be difficult to identify unless they can be
found in the stool [22]. Enteric pathogens such as Mycobac-
terium avium complex (MAC) and Cryptosporidium may
not be evident in the stool in early stages of the infection
but can cause profuse diarrhea. Other intestinal pathogens,
such as Salmonella, Shigella, Campylobacter, Clostridium
difficile, and Giardia lamblia, are easier to identify by exam-
inations of the stool or culture and may not cause the pro-
found diarrhea seen in other enteric pathogens. Herpes
simplex virus and cytomegalovirus can cause focal ulcer-
ations that bleed. Patients infected with these pathogens
can present with melena, hemetemesis or hematochezia
as well as with bloody diarrhea. Endoscopic evaluation,
biopsy, and culture of ulcers often establish the diagnosis.
Both herpes simplex virus and cytomegalovirus can be cul-

tured from stool of patients without mucosal ulcerations or
injury. The most common enteric pathogens found in the
pediatric population are listed in Table 33.2. Microsporidia,
Entamoeba histolytica, Isospora bella, and malignancies
such as Kaposi’s sarcoma are quite rare in children and are
not frequent causes of diarrhea.

In children without an identifiable enteric pathogen,
testing for lactose intolerance with a non-invasive test such
as the lactose breath hydrogen test can provide a clue to the
cause of the symptom. HIV-infected children develop lac-
tose intolerance earlier than expected based upon genetic
predisposition. By age 5 years, many will be lactose intol-
erant, but many may not exhibit classical symptoms [23].
However, there does not appear to be a direct relationship
between lactose intolerance, malabsorption, and delayed
weight gain or growth. This observation leaves the clinician
to determine if removing lactose-containing foods from the
diet will result in improvement of diarrheal symptoms or
eliminate an important source of calories that will eventu-
ally result in reduced caloric intake and weight loss.

The evaluation of diarrhea includes a thorough history
and physical examination. Careful assessment of weight
and growth provide important clues about malabsorption.
Bulky, malodorous stools are found in children with pancre-
atic insufficiency; whereas, malabsorption from injury to
the small intestine usually causes watery diarrhea. Bloody
diarrhea is seen in colitis. The presence of fecal leuko-
cytes supports a diagnosis of colitis; whereas carbohy-
drate in the stool as demonstrated by a positive Clin-
itest assay for reducing substances or fecal fat detected
by Sudan stain of stool supports a disorder associated
with small intestinal injury. Radiographic studies have lit-
tle role in the initial evaluation of diarrhea. Culture of the
stool for enteric pathogens yields the best chance to iden-
tify treatable causes. For many enteric pathogens, identi-
fication may only be possible by endoscopic evaluation
that permits sampling of duodenal fluid and/or mucosal
tissue. Visual and biopsy findings from endoscopy can
change medical management in over two-thirds of children
[24].

Melena and hematemesis are usually caused by lesions
in the stomach, esophagus, mouth, or nasopharnyx. Neu-
tropenic ulcers can be troublesome to manage, but rarely
result in significant blood loss. Although rare in the pedi-
atric population, tumors of the GI tract can present with
GI bleeding. Kaposi’s sarcoma is the most common malig-
nancy associated with HIV disease, followed by lym-
phoma. The GI tract is involved about one third of the
time [25]. Blood loss can occur also with lymphoma,
and the cauliflower-like masses also can cause intestinal
obstruction. Smooth muscle tumors such as leiomyoma
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Table 33.4 Selected therapies for common enterocolonic

pathogens in children

Pathogen Treatment

Salmonella ampicillin, amoxicillin,
trimethoprim-
sulfamethoxazole, cefotaxime,
ceftriaxone

Shigella ampicillin, trimethoprim-
sulfamethoxazole, cefixime,
ceftriaxone, cefotaxime,
ciprofloxacin, ofloxacin

Campylobacter erythromycin, ciprofloxacin
Giardia lamblia metronidazole, tinidazole,

furazolidone, paromomycin
Cryptosporidium paromomycin, azithromycin,

nitazoxanide (investigational),
hyperimmune bovine
colostrum (investigational)

Cytomegalovirus Ganciclovir, foscarnet
Mycobacterium

avium
intracellulare

clarithromycin or azithromycin
plus ethambutol; additionally
rifabutin, rifampin,
clofazimine, ciprofloxacin, or
amikacin

and leiomyosarcoma are rare in children, but have been
described in association with GI blood loss [26].

Treatment depends on the specific cause of the diarrhea
(Table 33.4). For example, several drugs are effective against
giardiasis, including metronidazole (15 mg/kg/day in three
doses for 5 days) which is effective in over 80% of children.
Quinacrine, 2 mg/kg tid for 5 days (maximum dose 300
mg/day) and paromomycin (Humatin), 25–35 mg/kg/day
in three doses for 7 days also have been used to treat Giardia
lamblia infections.

The anti-protozoal agent, nitazoxanide [27] has been
approved by the FDA for treatment of diarrhea caused by
Cryptosporidium parvum and Giardia lamblia in children
ages 1–11 years old. This medication is available in a liq-
uid formulation, and is well absorbed from the GI tract.
Peak serum concentrations are achieved within 1–4 hours.
The active metabolite, tizoxanide, is then glucuronidated
prior to excretion in the urine (30%) and stool (60%). The
mechanism of action of this drug is not known, but inhi-
bition of the pyruvate : ferredoxin oxidoreductase enzyme-
dependent electron transfer reactions are thought to be
important. Nitazoxanide appears to be effective against

other enteric pathogens such as Isospora belli, Entamoeba
histolytica, Balantidium coli, and helminthes (Ascaris lum-
bridoides, Enterobius vermicularis, Ancylostoma duode-
nale, Trichuris trichiura, Taenia saginate, Hymenolepsis
nana, Strongyloides stercoralis, and Fasciola hepatica). Yel-
low sclerae rarely occurs, but is related to deposition of
the medication and resolves upon completing treatment.
Other side-effects such as headache, abdominal pain, diar-
rhea, and vomiting do not occur more frequently than
placebo. The efficacy of nitazoxanide seems to differ in
HIV-infected and HIV-uninfected children. In a random-
ized controlled trial of children less than 3 years of age
with cryptosporidiosis, 100 mg nitazoxanide twice daily for
3 days resulted in improvement in 56% of the HIV-
uninfected children compared to 23% of HIV-uninfected
children who received placebo. However, in the HIV-
infected children in the same study, there was no differ-
ence in the response rate in the groups treated with nita-
zoxanide or placebo. For treating giardiasis, nitazoxanide
was as effective as metronidazole. The recommended dose
for treating giardiasis for children 12–47 months old is 100
mg (5 mL) q12 hours for 3 days. For children 4–11 years old,
the dose is 200 mg (10 mL) q12 hours for 3 days. Currently
nitazoxanide is not approved for use in adults [27].

33.4.4 Hepatomegaly and jaundice

Although hepatomegaly and mildly elevated liver func-
tion tests are common findings in HIV-infected children,
chronic and progressive liver disease is unusual. Steatosis,
most commonly associated with nutritional deficiencies, is
one of the most common causes for an enlarged liver and
elevated transaminases. Other conditions in the differen-
tial diagnosis include hepatitis B, hepatitis C, MAC infec-
tion, Epstein–Barr viral hepatitis, cytomegalovirus, and
drug toxicity. Of the medications an HIV-infected child is
likely to take, several are associated with elevated transam-
inases (e.g. rifabutin, isoniazid, fluconazole, itraconazole,
ketoconozole, rifampin, trimethoprim–sulfamethoxazole,
lamivudine, stavudine, zalcitabine, nevirapine, and riton-
avir). Although hepatitis B can occur in HIV-infected
children, the infection does not usually cause hepato-
cellular injury. The injury to the hepatitis B infected
hepatocyte is caused by activated lymphocytes. Because
of the immunodeficiency associated with HIV infection,
immune-mediated injury from hepatitis B is ameliorated.
This is not the case with hepatitis C. Infants born to moth-
ers who are co-infected with HIV and hepatitis C are at a
significantly increased risk for developing hepatitis C [28].
This infection is a slow, progressive disease and problems
with hepatocellular carcinoma may not be evident until
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adulthood. Nevertheless, all children who are infected with
hepatitis C or B should be followed regularly and based
upon transaminases and their clinical course treated with
interferon or lamivudine.

Jaundice in the HIV-infected child should raise the possi-
bility of common bile duct obstruction or cholestatic hep-
atitis. Gallstones, fibrosis, or inflammation of the biliary
tract can result in symptoms of obstruction. Initial evalu-
ation should include an abdominal ultrasound. Cryp-
tosporidium can migrate into the bile duct resulting in
inflammation of the epithelium and acalculous chole-
cystitis. Fever and right upper quadrant abdominal pain,
and positive Murphy’s sign should increase suspicion for
this diagnosis. Cytomegalovirus can cause similar symp-
toms and an endoscopic retrograde cholangiopancreato-
graphy (ERCP) or biopsy of the papilla can help distinguish
between these diagnostic possibilities.

Jaundice in the HIV-infected child should cause concern
about an obstruction of the common bile duct or severe
hepatitis. Drug-induced hepatic injury should be consid-
ered in patients with progressive liver disease. In adults,
hepatitis and rarely fulminant hepatic failure with lactic
acidosis have been associated with receipt of nucleoside
analog reverse transcriptase inhibitors. Elevated transami-
nases should prompt evaluation for known causes of hepa-
titis, but often no cause is identified. In this setting, mal-
nutrition or HIV itself can be causing the abnormality. If
transaminases remain persistently elevated for 6 months, a
liver biopsy can be beneficial in finding an etiology. Because
HIV can modify the immune response, unusual oppor-
tunistic infections may be found when evaluating hepatic
tissue.

33.4.5 Abdominal pain

Children with HIV disease can experience crampy abdom-
inal pain in association with increased luminal secre-
tion and enhanced peristalsis from enteric pathogens. In
this setting, bowel sounds are increased in frequency, but
are normal in pitch. Abdominal pain in conjunction with
decreased frequency of bowel sounds or increased pitch
(tingles or rushes) should alert the clinician to the possibil-
ity of more serious causes. Appendicitis and bowel obstruc-
tion (intussusception) can occur in the HIV-infected child,
but have not been reported to occur at increased frequency.
Mycobacterium avium complex often infects the mesen-
teric lymph nodes before the bacteria can be identified in
the mucosa. When the lymph nodes become enlarged they
can cause abdominal pain; initiation of diarrhea may begin
months later. The mechanism is not known, but transient
intussusception led by these enlarged lymphoid aggregates

can play a role. The diagnosis is difficult to establish but may
be suspected by identifying enlarged mesenteric nodes on
an abdominal CT scan.

Abdominal pain caused by pancreatitis can be the
harbinger of clinical deterioration in an HIV-infected child.
The diagnosis is established by detecting an elevated amy-
lase and/or lipase. Since many children with HIV may
have elevated salivary amylase, total serum amylase is
not a reliable indicator of clinical pancreatitis in these
children. Fractionation of amylase or measurement of
lipase should be determined if pancreatitis is suspected.
A plain radiograph of the abdomen may demonstrate a
widened duodenal loop suggesting edema of the head of
the pancreatitis. Abdominal ultrasound is better at assess-
ing pancreatic parenchyma and size of intrapancreatic
ducts. Cytomegalovirus and, less commonly, Cryptosporid-
ium can invade the biliary epithelium, resulting in inflam-
mation and eventual obstruction of the pancreatic duct. In
addition, antiretroviral drugs, especially didanosine, and
medications used to treat opportunistic infections, such as
pentamidine and isoniazid, have been associated with pan-
creatitis. Diagnosis of the infectious pathogens is depend-
ent upon brushings or lavage of the pancreatic duct or
biopsy of the papilla.

Treatment of pancreatitis is often palliative. Discontin-
uing medications that have been implicated in causing
pancreatitis can be of some benefit, but monitoring amy-
lase and lipase in children at risk may permit earlier inter-
vention. Because food or using the GI tract for nutritional
support exacerbates pancreatic disease, children with pan-
creatitis may become malnourished rapidly unless total
parenteral nutrition is started early in the course of the ill-
ness. Even when an etiologic agent such as cytomegalovirus
is identified, treatment with an antiviral agent is rarely
effective, and management remains primarily supportive.
In one series of HIV-infected children, pancreatitis was
associated with a high rate of mortality within months of
diagnosis [29].

33.5 Conclusions

Gastrointestinal disorders affect the lives of HIV-infected
children by causing abdominal pain and discomfort,
impairment of nutrient utilization and growth, decreasing
caloric intake, and equally important, by depriving them of
the simple pleasures surrounding family meal times. The
goals of intervention are to recognize the subtle signs and
symptoms of GI disease, and to use the multi-disciplinary
expertise of nutritionists, nurses, social workers, dietitians,
physicians, mental health workers, and pharmacists to
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formulate a plan that meets the needs of the child as well
as the expectations of the family.
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34.1 Introduction

HIV infection is associated with a wide range of renal and
metabolic disturbances [1, 2]. Electrolyte and acid-base
disorders are fairly common, particularly in hospitalized
patients. These include hyponatremia, hyperkalemia, and
metabolic acidosis. Acute renal failure may occur, most typ-
ically as a consequence of drug therapy. Other common
syndromes include hematuria, pyuria, and proteinuria; it is
important for the physician who cares for patients with HIV
disease to have a plan of evaluation for each of these clinical
syndromes. Glomerular disease is less common and most
typically manifests as focal segmental glomerulosclerosis
in African–Americans and proliferative glomerulonephritis
in patients of other ethnic backgrounds.

34.2 Fluid and electrolyte disorders: water,
sodium, and potassium

Hyponatremia is the most common electrolyte disorder
in HIV-infected patients. In a longitudinal study of pedi-
atric HIV patients, the incidence of hyponatremia was
about 25% and the major cause was the syndrome of inap-
propriate secretion of antidiuretic hormone (SIADH) [3].
Volume depletion due to gastrointestinal losses and poor
fluid intake is another common cause, and is doubtless
the most common cause of hyponatremia in the devel-
oping world. Other causes include adrenal insufficiency
and drugs, including diuretics. Evaluation of hyponatremic
patients involves clinical assessment of intravascular vol-
ume status and measurement of random urine sodium and
creatinine concentrations. In the setting of hyponatremia

and sodium depletion (extracellular volume depletion, as
manifested by orthostatic hypotension), urine sodium <10
mEq/L indicates extra-renal saline loss (e.g. diarrhea) and
urine sodium >10 mEq/L suggests renal saline losses (e.g.
diuretics or renal salt wasting). If a patient has SIADH, the
patient will typically have hyponatremia, a normal extra-
cellular volume status, and a urine sodium >20 mEq/L.
In HIV-infected patients, SIADH may be due to brain or
lung infection, hypothyroidism, hypocortisolism, or medi-
cation. Management includes free-water restriction and, in
refractory cases, doxycycline therapy (avoid in children < 8
years old due to impairment of tooth development).

Hyperkalemia in the setting of HIV infection can be
caused by adrenal insufficiency, hyporeninemic hypoal-
dosteronism, or acute renal failure [4]. Hyperkalemia may
also be due to medication, particularly trimethoprim [5]
and pentamidine [6]. These drugs have structural similar-
ities to potassium-sparing diuretics such as triamterene
and block apical sodium channels within the collecting
duct. This blockade of cellular sodium entry into the tubu-
lar cell results in reduced tubular secretion of potassium,
which is linked to sodium uptake.

34.3 Acid-base disorders

Hyperchloremic, normal anion-gap, metabolic acidosis
secondary to chronic diarrhea or medication is frequently
seen in HIV-infected children. Some patients have asso-
ciated persistent hyperkalemia suggestive of renal tubu-
lar acidosis type IV [7]. Type A lactic acidosis (associated
with hypotension) is commonly due to sepsis and type
B lactic acidosis (associated with normal blood pressure)
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has been described in association with nucleoside reverse
transcriptase inhibitor therapy (NRTIs) [8]. The diagnos-
tic approach to a reduced serum bicarbonate includes
the following: exclude hyperventilation with appropri-
ate renal compensation; calculate serum anion gap; if
there is an elevated anion gap, measure suspected anions
(e.g. lactate); if anion gap is normal, then evaluate for
causes of hyperchloremic metabolic acidosis (including
urine pH). Therapy is indicated for acute metabolic aci-
dosis guided by arterial blood gas pH (treat with intra-
venous serum bicarbonate) and for chronic metabolic acid-
osis with serum bicarbonate <18–20 mEq/L (treat with
citrate solutions). The pathogenesis of metabolic disor-
ders associated with antiretroviral therapy is described in
Chapter 20.

34.4 Acute renal failure

Acute renal failure (ARF), defined as the acute retention
of nitrogenous wastes with or without oliguria, may occur
in HIV-infected children, although less commonly than
in adults [7–9] (Table 34.1). The major etiologies of ARF
are summarized in Table 34.1. Evaluation of these patients
involves the following: clinical assessment of intravascu-
lar volume status; microscopic examination of the urine
including staining for eosinophils; and measurement of
random urine sodium and creatinine prior to the adminis-
tration of diuretics, from which is calculated the fractional
excretion of filtered sodium (FE Na = [U Na × P Cr]/[P Na ×
U Cr] × 100), where U Na is urine sodium, P Cr is plasma
creatinine, P Na is plasma sodium, and U Cr is urine
creatinine.

Pre-renal ARF is associated with reduced urine output,
urine sodium concentration <20 mEq/L, and FE Na <1%.
Intrinsic renal causes of ARF include acute tubular necrosis
(urinalysis showing muddy brown casts, urine sodium >40
mEq/L, and FE Na > 2%), interstitial nephritis (urinalysis
showing leukocytes, sometimes including eosinophils, and
sometimes dysmorphic erythrocytes or cellular casts), and
rapidly progressive glomerulonephritis (urinalysis show-
ing dysmorphic erythrocytes and frequently red blood
cell casts). Postrenal ARF in a child is most commonly
due to ureteral obstruction and therefore is best assessed
by obtaining renal ultrasound examination in patients
at particular risk of stones, or retroperitoneal or pelvic
masses.

Referral to a nephrologist should be considered when the
etiology of ARF is in doubt and for management of renal
causes of ARF. Urology consultation is warranted for post-
renal causes of ARF. Patients with developing ARF should

Table 34.1 Acute renal failure in patients with HIV infection

Classification Etiology

Pre-renal Intravascular volume depletion
(vomiting, diarrhea, glucocorticoid
deficiency)

Capillary leak (sepsis,
hypoalbuminemia, therapy with
interleukin-2, interferon-�, or
interferon-� )

Hypotension (sepsis, HIV
cardiomyopathy)

Decreased renal blood flow
(non-steroidal anti-inflammatory
drugs)

Renal Acute tubular necrosis (ischemia,
sepsis, antimicrobials, radiographic
contrast, rhabdomyolysis)

Interstitial nephritis (penicillins,
ciprofloxacin, non-steroidal
anti-inflammatory drugs,
adenovirus, cytomegalovirus,
polyomavirus, microsporidia,
Mycobacteria)

Rapidly progressive
glomerulonephritis (immune
complex glomerulonephritis,
thrombotic thrombocytopenic
purpura)

Post-renal Tubular obstruction (sulfadiazine,
acyclovir, tumor lysis)

Extrinsic ureteral and pelvic
obstruction (e.g. lymphoma or
massive lymphadenopathy)

Intrinsic reteral obstruction (e.g. stone,
fungus ball due to Candida, blood
clot, sloughed papilla, indinavir
crystals)

have close attention to saline balance, in order to avoid
hypotension (which can exacerbate renal injury) and fluid
overload. Indications for dialysis include hyperkalemia,
metabolic acidosis, volume overload, and severe azotemia.

34.5 Drug-induced renal complications

HIV infection requires the use of multiple medications for
prolonged periods and the risk of toxicity, including renal
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Table 34.2 Renal complications of drugs commonly used in HIV patients

Antibacterial and antiprotozoal agents
Aminoglycosides Acute renal failure, magnesium wasting
Penicillins Allergic interstitial nephritis
Ciprofloxacin Allergic interstitial nephritis
Pentamidine Rhabdomyolysis, azotemia, acute renal failure
Rifampin Acute renal failure, Fanconi syndrome, renal tubular acidosis,

nephrogenic diabetes insipidus, interstitial nephritis,
glomerulonephritis

Sulfa drugs Azotemia without change in GFR, sulfadiazine crystal-induced
obstructive nephropathy, allergic interstitial nephritis

Antifungal agents
Amphotericin Azotemia, acute renal failure, potassium and magnesium wasting, distal

renal tubular acidosis, nephrocalcinosis

Antiviral agents
Acyclovir Acyclovir crystal-induced obstructive nephropathy
Dideoxyinosine Hypokalemia, hyperuricemia, Fanconi syndrome
Indinavir Nephrolithiasis, flank pain, dysuria, asymptomatic crystalluria,

interstitial nephritis, acute renal failure, possibly hypertension
Foscarnet Acute renal failure, nephrogenic diabetes insipidus
Zidovudine Rhabdomyolysis
Several reverse

transcriptase inhibitors
Lactic acidosis

Anti-inflammatory agents
Non-steroid

anti-inflammatory
drugs

Reduced sodium excretion, interstitial nephritis, nephrotic syndrome

toxicity, is high. Renal complications of drugs used com-
monly in HIV-infected patients are listed in Table 34.2.

34.6 Hematuria

Hematuria may reflect bleeding from kidney, ureter, blad-
der, or urethra (Table 34.3). Urinary dipsticks will show
a positive test for blood in the presence of intact red
blood cells (RBCs), hemoglobin, and myoglobin. Inges-
tion of ascorbate will inhibit this test and therefore mask
the assessment of hematuria by dipstick, but will not
affect the microscopic examination of urine. When occult
blood is present in the urine without RBCs, one must con-
sider the possibility of hemoglobinuria or myoglobinuria.
When RBCs are present, a careful microscopic inspection
using a phase contrast microscope may reveal dysmor-
phic changes, such as irregular margins and, particularly,
surface blebs, which are helpful clues to the presence of
glomerular or tubular injury, as distinguished from bleed-

ing originating from lower in the urinary tract. Causes of the
latter include stones or crystalluria (e.g. due to indinavir
therapy), urothelial malignancy (which has an increased
prevalence in HIV-infected adults [10]), and infection.

Microscopic examination of the urine should be per-
formed in all patients with suspected renal disease, look-
ing for dysmorphic RBCs (evidence of glomerular or tubu-
lar disease), RBC casts (evidence of glomerulonephritis or
occasionally interstitial nephritis), white blood cell casts
(evidence of glomerulonephritis, interstitial nephritis, or
pyelonephritis), and broad and waxy casts (evidence of
chronic renal disease).

34.7 Pyuria: infection and interstitial nephritis

Pyuria may be due to infection, drug-induced intersti-
tial nephritis, or glomerulonephritis (Table 34.4). Pyuria
is typically defined as more than 2–4 leukocytes per
high power field, although the precise range of normal
depends on the degree of urinary concentration used



524 S. Tanawattanacharoen and J. B. Kopp

Table 34.3 Causes of hematuria in HIV-infected patients

Renal causes Postrenal causes Other

Dysmorphic erythrocytes on
urinalysis

Nondysmorphic erythrocytes
on urinalysis

Erthyrocytes absent from
urinalysis

Glomerular diseases:
glomerulonephritis,
nephrotic syndrome (see
Table 34.5)

Kidney stone, crystal
aggregates

Hemoglobinuria

Interstitial nephritis (see Table
34.5)

Cancer of kidney or bladder Myoglobinuria

Infection in kidney, ureter,
bladder, prostate, urethra

Adapted with permission from [2].

Table 34.4 Causes of pyuria in HIV-infected patients

Bacterial infection Viral infection Protozoan infection Other

Gram-negative
bacteria:
pyelonephritis,
cystitis, prostatitis

Cytomegalovirus:
interstitial
nephritis

Microsporidian
Encephalitozoon
species: interstitial
nephritis

Drug-induced
interstitial
nephritis

Neisseria
gonorrhoeae,
Chlamydia
species: urethritis

Adenovirus:
interstitial
nephritis, ureteritis

Stones and
crystalluria,
including drug
(indinavir,
acyclovir)

Mycobacterium
species:
pyelonephritis

Polyomavirus,
especially BK virus:
interstitial
nephritis, ureteritis

Urothelial cancer

Adapted with permission from [2].

to prepare the sample. Allergic interstitial nephritis may
be suspected when the patient exhibits eosinophilia, or
when eosinophils are present in the urine, although their
absence does not exclude the diagnosis. There appears
to be no increased risk of bacterial urinary tract infection
among HIV-infected children [11]. Other infectious agents
which may present with pyuria include the following:
Mycobacterium tuberculosis, Mycobacterium avium com-
plex, microsporidians of the genus Encephalitozoon,
cytomegalovirus (CMV), adenovirus, and BK virus (a poly-
omavirus) [12–14]. Adenoviral infection may also present
with gross hematuria and ureteric obstruction due to cel-
lular injury and clot. Diagnosis of infection with mycobac-
terial species, cytomegalovirus, and adenovirus is made by

culture. Polyomavirus, typically BK virus, but possibly JC
virus or SV40 virus, may be suspected when dysmorphic
tubular epithelial cells are present on cytologic examina-
tion and this finding is confirmed by immunostaining or
PCR.

Crystalluria is seen with a number of medications,
including particularly sulfa-related compounds, acyclovir,
and indinavir. Only with indinavir does crystalluria lead to
frequent complications. Indinavir crystals are highly dis-
tinctive, taking two forms: irregular, rectangular plates and
starburst or rosette forms. Crystalluria is due to the frac-
tion of indinavir that is excreted unchanged in the urine
(approximately 20%) and the low solubility of indinavir in
aqueous solutions. Crystal-related complications include
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dysuria, renal obstruction due to sludging, and nephrolithi-
asis. Two large studies suggested that loin pain (due to
sludging or stone) occurs at a frequency of 6.7–8.3 episodes
per 100 patient years of indinavir therapy [15, 16]. When
multiple urinalyses are performed, indinavir crystalluria
is seen in up to 67% of patients, suggesting that the
presence of crystals alone is not a useful predictor of
the likelihood of developing complications [17]. Indinavir
therapy is also associated with interstitial nephritis, with
normal or elevated blood urea a nitrogen (BUN) and crea-
tinine, and with pyuria; characteristic crystals are present
in urine and within renal parenchyma and the urine fre-
quently has multinucleated giant cells (histiocytes) [18, 19].
All patients receiving indinavir should have periodic urinal-
ysis and measurement of serum creatinine, probably every
3 months. Management of suspected interstitial nephritis
involves cessation of indinavir therapy, which is associated
with prompt resolution of pyuria. In patients in whom indi-
navir is continued, there is a risk for irreversible renal func-
tion decline and renal atrophy.

34.8 Proteinuria

HIV-associated proteinuria is quite common in children.
Thus, of 556 HIV-infected children evaluated over a 12-year
period, nearly 13% were found to have persistent urine dip-
stick findings of 1+ or greater, in the absence of fever or
urinary tract infection [20]. All patients with urinary pro-
tein on dipstick of 2+ or greater should undergo meas-
urement of 24-hour urine protein and creatinine excre-
tion, or if that is not feasible, should have a random urine
protein/creatinine ratio determined [21].

Normal urinary protein is mostly composed of Tamm–
Horsfall protein, a product of the distal tubule (∼50%) and
low molecular weight serum proteins (∼50%). Normal pro-
tein excretion is < 0.3 g/day/m2 for full-term babies, < 0.25
g/day/m2 for infants and children <10 years, and < 0.2
g/day/ m2 for children >10 years [22]. Collection of a 24-
hour urine can be difficult in children, and as an alterna-
tive one can use the protein/creatinine ratio measured on
a random urine sample. The urine protein/creatinine ratio
is a dimensionless number, obtained by dividing the urine
protein in mg/dl by the urine creatinine in mg/dl. Normal
values of protein/creatinine ratio are < 0.5 in children
< 2 years and < 0.2 in children > 2 years [22]. Children with
nephrotic-range proteinuria, defined as > 3.5 g/day/1.73
m2, will generally have a random urine protein/creatinine
ratio >3.

The degree of pathologic proteinuria provides some
clues as to likely source (Table 34.5). Tubular disease

is typically associated with levels of proteinuria of 0.5–
2 g/day/1.73 m2. Urinary protein electrophoresis, which
identifies and quantitates the major classes of urinary
proteins, is also helpful in distinguishing tubular pro-
teinuria (typically with < 20% albumin) from glomeru-
lar proteinuria (typically with ∼50% albumin). Glomeru-
lar disease syndromes include nephritis (hypertension,
edema, hematuria, and protein excretion typically 0.5–3
g/day/1.73 m2) and nephrotic syndrome (edema, hypoal-
buminemia, hypercholesterolemia, and protein excretion
>3.5 g/day/1.73 m2). In patients with tubular proteinuria, it
is particularly important to review carefully the use of medi-
cations, including prescription medicine, over-the-counter
medicines, and complementary and alternative medicines.

The management of tubular proteinuria begins with
identifying possible infections or offending medications;
those with proteinuria>1 g/day/1.73 m2 should be referred
to a nephrologist. Patients with glomerular proteinuria
should be referred to a nephrologist, and consideration
should be given to the advisability of renal biopsy. Pro-
teinuria >1 g/day/1.73 m2 probably merits introduction
of angiotensin antagonist therapy (angiotensin converting
enzyme [ACE] inhibitors and angiotensin receptor block-
ers [ARB]) to slow the progression of renal injury, although
the data to support such a recommendation derives largely
from studies of adults.

34.9 HIV-associated glomerular diseases

Patients with HIV-associated glomerular disease may
present with proteinuria or hematuria on routine urina-
lysis, or with gross hematuria, edema, hypertension, or
elevated BUN and creatinine. Since many patients are
asymptomatic, routine urinalysis should probably be per-
formed regularly, perhaps semi-annually. The incidence
of glomerular disease in children with HIV-1 infection is
unknown.

Focal segmental glomerulosclerosis (FSGS) is the most
typical glomerular lesion associated with HIV infection
and has been termed HIV-associated nephropathy (for
recent reviews see [1, 23]. It is a pathologic syndrome
characterized by increased accumulation of glomerular
extracellular matrix protein that initially affects some
portions (hence segmental) of some glomeruli (hence
focal). African–Americans have an increased incidence
of FSGS and this is particularly true of HIV-associated
FSGS, suggesting a genetic basis. The prevalence of FSGS
is estimated at 2–10% in longitudinal studies of patient
populations which are predominantly African–American
[24–26]. Children with HIV-associated FSGS typically
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Table 34.5 Causes of proteinuria in patients with HIV infection

Comment

Glomerular proteinuria Urine albumin > 50% urine protein and
urine protein typically > 2 g/d/1.73 m2

Focal segmental glomeruloclerosis Especially in Black patients
Mesangial hypercellularity Patients of all racial backgrounds
Immune complex glomerulonephritis Especially in White and Asian patients
IgA nephropathy Especially in White and Asian patients
Thrombotic microangiopathy Uncommon
Amyloid nephropathy Rare
Membranous nephropathy Rare
Fibrillary/immunotactoid

glomerulonephritis
Rare

Histoplasmosis Rare
Membranoproliferative glomerulonephritis Generally associated with hepatitis C
Diabetes Common due to the high prevalence of

diabetes in developed countries

Interstitial nephritis Urine albumin <30% of urine protein and
urine protein typically <2 g/d/1.73 m2

Drugs (see Table 34.2)
Mycobacteria, both typical and atypical Common (at autopsy)
Cryptococcus species Rare
Polyomavirus (BK, JC, and possibly SV40) Moderately common
Adenovirus Rare
Cytomegalovirus
Microsporidia (Encephalitozoon species) Rare

Adapted with permission from [2].

present with heavy proteinuria, and some may have renal
insufficiency at presentation. In patients with vertically
acquired HIV infection, the modal time for the appearance
of proteinuria is between ages 3 and 5 years [24, 25]. Chil-
dren with HIV-associated FSGS, like adults, have in past
years tended to progress to end stage renal disease (ESRD)
fairly rapidly, frequently within a year of the appearance of
renal disease [25]. With the advent of highly active antiretro-
viral therapy (HAART), it appears that the course of pro-
gressive renal dysfunction has become more indolent. In
some patients the introduction of HAART has been associ-
ated with marked improvement in renal function and renal
histopathology [27, 28 ] Therapy includes control of hyper-
tension and the use of angiotensin-converting enzyme
inhibitors and/or angiotensin blockers. These medications
have three favorable effects on chronic kidney disease: they
reduce blood pressure, proteinuria, and fibrosis. These re-
commendations derive from studies of adults with HIV-1
[29, 30] and adults with a range of other kidney diseases

[31]. No similar studies of children with HIV-1 have been
reported.

The pathogenesis of HIV-associated FSGS has been the
subject of considerable investigation. It appears that sev-
eral mechanisms contribute. First, podocytes and renal
tubular epithelial cells are susceptible to infection by HIV-
1, with in situ hybridization studies suggesting low-level
viral replication [28]. The consequences of this infection
are not clear but at least in the case of renal tubular epithe-
lial cells may include apoptosis [32]. Second, mice trans-
genic for subgenomic HIV-1 constructs develop FSGS, sug-
gesting that replicating virus is not required and that viral
proteins are toxic to renal parenchymal cells, particularly
podocytes and renal tubular epithelial cells [33, 34]. This
observation is consistent with the observation that other
lentiviruses, including simian immunodeficiency virus and
feline immunodeficiency virus, also cause FSGS in their
host species. Third, there may be a pathogenetic role for
the release of cytokines or viral proteins from infected
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lymphocytes or macrophages, located within the kidney
itself or within lymphoid tissue (with products being deliv-
ered to kidney via the circulation). Fourth, the approxi-
mately 18-fold increased risk for FSGS among Black
patients with HIV-1 compared with White patients with
HIV-1 suggests that genetic factors contribute to risk,
although the genetic loci remain to be identified [35].

A second glomerular lesion, mesangial hypercellularity,
has been seen about half as commonly as FSGS in children
with HIV-1 infection (and less commonly in adults), and
occurs in all racial groups [24–26]. Like patients with FSGS,
patients with mesangial hypercellularity typically present
with proteinuria or frank nephrotic syndrome. Pediatric
patients with mesangial hypercellularity tend to be some-
what older than pediatric patients with HIV-associated
FSGS. Mesangial hypercellularity is a diagnosis that repre-
sents a subset of minimal change nephrotic syndrome and
this disorder is seen chiefly in children (and not in adults),
either with or without HIV infection. These patients have
slightly increased numbers of mesangial cells and either
lack immunoglobulin deposits within the glomerulus or
have modest amounts of IgM and/or complement [36].
Patients with mesangial hypercellularity generally appear
to have an excellent prognosis, although those with heavy
proteinuria may deserve a trial of prednisone.

A third category of HIV-associated glomerular disease is
mesangial proliferative glomerulonephritis, which occurs
with a frequency comparable with mesangial hypercellu-
larity [24–26, 37–39]. In pediatric patients, HIV-associated
glomerulonephritis has included otherwise uncategorized
mesangial glomerulonephritis, IgA glomerulonephritis [38,
39] and crescentic glomerulonephritis [40]. Patients with
HIV-associated proliferative glomerulonephritis gener-
ally have an excellent prognosis over the medium-term,
although this may not be true for the more aggressive
lesions. No study has followed these patients for more
than a few years, and the long-term prognosis is unknown.
The pathogenesis of mesangial proliferation in the set-
ting of HIV-1 infection is not well understood. In at least
some patients, immune complexes within the mesangium
have been shown to include HIV-1 antigens [41]. Mesan-
gial hypercellularity and proliferative glomerulonephritis
are the most common glomerular diseases in White and
Asian patients with HIV-1 infection, in contrast to more
common occurrence of FSGS among patients of African
ancestry [42, 43].

Finally, a range of other lesions occur in the setting of
HIV infection, including minimal change glomerulopathy
(nil disease) and lupus nephritis [40]. Atypical hemolytic-
uremic syndrome/thrombotic thrombocytopenic purpura
(HUS/TTP) may be seen, and has a poor prognosis [44, 45].

34.10 Evaluation of glomerular disease

In patients with glomerular proteinuria and in those with
suspected glomerular hematuria, it is important to exclude
other causes of glomerular disease. A serologic evalua-
tion should include C4, CH50, and a streptococcal anti-
gen panel. In selected patients, where particular diseases
are diagnostic considerations, it may also be advisable to
order one or more of the following: ANA (to evaluate the
possibility of lupus, although false positive tests are com-
mon in HIV-infected patients), serologic test for syphilis,
antibodies to hepatitis B and hepatitis C, anti-neutrophil
cytoplasmic antibody (to evaluate the possibility of vasculi-
tis), and anti-glomerular basement membrane antibody (to
evaluate the possibility of Goodpasture’s syndrome). Ultra-
sound may be performed to assess the renal parenchyma,
since enlarged and echogenic kidneys are typical of, but
not diagnostic for, FSGS [46]. Referral to a nephrologist
should be considered under the following circumstances:
unexplained renal insufficiency, proteinuria in excess of 1
g/day/1.73 m2 (or a random urine protein/creatinine ratio
>1), or unexplained hematuria. Ultimately, renal biopsy
may be required to establish the diagnosis and prognosis.

34.11 Treatment for glomerular disease

Therapy for chronic glomerular disease associated with
HIV infection includes maximizing antiretroviral therapy
(on the assumption that pathology may be related to con-
tinued high level viral replication), aggressive measures to
control hypertension, and the use of angiotensin antagon-
ist therapy in patients with proteinuria or declining renal
function. Edema may be managed symptomatically with
sodium restriction and diuretics. Close consultation with a
pediatric nephrologist is recommended.

These treatment recommendations are tentative, since
no randomized trials have been reported in adults or chil-
dren. Prednisone therapy for 2 months improved serum
creatinine and proteinuria in an uncontrolled study of HIV-
infected adults [47, 48]. ACE inhibitors have been shown to
improve proteinuria and retard progression of renal insuf-
ficiency in various renal diseases and may do so in HIV-
associated renal disease, although randomized controlled
trials are not available [30, 49]. To date there have been
no studies of prednisone or angiotensin antagonist ther-
apy in children. If angiotensin antagonist therapy is insti-
tuted, it is important to be alert for hypotension asso-
ciated with the first dose of the angiotensin antagonist,
particularly when diuretics are used concurrently, and for
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hyperkalemia. Patients with thrombotic microangiopathy,
including hemolytic uremic syndrome and TTP, are treated
with plasmapheresis and/or fresh frozen plasma infusion.

34.12 Summary

HIV infection is associated with a surprisingly diverse range
of renal disease, including renal disease directly associ-
ated with HIV infection, complications due to infections
associated with HIV disease, and complications of therapy.
With new and more effective antiretroviral therapies and
longer patient survival, the nature and distribution of HIV-
associated renal syndromes will likely continue to evolve.
Careful attention to the diagnosis and management of
pediatric HIV-associated renal disease may minimize the
impact of acute and chronic renal disease on the growth
and development of these children.
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Although growth failure is common among HIV-infected
children, especially those with more advanced disease,
primary endocrinopathies are relatively uncommon. Also,
despite the prevalence of encephalopathy among HIV-
infected children, hypothalamic-pituitary function is rarely
affected. Highly active antiretroviral therapy (HAART)
with protease inhibitors (PIs) can cause specific derange-
ments of body composition and metabolism. When true
endocrine dysfunction occurs in HIV-infected children, it
usually results either from infection or malignancy affect-
ing specific glandular function or from the effects of phar-
macological agents on hormone synthesis or action.

35.1 Growth failure (failure-to-thrive) and
pubertal delay

Growth failure [1–3] occurs in 20–80% of symptomatic HIV-
infected children regardless of route of acquisition. In peri-
natally infected children, failure-to-thrive (FTT) presents
as early as 6 months of age. As the infection becomes
more advanced, growth failure may progress to a dis-
tinct wasting syndrome (analogous to that which occurs in
adults).

35.1.1 Proposed mechanisms of growth failure

Mechanisms include the non-specific effects of chronic dis-
ease, decreased intake (anorexia, esophagitis, and abdom-
inal pain), and enteropathy (diarrhea, malabsorption, and
gut infection)[2]. In addition, affected children mani-
fest hypermetabolism (increased resting expenditure)/

catabolism. Their caloric intake, even if normal or increased
for age, may not meet their energy needs. Hormonal aber-
rations also have been implicated, including deficiencies of
growth hormone (GH), sex steroids (during adolescence),
and thyroid hormones (see below).

35.1.2 Growth hormone/insulin-like growth factor-I
(IGF-I) axis

Growth hormone deficiency diagnosed by pharmacologi-
cal provocation or under physiological conditions, i.e.
sleep, has been reported, but appears to occur less often
than might be predicted based on the prevalence of
AIDS encephalopathy in children [2]. Levels of the GH-
dependent surrogates, IGF-I and insulin-like growth factor
binding protein-3 (IGFBP-3), even without GH deficiency,
are typically low secondary to undernutrition, and there is
enhanced IGFBP-3 proteolysis as well in HIV-infected chil-
dren. GH/IGF-I resistance has been documented in vitro
using hormonally responsive erythroid progenitor cells iso-
lated from short, well-nourished, non-acutely ill children
with HIV infection [4].

35.1.3 Sex steroid deficiency

Delayed sexual maturation is associated with perinatal HIV
infection. Puberty is delayed by up to 2 years in girls, and 1
year in boys [5]. The mechanism of delay remains unknown,
but is most likely related to the HIV virus per se. Unfavor-
able environmental factors may contribute, but are not the
cause of delay, since delayed puberty is frequently observed
in HIV-infected boys with hemophilia [6].
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35.1.4 Non-hormonal causes of growth failure

Growth failure also can result from the effects of oppor-
tunistic infections and tumors [7, 8]. Pituitary infections
caused by Toxoplasma gondii, cytomegalovirus (CMV), and
Pneumocystis carinii have been reported in adults; Kaposi’s
sarcoma also has been found in the hypothalamus and pitu-
itary at autopsy. Cytomegalovirus, Mycobacterium avium
complex (MAC), Cryptococcus neoformans, and Pneumo-
cystis carinii (even without pulmonary involvement), as
well as Kaposi’s sarcoma, have been found in thyroid
glands of adults at autopsy. Lastly, CMV (most common),
MAC, Toxoplasma gondii, Mycobacterium tuberculosis, and
Kaposi’s sarcoma may invade the testes of adult males.
Additionally, drug effects could alter the hormonal systems
necessary for normal growth. For example, rifampin, used
to treat tuberculosis, induces hepatic microsomal enzymes
and thereby increases thyroid hormone clearance. This
may be clinically relevant in subjects on levo-thyroxine
replacement or in those with diminished thyroid or pitu-
itary reserve. Ketoconazole, used at high doses to treat fun-
gal disease, inhibits testicular steroidogenesis and can pre-
vent the onset or slow the progression of puberty. Megestrol
acetate, an appetite stimulant, can lower testosterone lev-
els by central feedback inhibition on luteinizing hormone
(LH).

35.1.5 Diagnostic approach

The pediatrician should first assess for undernutrition
by performing a calorie count and by ordering appro-
priate biochemical measurements of nutritional ade-
quacy. If these evaluations are normal, a bone age x-ray
should be ordered which, if significantly delayed, suggests
an endocrinological cause for growth delay. This would
include a possible diagnosis of hypothyroidism (see below).
If, however, thyroid function is normal, the endocrinologist
may wish to perform provocative GH testing to detect dis-
turbances of the GH-IGF-I axis. Lastly, if there is a suspicion
of sex steroid deficiency on clinical grounds (lack of puber-
tal changes in girls over 13 years old and in boys over 14
years old), the endocrinologist may order random or stimu-
lated gonadotropin (LH and follicle-stimulating hormone
[FSH] by immunochemiluminescent assay [ICMA]) levels
which may help to distinguish primary from central forms
of hypogonadism.

35.1.6 Treatment

The pediatrician should correct any nutritional inade-
quacy, including use of parenteral nutrition and appetite-

stimulating drugs, e.g. progestational agents, such as mege-
strol acetate [9]. Administration of HAART including PIs
improves linear growth and weight gain [10]. Of note, these
approaches all tend to stimulate weight gain out of propor-
tion to lean body mass. Alternatively, with the guidance
of a pediatric endocrinologist, specific hormonal thera-
pies may be considered. These include anabolic agents,
e.g. oxandrolone or human GH (approved for use in adults
with wasting). The use of these latter agents is associated
with preferential gains in lean body mass. Growth hormone
deficiency is corrected by treatment with human GH at
standard doses (0.15–0.3 mg/kg/week). However, the GH
regimen approved for treatment of HIV-related wasting in
adults is up to 6 mg/day for 3 months [11]. These high
doses are presumably required to overcome underlying
GH/IGF-I resistance. There is no evidence that GH stimu-
lates HIV activity in vivo. Limited studies of GH use in HIV-
infected patients have been performed to date [12]. A mul-
ticenter research protocol employing GH administration in
infected children is currently underway in the US to assess
effects on growth and immune function. For documented
hypothyroidism, thyroid hormone replacement is initi-
ated (see below). Sex steroid deficiency involves replace-
ment of estrogen and progesterone in girls and of testos-
terone in boys, and should be initiated by the pediatric
endocrinologist.

35.2 Hypothyroidism

Clinically significant derangements of thyroid function in
HIV-infected children are infrequent. Much more common
is biochemical evidence of the sick euthyroid syndrome in
the setting of overwhelming illness. Symptoms of hypothy-
roidism include linear growth failure, relative preservation
of weight, constipation, cold intolerance, fatigue, and hair
loss [13–15].

35.2.1 Proposed mechanisms

In most but not all studies, overt primary thyroid failure is
rare. However, anti-thyroid autoantibodies may be present
in up to 34% of perinatally infected children [16]. Thy-
roid dysfunction is observed early in the course of peri-
natally acquired infection. It is pronounced in children
with high viral load early in the course of HIV disease and
severe immunosuppression, and precedes worsening of
disease [17]. Subtle central hypothyroidism in children has
been reported to be manifested as a failure to observe the
expected rise in nocturnal thyroid-stimulating hormone
(TSH) on serial sampling. The sick euthyroid syndrome
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also has been described in children with advanced disease
as have, for unknown reasons, elevated thyroxine-binding
globulin levels.

35.2.2 Diagnostic approach

If clinical signs and symptoms suggest the presence of
hypothyroidism, the pediatrician should have serum lev-
els of ultrasensitive TSH and free thyroxine (T4) measured.
If these thyroid test results suggest an abnormality, but
are not absolutely diagnostic, consultation with a pedi-
atric endocrinologist for additional thyroid assessments,
e.g. thyrotropin-releasing hormone (TRH) testing and noc-
turnal TSH sampling, may be required.

35.2.3 Treatment

For documented hypothyroidism, levo-thyroxine (50–100
�g/m2/day) is prescribed. This can be done by the pedia-
trician under the direction of an endocrinologist.

35.3 Body composition, energy expenditure, and
metabolic abnormalities related to protease
inhibitor therapy

Recently, an association has been noted between PI therapy
in HIV-infected adults and a metabolic syndrome, consist-
ing of peripheral fat wasting and truncal obesity (lipodys-
trophy), hypertriglyceridemia, and insulin resistance or
diabetes mellitus. Children have similar changes in body fat
distribution [18]. Total cholesterol levels and low-density
lipoprotein (LDL) cholesterol levels are increased in chil-
dren treated with PIs, with lesser elevations of triglycerides
and apolipoprotein B [19]. Insulin resistance in children is
less pronounced than in adults. A similar syndrome may
occur in HIV-infected adults who have not received PI
therapy.

35.3.1 Proposed mechanisms

The exact cause of these metabolic abnormalities is
unknown. It has been suggested that PIs bind to two pro-
teins that regulate lipid metabolism, that, in turn, cause
abnormal lipoproteins, insulin resistance, and character-
istic body composition [20].

35.3.2 Diagnostic approach

Fasting plasma lipids should be monitored if PIs are used.
Diagnosis of glucose intolerance is discussed below. An ele-

vated fasting c-peptide level may be a useful screening test
for the presence of insulin resistance. These tests should be
ordered by the pediatrician every 3–6 months and, if abnor-
mal, should prompt referral to a pediatric endocrinologist.

35.3.3 Treatment

No uniform treatment recommendations are available. In
severe cases in adults, which are more often linked to use
of ritonavir than to other PIs, switching to a different PI
or to an antiretroviral regimen that does not employ PIs
may result in improvement in the metabolic derangements.
Whether such an association occurs and whether a similar
therapeutic approach is efficacious in children is unclear.
Further studies are needed to assess long-term risk for
developing cardiovascular disease as a result of the lipodys-
trophy syndrome in light of improved survival of HIV-
infected children who are treated with PIs. See Chapter 20
for further information regarding the metabolic complica-
tions of antiretroviral therapy.

35.4 Adrenocortical insufficiency

Signs and symptoms of HIV infection mimic those of
adrenal insufficiency [21, 22], e.g. nausea, vomiting,
anorexia, weight loss, fever, diarrhea, fatigue, and ortho-
static hypotension, yet the hypothalamic-pituitary-adrenal
(HPA) axis and mineralocorticoid production are normal in
∼90% of infected adults. The adrenals are the most com-
mon endocrine glands affected by opportunistic infections
and malignancy based on autopsy studies (49–92%). Ele-
vated serum cortisol levels are frequently found in adults
and children and may reflect stress, cytokine activation, or,
in some cases, cortisol resistance [23]. The fat redistribu-
tion syndrome associated with protease inhibitor therapy
has similarities with Cushing’s syndrome; however, plasma
cortisol and urinary free cortisol excretion are not increased
in affected individuals [24].

35.4.1 Proposed mechanisms

Opportunistic infections that may infiltrate the adrenal cor-
tices, include CMV (most frequent, i.e. found in as many
as 50% of adult adrenals), MAC, and Cryptococcus. Since
glandular destruction in these settings rarely exceeds 50%
of total adrenal tissue, clinically significant adrenocortical
insufficiency is not likely. Tumors, e.g. Kaposi’s sarcoma,
also can invade or there may be autoimmune destruction of
the adrenal cortices. Cortical lipid depletion, a non-specific
finding associated with many severe wasting diseases, also
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has been reported. Drugs also can alter adrenocortical
function. For example, ketoconazole inhibits adrenocorti-
cal steroidogenesis; megesterol acetate lowers serum cor-
tisol levels and decreases responsiveness to provocative
testing; and rifampin increases cortisol metabolism. The-
oretically, central adrenocortical insufficiency secondary
to hypothalamic and/or pituitary destruction could occur.
Lastly, cortisol resistance with actual hypercortisolemia in
the setting of clinical adrenocortical insufficiency has been
described in a subset of adults.

35.4.2 Diagnostic approach

If there are multiple clinical findings suggestive of gluco-
corticoid insufficiency, the pediatrician should screen the
integrity of the HPA axis by measuring an 8:00 am corti-
sol level. A serum cortisol level over 18 �g/dL at any time
is evidence of normal glucocorticoid function. If, how-
ever, the cortisol result is low or low-normal, further test-
ing under the direction of a pediatric endocrinologist is
required. Insulin-induced hypoglycemia or adrenocorti-
cotropin (ACTH) stimulation is used for testing of HPA axis.
Corticotropin-releasing hormone (CRH) may be used if the
above tests are inconclusive, to detect mild or partial central
adrenal insufficiency. To assess the adequacy of mineralo-
corticoid function (affected only in primary adrenal insuf-
ficiency), the pediatrician should measure serum elec-
trolytes. If hyponatremia and reciprocal hyperkalemia are
found, the pediatric endocrinologist should continue the
investigation, including measurement of peripheral renin
activity (PRA) and aldosterone before the electrolytes are
corrected. It also should be noted that hyponatremia with-
out hyperkalemia may occur with isolated glucocorticoid
deficiency (as occurs with ACTH deficiency).

35.4.3 Treatment

If clinical adrenocortical insufficiency (either primary or
central) is suspected, the pediatrician should consult
immediately with an endocrinologist and give intravenous
stress doses of hydrocortisone (50–100 �g/m2/day as a
bolus followed by a similar dose given as an infusion over
the next few days) as soon as HPA-axis testing is com-
pleted. If adrenal insufficiency is primary, mineralocorti-
coid replacement with fludrocortisone (0.05–0.1 mg/day
orally) also must be given. There is no pure parenteral
mineralocorticoid available, but high-dose hydrocortisone
provides significant mineralocorticoid effect. For central
adrenocortical insufficiency, mineralocorticoid replace-
ment is unnecessary. Lastly, volume support through flu-
ids and pharmacological agents should be given as needed.

After a few days, maintenance glucocorticoid replacement
is provided as oral hydrocortisone (15 mg/m2/day in three
doses with one-half given in the morning and one-quarter
given both in the mid-afternoon and at bedtime) and,
for cases of primary adrenal insufficiency, maintenance
mineralocorticoid continued as oral fludrocortisone (at
a dose of between 0.05–0.1 mg once-daily depending on
body size). Principles of stress-dosing of hydrocortisone
are taught, including provision of an injectable formula-
tion for home use, and Medic-Alert registration is strongly
encouraged.

35.5 Abnormal glucose metabolism

Clinically significant hyperglycemia, despite abnormal
pancreatic histology in ∼50% of adults at autopsy, is
unusual [7, 8]. Severe hyperglycemia is experienced by less
than 2% of HIV-infected adults; half of those have pre-
existing conditions [25]. It is, however, becoming more
common with the use of PI therapy. In contrast, height-
ened sensitivity to the metabolic actions of insulin has been
described in adults (in contrast to sepsis, in which there is
insulin resistance).

35.5.1 Proposed mechanisms

Hypoglycemia may result from use of drugs such as pen-
tamidine isothionate, which chronically stimulates unreg-
ulated release of insulin in 14–33% of adults, or from
trimethoprim–sulfamethoxazole, the latter component of
which stimulates insulin secretion. Hyperglycemia may
result from: opportunistic infections, including infec-
tions with CMV (most common), Cryptococcus, Candida,
and Toxoplasma gondii; tumors, including Kaposi’s sar-
coma and lymphoma; possible direct HIV invasion of the
pancreas; and drugs, including pentamidine (which, in
some patients, if used chronically, may induce pancreatitis
and destroy �-cells). High-dose glucocorticoids, megestrol
acetate, and PI-related lipodystrophy cause insulin resist-
ance, which, if severe, can lead to hyperglycemia [26].

35.5.2 Diagnostic approach

The pediatrician should check the patient for hypoglycemia
by obtaining pre-prandial blood glucose measurements by
bedside meter and for hyperglycemia by obtaining either
post-prandial blood glucose measurements by meter or by
checking for urinary glucose. Additionally, quarterly glyco-
sylated hemoglobin (hemoglobin A1c) measurements may
be ordered.
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35.5.3 Treatment

If a derangement in glucose metabolism is drug-induced,
the pediatrician should first discontinue the offending
agent, if possible. To treat non-acute hypoglycemia, appro-
priate dietary measures should be attempted, perhaps with
the assistance of a pediatric dietitian. If diabetes is found, a
pediatric endocrinologist should be consulted promptly.
If diabetes is associated with ketoacidosis, insulin will
be required, whereas, if diabetes is due to insulin resist-
ance, oral hypoglycemic therapy, such as metformin, may
be attempted. The treatment strategy employed in HIV-
infected children with hyperglycemia would be similar.

35.6 Abnormal calcium metabolism

Both hypo- and hypercalcemia have been described in
association with HIV infection [21, 22]. However, parathy-
roid gland involvement in infected adults is rare and, even
when CMV and MAC have been found at autopsy, there has
usually been no evidence of premortem hypocalcemia.

35.6.1 Proposed mechanisms

Hypocalcemia may result from: critical illness; drugs,
including foscarnet treatment of CMV retinitis (by com-
plexing ionized calcium), pentamidine, aminoglycosides
and amphotericin B (secondary to magnesium deple-
tion), and ketoconazole (by inhibiting renal 1�-hydroxylase
activity); and reduced parathyroid hormone (PTH) respon-
siveness to hypocalcemia in infected adults. Hypercal-
cemia has been described with: HIV-related lymphoma and
other hematological malignancies as a result of production
of 1,25(OH)2vitamin D, PTH-related peptide, or cytokines;
and with granulomatous disease, e.g. MAC, as a result
of disordered extra-renal synthesis of 1,25(OH)2vitamin D.

35.6.2 Diagnostic approach

If there are symptoms and signs of hypocalcemia (paresthe-
sias, sensorial changes, arrhythmias, seizures, or positive
Chvostek’s or Trousseau’s signs) or hypercalcemia (bone
pain, abdominal pains, and sensorial changes), the pedia-
trician should check a serum ionized calcium (along with
phosphorus and magnesium). If the ionized calcium is
abnormal, a simultaneous PTH level should be measured.

35.6.3 Treatment

To correct hypocalcemia, the pediatrician, with the assis-
tance of an endocrinologist, should attempt to eliminate

any causative factor, if possible, and to normalize the serum
calcium with parenteral and oral calcium and, if associated
with decreased production or action of PTH, active vitamin
D (calcitriol). For hypercalcemia, the pediatrician, again
with the assistance of an endocrinologist, should elimin-
ate any causative factor if possible, and reduce the serum
calcium through hydration and staged administration of
calcium-lowering agents, such as furosemide, prednisone,
bisphosphonates, and calcitonin.

35.7 Conclusion

Although endocrinological problems are relatively uncom-
mon among HIV-infected children, if the clinical presenta-
tion suggests the presence of a hormonal abnormality, the
first-line tests outlined above should enable the pediatri-
cian to begin the appropriate evaluation in a cost-effective
manner. For assistance with interpretation of initial labor-
atory data, initiation of second-line hormonal testing (e.g.
stimulation tests), or introduction of specific hormonal
therapies, consultation with a pediatric endocrinologist
becomes mandatory.

R E F E R E N C E S

1. Geffner, M. E., Van Dop, C., Kovacs, A. A. et al. Intrauterine and

postnatal growth in children born to women infected with HIV.

Pediatr. AIDS HIV Infect. 5 (1994), 162–8.

2. Frost, R. A., Lang, C. H. & Gelato, M. C. Growth hormone/

insulin-like growth factor axis in human immunodeficiency

virus-associated disease. Endocrinologist 7 (1997), 23–31.

3. Miller, T. L., Easley, K. A., Zhang, W. et al. Maternal and infant

factors associated with failure to thrive in children with verti-

cally transmitted human immunodeficiency virus-1 infection:

the prospective P2C2 human immunodeficiency virus multi-

center study. Pediatrics 108 (2001), 1287–96.

4. Geffner, M. E., Yeh, D. Y., Landaw, E. M., Scott, M. L.,

Stiehm, E. R., Bryson, Y. J. & Israele, V. In vitro insulin-

like growth factor-I, growth hormone, and insulin resistance

occurs in symptomatic human immunodeficiency virus-1-

infected children. Pediatr. Res. 34 (1993), 66–72.

5. De Martino, M., Tovo, P., Galli, L. et al. Puberty in perinatal

HIV-1 infection: a multicentre study of 212 children. AIDS 15

(2001), 1527–34.

6. Mahoney, E., Donfield, S. M., Howard, C., Kaufman, F.,

Gertner, J. M. and the Hemophilia Growth and Develop-

ment Study. HIV-associated immune dysfunction and delayed

pubertal development in a cohort of young hemophiliacs.

J. AIDS 21 (1999), 333–7.

7. Balter-Seri, J. & Ashkenazi, S. The effects of infectious dis-

eases on the endocrine system. J. Pediatr. Endocrinol. Metab.

10 (1997), 245–56.



Endocrine disorders 535

8. Grinspoon, S. Neuroendocrine manifestations of AIDS.

Endocrinologist 7 (1997), 32–8.

9. Clarick, R. H., Hanekom, W. A., Yogev, R. & Chadwick, G. E.

Megestrol acetate treatment of growth failure in children

infected with human immunodeficiency virus. Pediatrics 99

(1997), 354–7.

10. Dreimane, D., Nielsen, K., Deveikis, A., Bryson, Y. J. & Geffner,

M. E. Effect of protease inhibitors combined with standard

antiretroviral therapy on linear growth and weight gain in

human immunodeficiency virus type-1 infected children.

J. Pediatr. Infect. Dis. 20 (2001), 315–16.

11. Schambelan, M., Mulligan, K., Grunfeld, C., Daar, E. S.,

LaMarca, A. & Kotler, D. P. Recombinant human growth hor-

mone in patients with HIV-associated wasting. Ann. Intern.

Med. 125 (1996), 873–82.

12. Hirschfeld, S. Use of human recombinant growth hor-

mone and human recombinant insulin-like growth factor-I

in patients with human immunodeficiency virus infection.

Hormon. Res. 46 (1996), 215–21.

13. Laue, L., Pizzo, P. A., Butler, K. & Cutler, Jr G. B. Growth and

neuroendocrine dysfunction in children with acquired

immunodeficiency syndrome. J. Pediatr. 117 (1990), 541–5.

14. Hirschfeld, S., Laue, L., Cutler, Jr G. B. & Pizzo, P. A. Thyroid

abnormalities in children infected with human immunodefi-

ciency virus. J. Pediatr. 128 (1996), 70–4.

15. Heufelder, A. E. & Hofbauer, L. C. Human immunodeficiency

virus infection and the thyroid gland. Eur. J. Endocrinol. 134

(1996), 669–74.

16. Fundaro, C., Olivieri, A., Rendeli, C. et al. Occurrence of anti-

thyroid autoantibodies in children vertically infected with

HIV-1. J. Pediatr. Endocrinol. Metab. 11 (1998), 745–50.

17. Chiarelli, F., Galli, L., Verrotti, A., di Ricco, L., Vierucci, A. &

de Martino, M. Thyroid function in children with perinatal

human immunodeficiency virus type 1 infection. Thyroid 10

(2000), 499–505.

18. Arpadi, S. M., Cuff, P. A., Horlick, M., Wang, J. & Kotler,

D. P. Lipodystrophy in HIV-infected children is associ-

ated with high viral load and low CD4+-lymphocyte count

and CD4+-lymphocyte percentage at baseline and use

of protease inhibitors and stavudine. J. AIDS 27 (2001),

30–4.

19. Melvin, A. J., Lennon, S., Mohan, K. M. & Purnell, J. Q. Metabolic

abnormalities in HIV type-1-infected children treated and not

treated with protease inhibitors. AIDS Res. Hum. Retrovirus.

17 (2001), 1117–23.

20. Carr, A., Samaras, K., Chisholm, D. J. & Cooper, D. A. Pathoge-

nesis of HIV-1-protease inhibitor-associated peripheral

lipodystrophy, hyperlipidemia, and insulin resistance. Lancet

531 (1998), 1881–3.

21. Danoff, A. Endocrinologic complications of HIV infection.

Med. Clin. N. Am. 80 (1996), 1453–69.

22. Sellmeyer, D. E. & Grunfeld, C. Endocrine and metabolic dis-

turbances in human immunodeficiency virus infection and

acquired immune deficiency syndrome. Endocr. Rev. 17 (1996),

518–32.

23. Oberfield, S. E., Kairam, R., Bakshi, S. et al. Steroid response

to adrenocorticotropin stimulation in children with human

immunodeficiency virus infection. J. Clin. Endocrinol. Metab.

70 (1990), 578–81.

24. Yanovski, J. A., Miller, K. D., Kino, T., Friedman, T. C., Chrousos,

G. P. & Falloon, J. Endocrine and metabolic evaluation of

human immunodeficiency virus-infected patients with evi-

dence of protease inhibitor-associated lipodystrophy. J. Clin.

Endocrinol. Metab. 84 (1999), 1925–31.

25. Kilby, J. M. & Tabereaux, P. B. Severe hyperglycemia in an HIV

clinic: pre-existing versus drug-associated diabetes mellitus.

J. AIDS Hum. Retrovirol. 17 (1998), 46–50.

26. Dube, M. P., Johnson, D. L., Currier, J. S. & Leedom, J. M. Pro-

tease inhibitor-associated hyperglycaemia. Lancet 2 (1997),

713–14.



36

Neoplastic disease in pediatric HIV infection

Richard F. Little, M.D.

HIV and AIDS Malignancy Branch, National Cancer Institute, NIH, Bethesda, MD

36.1 Introduction

One of the striking features of HIV infection is the increased
incidence of malignancies. Approximately 40% of adults
infected with HIV develop cancer during the course of
HIV infection [1, 2]. The risk of neoplastic disease is also
increased in children, but due to the low incidence of can-
cer in the general pediatric population, it is seen relatively
infrequently in the USA and Europe. In certain parts of
Africa, malignancy complications are more frequently seen
in pediatric populations [3]. Three malignancies constitute
AIDS-defining diagnoses in HIV-infected patients: Kaposi’s
sarcoma (KS), non-Hodgkin’s lymphoma (NHL), and cer-
vical cancer. Indeed, in the early 1980s, KS in young men
with a history of sexual contact with other men (MSM)
was one of the features which initially alerted the Cen-
ters for Disease Control and Prevention to the emerging
epidemic. In the USA, KS remains rare except among HIV-
infected MSM and their sex partners, up to 35% of whom
may develop KS at some point in their disease. In con-
trast, KS is the most common cancer in certain parts of
Africa [3]. Non-Hodgkin’s lymphoma is greatly increased
among those with HIV infection, but unlike KS, the risk
of developing HIV-related NHL is equivalent among all
groups at risk for acquiring HIV infection. Among HIV-
infected patients up to age 19 years, NHL is increased by
a factor of 360 compared with that expected in the gen-
eral population [4]. Pediatric HIV-related NHL is still rel-
atively rare, because of the very low incidence of NHL in
pediatric patients. In the developing world, NHL, espe-
cially Burkitt’s lymphoma, is seen more commonly in the

pediatric population compared with Western countries [3].
Cervical cancer is an important disease because it may
be prevented, and in HIV-infected adolescent girls and
women, it can be highly aggressive. Other neoplasms
encountered in the HIV-infected pediatric population
include leiomyoma, leiomyosarcoma, Hodgkin’s disease,
and lymphomas of mucosa-associated lymphoid tissue
(MALT). These conditions are not considered AIDS-
defining diagnoses, although they are clearly increased
in frequency compared with the background population.
Although the overall risk of neoplastic disease is elevated by
a factor of 130, only 2–5% of children with HIV infection in
rich countries are diagnosed with malignancy [5]. Yet, the
occurrence of cancer in the HIV-infected patient creates
a series of difficult psychosocial and medical challenges
to patients, their families, and the entire medical team.
Patients with neoplastic disease and HIV infection should
ideally receive their care from specialists experienced in
AIDS-related malignancy, but this may not be feasible in
many cases. Close co-operation between oncologists and
infectious disease specialists is essential in managing these
patients.

36.2 Epidemiology of AIDS-related cancers

36.2.1 Kaposi’s sarcoma

Kaposi’s sarcoma, which is found rarely in pediatric AIDS,
has a distinct epidemiologic pattern in the USA: it primar-
ily affects MSM, and their female sexual partners [2]. The
epidemiology of KS in the USA suggested that an infectious
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agent is likely to be a co-factor for KS, and the recently dis-
covered human herpes-virus 8 (HHV-8), also known as the
Kaposi’s sarcoma-associated herpes virus (KSHV) has been
shown to be a necessary component of KS etiology [6–9].
Prior to HAART, approximately 50% of patients infected
with both HIV and KSHV/HHV-8 will develop KS within
10 years [10]. HAART appears to forestall development of
KS for a period in patients who have good immunologic
and virologic results of therapy [11]. There is evidence to
support sexual transmission and perhaps mother-to-child
transmission of KSHV/HHV-8 [12]. Although KSHV/HHV-
8 may be common, clinical KS is exceedingly rare among
North American children under the age of 13 years. When
KS is encountered in pediatric practice it is most likely to
be in an adolescent with hemophilia. In Africa however,
HIV-associated KS occurs frequently, affecting women and
men who have acquired HIV via heterosexual contact, and
children [13]. This differing epidemiology probably reflects
the much higher prevalence of KSHV/HHV-8 infection in
Africa, where KS is the most common malignancy among
men [14]. The seroprevalence of KSHV/HHV-8 varies sub-
stantially in different regions and in different populations.
For example, KSHV/HHV-8 seroprevalence is less than 1%
in the blood donor population of the USA [8], but 16% of
MSM who are not HIV infected are KSHV-infected [15], and
in one small study nearly 30% of healthy children without
HIV infection in southwest Texas were found to be KSHV
positive [16]. Antibodies for KSHV/HHV-8 can be found in
approximately 50% of some African blood donor popula-
tions [17]. Evidence suggests that the highest risk of KS in
the African pediatric population are children under the age
of 5 years, and that males are approximately five times more
likely than females to be affected [18].

36.2.2 HIV-related non-Hodgkin’s lymphoma

In the USA, the overall incidence of NHL as an initial AIDS-
defining diagnosis in the pediatric population is 1.7% [19].
However, this figure may be an underestimate of the true
incidence since HIV-related NHL is not required to be
reported if there is a prior AIDS diagnosis (e.g. if the patient
already has AIDS by virtue of CD4+ cell count less than
200 cells/mL). Some autopsy series have found the pres-
ence of NHL in up to 20% of HIV-infected individuals who
had not been diagnosed with NHL antemortem [20]. The
Italian Registry reported that 8% of children surviving less
than 5 years and 2% of children surviving more than 5 years
following perinatal HIV infection developed NHL [21]. Of
NHL cases, approximately 15%–18% will be primary central
nervous system lymphoma (PCNS) in populations without
access to HAART [22]. Burkitt’s lymphoma was a relatively

common cancer in African children before the beginning
of the HIV epidemic, and HIV infection increases the risk of
the Burkitt’s. African children with Burkitt’s lymphoma are
significantly more likely to have HIV infection than children
without lymphoma [23].

36.2.3 Cervical cancer

Cervical cancer has been an AIDS-defining condition in
adults since 1993, and is an increasingly important contri-
butor to morbidity and mortality for HIV-infected women,
making it imperative to screen the sexually active adoles-
cent population for this disease. The prevalence of cervical
dysplasia (15%) in HIV-infected women may be up to twice
that in women who are not HIV-infected (7%) [24]. Cer-
vical intraepithelial neoplasia (CIN) has been associated
with human papillomaviruses (HPV), especially types 16
and 18 [25]. Human papillomavirus HPV can be found in a
high percentage of sexually active adolescents and young
women [26]. The effect of the AIDS epidemic on the inci-
dence of cervical cancer in Africa are not clear, but appears
to be relatively small [27]. More information on HPV infec-
tion and cervical cancer can be found in Chapters 14 and
15.

36.2.4 Non-AIDS-defining malignancies in
HIV-infected patients

Other non-AIDS-defining malignant and premalignant
lesions are found in the pediatric HIV population.
Leiomyosarcoma and leiomyomas appear at rates greater
than in the general population [28] and, interestingly,
appear to be Epstein–Barr virus (EBV)-associated in this
setting [29]. Hodgkin’s disease, leukemias, and other can-
cers common in childhood are seen in the HIV-infected
pediatric patient, also at levels notably above those seen in
the HIV-uninfected patient population.

36.2.5 Incidence: HAART and future prospects

It is unclear how HAART will affect the incidence of HIV-
related malignancies in the long term. Since the advent
of HAART, there has been a profound decrease in the
incidence of KS among populations where these drugs
are widely available [30]. There has also been a decrease
in the incidence of HIV-related NHL since the advent of
HAART [31]. The highest incidence of NHL is among indi-
viduals with the greatest degree of immune depletion,
and the incidence is lower among individuals with better
preserved immune function. HAART-induced immune
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reconstitution has resulted in fewer severely immunosup-
pressed individuals, thus substantially decreasing the pro-
portion of the HIV-infected population at greatest risk of
NHL. Within CD4 strata, there has been no change in NHL
incidence since the advent of HAART.

Many factors may influence the incidence of neoplastic
disease among patients treated with HAART, including the
degree of resultant immune reconstitution. If HAART pro-
longs the lifespan of HIV-infected individuals, with only
partial immune reconstitution, an even higher incidence
of HIV-related malignancies may ultimately occur. Also, as
currently available antiretroviral therapy begins to fail for
larger numbers of patients and they develop renewed HIV
disease progression, an increased incidence of malignant
conditions may follow.

36.3 Clinical manifestations, diagnosis, and
management of HIV-associated malignancies

36.3.1 Kaposi’s sarcoma

Kaposi’s sarcoma is a highly vascular tumor resulting in
violaceous skin nodules, which can present anywhere on
the skin or in the viscera (see Figs. 36.1–36.3, color plates).
Disease can be minimal, with indolent waxing and wan-
ing of lesions, or it can be aggressive and character-
ized by explosive growth leading to death. The lesions
can be flat or nodular, and can vary in size from a few
millimeters in diameter to extensive lesions that com-
pletely circumscribe a limb. In affected African children,
involvement of the lymph nodes, face and oral cavity, and
inguinal-genital region is common [13]. Kaposi’s sarcoma-
associated edema can result in severe morbidity. Kaposi’s
sarcoma also affects internal organs, most commonly the
gastrointestinal tract and lungs. Rarely, KS can affect the
internal organs without cutaneous involvement. Chest
radiographs are useful in assessing the patient for the pres-
ence of pulmonary KS, but in the absence of clinical signs
or symptoms of organ involvement, aggressive searches
for other involved internal sites require invasive measures,
such as endoscopy, and would be unlikely to change man-
agement. Computed tomography scanning is not generally
helpful in assessing the presence of gastrointestinal KS.

Staging for KS is based on the tumor extent (T), severity of
immunosuppression (I), and history of other systemic HIV-
associated illness (S) [32]. Patients are classified as good
(subscript 0) or poor risk (subscript 1) based on each of
these factors (see Table 36.1). Patients with poor risk on
any of the TIS factors have decreased survival compared
with those with no poor risk features.

Figure 36.1. Kaposi’s sarcoma involving the skin with associated

edema.

Figure 36.2. Ulcerating nodular lesions in AIDS- Kaposi’s

sarcoma

A pathologist experienced in KS should evaluate biopsy
specimens and confirm the diagnosis prior to initiation
of therapy. The pathologic diagnosis is a difficult one.
Kaposi’s sarcoma can be confused with prominent vascu-
larity in lymph nodes or a variety of granulomatous condi-
tions. Minimal KS may not require treatment unless the
psychological impact causes the patient problems; this
aspect of the disease can be profound and must not be
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Table 36.1 Summary of ACTG Staging Classification for Kaposi’s sarcoma

Good risk Poor risk

Tumor T0: KS confined to the skin
and/or lymph nodes, and/or
minimal (non-nodular) oral
KS

T1: ulcerated KS, KS-associated
edema, nodular oral KS, or
KS involvement of any
non-nodal visceral organ

Immune status I0: CD4+ lymphocyte count of
150/mL or higher

I1: CD4+ lymphocyte count
less than 150/mL

Systemic illness So: Karnofsky performance
status ≥ 70; no fever,
diarrhea, AIDS-defining
opportunistic infections,
oropharyngeal candidiasis,
or unexplained weight loss

S1: Karnofsky performance
status < 70; presence of fever,
diarrhea, AIDS-defining
opportunistic infections,
oropharyngeal candidiasis,
or unexplained weight loss

Adapted from the Aids Clinical Trial Group Staging Classification for KS [32].

Figure 36.3. Child from Uganda with lymphadenopathic form of

Kaposi’s sarcoma with conjunctival involvement. (Photo courtesy

of Dr. Sam Mbulaiteye, Viral Epidemiology Branch, National

Cancer Institute, NIH).

underestimated. The psychosocial aspects of KS can be
disabling because KS serves as a constant reminder of the
underlying HIV infection and the visible lesions stigmatize
patients, resulting in social withdrawal and reduction in the
quality of life.

The first step in the treatment of AIDS-associated KS is
to optimize antiretroviral therapy [33]. For cases that are
not causing substantial physical or psychological morbid-
ity, specific anti-KS therapy can be delayed for a period to
assess the efficacy of antiretroviral therapy alone. Antiretro-
viral naı̈ve patients who begin HAART and have good HIV
suppression and CD4+ lymphocyte recovery are more likely
to have KS regression than those who do not. Additional
specific therapy for KS is needed in such cases, or for those

in whom morbidity is too severe to wait for the potential
effects of HAART, which may in some cases require several
months to show an effect.

Kaposi’s sarcoma can be treated with local modality
treatment (intralesional chemotherapy, cryotherapy, radi-
ation therapy), with systemic interferon-� or with systemic
cytotoxic chemotherapy. Local modality therapy can be
effective if there are few lesions, but often the cosmetic
result is not satisfactory. Cryotherapy permanently destroys
melanocytes, leaving cosmetically disturbing white spots
following cryotherapy, most obvious in dark-skinned indi-
viduals. Radiation therapy can be effective when there is
severe edema and pain, as the tumor is quite radiorespon-
sive, but the cosmetic outcome is often not acceptable to
patients. Post radiotherapy telangiectasias and darkened
skin of toughened texture can be bothersome. Interferon-�

can be effective in KS, with responses most likely to be seen
in patients with CD4+ lymphocyte counts over 200/mL in
patients receiving nucleoside analogue monotherapy [34].
Trials using interferon in patients receiving HAART have
not been reported, and it is not known if the responses are
improved in this setting. Many patients do not tolerate the
flu-like symptoms associated with interferon-�.

A number of systemic chemotherapy regimens have util-
ity against KS, but these can produce significant drug-
related toxicity (Table 36.2). Moreover, no current regi-
mens can cure KS; chemotherapy requires continuing
indefinite cycles, although with HAART, progression free
survival may be prolonged after stopping chemotherapy
[35]. Without adequate treatment of the underlying HIV
disease, the KS will usually begin to grow again after
chemotherapy is stopped. Recently, monotherapy with
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Table 36.2 Selected chemotherapy regimens for Kaposi’s sarcoma, and response rates

Chemotherapy Dose and schedule Response Common toxicity

Liposomal
Doxorubicin
(Doxil®)

20 mg/m2 every 2 to 3
weeks

45% [74] Myelosuppression
Palmar plantar
erythrodysesthesia

Liposomal
Daunorubicin
(DaunoXome®)

40 mg/m2 every 2
weeks

28% [37] Myelosuppression

Paclitaxel (Taxol®) 135 mg/m2 every 3
weeks; 100 mg/m2

every 2 weeks;
50 mg/m2 weekly

59–71% (refs [38, 75]) Myelosuppression,
neurotoxicity,
alopecia;

ABV (doxorubicin,
bleomycin, vinca
alkaloids

ABV every 2–4 weeks:
Doxorubicin, 10–40
mg/m2; Bleomycin
15 U; Vincristine
1 mg (OR vinblastine,
6 mg/m2)

24–88% (higher
response rates but
increased toxicity at
higher doxorubicin
doses) [37, 76]

Myelosuppression,
alopecia, mucositis,
neurotoxicity

Vincristine/vinblastine Vincristine, 1 mg,
alternating with
vinblastine, 2–4 mg
every week

45% [39] Myelosuppression;
neurotoxicity

liposomal doxorubicin (Doxil®) or liposomal daunoru-
bicin (DaunoXome®) has been shown to be as efficacious
as the combination of doxorubicin, bleomycin, and vin-
cristine (or vinblastine) (ABV) with less toxicity [36, 37].
Paclitaxel was recently approved as monotherapy, with
response rates of up to 71% [38], which is higher than the
response rates reported for the liposomal anthracyclines. A
randomized trial is currently being conducted by the AIDS
Malignancy Consortium to determine the relative efficacy
and toxicity of liposomal doxorubicin versus paclitaxel in
KS. Currently, the FDA has approved liposomal daunoru-
bicin as first line KS therapy, and liposomal doxorubicin
and paclitaxel as second line therapy for KS in adults. Many
AIDS oncologists frequently use paclitaxel as first line for
particularly severe disease. These studies have been con-
ducted in adult patients, and therapy for children with KS
is not defined.

Where HAART and the costly liposomal anthracyclines
are unavailable, monotherapy with vincristine or vinblas-
tine is sometimes used for palliative care. Also, a schedule
of alternating vincristine and vinblastine is useful for pal-
liative care and is well tolerated (Table 36.2) [39, 40].

Because KS is a highly vascular tumor, it serves as an ideal
model in which to test antiangiogenesis agents. Several tri-
als with such agents are in development, and preliminary

reports suggest that thalidomide may have activity in KS
[41]. Such agents may be of limited value as long-term ther-
apy in the pediatric population, as inhibition of new blood
vessel formation could lead to significant adverse effects
on the developing child. However, it may be reasonable
to consider this type of approach in the older adolescent
population.

36.3.2 Non-Hodgkin’s lymphoma

Since NHL is a rare childhood disease, all children who
develop NHL should be tested for HIV infection. Among
vertically infected children, the mean age at NHL diagno-
sis is 35 months, with a range of 6–62 months [42]. Com-
pared to the general population, patients with HIV-related
NHL more often present with: “B” symptoms character-
ized by fever, drenching night sweats, and greater than 10%
loss of baseline body weight unexplained by other causes;
subtle behavioral or personality changes, or cranial nerve
palsies, seizures, or hemiparesis, possibly indicative of lep-
tomeningeal or intraparenchymal brain disease; and extra-
nodal disease. Central nervous system disease occurs in
15%–20% of cases. Physical examination may reveal jaun-
dice, abdominal distention, or abdominal organomegally.
In adults, most cases (60–80%) will present with advanced
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stage (III or IV) disease. The NCI experience suggests that
children may present with less extensive disease. Cytope-
nias can reflect either HIV-associated bone marrow dys-
function, HIV-related immune thrombocytopenia purpura
(ITP), or involvement by lymphoma (occurring in approx-
imately 20% of cases).

Staging for HIV-related NHL should include history and
physical examination; CT scans of the chest, abdomen
and pelvis; head MRI with gadolinium or CT with con-
trast if MRI is not available; bilateral bone marrow biopsy;
and lumbar puncture for cytological examination of the
cerebrospinal fluid. Laboratory evaluation should include
complete blood count with differential, T-cell subsets,
electrolytes, renal and hepatic function, and LDH.

The World Health Organization lymphoma classification
recognizes three main histologic subtypes of AIDS-related
lymphoma (ARL): Burkitt’s lymphoma, diffuse large B-
cell lymphoma (DLBCL), and primary effusion lymphoma
(PEL) [43]. These tumors behave aggressively in the set-
ting of HIV infection. Lymphoblastic T-cell lymphomas are
not considered AIDS-related NHLs, though they can cer-
tainly occur in patients with HIV infection. It has been
reported that the Burkitt’s and centroblastic DLBCL type
occurs most frequently in the pediatric AIDS population
and at an earlier point in the natural history of HIV infec-
tion while the CD4+ cell count remains relatively preserved,
whereas immunoblastic DLBCL more often occur in older
age groups, later during infection when CD4+ lymphocytes
are depleted [44]. Burkitt’s lymphoma peaks in incidence in
AIDS patients in the first two decades of life (as in non-AIDS
patients) and may represent the AIDS defining diagnosis in
children, whereas DLBCL increases in incidence with age
[4]. Central nervous system lymphomas do not appear to
be age-related. Anaplastic large cell lymphomas represent
a higher proportion of cases than expected, and the CDC
consistently reports a greater proportion of pediatric AIDS-
defining lymphoma cases as being large cell. It is not clear
what the predominant histologic type is in this population.

In Uganda, the increase in ARL incidence is due primarily
to an increase in Burkitt’s lymphoma among children [27].
There has been a recent three-fold increase in this tumor
due to the expanding AIDS epidemic in Africa, as more
children are infected with HIV.

Prognostic features in the pediatric population are not
as well-defined as for their adult counterparts. For adults,
prognostic features predictive of poor outcome are CD4+

lymphocyte count less than 200 cells/mL, prior AIDS-
related opportunistic illness, age greater than 40 years,
advanced stage disease, elevated LDH, and poor perfor-
mance status. Adult patients with less than 200 CD4+

lymphocyte cells/mL have a median survival of less than

4 months from diagnosis, and those with higher CD4+ lym-
phocyte counts have a median survival of 11 months. These
survival estimates are based on the pre-HAART experience.
It appears that since with HAART, the median overall sur-
vival has improved to approximately 2 years in patients with
ARL [31]. To what extent these prognostic factors can be
extrapolated to the pediatric HIV-related patient popula-
tion is unknown.

There are no published results from clinical trials for the
treatment of HIV-related lymphomas in the pediatric popu-
lation, and optimal therapy has not been determined,
though data from ongoing trials should be available in
the future. Whenever possible, these patients should be
referred for participation in a clinical trial. Treatment of
HIV-related lymphoma should not be based solely on the
experience with NHL in the general pediatric population.
HIV-associated Burkitt’s lymphoma occurring in a patient
with a normal CD4+ lymphocyte count and no history of
opportunistic infections should probably be treated in the
same way as the cancer in a patient without HIV infection.
However, markedly immunosuppressed patients are much
less likely to tolerate the high dose induction regimens
shown to be effective in curing NHL, including Burkitt’s
lymphoma, in patients not infected with HIV. Moreover, it
has not been shown in adults with ARL that dose-intensive
regimens are necessary for Burkitt’s lymphoma. In HIV
infection, the risk of prolonged neutropenia from myelo-
suppressive therapy may increase the risk of fatal infec-
tious complications and there does not appear to be added
survival benefit from intensive regimens in these patients
[45, 46]. A number of combination chemotherapy regi-
mens that have been explored, generally used in a much
less intensive fashion than for non-HIV-infected patients,
include various combinations of drugs, such as doxoru-
bicin, cyclophosphamide, vincristine, methotrexate, and
prednisone (Tables 36.3 and 36.4).

The recent clinical research in adult ARL has focused
primarily on combining antiretroviral therapy with com-
bination chemotherapy. Trial results have shown that this
is a feasible approach. Additionally, the epidemiologic data
have shown an increased survival since the era of HAART
[31]. A subset analysis of adult patients with prior long-
term successful HAART therapy receiving combination
chemotherapy for ARL showed a higher response rate com-
pared with patients failing HAART [47]. Based on these
and other results demonstrating combined HAART and
chemotherapy such as CHOP (cyclophosphamide, doxoru-
bicin, vincristine, and prednisone) to be feasible [48], a
conventional wisdom has emerged that combined HAART
and chemotherapy are required to optimize the treatment
outcome. However, patients with good clinical benefit on



542 R. F. Little

Table 36.3 Low and standard dose m-BACOD for AIDS-releated lymphoma [45]

Drug Standard-Dose Low-Dose

Methotrexate (IV) 200 mg/m2, day 15 200 mg/m2, day 15
Bleomycin (IV) 4 U/m2, day 1 4 U/m2, day 1
Doxorubicin (IV) 45 mg/m2, day 1 25 mg/m2, day 1
Cyclophosphamide (IV) 600 mg/m2, day 1 300 mg/m2, day 1
Vincristine (IV) 1.4 mg/m2, day 1 1.4 mg/m2, day 1
Dexamethasone (oral) 6 mg/m2, day 1–5 3 mg/m2, day 1–5
GM-CSF (SC) 5 �g/kg days 4–13 5 �g/kg days 4–13, as needed

Meningeal lymphoma prophylaxis in all patients: Cytarabine 50 mg, IT, days 1, 8, 15, and 22
of cycle 1 only

Table 36.4 Low and Standard dose CHOP in AIDS-releated lymphoma [48]

Drug Standard Dose Low Dose

Cyclophosphamide (IV) 750 mg/m2, day 1 375 mg/m2, day 1
Doxorubicin (IV) 50 mg/m2, day 1 25 mg/m2, day 1
Vincristine (IV) 1.4 mg/m2 (2 mg maximum dose) 1.4 mg/m2 (2 mg maximum dose)
Prednisone (oral) 100 mg, days 1–5 100 mg, days 1–5
G-CSF (SC) 300–480 �g/day days 4–13 if needed

HAART given to all patients (stavudine, lamivudine, indinavir)

long-term HAART appear to be more likely to develop non-
immunoblastic tumors that may be more chemosensitive.
Thus, HAART changes the immune environment in which
the tumor evolves, but there are no data showing that
HAART changes the actual response to chemotherapy once
the tumor has formed. Decisions on combining HAART or
not should be individualized.

Even though there is no consensus on the optimal treat-
ment of DLBCL in pediatrics (regardless of HIV infection
status), many such patients can be successfully treated.
Long-term survival appears to be primarily related to the
ability to control the underlying HIV infection once the lym-
phoma is in remission. Future results from ongoing clinical
trials will help to determine the optimal therapy for HIV-
related NHL.

36.3.3 Primary central nervous system lymphoma

The outcome for primary central nervous system lym-
phoma (PCNSL) is particularly poor. Median survival
among adults with PCNSL receiving radiation therapy
alone is significantly less for AIDS-related PCNSL (2.6
months) compared to non-AIDS-related PCNSL (16.6

months) [49]. The major differential in diagnosis is
CNS Toxoplasma gondii infection (but other possibilities
include fungal infections and tuberculosis) and this can be
resolved by stereotactic brain biopsy, shown to be gener-
ally safe in HIV-infected patients with CNS lesions. How-
ever, not infrequently, brain biopsies are omitted in AIDS
patients because of a concern that the potential morbid-
ity associated with the procedure may not be justified by
any apparent improvement in outcome ensuing from a
histologically-confirmed diagnosis of PCNSL. Therefore,
definitive therapy is often delayed because of diagnostic
uncertainty. A frequently employed approach is to treat
the patient for toxoplasmosis for 2–3 weeks; if there is no
response, or rapid progression, a presumed diagnosis of
PCNSL is made and the patient is treated presumptively for
PCNSL with radiation therapy and/or chemotherapy. This
is one of the few settings in oncology where antineoplastic
treatment is commenced without tissue diagnosis. Recent
advances in diagnosing PCNSL are based on the finding
that 100% of PCNSL contain Epstein–Barr virus (EBV).
Investigators have shown that combining thallium-201
single photon emission computed tomography (SPECT)
imaging with qualitative EBV PCR on the cerebrospinal
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fluid can accurately identify lymphoma [50]. If both tests
are positive, the positive predictive value for lymphoma is
100%. Conversely, if both tests are negative, the negative
predictive value for lymphoma is 100%. Thus, definitive
therapy for lymphoma can be instituted earlier. Similarly,
lymphoma can be excluded from the differential diagnosis
with negative tests. If there are discordant findings, then
biopsy remains necessary.

36.3.4 Cervical cancer

Clinical, epidemiologic, and molecular evidence support
the relationship between HPV infection, cervical intraep-
ithelial neoplasia, and squamous cell cervical carcinomas
[24, 51]. A high percentage of cervical cancers have genom-
ically integrated HPV DNA [51]. Human papillomavirus
types 16, 18, 31, and 33 are associated with malignant trans-
formation and high-grade CIN. Among women who are
not HIV infected, a slow progression from CIN to invasive
carcinoma occurs over a period in excess of 15 years, sug-
gesting an important role for the host immune response
to HPV infection. Patients with HIV and other immuno-
deficiencies who are infected with HPV develop CIN more
frequently and at an earlier age than the general popula-
tion with HPV infection [25]. Puberty and first pregnancy
are periods when the cervical squamocolumnar metaplas-
tic process occurs at a more rapid rate, and the highest risk
of neoplasia coincides with periods of greatest metaplastic
activity. Sexually active adolescents who are HIV infected
should therefore be considered at risk for developing HPV-
related atypical squamous metaplasia that can progress to
CIN. Semiannual cervical cytological examination (Papan-
icolaou smears) with aggressive follow up for abnormal
cytology has been recommended for HIV-infected women,
and it is reasonable to include sexually active HIV-infected
adolescents in this group.

Currently there is a paucity of data on the treatment of
HIV-associated CIN and cervical cancer. Moreover, there is
little information on how to prevent CIN from developing or
progressing to squamous carcinoma. There is some interest
in utilizing antiviral agents effective against HPV or differ-
entiating agents such as isotretenoin in attempts to help
eradicate HPV and prevent development of CIN or invasive
cervical carcinoma. However, current standard treatment is
conization of the cervix or hysterectomy. Frank carcinoma
of the cervix is treated according to stage. Cervical cancer
in HIV-infected women often behaves aggressively, requir-
ing radical hysterectomy and pelvic lymphadenectomy or
radiation therapy. In general, the clinical outcomes are rel-
atively poor, so preventive care should be emphasized.

36.3.5 Other cancers (not AIDS-defining)

Leiomyosarcoma and leiomyomas
In addition to Kaposi’s sarcoma, other soft tissue sarcomas
occur with increased frequency among HIV-infected indi-
viduals. Whereas KS occurs primarily in adults and indi-
cates a diagnosis of AIDS, leiomyomas and leiomyosar-
coma occur with a higher frequency in HIV-infected
children [28], but have not, as yet, been considered to be
AIDS-defining illnesses. Leiomyoma is a benign smooth
muscle tumor occurring most frequently in the uterus and
gastrointestinal tract, but can also occur in the skin and
subcutaneous tissues, probably arising from the smooth
muscle of small blood vessels in these tissues. Leiomyosar-
comas are malignant neoplasms that arise from smooth
muscle anywhere in the body. They can arise in the viscera
or blood vessels of internal organs such as the lungs and
spleen. Leiomyosarcomas commonly arise in the retroperi-
tineum and are highly aggressive in this case. The histolog-
ical distinction between leiomyoma and leiomyosarcoma
is difficult.

Clinical presentation is often characterized by fever,
radiographic evidence of pulmonary infection unrespon-
sive to antibiotics, bloody diarrhea, abdominal pain, or
obstruction, depending on the site of disease. Hepatic and
meningeal metastases have been reported [52, 53].

Epstein–Barr virus DNA has been found in large amounts
within the cells of these tumors in HIV-infected patients,
and rarely in patients not HIV infected who are undergo-
ing immunosuppressive therapy following transplantation
[54, 55].

Therapy consists of complete excision when possible.
The role of adjuvant radiation and chemotherapy in chil-
dren is not defined, but some cases have been treated with
infusion doxorubicin, interferon-alpha, and/or radiother-
apy, although with very limited response [56]. The progno-
sis is generally poor, and the malignancy tends to recur.

Lymphoproliferative lesions of mucosa-associated
lymphoid tissue
Extranodal marginal zone B-cell lymphomas (low grade
B-cell lymphoma of MALT type) have been reported in
the HIV-infected pediatric population, and probably occur
with increased frequency compared with the general pedi-
atric population [57, 58]. Lymphomas of MALT type have
been identified in many extranodal sites, including the gas-
trointestinal tract (as well as Waldeyer’s ring and salivary
glands), respiratory tract, thyroid, lung, breast, and skin.
Pathologic features include reactive lymphoid follicles with
prominent marginal zones containing cells that resem-
ble, but can be distinguished from, the small centrocyte of
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the germinal center [59]. There is infiltration by malignant
plasma cells and immunoblasts into the benign germinal
centers of these lesions. These lymphomas are generally
considered to be low-grade lymphomas (not intermediate-
or high-grade lymphomas seen in AIDS-related NHL), and
while they do constitute true cancer, they are not classified
as AIDS-related lymphoma, and thus do not confer an AIDS
diagnosis in the affected patient. Lymphomas of MALT type
seen in HIV-infected patients appear to be associated with
EBV, but perhaps less frequently with Helicobacter pylori
compared with cases seen in HIV-uninfected patients
[58, 60]. They can be removed surgically, but some cases
associated with H. pylori have been observed to regress
following treatment with appropriate antibiotics in
patients not HIV infected [61].

Other non-malignant lymphoproliferative lesions occur
in HIV-infected children. For example, early myoepithe-
lial sialadenitis (MESA) represents a benign reactive lym-
phoproliferative lesion, which can occasionally progress to
MALT [62, 63]. Polyclonal, polymorphic B-cell lymphopro-
liferative disorder (PBLD) involving the lungs, liver, kidneys,
lymph nodes, and spleen may represent an intermedi-
ate between benign and malignant lymphoproliferation
[64]. The progression from benign polyclonal to malig-
nant clonal lymphoproliferation may involve accumulated
genetic changes (e.g. those associated with EBV infec-
tion) which persist due to insufficient immune surveil-
lance occurring with progressive HIV-induced immune
dysfunction.

Lymphoproliferative disorders have been treated with
varying degrees of success utilizing a variety of approaches
including interferon-�, radiation, corticosteroids, cyto-
toxic chemotherapy, or HAART [58, 65]. It is not clear how
often non-malignant lymphoproliferative lesions progress
to malignancy, and a period of observation may be useful
in determining individual therapy in these cases.

Other malignancies
Other cancers may be seen in HIV-infected pediatric
patients, at frequencies above the general population.
These include leukemias (most of B-cell origin), Hodgkin’s
disease, Ewing’s sarcoma, malignant germ cell tumors,
seminomas, and brain tumors. The curative potential in
such cases depends not only on the tumor and stage, but
also on the status of the underlying HIV disease.

36.3.6 Antiretroviral therapy and
antineoplastic therapy

While it is generally assumed that the administration
of antiretroviral therapy should be continued during

antineoplastic chemotherapy for HIV-related malignan-
cies, there is little information to guide such management.
Ideally, one would wish to completely suppress HIV repli-
cation, without interruption, throughout the course of life-
long HIV therapy. This may not be a realistic therapeu-
tic goal for all HIV-infected patients, and in the setting of
neoplastic disease, this goal may be even more difficult to
achieve.

For a potentially curable malignancy requiring combi-
nation antineoplastic drugs, timely courses of adequately
dose-intensive chemotherapy will optimize the chance
of tumor eradication. The impact on survival of concur-
rently administered HAART regimens given with curative-
intent antineoplastic therapy is not known. In deciding
upon a therapeutic plan, consideration should be given to
the potentially beneficial versus harmful effects of com-
bining the two treatments. HIV suppression may pre-
vent progressive HIV-induced immunosuppression during
chemotherapy. However, attention should be given to over-
lapping toxicities anticipated with combining the various
agents. Such toxicities can prompt chemotherapy dose
reductions or cycle delays, possibly reducing the chances
of tumor eradication. For example, one might predict
an increase in neurotoxicity when using vincristine and
stavudine simultaneously, or an increase in myelotoxic-
ity when using zidovudine and cyclophosphamide, dox-
orubicin, or methotrexate together. Unclear and some-
times unpredictable pharmacokinetic interactions can
lead to altered drug clearance and changes in toxicity
profiles and therapeutic effects as a result of combin-
ing certain drug classes. An example of such interactions
is the simultaneous use of cyclophosphamide and pro-
tease inhibitors, where plasma cyclophosphamide levels
may be increased. This may result in exaggerated myelo-
toxicity, leading to prolonged neutropenia which may
be more immediately life-threatening than uncontrolled
HIV viremia for the finite period it takes to deliver the
courses of antineoplastic chemotherapy. There are few
examples in the literature to help guide clinicians. Didano-
sine resulted in lower than expected etoposide levels when
the agents were used simultaneously, which could the-
oretically reduce the cure rate of the underlying can-
cer [66]. An increase in mucositis was observed when
combination chemotherapy for NHL was combined with
HAART (didanosine and/or stavudine with saquinavir)
[67]. Zidovudine has been reported to increase the myelo-
toxic effects of chemotherapy, even in the presence of
myeloid growth factors [68]. Other authors have utilized
antiretroviral drugs with attenuated dose chemotherapy to
avoid toxicity without improvement in overall survival [69].
In adults, low vs standard-dose m-BACOD (methotrexate,
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bleomycin, doxorubicin, cyclophosphamide, vincristine,
and dexamethasone) appears to result in similar overall
survival in AIDS-associated NHL, but there may be a higher
proportion of patients with active lymphoma at the time of
death among patients receiving low-dose m-BACOD [45].
Even though the low-dose group experienced fewer hos-
pitalizations from febrile neutropenic episodes, there were
no differences in the occurrence of opportunistic infections
between the two treatment groups. It may be possible that
the subset of patients with less advanced immunosuppres-
sion may benefit from more dose-intensive chemother-
apy, and strategies to minimize precipitating factors that
increase the likelihood of dose reductions may be useful.

Another important concern is the effect of chemo-
therapy-associated toxicity on the patient’s ability to
maintain antiretroviral therapy compliance. Chemo-
therapy-related mucositis, or nausea and vomiting may
cause the patient to miss multiple doses of HAART, increas-
ing the risk of drug-resistant virus emerging, thereby creat-
ing constraints on future options for effective HIV control.
Attention to appropriate prophylaxis for opportunistic
infections during the courses of antineoplastic therapy
may reduce the risk of opportunistic complications, mak-
ing it possible to deliver antineoplastic therapy without
concomitant antiretroviral therapy. Profound lymphocyte
depletion occurs with lymphocytotoxic chemotherapy in
patients not HIV-infected, and antiretroviral therapy is
unlikely to prevent this effect [70]. Following chemother-
apy, immune recovery to baseline requires in excess of 1
year in HIV-infected adults responding to HAART, and this
is similar to the CD4+ lymphocyte dynamics in adults not
HIV-infected [71]. CD4+ lymphocyte recovery occurs much
more quickly in children who are not HIV infected following
chemotherapy, but data are unavailable for HIV-infected
children [72].

There are inadequate clinical data to formulate recom-
mendations as to the role of antiretroviral therapy during
treatment for lymphoma at present. Physicians should be
alert to the potential toxicities and drug interactions of
antiretroviral and antineoplastic drugs, and should con-
sult reference guides such as the Drug Information Manual
published by the American Hospital Formulary Service for
guidance in individual cases [73].

In the management of oncologic cases where palliation,
not cure, is the therapeutic goal, the anti-HIV therapy and
the antineoplastic therapy should be managed in a way
to optimize control of both processes for as long as pos-
sible. For example, patients with KS can benefit from well-
managed care for years, even though the KS is not cured.
Therefore, it is important that HAART be integrated into the
treatment plan without interruption if possible. Currently

available monotherapeutic, antineoplastic options for KS
make this easier to accomplish. As cautioned above, how-
ever, appropriate reference to drug information literature
should be a part of the therapeutic planning for such cases.

36.4 Summary

The pediatric patient with HIV disease and neoplastic com-
plications represents a particular challenge. There is rel-
atively little clinical literature to provide guidance in the
management of such cases. Historically, patients with HIV-
related malignancies have had a poor prognosis. It remains
to be seen whether the recent improvements in anti-HIV
therapy and refinements in antineoplastic therapy will
translate into substantial therapeutic benefits for pediatric
patients with AIDS and cancer.

R E F E R E N C E S

1. Biggar, R. J. & Rabkin, C. S. The epidemiology of AIDS–related

neoplasms. Hematol. Oncol. Clin. N. Am. 10 : 5 (1996), 997–

1010.

2. Levine, A. M. AIDS-related malignancies: the emerging epi-

demic. J. Natl. Cancer Inst. 85 : 17 (1993), 1382–97.

3. Banda, L. T., Parkin, D. M., Dzamalala, C. P. & Liomba, N. G.

Cancer incidence in Blantyre, Malawi 1994–1998. Trop. Med.

Int. Health 6 : 4 (2001), 296–304.

4. Beral, V., Peterman, T., Berkelman, R. & Jaffe, H. AIDS-

associated non-Hodgkin lymphoma. Lancet 337 (1991), 805–9.

5. Mueller, B. U. & Pizzo, P. A. Malignancies in pediatric AIDS.

Curr. Opin. Pediatr. 8 : 1 (1996), 45–9.

6. Chang, Y., Cesarman, E., Pessin, M. et al. Identification of

Herpesvirus-like DNA sequences in AIDS-associated Kaposi’s

sarcoma. Science 266 (1994), 1865–9.

7. Moore, P. S. & Chang, Y. Detection of herpesvirus-like DNA

sequences in Kaposi’s sarcoma in patients with and without

HIV infection. New Engl. J. Med. 332 : 18 (1995), 1181–5.

8. Gao, S. J., Kingsley, L., Li, M. et al. KSHV antibodies among

Americans, Italians and Ugandans with and without Kaposi’s

sarcoma. Nat. Med. 2 : 8 (1996), 925–8.

9. Kedes, D. H., Operskalski, E., Busch, M., Kohn, R., Flood, J.

& Ganem, D. The seroepidemiology of human herpesvirus

8 (Kaposi’s sarcoma-associated herpesvirus): distribution of

infection in KS risk groups and evidence for sexual transmis-

sion. Nat. Med. 2 : 8 (1996), 918–24.

10. Martin, J. N., Ganem, D. E., Osmond, D. H., Page-Shafer, K. A.,

Macrae, D. & Kedes, D. H. Sexual transmission and the natural

history of human herpesvirus 8 infection. New Engl. J. Med.

338 : 14 (1998), 948–54.

11. Bower, M., Portsmouth, S., Mandalia, S., Nelson, M. & Gazzard,

B. HIV-1 related Kaposi’s sarcoma (KS) in the highly active

antiretroviral therapy (HAART) era. Non-nucleoside reverse

transcriptase inhibitors (NNRTIs) are as effective at preventing



546 R. F. Little

KS as protease inhibitors (PI’s). In Sixth International Confer-

ence on Malignancies in AIDS and Other Immunodeficiencies:

Basic, Epidemiologic and Clinical Research, Bethesda, April

22–24, 2002.

12. Whitby, D., Smith, N., Ariyoshi, K. et al. Serologic evidence for

different routes of transmission of HHV-8 in different pop-

ulations. In Second National AIDS Malignancy Conference,

Bethesda, April 6–8, 1998.

13. Ziegler, J. L. & Katongole-Mbidde E. Kaposi’s sarcoma in

childhood: an analysis of 100 cases from Uganda and rela-

tionship to HIV infection. Int. J. Cancer 65 : 2 (1996), 200–3.

14. Bassett, M. T., Chokunonga, E., Mauchaza, B., Levy, L., Ferlay,

J. & Parkin, D. M. Cancer in the African population of Harare,

Zimbabwe, 1990–1992. Int. J. Cancer 63 : 1 (1995), 29–36.

15. Casper, C., Wald, A., Pauk, J., Tabet S. R., Corey, L. & Celum,

C. L. Correlates of prevalent and incident Kaposi’s sarcoma-

associated herpesvirus infection in men who have sex with

men. J. Infect. Dis. 185 : 7 (2002), 990–3.

16. Baillargeon, J., Leach, C. T., Deng, J. H., Gao, S. J. & Jenson, H. B.

High prevalence of human herpesvirus 8 (HHV-8) infection in

south Texas children. J. Med. Virol. 67 : 4 (2002), 542–8.

17. Enbom, M., Urassa, W., Massambu, C., Thorstensson, R.,

Mhalu, F. & Linde, A. Detection of human herpesvirus 8 DNA

in serum from blood donors with HHV-8 antibodies indicates

possible bloodborne virus transmission. J. Med. Virol. 68 : 2

(2002), 264–7.

18. Amir, H., Kaaya, E. E., Manji, K. P., Kwesigabo, G. & Biberfeld,

P. Kaposi’s sarcoma before and during a human immunode-

ficiency virus epidemic in Tanzanian children. Pediatr. Infect.

Dis. J. 20 : 5 (2001), 518–21.

19. MMWR: US HIV and AIDS cases reported through December

1994. HIV/AIDS Surveillance Report, Vol. 6. Atlanta: Centers

for Disease Control and Prevention (1995), pp. 1–39.

20. Wilkes, M. S., Fortin, A. H., Felix, J. C., Godwin, T. A. & Thomp-

son, W. G. Value of necropsy in acquired immunodeficiency

syndrome. Lancet 2 (1988), 85–8.

21. Arico, M., Caselli, D., D’Argenio, P. et al. Malignancies in chil-

dren with human immunodeficiency virus type 1 infection.

The Italian Multicenter Study on Human Immunodeficiency

Virus Infection in Children. Cancer 68 : 11 (1991), 2473–7.

22. Irwin, D. & Kaplan, L. Clinical aspects of HIV-related lym-

phoma. Curr. Opin. Oncol. 5 : 5 (1993), 852–60.

23. Newton, R., Ziegler, J., Beral, V. et al. A case-control study of

human immunodeficiency virus infection and cancer in adults

and children residing in Kampala, Uganda. Int. J. Cancer 92 : 5

(2001), 622–7.

24. Motti, P. G., Dallabetta, G. A., Daniel, R. W. et al. Cervical

abnormalities, human papillomavirus, and human immuno-

deficiency virus infections in women in Malawi. J. Infect. Dis.

173 : 3 (1996), 714–17.

25. Northfelt, D. W. Cervical and anal neoplasia and HPV infection

in persons with HIV infection. Oncology (Huntingt) 8 : 1 (1994),

33–7; Discussion 38–40.

26. Carter, J. J., Koutsky, L. A., Wipf, G. C. et al. The natural history

of human papillomavirus type 16 capsid antibodies among a

cohort of university women. J. Infect. Dis. 174 : 5 (1996), 927–

36.

27. Parkin, D. M., Wabinga, H., Nambooze, S. & Wabwire-Mangen,

F. AIDS-related cancers in Africa: maturation of the epidemic

in Uganda. AIDS 13 : 18 (1999), 2563–70.

28. Chadwick, E. G., Connor, E. J., Hanson, I. C. et al. Tumors of

smooth-muscle origin in HIV-infected children. J. Am. Med.

Assoc. 263 : 23 (1990), 3182–4.

29. Jenson, H. B., Leach, C. T., McClain, K. L. et al. Benign and

malignant smooth muscle tumors containing Epstein–Barr

virus in children with AIDS. Leuk. Lymphoma 27 : 3–4 (1997),

303–14.

30. Jacobson, L. P., Yamashita, T. E., Detels, R. et al. Impact of

potent antiretroviral therapy on the incidence of Kaposi’s sar-

coma and non-Hodgkin’s lymphomas among HIV-1-infected

individuals. Multicenter AIDS Cohort Study. J. Acquir. Immune

Defic. Syndr. 21 : Suppl. 1 (1999), S34–41.

31. Besson, C., Goubar, A., Gabarre, J. et al. Changes in AIDS-

related lymphoma since the era of highly active antiretroviral

therapy. Blood 98 : 8 (2001), 2339–44.

32. Krown, S. E., Testa, M. A. & Huang, J. AIDS-related Kaposi’s

sarcoma: prospective validation of the AIDS Clinical Trials

Group staging classification. AIDS Clinical Trials Group Oncol-

ogy Committee. J. Clin. Oncol. 15 : 9 (1997), 3085–92.

33. Yarchoan, R. & Little, R. F. Immunosuppression-related malig-

nancies. In V. T. De Vita Jr., S. Hellman & S. A. Rosenberg

(eds.), Cancer, Principles and Practice of Oncology, 6th Edi-

tion. Philadelphia: Lippincott Williams and Wilkins (2001),

pp. 2575–97.

34. Krown, S. E. Interferon and other biologic agents for the treat-

ment of Kaposi’s sarcoma. Hematol. Oncol. Clin. N. Am. 5 : 2

(1991), 311–22.

35. Dupont, C., Vasseur, E., Beauchet, A. et al. Long-term effi-

cacy on Kaposi’s sarcoma of highly active antiretroviral ther-

apy in a cohort of HIV-positive patients. CISIH 92. Centre

d’information et de soins de l’immunodeficience humaine.

AIDS 14 : 8 (2000), 987–93.

36. Northfelt, D. W., Dezube, B. J., Thommes, J. A. et al. Efficacy

of pegylated-liposomal doxorubicin in the treatment of AIDS-

related Kaposi’s sarcoma after failure of standard chemother-

apy. J. Clin. Oncol. 15 : 2 (1997), 653–9.

37. Gill, P. S., Wernz, J., Scadden, D. T. et al. Randomized

phase III trial of liposomal daunorubicin versus doxorubicin,

bleomycin, and vincristine in AIDS-related Kaposi’s sarcoma.

J. Clin. Oncol. 14 : 8 (1996), 2353–64.

38. Welles, L., Saville, M. W., Lietzau, J. et al. Phase II trial with dose

titration of paclitaxel for the therapy of human immunodefi-

ciency virus-associated Kaposi’s sarcoma. J. Clin. Oncol. 16 : 3

(1998), 1112–21.

39. Kaplan, L., Abrams, D. & Volberding, P. Treatment of Kaposi’s

sarcoma in acquired immunodeficiency syndrome with an

alternating vincristine-vinblastine regimen. Cancer Treat. Rep.

70 : 9 (1986), 1121–2.

40. Stein, M. E., Spencer, D., Ruff, P., Lakier, R., MacPhail, P. &

Bezwoda, W. R. Endemic African Kaposi’s sarcoma: clinical



Neoplastic disease in pediatric HIV 547

and therapeutic implications. 10-year experience in the

Johannesburg Hospital (1980–1990). Oncology 51 : 1 (1994),

63–9.

41. Little, R., Welles, L., Wyvill, K. et al. Preliminary results of

a phase II study of oral thalidomide in patients with AIDS-

related Kaposi’s sarcoma (KS). In Second National AIDS Malig-

nancy Conference, Bethesda, April 6–8, 1998.

42. Mueller, B. U., Shad, A. T., Magrath, I. T. & Horowitz, M. E.

Malignancies in children with HIV infection. In P. A. Pizzo & C.

M. Wilfert (eds.), Pediatric AIDS: The Challenge of HIV Infection

in Infants, Children, and Adolescents. Baltimore: Williams &

Wilkins (1994), pp. 603–22.

43. Jaffe, E. S., Harris, N. L., Stein, H. & Vardiman, J. W. World Health

Organization Classification of Tumors: Pathology and Genetics:

Tumors of Haematopoietic and Lymphoid Tissues. Lyon: IARC

Press (2001), p. 351.

44. Gaidano, G., Pastore, C., Lanza, C., Mazza, U. & Saglio, G.

Molecular pathology of AIDS-related lymphomas. Biologic

aspects and clinicopathologic heterogeneity. Ann. Hematol.

69 : 6 (1994), 281–90.

45. Kaplan, L. D., Straus, D. J., Testa, M. A. et al. Low-dose

compared with standard-dose m-BACOD chemotherapy for

non-Hodgkin’s lymphoma associated with human immuno-

deficiency virus infection. National Institute of Allergy and

Infectious Diseases AIDS Clinical Trials Group. New Engl. J.

Med. 336 : 23 (1997), 1641–8.

46. Walsh, C., Wernz, J. C., Levine, A. et al. Phase I trial of m-

BACOD and granulocyte macrophage colony stimulating fac-

tor in HIV-associated non-Hodgkin’s lymphoma. J. AIDS 6 : 3

(1993), 265–71.

47. Antinori, A., Cingolani, A., Alba, L. et al. Better response to

chemotherapy and prolonged survival in AIDS-related lym-

phomas responding to highly active antiretroviral therapy.

AIDS 15 : 12 (2001), 1483–91.

48. Ratner, L., Lee, J., Tang, S. et al. Chemotherapy for

human immunodeficiency virus-associated non-Hodgkin’s

lymphoma in combination with highly active antiretroviral

therapy. J. Clin. Oncol. 19 : 8 (2001), 2171–8.

49. Forsyth, P. A., Yahalom, J. & DeAngelis, L. M. Combined-

modality therapy in the treatment of primary central ner-

vous system lymphoma in AIDS. Neurology 44 : 8 (1994),

1473–9.

50. Antinori, A., De Rossi G, Ammassari, A. et al. Value of com-

bined approach with thallium-201 single-photon emission

computed tomography and Epstein-Barr virus DNA poly-

merase chain reaction in CSF for the diagnosis of AIDS-

related primary CNS lymphoma. J. Clin. Oncol. 17 : 2 (1999),

554–60.

51. Klein, R. S., Ho, G. Y., Vermund, S. H., Fleming, I. & Burk, R. D.

Risk factors for squamous intraepithelial lesions on Pap smear

in women at risk for human immunodeficiency virus infection.

J. Infect. Dis. 170 : 6 (1994), 1404–9.

52. Holloway, H., Walsh, C. B., Thomas, R. & Fielding, J. Primary

hepatic leiomyosarcoma. J. Clin. Gastroenterol 23 : 2 (1996),

131–3.

53. Morgello, S., Kotsianti, A., Gumprecht, J. P. & Moore, F.

Epstein–Barr virus-associated dural leiomyosarcoma in a man

infected with human immunodeficiency virus. Case report. J.

Neurosurg. 86 : 5 (1997), 883–7.

54. McClain, K. L., Leach, C. T., Jenson, H. B. et al. Association

of Epstein–Barr virus with leiomyosarcomas in children with

AIDS. New Engl. J. Med. 332 : 1 (1995), 12–18.

55. Kingma, D. W., Shad, A., Tsokos, M. et al. Epstein–Barr

virus (EBV)-associated smooth-muscle tumor arising in a

post-transplant patient treated successfully for two PT-EBV-

associated large-cell lymphomas. Case report. Am. J. Surg.

Pathol. 20 : 12 (1996), 1511–19.

56. McClain, K. L., Joshi, V. V. & Murphy, S. B. Cancers in children

with HIV infection. Hematol. Oncol. Clin. N. Am. 10 : 5 (1996),

1189–201.

57. Teruya-Feldstein, J., Temeck, B. K., Sloas, M. M. et al.

Pulmonary malignant lymphoma of mucosa-associated lym-

phoid tissue (MALT) arising in a pediatric HIV-positive patient.

Am. J. Surg. Pathol. 19 : 3 (1995), 357–63.

58. Joshi, V. V., Gagnon, G. A., Chadwick, E. G. et al. The spec-

trum of mucosa-associated lymphoid tissue lesions in pedi-

atric patients infected with HIV: A clinicopathologic study of

six cases. Am. J. Clin. Pathol. 107 : 5 (1997), 592–600.

59. Aisenberg, A. C. Coherent view of non-Hodgkin’s lymphoma.

J. Clin. Oncol. 13 : 10 (1995), 2656–75.

60. Eidt, S., Schrappe, M. & Fischer, R. Analysis of antral

biopsy specimens for evidence of acquired mucosa-associated

lymphoid tissue in HIV1-seropositive and HIV-1-negative

patients. Scand. J. Gastroenterol. 30 : 7 (1995), 635–9.

61. Montalban, C., Manzanal, A., Boixeda, D. et al. Helicobac-

ter pylori eradication for the treatment of low-grade gastric

MALT lymphoma: follow-up together with sequential molec-

ular studies. Ann. Oncol. 8: Suppl. 2 (1997), 37–9.

62. Isaacson, P. G. Gastrointestinal lymphoma. Hum. Pathol.

25 : 10 (1994), 1020–9.

63. Harris, N. L. Extranodal lymphoid infiltrates and mucosa-

associated lymphoid tissue (MALT). A unifying concept. Am.

J. Surg. Pathol. 15 : 9 (1991), 879–84.

64. Joshi, V. V., Kauffman, S., Oleske, J. M. et al. Polyclonal poly-

morphic B-cell lymphoproliferative disorder with prominent

pulmonary involvement in children with acquired immune

deficiency syndrome. Cancer 59 : 8 (1987), 1455–62.

65. Craven, D. E., Duncan, R. A., Stram, J. R. et al. Response

of lymphoepithelial parotid cysts to antiretroviral treatment

in HIV-infected adults. Ann. Intern. Med. 128 : 6 (1998),

455–9.

66. Sparano, J., Wiernik, P., Hu, X., Sarta, C. & Schwartz, E.

Pilot trial of infusional cyclophosphamide, doxorubicin, and

etoposide plus didanosine and filgrastim in patients with

human immunodeficiency virus-associated non-Hodgkin’s

lymphoma. J. Clin. Oncol. 14 : 11 (1996), 3026–35.

67. Sparano, J., Wiernik, P., Hu, X., Sarta, C., Henry, D. & Ratech,

H. Pilot trial of saquinavir and nucleoside analogogues plus

infusional cyclophosphamide, doxorubicin, and etoposide in

patients with HIV-associated non-Hodgkin’s lymphoma. In



548 R. F. Little

Second National AIDS Malignancy Conference, Bethesda, MD,

April 6–8, 1998.

68. Gabarre, J., Lepage, E., Thyss, A. et al. Chemotherapy com-

bined with zidovudine and GM-CSF in human immunode-

ficiency virus-related non-Hodgkin’s lymphoma. Ann. Oncol.

6 : 10 (1995), 1025–32.

69. Levine, A. M., Wernz, J. C., Kaplan, L. et al. Low-dose

chemotherapy with central nervous system prophylaxis

and zidovudine maintenance in AIDS-related lymphoma. A

prospective multi-institutional trial. J. Am. Med. Assoc. 266 : 1

(1991), 84–8.

70. Mackall, C. L., Fleisher, T. A., Brown, M. R. et al. Lymphocyte

depletion during treatment with intensive chemotherapy for

cancer. Blood 84 : 7 (1994), 2221–8.

71. Little, R., Pearson, D., Gutierrez, M., Steinberg, S., Yarchoan, R.

& Wilson, W. Dose-adjusted EPOCH chemotherapy (CT) with

suspension of antiretroviral therapy (ART) for HIV-associated

non-Hodgkin’s lymphoma (HIV-NHL). In Fourth Interna-

tional AIDS Malignancy Conference, Bethesda, MD, May 16–

18, 2000.

72. Mackall, C. L., Fleisher, T. A., Brown, M. R. et al. Age,

thymopoiesis, and CD4+ T-lymphocyte regeneration after

intensive chemotherapy. New Engl. J. Med. 332 : 3 (1995),

143–9.

73. McEvoy, G. K. American Hospital Formulary Service. In: K.

Litvak, H. Olin & J. Welsh (eds.), AHFS 96 Drug Information,

1996 edn. Bethesda, MD: American Society of Health-System

Pharmacists, Inc. (1996), p. 2813.



PA RT V

Infectious problems in pediatric HIV disease





37

Serious infections caused by typical bacteria

Shirley Jankelevich, M.D.

Medical Officer, Pediatric Medicine Branch, National Institute of Allergy and Infectious Diseases, NIH, Bethesda, MD

37.1 Introduction

HIV-infected children are at risk for the same minor and
serious bacterial infections that affect immunocompetent
children, although they occur more frequently and may
be more severe in HIV-infected children. Because of this
increased risk, the US Centers for Disease Control and Pre-
vention (CDC) added a new category of invasive bacterial
infections to the list of pediatric AIDS-defining illnesses in
1987 [1].

Bacterial infections in HIV-infected children often
present in a manner similar to HIV-uninfected children and
respond to the same antibiotics, although disseminated
infection or frequent recurrences are often seen in HIV-
infected children. The differential diagnosis may be large
because some of these infections can present in a manner
similar to opportunistic and endemic infections, including
those due to viruses, unusual bacteria, fungi, and parasites.
In addition, bacteria that are unusual in the immunocom-
petent host may cause significant disease in immunosup-
pressed HIV-infected children (Tables 37.1 and 37.2).

Multiple immunologic abnormalities in HIV-infected
children prevent these children from mounting a robust
immune response to a broad range of bacterial pathogens
(See Chapter 3). These abnormalities include defects in
the cell-mediated (T cell) and the humoral (B cell) arms
of the immune system, decreases in neutrophil number,
multiple defects in neutrophil function, impairment in
macrophage and monocyte function [2], functional asple-
nia [3] and defects in three components of complement
[3] (Table 37.1). Other factors that increase susceptibil-
ity to infection in HIV-infected children include frequent
use of broad-spectrum antibiotics, frequent hospitaliza-

tions, use of indwelling intravascular catheters, and dis-
ruption of the integrity of skin and mucous membranes
by invasive procedures or other pathogenic organisms [4].
Additional factors in resource-poor countries include mal-
nutrition, micronutrient deficiencies, and lack of ade-
quate medical care. The results of these abnormalities and
deficiencies are increased susceptibility to infection with
encapsulated bacteria beyond the age of 2 years [5],
increased nasopharyngeal colonization rates for Strep-
tococcus pneumoniae [6] and, presumably, Haemophilus
influenzae, recurrent infections with the same bacterial
species, increased susceptibility to infections with bacte-
ria unusual in immunocompetent hosts, and increased
morbidity and mortality. Certain vaccines against bacte-
rial agents or their toxins administered to HIV-infected
children often produce antibody titers that are lower and
less persistent than those seen in HIV-uninfected children.
These include H. influenzae type b (Hib) polysaccharide
conjugate vaccine [7], pneumococcal polysaccharide vac-
cine, a 5-valent pneumococcal conjugate vaccine [8] and
pertussis vaccine [9], as well as diphtheria and tetanus
toxoids [10].

The antimicrobial regimens used in the treatment of
many bacterial infections in HIV-infected children are
often the same as for HIV-uninfected children. Suggested
empiric regimens are listed in Table 37.3. The duration
of therapy is often greater and should be based, in part,
on the clinical course of the child. Lack of response to
a regimen of appropriate duration and targeted to the
pathogen(s) isolated should prompt a re-evaluation of the
child since co-infection with several different pathogens,
including mycobacteria, fungus, viruses, and parasites can
occur.
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Table 37.1 Selected immunologic defects and correlation of

susceptibility to specific types of bacterial infections

Immunologic defect Type of bacteria

Cell-mediated immunity
(T cell)

Salmonella spp.
Listeria monocytogenes
Nocardia spp.
Treponema pallidum

Humoral immunity
(B cell)

Streptococcus pneumoniae
Haemophilus influenzae
Moraxella catarrhalis
Campylobacter spp.
Shigella spp.
Pseudomonas spp.

Neutrophil
abnormalities
(defects in neutrophil
function and number)

Staphylococcus aureus
Klebsiella pneumoniae
Escherichia coli and other
Enterbacteriaceae
Pseudomonas aeruginosa

The Integrated Management of Childhood Illness (IMCI)
strategy developed by the World Health Organization
(WHO) is currently being used as a guideline for the
care and treatment of many bacterial diseases affecting
children less than 5 years of age in some resource-poor
countries but are often not specific for HIV-infected chil-
dren in resource-poor countries. This chapter recommends
diagnostic procedures and antibiotic treatment based on
current practices in healthcare institutions in resource-
rich countries. These recommendations and antibiotics
chosen should be used in accordance with the capabil-
ities and limitations of the healthcare institutions pro-
viding treatment for these children and with the type
and prevalence of antibiotic resistance in each geographic
region.

While this chapter generally addresses infections due to
bacterial infections, it is important for the practitioner to
have a low threshold for consulting experts in the care
of immunosuppressed patients and for expanding the
differential diagnosis, the diagnostic work-up and ther-
apeutic coverage to include other less likely potential
pathogens. All HIV-infected children with constitutional
symptoms and suspected severe bacterial infection should
have blood cultures drawn in addition to other appro-
priate diagnostic tests. As is the case with children not
infected with HIV, practitioners caring for HIV-infected
infants and children should have a low threshold for con-
sidering bacterial meningitis in the appropriate clinical
setting.

37.2 Epidemiology of serious infections
in HIV-infected children

Serious bacterial infections (SBIs) occur much more fre-
quently in HIV-infected children than in non-infected chil-
dren. The rate of SBIs in an HIV-infected population of
3331 children between ages 0.1–20.9 years old enrolled in
Pediatric AIDS Clinical Trials Group (PACTG) studies was
15.1/100 person-years [11]. The median age, CD4+ lym-
phocyte count and percentage of CD4+ lymphocytes for
these children was 3.8 years old, 420 cells/�L and 17%,
respectively. Children in this study who developed PCP
had a median age, CD4+ lymphocyte and CD4% of 3.9, 42
cells/�L and 6%, respectively, indicating that SBI may occur
at a much higher CD4+ lymphocyte count and percentage
than that at which PCP occurs [11, 12].

The two most common SBIs in HIV-infected children in
the USA and their event rates per 100 person-years were
pneumonia (11.1) and bacteremia (3.3) and were most fre-
quently caused by Streptococcus pneumoniae [11]. These
rates are much higher than those seen in the general popu-
lation. In HIV-uninfected children, the rate of pneumonia
was 3–4 events per 100 person-years and, in a population-
based study in children less that 5 years old, the rate of
bacteremia due to Streptococcus pneumoniae was 0.007
events per 100 person-years. In HIV-infected children, the
event rate for urinary tract infections (UTI) was 1.6 per 100
person-years while the clinical syndromes of osteomyelitis,
meningitis, abscess, and septic arthritis had event rates per
100 person-years of < 0.2. Other SBIs in HIV-infected chil-
dren include cellulitis, sinusitis, adenitis, and mastoiditis
[5]. The rate of SBI in HIV-infected children decreases with
age. In the Pediatric Spectrum of Disease (PSD) study, SBI
occurred most frequently in children less than 1 year old
(21.5 episodes per 100 person-years) while in those of ages
1 and 2 years, the rates decreased to 14.3 and 11.2 episodes
per 100 person-years, respectively [5]. By age 10 years, the
estimated rate decreased to 3.3 episodes per 100 person-
years.

The high rates of SBI in HIV-infected children have led
researchers to examine agents for prophylaxis of bacter-
ial infections. One randomized clinical trial of intravenous
immunoglobulin (IVIG) given in doses of 400 mg per kilo-
gram of body weight every 28 days to HIV-infected children
demonstrated a significant decrease in serious and minor
bacterial infections only in children with CD4+ lympho-
cyte counts greater than 200 cells/�L but not in children
whose CD4+ lymphocyte counts were less than 200 cells/�L
[13] during the median follow-up period of 17 months. In
a second randomized clinical trial of IVIG given to chil-
dren with advanced HIV disease who were treated with
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Table 37.2 Infections observed in HIV-infected persons due to less common and newly emerging pathogens

Type of bacteria Sites of infection Diagnosis Comments

Nocardia spp. Lungs; hematogenous spread to
multiple organs, including
liver, brain and kidney

Requires 2–4 weeks for growth in
culture; special microbiologic
stains available

Patients with low CD4 count,
absence of either TMP–SMX
prophylaxis for PCP and IVIG
are predisposed to infection

Rhodococcus equi Pneumonia +/− with cavitary
lesions, pleural effusion or
empyema; bacteremia

Easily be isolated from
respiratory specimens or
blood

Usually subacute lung infection

Bartonella henselae Cat-scratch disease; bacillary
angiomatosis, peliosis hepatis,
persistent or relapsing
bacteremia with fever;
endocarditis

Special culture and staining
procedures; PCR for
Bartonella-specific DNA

Cat is mammalian reservoir; cat
flea is arthropod vector

Bartonella quintana Trench fever; bacteremia in some
homeless persons; bacillary
angiomatosis

Special culture and staining
procedures; PCR for
Bartonella-specific DNA

Arthropod vector is body louse

TMP–SMX, trimethoprim–sulfamethoxasole; PCP, Pneumocystis carinii pneumonitis; IVIG, intravenous immunoglobulin; PCR,
polymerase chain reaction.

zidovudine, IVIG decreased the risk of SBI in children com-
pared with placebo [12]. However, an analysis of children
stratified by concurrent administration of trimethoprim-
sulfamethoxazole (TMP–SMX) three times per week for
Pneumocystis carinii pneumonia (PCP) showed that IVIG
provided no additional benefit in reducing risk of SBI in
children already receiving TMP–SMX. The increased use
of (TMP–SMX) for SBI and PCP prophylaxis, however, will
result in increased colonization with bacteria resistant to
TMP–SMX, resulting in decreased effectiveness of TMP–
SMX as an agent for SBI prophylaxis.

HIV-infected children in South Africa also have a signifi-
cantly higher rate of SBIs than HIV-uninfected children.
However, because of differences in diagnostic criteria and
methodologies, direct comparisons between rates of infec-
tions in the USA and in South Africa are often difficult to
make. Acute lower respiratory tract infections (ALRI), diar-
rhea and bacteremia accounted for the majority of infec-
tions in 108 hospitalized HIV-infected children in Cape
Town, South Africa, whose median age was 61 months
(1.5–214 months) [14]. Also seen, but with less frequency,
were skin infections, meningitis, and urinary tract infec-
tions (UTIs). In this study, none of these children received
pneumococcal or H. influenzae vaccines, IVIG, or antiretro-
viral therapy. These children had 136 episodes; 85% of infec-
tions occurred in children less than 2 years old and 40% had
two or more clinical syndromes. The most frequent syn-
dromes were ALRI (44%), diarrhea (29%), septicemia (17%),

and skin infections (5%). All other syndromes, including
meningitis and UTI accounted for less than 2% of SBIs.
Bacterial cultures were positive in 24%, 18%, and 45% of
children with ALRI, diarrhea and septicemia, respectively.
S. pneumoniae, Campylobacter spp., and Gram-negative
bacilli accounted for the majority of the isolates in patients
with ALRI, diarrhea and septicemia, respectively. Of note,
33% of these episodes occurred in patients receiving
TMP–SMX 3 times a week.

37.3 Antibiotic resistance in bacterial pathogens

Resistance of numerous bacterial pathogens to many
antibacterial agents continues to increase globally. Fre-
quencies, patterns and distributions of resistant bacteria
vary significantly with geographic regions and may often
reflect inappropriate usage patterns of antibiotics. Factors
that increase antibiotic resistance include total antibiotic
consumption as well as under use through lack of access,
inadequate dosing, poor adherence, or the use of drugs
that have been stored inadequately or manufactured poorly
[15]. Thus, certain areas in many developing countries
may have increases in certain antimicrobial resistance pat-
terns not seen in industrialized countries. These increases
in bacterial resistance create barriers to the treatment of
severe and recurrent infections in HIV-infected children
and adults, especially in resource-poor countries, because
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Table 37.3 Clinical syndromes, bacterial and non-bacterial pathogens and empiric treatment

3,4Empiric treatment targeted
1Commonly isolated bacteria/ at most commonly isolated

Clinical syndrome less commonly isolated bacteria 2Non-bacterial pathogens bacterial pathogens

Meningitis/
Meningo-
encephalitis
syndrome

Streptococcus pneumoniae
Haemophilus influenzae type b

Neisseria meningitidis
Salmonella spp.
Listeria monocytogenes
Group B streptococcus
Treponema pallidum
Other aerobic bacteria and

anaerobic bacteria

Viruses
Enterovirus
HSV
VZV
CMV
Measles
EBV
JC virus

Mycobacteria
Mycobacterium tuberculosis
Mycobacterium avium complex

Parasites
Acanthamoeba spp.
Naegleria fowleri
Malaria falciparum
Toxoplasma gondii
Trypanosoma cruzi

Fungi
Cryptococcus neoformans
Coccidioides immitis

For children >1 month old:
(1) Vancomycin plus cefotaxime

or ceftriaxone if:
strains with

intermediate-level or
high-level resistance to
both penicillins and
cephalosporins are
present in the geographic
area

cefotaxime or ceftriaxone
alone if no
intermediate-level or
high-level resistance to
both penicillins and
cephalosporins are
present in the geographic
area

or
(2) Vancomycin and ceftazidime

if:
CSF shunt present

Pneumonia Streptococcus pneumoniae
Haemophilus influenza type B
Staphylococcus aureus

Viridans streptococci
Streptococcus pyogenes
Listeria monocytogenes
Haemophilus influenzae
Pseudomonas spp.
Bordetella pertussis
Salmonella spp.
Escherichia coli
Klebsiella pneumoniae
Moraxella catarrhalis
Nocardia spp.
Other aerobic bacteria and

anaerobic bacteria

Viruses
CMV
RSV
Influenza A and B
Parainfluenza
Adenovirus

Atypical bacteria
Mycoplasma pneumoniae
Chlamydia pneumoniae
Legionella spp.

Mycobacteria
Mycobacterium tuberculosis
Mycobacterium avium complex,

other atypical mycobacterial spp.
Fungi

Pneumocystis carinii
Aspergillus spp.
Cryptococcus neoformans
Histoplasma capsulatum
Coccidioides immitis

Parasites
Strongyloides stercoralis
Malaria

(1) Cefuroxime or cefotaxime or
ceftriaxone

(2) Ceftazidime if neutropenia
Start TMP-SMX for patients at

risk for PCP until PCP ruled
out if patient is:

less than 12 months old
regardless of CD4+

count
1–5 years old with <500

CD4+ cells/�L
>5 years old with <200

CD4 cells/�L
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Table 37.3 (cont.)

3,4Empiric treatment targeted
1Commonly isolated bacteria/ at most commonly isolated

Clinical syndrome less commonly isolated bacteria 2Non-bacterial pathogens bacterial pathogens

Suspected
Bacteremia/
sepsis syndrome
(no CVC present)

Streptococcus pneumoniae
Staphylococcus aureus
Haemophilus influenzae type b

non-typhoidal Salmonella spp.
Campylobacter jejuni
viridans streptococci
Streptococcus pyogenes
Escherichia coli
Listeria monocytogenes
Enterococcus spp
Neisseria meningitidis
Klebsiella pneumoniae
Enterobacter spp
Proteus mirabilis
Citrobacter freundii
Rhodococcus equii
Actinomyces isrealii

Other aerobic bacteria and
anaerobic bacteria

In patient with CD4 count
<50 cells/�L or ANC < 500
cells/�L,
consider:

Pseudomonas spp.

Viruses
HSV
VZV
CMV
Influenza A and B
Adenovirus
Enterovirus

Mycobacteria
Mycobacterium tuberculosis
Mycobacterium avium
complex, other atypical
mycobacterial spp.

Fungi
Candida spp.

Parasites
Malaria

1) Ceftriaxone (cefotaxime) if:
CD4 count > 200 cells/�L

and an ANC > 500,
+/− presence of CVC

2) Ceftazidime or other
antipseudomonal drug if:

CD4 count < 50 cells/�L
and ANC < 500 cells/�L

Add Vancomycin to above if:
(1) CVC plus high prevalence of

oxacillin-R S. aureus
or
(2) the child is toxic

appearing and the
geographic region has
substantial numbers of
penicillin-resistant and
cephalosporin-resistant
pneumococci

Bacteremia (CVC
present)

Staphylococcus aureus
Staphylococcus epidermidis

Pseudomonas spp.
Acinetobacter spp.
Other Gram-negative rods
Bacillus cereus
Enterococcus spp.
Other aerobic and
anaerobic bacteria

Fungi
Candida spp.

(1) Vancomycin
plus
(a) Ceftriaxone

(cefotaxime) if:
CD4 count > 200

cells/�L and an
ANC > 500, +/−
presence of CVC

or
(b) Ceftazidime or other

antipseudomonal drug if:
CD4 count < 50 cells/�L
or
ANC < 500 cells/�L

(cont.)
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Table 37.3 (cont.)

3,4Empiric treatment targeted
1Commonly isolated bacteria/ at most commonly isolated

Clinical syndrome less commonly isolated bacteria 2Non-bacterial pathogens bacterial pathogens

Urinary tract
infections

Escherichia coli
Klebsiella spp.
Enterobacter spp
Enterococcus spp.
Pseudomonas spp
Proteus spp.
Morganella spp.
Other aerobic and anaerobic

bacteria

Viruses
Adenovirus

CMV
Polyoma virus

Mycobacteria
Mycobacterium tuberculosis

Ampicillin and gentamicin
or
Cefotaxime (ceftriaxone)

Cellulitis Staphylococcus aureus
group A streptococcus
Haemophilus influenzae type b

group B streptococcus
Pseudomonas aeruginosa
Other aerobic and anaerobic

bacteria

(1) First generation cephalosporin or
an antistaphylococcal penicillin
if:

infection on extremity
and
patient is well appearing

(2) Ceftriaxone (cefotaxime) if:
facial cellulitis
or
patient is ill-appearing
or
cellulitic area has a purplish
hue:

(3) Add: Ceftazidime (or other
antipseudomonal drugs) to above

regimen if:
Severely
immunocompromised
or
gravely ill patients

Central
catheter-related
soft tissue
infections

Staphylococcus aureus
Staphylococcus epidermidis

Other aerobic bacteria

Regimen should include vancomycin
Catheter removal is necessary for

bacterial eradication in cases of
catheter tunnel infections

Ecthyma
gangrenosum

Pseudomonas aeruginosa Fungi
Aspergillus spp.

Two antipseudomonal antibiotics

Lymphadenitis Staphylococcus aureus
group A streptococci

Viridans streptococci
Enterobacter spp.
Staphylococcus epidermidis
Other aerobic and anaerobic

bacteria
Bartonella henselae

Mycobacteria
MAC and other atypical

mycobacteria
Mycobacterium tuberculosis

Nafcillin (oxacillin)
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Table 37.3 (cont.)

3,4Empiric treatment targeted at
1Commonly isolated bacteria less most commonly isolated

Clinical syndrome commonly isolated bacteria 2Non-bacterial pathogens bacterial pathogens

Perirectal abscesses Bacteroides spp.
Prevotella melaninogenica
Peptostreptococcus spp.
Escherichia coli
Klebsiella pneumoniae
Staphylococcus aureus.
Enterococcus spp.
Acinetobacter spp.
Other aerobic and anaerobic

bacteria

Clindamycin or metronidazole
plus an aminoglycoside,
ceftriaxone (cefotaxime)

Septic arthritis Streptococcus pneumoniae
Staphylococcus aureus
Viridans streptococci
Streptococcus pyogenes
Haemophilus Influenzae type b
Salmonella spp.
Klebsiella spp
Other aerobic and anaerobic

bacteria

Nafcillin (oxacillin) or ceftriaxone
(cefotaxime)

Osteomyelitis S. aureus
Streptococcus pyogenes
Non-typhoidal Salmonella spp.
Haemophilus influenzae type b
Moraxella catarrhalis
Other aerobic and anaerobic

bacteria

Mycobacteria
Mycobacterium tuberculosis
MAC, other atypical
mycobacteria
BCG

Fungi
Candida spp.

Nafcillin (oxacillin) or ceftriaxone
(cefotaxime)

Syphilis – congenital
or acquired

Aqueous crystalline penicillin G

Note:
1. Bacterial species predominance and resistance patterns may vary with geographic locations.
2. The differential diagnosis for infectious and non-infectious causes of these syndromes is broad; unusual and endemic infections
must be considered in the diagnosis.
3. Empiric treatment recommended is targeted at the most commonly isolated bacteria. See text for treatment for specific organisms.
All antibiotics should be IV.
4. Following isolation of an organism or if an unusual pathogen is suspected, antibiotic therapy should be modified appropriately.
HSV, herpes simplex virus; VZV, varicella-zoster virus; CMV, cytomegalovirus; EBV, Epstein–Barr virus; JC, JC virus, a virus named
after the initials of the person in which it was first found; CSF, cerebrospinal fluid; RSV, respiratory syncytial virus; TMP–SMX,
trimethoprim-sulfamethoxazole; PCP, Pneumonocystis carinii pneumonia; MAC, Mycobacterium avium complex; ANC, absolute
neutrophil count.

complex regimens with expensive antibiotics are often
needed to provide coverage for these resistance pathogens.
Resistance to TMP–SMX is of particular concern because it
is the least expensive and most useful prophylactic antimi-
crobial agent for PCP and bacterial infections. For example,

TMP–SMX resistance in clinically important bacteria has
been increasing in Malawi and is thought to be linked to
the use of sulfadoxine-pyrimethamine to treat patients with
chloroquine-resistant malaria [16]. The widespread use of
TMP–SMX and increasing bacterial resistance may lead to
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decreased effectiveness of TMP–SMX prophylaxis for the
prevention of SBI globally.

37.3.1 Antibiotic resistance in Streptococcus
pneumoniae

Streptococcus pneumoniae is responsible for the major-
ity of SBI in HIV-infected children globally, but treat-
ment is becoming more problematic because of continually
increasing resistance to many available antibiotics. Antibi-
otic resistance of S. pneumoniae to penicillin is char-
acterized as intermediate resistance, with MICs of
0.1–1 �g/mL, and high resistance, with MICs of ≥ 2 �g/mL.
High doses of penicillin and related, �-lactam antibiotics
provide antibiotic levels that are sufficient to overcome
intermediate resistance of S. pneumoniae in serum and
in all tissue except for that in the central nervous system.
While non-meningeal infections with intermediately resis-
tant S. pneumonia can be treated with higher doses on
penicillins, such a strategy can not be used for any types
of invasive infections with highly resistant S. pneumoniae.
In the USA, 24% of S. pneumoniae isolates from cases of
invasive pneumococcal disease in 1998 were found to be
resistant to penicillin [17]; 14% of these isolates had an
MIC of≥2 �g/mL. Resistance was also found to cefotaxime,
meropenem, and erythromycin and 14% of the isolates had
resistance to at least three different antibiotic classes. Fur-
thermore, 29% of these were resistant to TMP–SMX. Of the
nine pneumococcal serotypes (19A, 9V, 6A, 23F, 6B, 19F,
14, 18C, and 4) that were isolated frequently from children
less than 5 years old with invasive disease, more than 33%
of each of seven of these serotypes (19A, 9V, 6A, 23F, 6B,
19F, 14) were resistant to penicillin. Further complicating
treatment of these strains is that penicillin-resistant
strains often have some degree of cross-resistance to
cephalosporins, and carbapenems. A new property termed
vancomycin tolerance, the ability of S. pneumoniae to
escape lysis and killing by vancomycin, has recently been
found in 3% of 116 clinical isolates of pneumococci in the
USA [18]. Such resistance may result in treatment failure,
particularly in cases of meningitis in which bactericidal
activity is critical for eradication. The incidence of S. pneu-
moniae resistant to ceftriaxone, cefotaxime, and cefurox-
ime are also increasing.

Mortality due to infection with penicillin-resistant pneu-
mococci may be increased in some HIV-infected persons.
In the USA [19], the mortality rate of HIV-infected adults in
San Francisco co-infected with high-level penicillin resis-
tant pneumococci (≥2 �g/mL) was 7.8 times higher than
that of the same population infected with susceptible
(≤0.06 �g/mL) or intermediately resistant pneumococcus

(0.1–1 �g/mL). In HIV-uninfected children, non-CNS inva-
sive infections due to S. pneumoniae with intermediate
penicillin resistance were not associated with a higher mor-
tality rate than infections due to susceptible S. pneumoniae,
although there was a significant increase in length of hos-
pitalization and longer time to defervescence [20].

Pneumococcal resistance to TMP–SMX is also increas-
ing (reviewed in [21, 22]. A recent survey comparing resist-
ance data from 1997–98 with the period of 1998–99 in
96 institutions revealed that resistance of S. pneumoniae
to TMP–SMX increased from 13.8% to 27.3%. Further-
more, the selection pressure caused by prolonged use of
TMP–SMX for the prophylaxis of PCP is apparently caus-
ing the evolution of resistance in other bacteria. TMP–SMX
resistance in E. coli isolated from HIV-infected adults at San
Francisco General Hospital has increased from 24% in 1988
to 74% in 1995 [22].

The resistance pattern of S. pneumoniae in the gen-
eral population in South Africa is somewhat different from
that in the USA Antibiotic resistance was found to dif-
fer in public and private healthcare settings as demon-
strated by the increased resistance of S. pneumoniae to
macrolides in the private sector where antibiotics are more
available [23]. While approximately 45% of S. pneumo-
niae isolates from children in South Africa had penicillin-
resistance, high-level resistance was infrequently seen [23].
In India, resistance to penicillin, TMP–SMX and chloram-
phenicol were found in 1.3%, 56%, and 17%, respectively,
of pneumococcal isolates [24]. Of concern is the increase in
macrolide resistance from 1% to 21% in S. pneumoniae iso-
lates 2 months following a mass azithromycin prophylaxis
campaign to eradicate trachoma in an aboriginal village in
Australia [25]. Thus, the campaign to eradicate trachoma
with the use of azithromycin may have led to an increase in
macrolide-resistant S. pneumoniae, making erythromycin
treatment for S. pneumoniae ineffective.

37.3.2 Antibiotic resistance in pathogens associated
with diarrhea

Resistance of the three major bacterial pathogens associ-
ated with diarrhea, Shigella spp., non-typhoidal Salmonella
spp. and Campylobacter spp., to numerous antibiotics
have been increasing globally [26]. Resistance to ampi-
cillin, TMP–SMX, tetracycline, and quinolones as well
as some �-lactam antibiotics have been detected world-
wide in Shigella spp., although the antibiotic suscepti-
bility patterns vary by geographical regions. Antibiotic
resistance in non-typhoidal Salmonella spp. to ampi-
cillin, chloramphenicol, streptomycin, sulfamethoxazole,
and tetracycline is also being observed worldwide. Some
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isolates are simultaneously resistant to five different antibi-
otics, although many remain susceptible to cefotaxime and
ceftriaxone. Campylobacter spp. has also been develop-
ing resistance to tetracycline, ampicillin, and quinolones
in various geographic regions and multidrug resistance
has also been reported [27]. For example, in Kenya, 90%
of primary isolates of these three bacterial species tested
had resistance to ≥1 antibiotics, 74% had resistance to ≥3
antibiotics, while all Shigella dysenteriae type 1 tested were
resistant to ≥ 6 antibiotics [28]. In South Africa, Shigella
spp., Campylobacter spp., non-typhoidal Salmonella spp.,
and V. cholerae isolates with high levels of antibiotic resist-
ance to multiple antibiotics were found [19]. Thus, treat-
ment of these infections requires current knowledge of the
antibiotic resistance patterns for the geographic area.

37.3.3 Antibiotic resistance in H. influenzae

Beta-lactam resistance of H. influenzae in the USA has
remained stable at approximately 33% [29]. In India,
antibiotic-resistant H. influenzae type b continues to be
responsible for invasive infections in children with 46–
60% of isolates resistant to chloramphenicol, ampicillin,
TMP–SMX, or erythromycin and 32% resistant to three
or more antibiotics [30]. Fortunately, resistance to third-
generation cephalosporins was not detected. South Africa
has a relatively low incidence of �-lactamase producing
H. influenzae (∼10%) [31].

37.3.4 Antibiotic resistance in nosocomial pathogens

The increase in bacterial resistance is also seen in nosoco-
mial pathogens [29]. In 1997, vancomycin-resistant ente-
rococci had increased to 15% and many Gram-negative
nosocomial pathogens, including Klebsiella pneumoniae,
E. coli, Proteus mirabilis, and Citrobacter spp., were found
to be resistant to many cephalosporins, including third –
and some fourth – generation cephalosporins. Pseu-
domonas aeruginosa and Acinetobacter spp. are often
multi-drug resistant. Many isolates of Pseudomonas are
resistant to multiple antibiotics, including �-lactam antibi-
otics and aminoglycosides, with some isolates now resist-
ant to several quinolones and imipenem-cilastatin [32].
Antibacterial resistance among Pseudomonas species may
develop in patients while receiving appropriate antipseu-
domonal antibiotics. Methicillin-resistant Staphylococcus
aureus (MRSA) is significantly increased in frequency in
South Africa relative to that found in the USA (50% vs 23%).
Of note is that MRSA was found to be more common in HIV-
infected children than in HIV-uninfected children [31].

37.4 Bacteria most commonly associated with
serious infections in HIV-infected children

37.4.1 Streptococcus pneumoniae

Streptococcus pneumoniae is the most common bac-
terium causing SBIs, including bacteremia, pneumonia,
and meningitis in HIV-infected adults and children. The
risk of pneumococcal invasive disease is higher in HIV-
infected children than in adults [33]. Invasive pneumo-
coccal disease may occur in HIV-infected children despite
active immunization with the pneumococcal polysac-
charide vaccine or passive immunization and chemo-
prophylaxis [3]. In HIV-infected children in the USA, S.
pneumoniae is the most common pathogen causing inva-
sive bacterial infections (reviewed in [33]). An incidence
rate of 6.1 SBIs due to S. pneumoniae per 100 person-
years for children through age 7 years [34] was seen and
was similar to that seen in children with sickle cell disease
through age 6 years. However, this rate was 100 to 300-fold
the rates seen in the USA and several other industrialized
countries in immunocompetent, HIV-uninfected children.
Mortality due to invasive pneumococcal disease is high
and may be associated with isolates that are resistant to
penicillin.

37.4.2 Non-typhoidal Salmonella spp.

A low CD4+ lymphocyte count and an advanced stage
of HIV disease increases the risk of Salmonella infection
[33]. The incidence of salmonellosis in HIV-infected per-
sons in the USA appears to be decreasing, possibly due
to the use of PCP prophylaxis with TMP–SMX. Salmonella
infections may be particularly severe in HIV-infected per-
sons, with a very high incidence of disseminated infec-
tion, resulting in bacteremia, pneumonia, osteomyelitis,
and meningitis, and relapses despite antibiotic treatment
[35, 36]. Treatment must be extended for 4–6 weeks to pre-
vent relapse [37]. Initial treatment of Salmonella infec-
tion should consist of either cefotaxime or ceftriaxone
because of widespread multi-drug resistance. Antibiotics
can then be tailored to the antibiotic susceptibility of the
isolate.

37.4.3 Campylobacter spp.

Campylobacter spp., especially jejuni, is one of sev-
eral bacteria causing gastroenteritis that may dissem-
inate and cause widespread serious infection, includ-
ing bacteremia, in HIV-infected patients. If Campylobac-
ter jejuni is suspected, both blood and stool cultures
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should be obtained. No studies have established the opti-
mal treatment of Campylobacter bacteremia. Intravenous
therapy for bacteremia with ampicillin/clavulanate, cefo-
taxime, imipenem/cilastatin, meropenem, or gentamicin,
based on the results of susceptibility testing, should provide
appropriate coverage.

37.4.4 Pseudomonas spp. (predominantly aeruginosa)

HIV-infected persons have an increased frequency of Pseu-
domonas infections due to the underlying immunodefi-
ciency and invasive procedures, such as placement of a
central venous catheter (CVC) [38, 39]. Infections caused by
Pseudomonas spp. include bacteremia, pneumonia, urin-
ary tract infections, otitis media and externa, skin and
soft tissue infections, sinusitis, and epiglottitis. Bacteremia
due to Pseudomonas carries a high mortality [32]. Treat-
ment of Pseudomonas infection with two antipseudomonal
drugs that are active against the isolate may substan-
tially decrease mortality from Pseudomonas bacteremia in
patients with AIDS [40].

37.4.5 Staphylococcus aureus

Staphylococcus aureus is a common cause of bacterial skin
infections in HIV-infected patients [41], but is also asso-
ciated with catheter-related infections, bacteremia, pneu-
monia, and sinusitis. While S. pneumoniae was the most
frequent bacterial pathogen in HIV-infected children with-
out a CVC, S. aureus was the predominant pathogen in
those children with these catheters [38]. Most strains of
hospital-acquired S. aureus are resistant to penicillin. While
the mainstay of treatment of penicillin-resistant S. aureus
strains has been methicillin, nafcillin, or oxacillin, resistant
strains have been appearing in hospitals at an alarming
rate. Vancomycin often remains the only active antibiotic
against these strains, although vancomycin tolerance has
been observed. First or second generation cephalosporins
may be used cautiously for patients with penicillin allergy if
the S. aureus isolate is methicillin-susceptible. Vancomycin
may be necessary for the 5–10% of these patients who are
also allergic to cephalosporins.

37.4.6 Staphylococcus epidermidis

Staphylococcus epidermidis is often associated with CVC-
related infections but occasionally may cause more inva-
sive infections. Because most strains of S. epidermidis
are resistant to penicillin and methicillin/oxacillin, van-
comycin remains the treatment of choice.

37.4.7 Haemophilus influenzae

Haemophilus influenzae type b is responsible for severe
invasive infection in children, including meningitis, bac-
teremia, pneumonia, epiglottis, septic arthritis, cellulitis,
and empyema. The incidence has decreased in countries
with wide use of the H. influenzae type b conjugate vac-
cine although HIV-infected children are still at risk for
these infections despite vaccination. Resistance to ampi-
cillin requires the initial use of cefotaxime, ceftriaxone, or
ampicillin in combination with chloramphenicol for inva-
sive infections until the resistance pattern of the isolate
is known. Duration of therapy is for 7–10 days or longer
in complicated cases. Chemoprophylaxis with rifampin
should be considered for the index case and household
contacts [37].

37.5 Clinical syndromes and treatment

37.5.1 Bacteremia

The incidence of bacteremia is increased among patients
with low CD4+ lymphocyte counts [38]. It is not uncom-
mon for patients to have more than one episode of bac-
teremia or to have polymicrobial bacteremia. The bac-
terial species most often associated with bacteremia in
HIV-infected children are shown in Table 37.3. Bacteremia
often occurs secondary to infection of the lung, gastroin-
testinal tract, vascular catheters and skin and soft tissue
(reviewed in [4]). Infections at other sites, such as ear,
sinuses, and urinary tract may also lead to bacteremia.
Often, no source of bacteremia can be identified, espe-
cially in cases of S. pneumoniae bacteremia. Complications
include septic shock and disseminated intravascular coag-
ulation and mortality is high in HIV-infected children.

Blood cultures should be obtained before treatment
whenever possible, and a source for the bacteremia should
be sought and specifically treated. In a patient with a CVC,
blood cultures from the CVC and peripheral vein should
be obtained. If the CVC is removed, the catheter tip should
be sent to the microbiology laboratory for culture. Empiric
treatment of suspected bacteremia is shown in Table 37.3.

Streptococcus pneumoniae
Streptococcus pneumoniae is the most frequently iso-
lated bacteria from bacteremic HIV-infected children.
Bacteremia frequently occurs during pneumococcal pneu-
monia. For non-meningeal infections, the antibiotics
that may be used include penicillin G, cefotaxime/
ceftriaxone, vancomycin, chloramphenicol, clindamycin,



Serious infections caused by typical bacteria 561

or meropenem/ imipenem-cilastatin [37]. The antibiotic
chosen should be based on the local resistance patterns,
the susceptibility of the isolate, and the severity of illness.
In areas with significant amounts of penicillin resistance or
for patients who are severely ill, initial treatment should be
cefotaxime or ceftriaxone plus vancomycin until the resis-
tance patterns are determined. Vancomycin should be dis-
continued once the isolate is shown to be susceptible to
penicillin or a cephalosporin. Ten to 14 days of treatment
with appropriate antibiotics is generally sufficient.

Non-typhoidal Salmonella
HIV-infected patients, including children, have an
increased risk of development of Salmonella bacteremia.
The most common isolates causing Salmonella bacteremia
are S. enteritidis and S. typhimurium, although infec-
tion with other serotypes may occur. Salmonella bac-
teremia may be preceded by gastroenteritis even though
Salmonella is isolated from stool in only 20% of cases [4].
Very high rates of relapse occur following completion of
short courses of antibiotic treatment [2, 4, 35]. Metastatic
complications may occur and result in osteomyelitis,
meningitis, pneumonia, endocarditis, and pyelonephri-
tis [4]. Treatment with ceftriaxone or cefotaxime should
be instituted until susceptibility is known. Ampicillin or
TMP–SMX should be used for susceptible isolates. Treat-
ment duration of 4–6 weeks is necessary to prevent
relapse.

Staphylococcus aureus
Staphylococcus aureus is a frequent cause of bacteremia
in HIV-infected children [4]. S. aureus bacteremia is often
community acquired but may also be associated with
infected vascular catheters [3], or may also occur following
skin and soft tissue infections. As in persons without HIV
infection, S. aureus frequently results in metastatic disease
with infection at multiple sites and clinicians should have
a low threshold for suspecting metastatic disease. Methi-
cillin or oxacillin should be used for susceptible strains.
First- or second-generation cephalosporins or clindamycin
may also be used [37]. Vancomycin should be reserved
only for methicillin-resistant S. aureus. For patients with-
out metastatic foci, treatment may need to last as long as
21 days [37]. If the patient remains bacteremic for more
than approximately 3 days after beginning adequate ther-
apy, a thorough evaluation for sites of dissemination, such
as lungs, heart valves, bones, and CNS should be consid-
ered. When patients have metastatic foci treatment may
need to be given for a prolonged period.

Pseudomonas spp.
Factors that predispose to Pseudomonas bacteremia are a
low CD4+ lymphocyte count, neutropenia, and the pres-
ence of a CVC, although Pseudomonas bacteremia may
occur even without these risk factors. Bacteremia with
Pseudomonas may be associated with several different
types of skin lesions that include tender, red papular lesions
and ecthyma grangrenosum. Treatment includes inten-
sive clinical support and a combination of two antipseu-
domonal agents [42] such as ceftazidime or imipenem plus
an aminoglycoside or quinolone. Susceptibility must be
determined because of the high frequency of multiple drug-
resistant strains [32]; antibiotic therapy should be adjusted
based on the results of the susceptibility tests. The sources
of infection must be determined (lungs, skin infection,
urinary tract, sinuses, CVC) and treated surgically when
appropriate. If a CVC is infected, it may be possible to erad-
icate the infection without catheter removal in approxi-
mately 65% of cases [39]. If infection persists or recurs,
catheter removal will be necessary.

Campylobacter jejuni
Campylobacter jejuni bacteremia occurs more frequently
in adults and children with advanced HIV disease
than in the non-immunocompromised population [43].
Bacteremia follows Campylobacter gastroenteritis, which
often presents with severe, usually bloody diarrhea, cramp-
ing, nausea, and fever. Both blood and stool cultures
should be obtained. No studies have established the opti-
mal treatment of Campylobacter bacteremia. Two weeks
of intravenous therapy with cefotaxime, imipenem, gen-
tamicin, chloramphenicol, or erythromycin, determined
by resistance testing, will most likely provide adequate
treatment.

Catheter-associated bacteremia
The presence of a CVC increases the frequency of bacte-
rial infections in HIV-infected children. Bacteria involved
in CVC infections include Staphylococcus aureus, Staphylo-
coccus epidermidis, Enterococcus spp., Pseudomonas spp.,
and other Gram-negative rods [38], as well as Bacillus cereus
[44]. For certain species of bacteria (e.g. Staphylococcus
epidermidis) catheter-associated bacteremia can often be
treated with antibiotics alone without catheter removal, if
the patient is stable and the blood cultures rapidly become
sterile [38]. Treatment involves approximately 14 days of
appropriate antibiotics, followed by observation for recur-
rence. Certain bacteria, such as Bacillus spp., often can-
not be eradicated without catheter removal [44]. In these
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cases, a shorter course of approximately 7 days of antibi-
otics should be given following catheter removal.

37.5.2 Pneumonia

Bacterial pneumonia is increased in frequency and sever-
ity in HIV-infected children. In the Pediatric Spectrum of
Disease Project (PSD), 25.1% of the SBIs were pneumonia
[5]. In the PACTG study, 77% of 879 SBIs were pneumonia
[11] with a rate of bacterial pneumonia of 11.1/100 person-
years. Children with lower CD4+ lymphocyte counts gen-
erally have a higher incidence of bacterial pneumonia.
Many patients have multi-lobar involvement and a slower
response to antibiotic treatment [21]. The spectrum of bac-
teria associated with pneumonia in HIV-infected children
is wide, although the most common pathogens include
S. pneumoniae, H. influenzae type b, S. aureus, and E.
coli. Other pathogens less commonly observed are viri-
dans streptococci, S. pyogenes, M. catarrhalis, B. pertussis,
K. pneumoniae, Salmonella spp., P. aeruginosa, Legionella
spp., and Nocardia spp.

In Soweto, South Africa, HIV-infected and uninfected
children hospitalized with lower respiratory tract infec-
tions (LRTI) were studied. LRTIs were found to be the
most common cause of hospitalization and mortality in all
children, ages 2–60 months, regardless of HIV status [31].
However, HIV-infected children were more likely to have
positive blood cultures than HIV-uninfected children. Mal-
nourished HIV-infected children had a higher risk of bac-
teremic LRTI than those who were well nourished (relative
risk 1.73), a significantly higher incidence of LRTI due to E.
coli, as well as a significantly higher risk of death. Although
S. pneumoniae was the most frequently isolated pathogen
in both HIV-infected and uninfected children 2–24 months
of age, HIV-infected children had a 43-fold increased rela-
tive risk of pneumonia due to S. pneumoniae. Furthermore,
in this same age group of children, HIV-infected children
had relative risks of 21, 98, 49, and 13 for pneumonia due
to H. influenza type b, E. coli, S. aureus, and Salmonella
spp. as compared to HIV-uninfected children. In children
older than 24 months, S. pneumoniae LRTI was found in
37% HIV-infected but only in 20% of HIV-uninfected chil-
dren. HIV-infected children also had a significant increase
in bacteremic LRTI relative to uninfected children. The case
fatality rate was significantly increased for HIV-infected
relative to HIV-uninfected children with an adjusted odds
ratio of 6.52.

In Cape Town, South Africa, LRTI accounted for 44% of
the 136 clinical syndromes that required hospitalization
[12]. Blood cultures were positive in 24% of these cases and
the predominant bacterial isolates, in order of frequency,

were S. pneumoniae, S. aureus, H. influenzae, and E. coli. Of
concern was that 31% of the S. pneumoniae isolates were
penicillin-resistant and that 33% of LRTIs occurred in chil-
dren receiving TMP–SMX 3 times weekly [14].

Bronchiectasis may occur in HIV-infected children as a
result of severe, unresolving, or recurrent pulmonary infec-
tions [45]. In a study at the Children’s Medical Center of
Brooklyn, 26 of 164 (15.8%) HIV-infected children with “res-
piratory problems” had bronchiectasis [45]. Sixteen chil-
dren had lymphocytic intersitial pneumonititis (LIP) while
three were found to have recurrent pneumonia and five
had unresolving pneumonia. Of the 12 children that had
bronchoalveolar lavage, seven had bacteria isolated and
six of these seven children had mixed infections of up to
four organisms with various combinations of P. aeruginosa,
S. aureus, C. albicans, Mycobacterium avium complex, S.
viridans, B. pertussis, Chlamydia spp., multi-drug resis-
tant Mycobacterium tuberculosis, and Corynebacterium
spp.

The differential diagnosis of an HIV-infected child with
fever, tachypnea, and hypoxia is extensive and includes
bacterial, viral, fungal, and parasitic pneumonias, LIP, M.
tuberculosis pneumonia, and malaria. Patients without
neutropenia will often have leukocytosis and their clin-
ical presentation is similar to that seen in normal children.
A chest radiograph, blood cultures and sputum Gram stain
and cultures should be obtained and may help to determine
the etiology. If a good specimen cannot be obtained from
expectorated sputum, sputum specimens representative of
the lower respiratory tract may be obtained from induced
sputum. Many HIV-infected children with pneumonia
have multilobar involvement. Pneumococcal pneumonia
usually appears on chest x-ray as localized segmental or
lobar consolidation and may be complicated by effusion,
empyema, or abscesses and is often associated with bac-
teremia. Children with H. influenzae (type b and non-
typeable) may also have consolidated areas on chest x-ray
although diffuse bilateral infiltrates suggestive of PCP may
also be seen. The chest x-ray in a child with Pseudomonas
pneumonia usually shows a lobar infiltrate, or, less com-
monly, diffuse interstitial disease. Cavitary lesions may also
be present [46]. The most sensitive diagnostic techniques
are bronchoscopy and lung biopsy [47]. If empyema is
present, a specimen should be obtained for microbiologic
evaluation. In addition to bacterial studies, it is essential
that the respiratory specimen be evaluated for Pneumocys-
tis carinii, and for mycobacterial, fungal, viral, and other
endemic causes of pneumonia.

Because of the high prevalence of penicillin-resistance
in S. pneumoniae and many other respiratory pathogens,
the initial antibiotic regimen should consist of a second
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generation cephalosporin, e.g. cefuroxime, or a third
generation cephalosporin, e.g. cefotaxime or ceftriaxone.
Neutropenic patients should also be treated with an
antipseudomonal drug such as ceftazidime. The bacteria
isolated and the antibiotic susceptibility pattern should
then guide changes in the antibiotic regimen. Because
slower responses to antibiotic treatment or relapses may
occur in HIV-infected children [46], careful monitoring and
prolonged antibiotic therapy may be necessary in certain
cases.

Streptococcus pneumoniae
Streptococcal pneumoni presents in a similar manner
to that in non-immunocompromised patients, although
relapses are more common and it is often associated with
bacteremia. The chest radiographic appearance of pneu-
mococcal pneumonia is described above. The treatment
for pneumonia without meningitis is the same as for
bacteremia.

Haemophilus influenzae (type b and non-typeable)
Haemophilus influenzae is a common cause of pneumo-
nia in HIV-infected adults and children. Chest x-ray find-
ings are described above. Cefotaxime or ceftriaxone or
ampicillin plus chloramphenicol [37] should be used ini-
tially but may be changed to ampicillin if the isolate is
susceptible.

Pseudomonas spp.
Pneumonia due to Pseudomonas spp. is infrequent, but
can be particularly problematic because it may result in a
necrotizing infection poorly responsive to antibiotic treat-
ment [39]. Pseudomonas pneumonia is usually nosoco-
mially acquired, but it can also present as a community-
acquired infection in HIV-infected patients, a mode of
acquisition that is rare in the normal population. It may
present as a fulminant infection with bacteremia or may
have a chronic or subacute course. Unlike pneumonia due
to S. pneumoniae, Pseudomonas infection is usually asso-
ciated with a CD4+ lymphocyte count < 50 cells/�L. Mul-
tiple relapses are common and may occur despite a course
of intravenously (IV)-administered antibiotic for 14 days
[48]. Chest x-ray findings are described above. Risk fac-
tors for Pseudomonas pneumonia include repeated courses
of broad-spectrum antibiotics that predispose patients
to colonization and chronic sinusitis, bronchiectasis and
lung injury caused by prior opportunistic infections [46].
Patients should be treated for a minimum of 14 days with
two synergistic antibiotics, such as ceftazidime plus an
aminoglycoside [48].

37.5.3 Meningitis/meningoencephalitis

Streptococcus pneumoniae is the most common cause of
acute bacterial meningitis, although many other bacter-
ial pathogens, including N. meningitidis, H. influenzae,
Salmonella spp., and L. monocytogenes, must be included
in the differential diagnosis of meningitis and meningoen-
cephalitis. Lumbar puncture (LP) should be performed
and appropriate studies on the cerebrospinal fluid (CSF),
including stains and cultures for bacteria, fungus, and
acid-fast bacilli (AFB), and rapid antigen tests for bacter-
ia and cryptococcus, should be done. When appropriate,
additional studies to determine if the patient has a CNS
infection due to unusual or endemic pathogens (Table
37.3) should be performed. If purulent CSF is obtained or
if an etiologic agent cannot be identified, empiric treat-
ment should be instituted immediately (shown in Table
37.3). Dexamethasone may be used if S. pneumoniae or
H. influenzae is suspected, although concomitant admin-
istration of dexamethasone decreases the penetration of
vancomycin into the cerebrospinal fluid in animal studies
[49]. Following isolation of an organism, treatment should
be modified on the basis of the bacteria identified and
the antibiotic susceptibility pattern. Repeat LP may need
to be performed in some children if the response is not
satisfactory, the etiologic agent is penicillin-resistant S.
pneumoniae and results from cefotaxime and ceftriaxone
resistance testing is not yet available, dexamethasone was
administered [37], or Gram-negative organisms were iso-
lated. Therapy may need to be prolonged, depending on
the response and the resistance pattern of the bacterial
isolates.

Streptococcus pneumoniae
Treatment of pneumococcal meningitis has become
complex because of extensive antibiotic resistance of
S. pneumoniae. Meningitis due to penicillin-susceptible
pneumococcus can be treated with meningitis doses of
penicillin, ampicillin, cefotaxime, or ceftriaxone. However,
treatment of penicillin-resistant pneumococcus is prob-
lematic mainly because concentrations of penicillins and
cephalosporins achieved in the CSF are usually unable
to promptly eradicate some intermediately resistant and
most highly resistant pneumococcal strains. Strains of
penicillin-resistant pneumococci that remain susceptible
to cephalosporins can be treated with cefotaxime and
ceftriaxone [37].

Meningitis due to strains with intermediate-level or high-
level resistance to both penicillins and cephalosporins
should be treated with a combination of vancomycin
and either ceftriaxone or cefotaxime. For meningitis due
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to penicillin-resistant and cephalosporin-resistant pneu-
mococcus, a combination of vancomycin plus a third-
generation cephalosporin should be used and rifampin
added after 24–48 hours if the isolate is susceptible to
rifampin, the patient has clinical deterioration, repeat
LP fails to show eradication of the bacteria, or the iso-
late has high-level resistance to ceftriaxone or cefotaxime
(MIC ≥ 4 �g/mL) [37].

Meropenem, a carbapenem-class antibiotic approved
for children greater than 3 months old with meningitis
was shown to have very good activity against penicillin-
susceptible pneumococci and was a very promising agent
for the treatment of meningitis due to penicillin-resistant
pneumococcus. However, because a recent study revealed
that 49% of 59 isolates with either intermediate-level or
high-level resistance to penicillin also had meropenem
resistance, meropenem is not recommended for the treat-
ment of meningitis caused by intermediate-level or high-
level penicillin-resistant pneumococcus [49] unless sensi-
tivity to meropenem is specifically demonstrated.

Other bacterial pathogens

Meningitis due to Salmonella spp. should be treated with
ceftriaxone or cefotaxime for at least 4–6 weeks to prevent
relapse [37]. H. influenzae meningitis can be treated with
ceftriaxone or cefotaxime or the combination of ampicillin
and chloramphenicol [37] for at least 10 days along with
initial doses of dexamethasone.

37.5.4 Urinary tract infections

HIV-infected children have an increased incidence of UTI
[38, 50, 51]. The most common bacterial causes of UTI are
listed in Table 37.3. An appropriate urine specimen should
be examined for white cells and bacteria, and cultured.
Blood cultures and appropriate renal studies should be
obtained on patients with fever or pyelonephritis. Because
of the elevated risk of bacteremia associated with compli-
cated urinary tract infections in this population, aggressive
IV antibiotic treatment is required in patients with sus-
pected pyelonephritis or constitutional symptoms, such as
fever [33] as indicated in Table 37.3. Unlike cystitis, which
can often be treated with a relatively short course of ther-
apy, pyelonephritis usually requires 10 to 14 days of ther-
apy. Resistance among uropathogenic E. coli to TMP–SMX
is increasing and must be taken in account if a patient
receiving treatment with TMP–SMX is not improving
clinically [52].

37.5.5 Skin and soft tissue infections

Bacterial skin and soft tissue infections are frequently seen
in HIV-infected children and include cellulitis, catheter-
related soft tissue infections, skin lesions caused by P. aerug-
inosa, lymphadenitis, and perirectal abscesses. Skin infec-
tions are more commonly associated with S. aureus than
other bacteria, partly due to the increased nasal carriage
of S. aureus in HIV-infected children [41, 53]. A variety of
other organisms may cause skin and soft tissue infections
in certain clinical situations. Bacteria associated with each
type of soft tissue infection and suggested empiric ther-
apy is provided in Table 37.3. Whenever possible, micro-
biologic evaluation (Gram stain and culture) of infected
material should be performed, and blood cultures should
be obtained if the child appears ill. If lesions are thought
to be due to disseminated infection, blood cultures and
a thorough work-up for other sites of infection should be
performed.

Cellulitis
Staphylococcus aureus, group A streptococcus, H. influen-
zae, group B streptococcus, and P. aeruginosa may cause
cellulitis. Leading edge cultures from cellulitic areas may
help make the microbiologic diagnosis. Cellulitis of an
extremity in a non-ill-appearing child may be presump-
tively treated with a first-generation cephalosporin or an
antistaphylococcal penicillin. If the patient has facial cel-
lulitis, is ill, or if the cellulitic area has a purplish hue, cov-
erage should be extended to include H. influenzae type b;
ceftriaxone or cefotaxime would be appropriate choices.
For severely immunocompromised or gravely ill patients,
antibiotic coverage should be extended to include Gram-
negative enteric bacteria, including Pseudomonas. Follow-
ing isolation of an organism, therapy should be tailored
accordingly.

Catheter-related soft tissue infections
It is important to recognize the two distinct types of central
catheter-related soft tissue infections, exit site infections
and tunnel infections, as they require different therapeutic
approaches. Exit site infections are superficial infections
around the catheter site with erythema and tenderness,
and occasionally, discharge. A tunnel infection is an infec-
tion that extends along the subcutaneous tunnel through
which a CVC runs. In tunnel infections, erythema and,
often, discharge at the exit site and tenderness on palpa-
tion over the entire catheter tunnel is present. Although the
most common bacteria causing these two types of infec-
tions are S. aureus and S. epidermidis, a wide variety of
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Gram-positive cocci and Gram-negative bacilli can also
cause these infections (Table 37.3). Exit site infec-
tions do not necessarily require surgical removal of the
catheter and may often be treated with antibiotic ther-
apy alone. Initial treatment for exit site infections with
vancomycin will provide coverage for S. aureus and S.
epidermidis. If S. aureus and S. epidermidis are iso-
lated and are shown to be susceptible to oxacillin, van-
comycin should be stopped and oxacillin or nafcillin ther-
apy instituted. Antibiotics should be tailored to bacteria
isolated from the exit site. Seven to 14 days of antibi-
otic treatment is often necessary for bacterial eradica-
tion. Catheter removal, however, is necessary for bacter-
ial eradication in cases of catheter tunnel infections. Initial
antibiotic therapy should include vancomycin and then be
directed toward the bacteria isolated from the infected site
and catheter. Since the infection is deep-seated, antibiotic
treatment often must be continued for at least 7 days fol-
lowing catheter removal.

Skin lesions secondary to Pseudomonas
aeruginosa infection
Skin lesions caused by P. aeruginosa infection are more
common in the late stages of HIV infection than in chil-
dren who are uninfected or in the early stages of HIV infec-
tion. The skin lesions may present as ecthyma gangreno-
sum, erythematous macular or macular-papular lesions,
or violaceous nodules [54], and P. aeruginosa can be cul-
tured from these lesions. Ecthyma gangrenosum is a pain-
less, round, indurated, ulcerated lesion containing a central
black eschar. It usually occurs during P. aeruginosa bac-
teremia, but may occur following infection of hair folli-
cles. The erythematous and macular, maculo-papular, or
nodular lesions occur following disseminated P. aerugi-
nosa infection [54]. Blood cultures should be obtained and
a work-up for widely disseminated infection should be
considered as appropriate. Treatment with two antipseu-
domonal antibiotics for 10–14 days should be instituted.

Lymphadenitis
Adenitis may be caused by typical bacterial pathogens,
such as S. aureus and group A streptococci, but may also
include bacteria such as S. viridans, Enterobacter spp. and
S. epidermidis [51]. The etiologic agent of cat-scratch dis-
ease, Bartonella henselae, should also be considered in the
diagnosis. Initial treatment should be directed against S.
aureus and group A streptococcus. An aspirate or biopsy
of an infected lymph node may be necessary, especially
for those not responsive to antibiotics that are active
against S. aureus and group A streptococci, in order to

rule out cat-scratch disease, mycobacterial infection, or
malignancy.

Perirectal abscess
Perirectal abscesses are seen more frequently in immuno-
suppressed patients, especially those with neutropenia
[55]. The most frequently isolated bacteria include Bac-
teroides spp., P. melaninogenicus, Peptostreptococcus spp.,
E. coli, K. pneumoniae, and S. aureus. In addition, Entero-
coccus spp. and Acinetobacter spp. have been reported in
HIV-infected children [51]. Rectal exam is usually sufficient
to detect a perianal abscess, although computed tomo-
graphic (CT) imaging may be needed in systemically ill
children who are thought to have deep abscesses. Infected
material obtained at the time of perianal abscess drainage
should have a microbiologic evaluation. A combination
of clindamycin or metronidazole plus an aminoglycoside,
ceftriaxone, or cefotaxime will be active against most of
the bacteria associated with these infections. In the non-
neutropenic child, consideration should be given to sur-
gical drainage or aspiration of the abscess even if local
fluctuance is not palpable [55, 56]. Material obtained from
drainage or aspiration of the abscesses should be sent for
Gram stain and aerobic and anaerobic culture. Antibiotics
should be tailored to the bacterial isolates obtained from
the infected material. In an HIV-infected child with severe
neutropenia, drainage is often not attempted because of
the lack of pus formation. In these cases, IV antibiotics are
given for 2–3 weeks, and surgical drainage or aspiration
performed if there is disease progression with abscess for-
mation [55, 56].

37.5.6 Septic arthritis

Septic arthritis is thought to occur following bleeding into
a joint with secondary seeding of bacteria from another
site [57], and may account for the larger number of cases
of septic arthritis that have been reported in patients with
hemophilia and HIV infection, especially those with low
CD4+ lymphocyte counts [57]. Although fever, increased
leukocyte counts and elevated erythrocyte sedimentation
rates are often present, the classic signs of joint swelling,
pain, redness, and warmth are usually modified. Joint
aspiration with appropriate chemistries, hematologic and
microbiologic studies should be performed. The predom-
inant bacteria isolated from infected joints are S. pneu-
moniae, S. aureus, viridans streptococci, S. pyogenes, H.
influenzae, Salmonella spp., Klebsiella spp. (Table 37.3)
[13]. Treatment consists of intravenous antibiotics tar-
geted against the isolated bacteria for 3 weeks. Arthrotomy,
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arthroscopic lavage, or repeated aspiration is needed as
adjunctive therapy to decrease joint cartilage destruction
by proteolytic enzymes that accumulate in the infected
joint.

37.5.7 Osteomyelitis

Although osteomyelitis occurs in HIV-infected children [13,
38], it is seen less frequently than other serious bacterial
infections in HIV-infected patients. A variety of organisms
have been reported in HIV-infected patients and include
S. aureus, S. pyogenes, non-typhoidal Salmonella spp., H.
influenzae, and Moraxella catarrhalis (Table 37.3). Occa-
sionally, mixed infection may be seen. Diagnosis involves
appropriate radiographic studies and culture of blood and
material obtained from infected bone by needle aspirate
or biopsy. Treatment requires prolonged IV therapy with
antibiotics that achieve high bone penetration and are
directed against the identified or presumed causative bac-
teria. There are no published studies of optimum treatment
of osteomyelitis other than that due to Salmonella spp. in
HIV-infected children. Thus, the length of therapy should
be guided by the bacteria isolated, the mode of acquisition
of the infection (e.g. hematogenous, direct inoculation by
injury), whether drainage is performed, and by the patient’s
clinical course. If Salmonella spp. have been isolated, ther-
apy may be required for 4–6 weeks [37]. In some instances,
blood and/or bone cultures may not identify an organism.
In such cases, patients are treated with empirically chosen
antibiotics in consultation with an infectious diseases spe-
cialist. Home IV therapy may be an option for children who
require prolonged IV therapy.

37.5.8 Congenital syphilis

The diagnosis and treatment of syphilis in mothers
with HIV infection and their infants is often challeng-
ing because the serologic responses to syphilis and the
clinical course are often different from that seen in non-
immunosuppressed patients [58]. The altered serologic
responses may result in a delay in diagnosis [58]. Treat-
ment failures in HIV-infected patients with single dose
intramuscular penicillin in early primary syphilis and with
erythromycin in secondary syphilis may occur. Rapid pro-
gression of disease to neurosyphilis and uveitis is also seen.

Evaluation of newborn infants for congenital syphilis [37]
should be performed in all neonates whose mother has a
positive non-treponemal test (VDRL and RPR tests) or a his-
tory of syphilis and (1) no or inadequate treatment, (2) lack
of serologic response or information regarding serologic
response following therapy, and (3) syphilis during preg-

nancy and lack of serologic response following treatment
with penicillin or treatment with a non-penicillin antibi-
otic or treatment instituted within the month before deliv-
ery. Infants born to HIV-infected mothers should also be
evaluated for syphilis if mothers or infants have lesions
suggestive of syphilis, even without a positive non-
treponemal test.

Evaluation of the infant for congenital syphilis includes
appropriate physical examination and standard blood tests
including complete blood count (CBC), liver function tests,
a non-treponemal serologic test in the neonatal serum
[37]; CSF cell count, protein concentration, and VDRL
on CSF, and long-bone radiographs. Neonatal serum for
IgM against treponemal antigens may also be determined
by the CDC [37]. The interpretation of serologic tests in
infants co-infected with T. pallidum and HIV may be diffi-
cult since they may have delayed, elevated, or absent tre-
ponemal (FTA-ABS) and non-treponemal serologic tests
[58]. All syphilis serologic tests should be performed on
the neonate’s serum rather than cord blood since non-
treponemal screening on cord blood may be yield false-
negative results. All positive non-treponemal tests should
always be confirmed with a treponemal test [58].

Evaluation of neonates for neurosyphilis may be diffi-
cult for several reasons. Neonatal CSF may show a positive
VDRL test because of transfer of maternal VDRL antibodies
into the neonate’s CSF. The normally broad range of nor-
mal CSF cell counts and protein concentrations found in
neonates is complicated by the findings that HIV-infected
adults and infants both sometimes exhibit increased cell
counts and protein concentrations even in the absence of
neurosyphilis.

The most effective treatment of the infant with proven or
probable congenital syphilis or infants who have required a
work-up for congenital syphilis but in whom the diagnosis
can not be excluded is either aqueous crystalline penicillin
G, 100 000 to 150 000 U/kg day given q12h for the first 7
days of life and then q8h thereafter for 10 days or procaine
penicillin G 50 000 U/kg per dose intramuscularly a day in
a single dose for 10 days [37]. Aqueous crystalline penicillin
is preferred because of its high penetration into the CSF. It
is essential that these infants have good follow-up because
of the potential failure of even the most effective antibiotic
therapy in eradicating syphilis in HIV-infected patients.

37.6 Summary

HIV-infected children are at increased risk for a wide
variety of typical bacterial pathogens. Increasing resist-
ance of these bacteria worldwide to commonly used



Serious infections caused by typical bacteria 567

agents as well as other more expensive antibiotics present
greater challenges to the treatment of these children,
especially in resource-poor nations. Repeated infections
often occur, especially in those children who are more
severely immunosuppressed. Many of the typical bacterial
infections have common presentations but may require
prolonged antibiotic treatment. Prompt recognition and
treatment of these infections often results in a successful
outcome.
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Tuberculosis
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The HIV/AIDS epidemic has led to a resurgence in the rates
of tuberculosis in the developed world. In the developing
world, co-infection with HIV and tuberculosis is extremely
common and a major cause of morbidity and mortality.
Tuberculosis in HIV-infected children can be more severe
than disease in HIV-uninfected children, and treatment is
complicated by drug–drug interactions between antiretro-
virals and tuberculosis medications. Nevertheless, effective
treatment of tuberculosis in the HIV-infected child is crit-
ically important for prolonged survival, even in the absence
of antiretroviral therapy.

38.1 Epidemiology

Mycobacterium tuberculosis, the etiologic agent of tubercu-
losis, is the major species of the M. tuberculosis complex,
which also includes M. bovis, M. ulcerans, M. microti, a
rodent pathogen, and M. africanum, a rare cause of tuber-
culosis in Africa. Humans are the only reservoir for M. tuber-
culosis. In the USA the number of cases of tuberculosis in
2001 reached an all-time low of 15 991 cases [1]. The inci-
dence rate had risen from the mid-1980s until 1992, sec-
ondary to the HIV epidemic and decreased attention to
public health. Since 1992 there has been a steady decline in
the number of cases per year. Pediatric surveillance data,
which began in 1953, demonstrates a similar pattern of
decline in the incidence until 1988, increase until 1992, and
subsequent decline [2].

Internationally, the global burden of disease is stagger-
ing. World Health Organization (WHO) data for 1997 esti-
mated almost 8 million new cases that year, 16.2 mil-
lion existing cases, 1.87 million deaths attributable to

tuberculosis, and global prevalence of infection of 32%
[3]. The WHO estimates that the worldwide prevalence of
tuberculosis and HIV co-infection is 0.18%, with 8% of new
cases of tuberculosis occurring in patients who are HIV
seropositive. This rate of HIV seropositivity among incident
tuberculosis cases is as high as 65% in some African nations.
The two countries with the highest number of tuberculosis
cases, together accounting for approximately 40% of new
cases worldwide, India and China, have a relatively low rate
of co-infection with HIV, but the obvious concern is that
the HIV epidemics in these countries are in their incipient
phases [3]. The global epidemic has serious ramifications
for the US tuberculosis elimination program, since recent
data indicate that almost half the cases of tuberculosis in
the USA are in foreign-born patients.

In an adult, a case of tuberculosis can result from either
reactivation of endogenous latent infection or exogenous
primary infection or reinfection [4]. A case of tuberculosis
in a child should be considered a public health emergency,
because it represents recent infection and thus is indicative
of ongoing transmission in the community. Since children
with tuberculosis are rarely infectious, tuberculosis infec-
tion in a child most likely represents transmission from
an adult contact [5]. Limited data in the USA demonstrate
that 12% of children diagnosed with tuberculosis are HIV-
infected [2].

38.2 Pathogenesis

Advances in mycobacterial molecular genetics and the
sequencing of the M. tuberculosis genome have led and will
continue to lead to major progress towards an improved
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understanding of tuberculosis pathogenesis and the iden-
tification of new targets for medications and vaccines [6, 7].
However, the current vaccine against tuberculosis, which is
used in most of the world, is of limited effectiveness and was
developed about 80 years ago, and no new class of antitu-
berculosis medication has been developed in over 30 years.
There is a great need for new ways to prevent, diagnose, and
treat tuberculosis.

Tuberculosis is spread from person to person via air-
borne droplet nuclei. These particles, 1–5 microns in diam-
eter, are produced when patients with pulmonary or laryn-
geal tuberculosis cough, sneeze, or speak. They can also
be released by procedures to induce sputum and during
bronchoscopy. Droplet nuclei are small enough to bypass
the filtering mechanisms of the upper airway and reach
the terminal alveoli, where tuberculosis organisms then
replicate. Alveolar macrophages ingest the organisms but
are unable to kill them. Mycobacterium tuberculosis evades
killing by activated macrophages by inhibiting phagosome
acidification and phagosome–lysosome fusion [8, 9]. After
infection begins in the alveoli, the infection can dissem-
inate rapidly to regional lymph nodes, the bloodstream
and to sites throughout the body, before cellular immunity
develops.

Bacterial replication can continue at the primary site
of infection and at metastatic foci until cellular immu-
nity develops 2–12 weeks after infection when bacteria are
contained and walled-off within granulomas. The devel-
opment of immunity is marked by a positive tuberculin
skin test (TST). With the onset of cellular immunity, most
adults are able to control their infection. Although necrosis
of the initial pulmonary focus can occur with subsequent
calcification evident on chest radiograph, in most cases
infection controlled by cellular immunity is clinically and
radiographically inapparent. Patients such as these are con-
sidered to have latent tuberculosis infection, and approxi-
mately 5–10% of them will develop active disease during
their lifetime in the absence of therapy.

The macrophage has long been thought to be the primary
site of M. tuberculosis replication and the vector respon-
sible for the dissemination of infection throughout the
body. However, a recent study argues against this view and
instead suggests that infection of pneumocytes is neces-
sary for M. tuberculosis dissemination [10]. In this study,
M. tuberculosis mutants were created in which the gene
encoding heparin-binding hemagglutinin adhesin (hbhA),
a surface protein that mediates adherence and entry into
epithelial cells, was deleted. These deletional mutants
grew normally in liquid culture and macrophage culture,
but were unable to infect pneumocytes. Mice adminis-
tered with an intratracheal challenge of such tuberculosis

mutants had markedly decreased extrapulmonary bacillary
loads.

Latent tuberculosis infection is poorly understood.
Organisms can remain in this state, walled-off within gran-
ulomas, for decades without causing disease or invoking
an immune response capable of eradicating the organism
but can then re-emerge when cellular immunity decreases,
secondary to HIV infection, steroid treatment, or old age.
Under certain in vitro conditions, such as oxygen with-
drawal, the organism’s glyoxylate shunt enzymes are acti-
vated. When isocitrate lyase, part of the glyoxylate shunt
pathway, is experimentally deleted, the resulting tubercu-
losis mutants grow normally in mice during initial infection
but die off during the period of chronic infection [11]. The
relevance of this finding to latency is uncertain, but it does
raise the hope that an improved understanding of latent
infection is possible and that drugs may be developed that
can target latent infection.

Children less than 4 years of age are more likely to develop
active disease after tuberculosis infection and are more
likely to have a negative tuberculin skin test (TST) at the
time of diagnosis than older children and adults [2]. The
age distribution for pediatric tuberculosis has two peaks,
at less than 4 years of age and in late adolescence [12, 13].
Children between 5 and 15 years of age are relatively resist-
ant to the development of active disease but not to infec-
tion. In the USA, over one-third of children with tubercu-
losis are foreign-born or born to recent immigrants. Data
from the UK are similar [14]. Most children with tubercu-
losis in the USA live in households in which other mem-
bers have risk factors for tuberculosis, including recent
immigration, history of tuberculosis treatment, TST pos-
itivity, occupations in healthcare, incarceration, HIV infec-
tion, intravenous drug use, alcoholism, homelessness, and
diabetes [13].

Numerous factors have been identified that increase
the risk for tuberculosis, including host genetic polymor-
phisms in genes such as HLA loci, vitamin D receptors, and
the gene for the natural resistance-associated macrophage
protein [15, 16], but by far the leading risk factor for the
development of active disease is co-infection with HIV.
HIV-infected patients are at much increased risk for the
development of active disease. The annual risk of devel-
oping tuberculosis in a TST-positive, HIV-infected adult
can be as high as 8–12% [17], and the risk for progres-
sive disease after newly acquired infection is up to 50%
[18]. To contain tuberculosis macrophages must become
activated, which requires the secretion of lymphokines by
CD4+ T lymphocytes exposed to mycobacterial antigens
in association with major histocompatibility class II. As
CD4+ counts decrease as a result of HIV infection, the risk
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for active tuberculosis increases [19]. HIV patients with
high or normal CD4+ counts are also at increased risk of
active tuberculosis. HIV infection can alter the produc-
tion of interferon gamma (IFN-� ), a key component of
immunity to mycobacterial disease. When lymphocytes
from HIV-infected patients are exposed to M. tuberculo-
sis they produce similar amounts of IL-4 and IL-10 but less
IFN-� than lymphocytes from HIV-negative subjects [20].
These data suggest that HIV infection increases susceptibil-
ity to tuberculosis by decreasing the Th1 response. When
HIV-infected adults experience immune recovery follow-
ing highly active antiretroviral therapy (HAART) they enjoy
a lower rate of tuberculosis and improved survival when
co-infected with M. tuberculosis, providing additional evi-
dence that the immune dysregulation that accompanies
HIV infection damages the capability to effectively contain
the infection [21, 22].

The impact of tuberculosis on HIV infection is also sig-
nificant. Studies have shown that tuberculosis leads to
immune activation, increased viral replication, decreased
CD4+ counts, increased risk of opportunistic infections
and increased risk of death [23, 24]. Although the immune
response to M. tuberculosis is important in controlling dis-
ease, immune activation is also associated with increased
HIV viral load and thus accelerated progression of HIV dis-
ease. A recent study demonstrated a 5- to 160-fold increase
in plasma viral RNA during the acute phase of untreated
tuberculosis [25]. Tuberculosis is thought to have a local
effect on HIV replication also, since HIV viral load in bron-
choalveolar lavage (BAL) specimens from segments of lung
involved with tuberculosis are higher than the viral load in
BAL specimens from uninvolved areas of lung [26]. In this
study, the BAL viral load was also higher than plasma viral
load, with evidence of sequence divergence. Others have
shown that this HIV sequence heterogeneity in the lung
may lead to increased viral diversity in the plasma of HIV-
infected patients with tuberculosis, and thus potentially
increase the risk of HIV drug resistance [27].

38.3 Clinical presentations

Clinical manifestations at the time of initial infection vary
according to the age of the patient and the immune
response. Published data on children with HIV and tuber-
culosis consist largely of small series and individual case
reports [28–32]. In contrast, many studies have examined
the clinical presentation of tuberculosis in children with-
out regard to HIV infection [2, 12, 13, 33]. In general, the
clinical features of tuberculosis in HIV-infected children
are very similar to those in immunocompetent children,

although disease is usually more severe. Pulmonary disease
is evident in most cases, but rapidly progressive dissemin-
ated disease, including meningitis, can be seen without
obvious pulmonary findings. HIV infection and young age
both increase the risk for miliary disease and tuberculous
meningitis. Therefore, tuberculosis should be considered
in the HIV-infected child with meningitis, and dissemin-
ated disease should be considered in the HIV-infected child
diagnosed with tuberculosis.

Disease in children less than 5 years of age is marked by
pneumonitis, hilar and mediastinal adenopathy, bronchial
collapse secondary to compression by lymph nodes, and
subsequent atelectasis. The primary complex, named the
Ghon complex after the person who described it in 1916,
consists of a relatively small area of alveolar consolidation,
lymphangitis, and regional lymphadenitis. HIV-infected
children are more likely to be symptomatic, with fever and
cough, and to have atypical findings, such as hilar lym-
phadenopathy, multilobar infiltrates, and diffuse intersti-
tial disease. In patients in whom hypersensitivity develops,
hilar and mediastinal lymphadenopathy greatly increase
and often cause compression of bronchi, resulting in a seg-
mental lesion. This lesion can consist of both atelectasis
and consolidation. A less frequent result of the enlarging
lymphadenopathy is hyperaeration of a segment, lobe, or
entire lung. While a pleural effusion often accompanies
the primary complex in older children and adults, it is
uncommon in children less than 5 years of age. Pulmonary
tuberculosis in adolescents can resemble primary disease
in young children, but the more common clinical scenario
in this population is that of chronic upper lobe disease with
cavitation.

Lymphohematogenous spread of M. tuberculosis prob-
ably occurs in all cases of tuberculosis. In adults the most
common result is occult infection, or extrapulmonary dis-
ease years later, such as renal tuberculosis. Young chil-
dren and HIV-infected patients are at increased risk of
hematogenous spread resulting in miliary tuberculosis. In
the absence of treatment, meningitis usually ensues several
weeks after hematogenous spread.

Approximately 25% of pediatric tuberculosis cases are
complicated by extrapulmonary disease. HIV-infected chil-
dren seem to have an even higher rate of extrapulmonary
disease, with an increased risk of tuberculous meningitis.
By far, the most common extrapulmonary site of dis-
ease are lymph nodes. The tonsillar and submandibular
nodes are involved most often. The clinical presentation is
usually of painless, non-tender lymphadenitis, with min-
imal systemic symptoms. In the USA, the more common
diagnosis of this presentation among immunocompet-
ent children is lymphadenitis caused by non-tuberculous
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mycobacteria [34]. Other forms of extrapulmonary disease
include tuberculosis infection of the bones and joints, and
rarely disease of the eye, middle ear, GI tract, and kidney.

38.4 Diagnosis

The cornerstone of diagnostic methods for tuberculosis is
the tuberculin skin test. The test, known as the Mantoux,
consists of the intradermal injection of 5 tuberculin units of
purified protein derivative and measurement of induration
48–72 hours after placement. Multiple puncture tests (e.g.
Tine) and other PPD strengths (e.g. 250 tuberculin units)
should not be used as they are not accurate [35]. The cut-
off size for a positive result for the Mantoux TST depends
upon the immune status of the person tested and epi-
demiologic factors. For HIV-infected children and adults,
≥ 5 mm is considered positive and indicative of infection.
Among immunocompetent children with active tubercu-
losis, approximately 10% will have a negative TST [12]. This
rate of negative TST seems to vary depending upon the
host immune status and type of disease. In immunocom-
petent patients, 17% of children with miliary disease have a
negative TST vs only 3% of children with pulmonary tuber-
culosis [2]. There are no data on the overall rate of negative
TSTs in HIV-infected children with tuberculosis, though
a small series of HIV-infected children with tuberculosis
clearly shows that the rate of negative TSTs is much higher
than that seen among immunocompetent children with
tuberculosis [28–32]. Given the risk of negative TST despite
disease, an HIV-infected child with exposure to an infec-
tious contact should receive treatment even if the child’s
TST is negative [36]. Control antigens to test for anergy are
no longer recommended on a routine basis for either chil-
dren or adults [35].

Despite widespread use for decades and extensive expe-
rience, the TST has several serious drawbacks, includ-
ing false positive responses secondary to exposure to
non-tuberculous mycobacteria or prior vaccination with
BCG, the necessity for two patient visits, false nega-
tive responses secondary to HIV or other immunosup-
pression, and the variability in the interpretation of the
test. A new whole-blood IFN-� assay, QuantiFERON®-
tuberculosis (Cellestis Limited, St. Kilda, Australia) detects
cell-mediated immunity to M. tuberculosis by quantifying
IFN-� release from lymphocytes that are obtained from the
patient and exposed to antigens from M. tuberculosis, non-
tuberculous mycobacteria, and controls. A study evalu-
ating the IFN-� assay concluded that it has good overall
agreement with the TST, was less affected by prior BCG
vaccination, discriminated between exposure to M. tuber-
culosis and non-tuberculous mycobacteria, and lacks the

subjectivity associated with the TST [37]. The US Food and
Drug Administration (FDA) approved the test in November
2001 for the diagnosis of tuberculosis in immunocompet-
ent adults, but it is not yet in widespread use. It is not
approved for use in children or in HIV-infected patients.

Diagnostic microbiology for tuberculosis consists of
microscopic visualization of acid-fast bacilli (AFB) from
clinical specimens, the isolation in culture of the organ-
ism, and drug susceptibility testing. Because M. tubercu-
losis replicates very slowly, with a generation time of 15–
20 hours, visible growth on solid media emerges only after
3–6 weeks. Fortunately, more rapid liquid culture detec-
tion methods have been developed. The yield for detect-
ing AFB and culturing M. tuberculosis from pediatric sam-
ples is low, because the bacillary load in children is lower
than that in adults, and because specimen collection, such
as sputum collection, is more difficult in children than
in adults. In most studies of children with tuberculosis,
the positive yield from culture is < 50%, with an even
lower yield from AFB smear [2, 38]. The yield from cul-
ture appears higher in HIV-infected children and in both
HIV-infected and HIV-uninfected infants [28–33]. Explana-
tions for this higher yield include higher bacillary loads in
these patients secondary to immunocompromise, or more
aggressive sampling acquisition secondary to their being
sicker and thus more likely to be hospitalized. Obtaining
early morning gastric aspirates for AFB stain and culture is
the method of choice when attempting to diagnose tuber-
culosis in young children who are often unable to produce
sputum. A standardized protocol for obtaining the gastric
aspirates can improve the yield from these specimens to
50%, and the yield is maximized with the culture of three
samples obtained separately [39].

Because of the difficulty in diagnosing tuberculosis in
children, clinical and historical factors must sometimes be
used, such as history of close contact with an adolescent
or adult with tuberculosis, and clinical and radiographic
findings compatible with tuberculosis [38]. Fortunately, the
adult contact can usually be identified, and the drug sus-
ceptibility of the contact’s isolate can be used to guide the
child’s treatment [40].

Two nucleic acid amplification tests can identify M.
tuberculosis from clinical specimens within 24 hours [19].
The Amplified Mycobacterium tuberculosis Direct test
(MTD, Gen-Probe, San Diego, CA) is approved by the
FDA for detection of M. tuberculosis ribosomal RNA from
both AFB positive and negative respiratory specimens.
The AMPLICOR® Mycobacterium tuberculosis Test (Roche
Molecular Systems, Branchburg, NJ) is approved for detec-
tion of M. tuberculosis ribosomal DNA from AFB pos-
itive respiratory specimens. The United States Centers for
Disease Control and Prevention (CDC) has published an
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algorithm for the use of the two tests [41]. These tests have
shown limited ability to detect M. tuberculosis in gastric
aspirates, and thus are of limited value in children [12, 42].

38.5 Treatment

38.5.1 Latent tuberculosis infection

No studies of latent tuberculosis therapy in HIV-infected
children have been reported, so recommendations about
this population are derived from the guidelines for HIV-
uninfected children and HIV-infected adults. See Table 38.1
for recommended pediatric doses. Isoniazid (INH) given
to HIV-uninfected adults for the treatment of latent tuber-
culosis for 9–12 months decreases the risk of active dis-
ease by approximately 80%; results in children are similar
[35]. For children who are HIV-infected and TST positive,
the recommended regimen is INH daily or twice-a-week
for 9 months, with monitoring of liver function tests [35].
Factors to consider when choosing the frequency of dos-
ing include expected adherence to the regimen and the
need for directly observed therapy. Some experts recom-
mend at least 12 months for children who are HIV-infected
[36]. Data in adults show no added protection for therapy
given for more than 12 months [43]. Isoniazid is also re-
commended for HIV-infected children with recent contact
with an adult with tuberculosis, even if the child’s TST is
negative.

In HIV-infected adults a 2-month regimen of daily
rifampin and pyrazinamide (PZA) is as effective as
12 months of INH for latent tuberculosis treatment, but
this regimen is more toxic and has been associated with
cases of severe and fatal hepatitis [44–46]. It has not been
studied in children, and therefore, is not recommended for
the pediatric population. However, studies of this short-
ened regimen have been proposed, targeting HIV-infected
children in areas of high tuberculosis prevalence [35]. In the
UK, a 3-month regimen of rifampin and INH or a 6-month
regimen of INH alone are the recommended regimens for
latent tuberculosis in both adults and children [47, 48]. If
INH resistance is known or expected in the contact, the
recommendation is treatment with rifampin for 6 months.
As detailed below, the use of rifampin with certain non-
nucleoside reverse transcriptase inhibitors (NNRTIs) and
protease inhibitors (PIs) is contraindicated.

38.6 Tuberculosis disease

For an HIV-infected child not receiving treatment with
NNRTIs or PIs, recommended therapy for active tubercu-
losis is an initial 2-month, 4-drug regimen, consisting of

INH, rifampin, PZA, and a fourth drug, either ethambu-
tol or streptomycin, followed by INH and rifampin for an
additional 4 months [43]. In the USA, ethambutol is pre-
ferred, even for children too young to have visual acuity and
red-green color perception evaluated, because these tox-
icities are exceedingly rare in children at the recommended
dose. Nevertheless, renal function, ophthalmoscopy and,
if possible visual acuity, should be determined prior to ini-
tiation of therapy with ethambutol and monitored regu-
larly during therapy with ethambutol. If renal function is
abnormal dose modification is essential. Use of strepto-
mycin is hampered by the need for injection, which can be
especially problematic in children with low body mass, and
the potential for ototoxicity and nephrotoxicity. If the iso-
late from the adult contact is known to be drug-susceptible
the ethambutol can be excluded. Therapy should include
ongoing assessment of response, and be administered as
directly observed therapy (DOT) if possible. It is important
to recognize that DOT alone in the absence of vigilance on
the part of the family and healthcare team does not ensure
adherence [38]. Daily administration of the drugs for the
first 2 weeks to 2 months followed by daily, two (as long as
CD4+ count is not low – see below) or three times per week
therapy to complete 6 months is acceptable. Some experts
recommend a longer course of treatment, up to 9 months
total [36]. The less frequent dosing regimens (i.e. two or
three times per week) should be used under direct obser-
vation if non-adherence with treatment is likely.

Treatment for active tuberculosis in an HIV-infected
child receiving treatment with NNRTIs or PIs is more com-
plicated. Overall, as outlined below, the options include the
use of rifampin in some circumstances, the use of rifabutin
with altered doses, or discontinuing HAART while treating
tuberculosis.

The use of rifampin with the PIs and NNRTIs was initially
contraindicated, because rifampin is a potent inducer of
the hepatic cytochrome CYP450 enzyme system and thus
drastically decreases the levels of the drugs metabolized
by that system, such as the PIs and NNRTIs [43]. Addi-
tional data led to the revision of these guidelines in March
2000, which suggested that rifampin can be administered
in patients receiving the following [49]:
� efavirenz and 2 NRTIs
� ritonavir and one or more NRTIs
� ritonavir-boosted saquinavir therapy.

It is important to note that these revised guidelines are
based upon limited data in adults, and thus their applica-
bility to children is questionable. Given that data on HIV-
infected children treated with ritonavir-boosted saquinavir
are limited, and the fact that drug–drug interactions are
amplified with the addition of rifampin, the use of rifampin
in HIV-infected children also receiving efavirenz, ritonavir,
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Table 38.1 Commonly used drugs for the prevention and treatment of tuberculosis in children [43]

Dosage forms Doses in mg/kg
Drug (United States) (maximum dose)a Adverse reactions Drug Interactionsa

Isoniazid (INH) 50 mg/5 ml susp.
100 mg tablet
300 mg tablet

Daily: 10–20 (300 mg)
Two times/week: 20–40

(900 mg)
Three times/week: 20–40

(900 mg)

Rash, hepatic enzyme
elevation, peripheral
neuropathy

Increases levels of
phenytoin and
disulfiram

Rifampin 150 mg capsule
300 mg capsule
Suspension can be

formulated from
capsule contents

Daily: 10–20 (600 mg)
Two times/week: 10–20

(600 mg)
Three times/week: 10–20

(600 mg)

Rash, hepatitis, fever,
orange-colored body
fluids

Major effects on PIs and
NNRTIs. Refer to [42]
for dose adjustments

Rifabutin 150 mg capsule Daily: 10–20 (300 mg)
Two times/week: 10–20

(300 mg)

Leukopenia,
gastrointestinal upset,
anterior uveitis,
arthralgias, rash,
hepatic enzyme
elevation, skin
discoloration,
orange-colored body
fluids

Major effects with PIs
and NNRTIs. Refer to
[42] for dose
adjustments

Pyrazinamide 500 mg tablet Daily: 15–30 (2.0 g)
Two times/week: 50–70

(3.5 g)
Three times/week: 50–70

(2.5 g)
15 mg/kg/dose qd, max.

2.5 g qd (treatment only)

Gastrointestinal upset,
hepatitis, rash,
arthralgias,
hyperuricemia

Might make glucose
control more difficult
in patients with
diabetes

Ethambutol 100 mg tablet
400 mg tablet

Daily: 15–25 (1600 mg)
Two times/week: 50

(4000 mg)
Three times/week: 25–30

(2000 mg)

Optic neuritis, decreased
red-green color vision,
rash,

No known important
interactions

Streptomycin 1 g vial (IM or IV only) Daily: 20–40 (1 g)
Two times/week: 25–30

(1.5 g)
Three times/week: 25–30

(1.5 g)

Ototoxicity,
nephrotoxicity

a Life-threatening drug interactions may occur with these and other drugs that affect hepatic metabolism – review all potential
interactions before adding these or other drugs to a patient’s regimen.
PI, protease inhibitors; NNRTIs, non-nucleoside analogue reverse transcriptase inhibitors.

or ritonavir-boosted saquinavir therapy should only be
undertaken with great caution, and potentially with the
aid of therapeutic drug monitoring of antiretrovirals and
rifampin.

A related rifamycin, rifabutin, is a much less potent
inducer of the CYP450 system and thus can be used with

some CYP450-metabolized drugs with dose adjustments.
Rifapentine, a new, long-acting rifamycin, is not recom-
mended as a substitute for rifampin because its safety and
effectiveness have not been established for the treatment
of patients with HIV-related tuberculosis [43]. Depend-
ing upon the degree of inhibition or activation of the
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CYP450 system, the dose of the PI may need to be increased
in the presence of rifabutin and the dose of rifabutin
may need to be decreased. Specific guidelines about the
replacement of rifampin with rifabutin have been pub-
lished [43, 49]. Again, they are based upon data from HIV-
infected adults, so their applicability to HIV-infected chil-
dren is not clear. In summary, they include the following
points:
� Dose of rifabutin should be halved in the presence of

amprenavir, nelfinavir, or indinavir.
� Dose of rifabutin should be halved and administered

2–3 times per week in the presence of ritonavir (includ-
ing situations in which ritonavir is used as a pharma-
cokinetic enhancer of another PI, such as combination
lopinavir/ritonavir (Kaletra).

� Dose of indinavir co-administered with rifabutin should
be increased by 25%.

� Dose of nelfinavir co-administered with rifabutin should
probably be increased by 33%.

� Dose of rifabutin co-administered with efavirenz should
be increased by 50–100%.

� It is unknown whether dose of rifabutin should be
decreased in the presence of nevirapine or saquinavir.

� Rifabutin should not be administered with delavirdine
(because of the marked decrease in delavirdine concen-
trations when administered with rifabutin).
The use of intermittent therapy with rifabutin after the

initial 2–8 weeks of daily therapy was initially recom-
mended without benefit of data from clinical trials [49]. As
a result, the CDC initiated a single-arm trial of twice-weekly
rifabutin-based treatment for tuberculosis in HIV-infected
adults [50]. The overall treatment failure rate in this study
was low (4.1%), reinforcing the expected efficacy of this
regimen. However, the Data Safety and Monitoring Board
for this study suspended enrollment in March 2002 because
of five cases of acquired rifamycin resistance. All five
patients had CD4+ counts<60, and four out of five received
twice-weekly therapy during the first 2 months of treat-
ment. Similar development of acquired rifamycin resist-
ance in adults with advanced HIV has been seen with
intermittent rifampin and rifapentine therapy [51–53].
The mechanisms for this increased risk for acquired
rifamycin resistance are unclear, but possibilities include
non-adherence to tuberculosis therapy, prior use of
rifabutin for prophylaxis against Mycobacterium avium
complex, persistence of actively replicating organisms
in severely immunocompromised hosts, selective mal-
absorption, and inadequate tissue penetration [43, 51,
54].

While the guidelines endorse use of rifampin or rifabutin-
based regimens for the treatment of tuberculosis with co-
administration of HAART, some have argued that the effect

of the rifamycins on PI drug levels is too unpredictable,
and the subsequent risk of HIV resistance too great,
and therefore recommend the deferral of HAART until
rifampin-based tuberculosis treatment is completed [55].
Another alternative is to use a rifamycin-sparing regimen
of INH, streptomycin, pyrazinamide (PZA), and ethamb-
utol for 8 weeks, followed by intermittent INH, strepto-
mycin, and PZA for an additional 7 months [43]. As new
antiretroviral agents and additional pharmacolcinetic data
become available, recommendations for the use of these
agents during the treatment of tuberculosis are likely to be
revised.

Tuberculosis resistant to standard antibiotics has
become a major problem in many areas. WHO data, from
surveys in 64 countries in 1997, estimate that the preval-
ence of resistance to at least one drug ranges from 1.7% of
cases in Uruguay and 12% of cases in the USA, to 36.9% of
cases in Estonia [56, 57]. Estimates of rates of multi-drug
resistance (MDR), defined as resistance to at least INH and
rifampin, ranged from 0% in Cuba, Uruguay, Venezuela,
Finland, France, Northern Ireland, Switzerland, and New
Caledonia, 1.2% in the USA, to 14% of cases in Estonia. The
prevalence of MDR tuberculosis is also high (> 4 %) in the
Chinese provinces of Henan and Zhejiang, Latvia, Domini-
can Republic, Russia, Iran, Ivory Coast, and Argentina. One
shortfall of these data is that in some countries with high
burdens of disease, such as China, India, and Russia, only
one or a few administrative units were surveyed. In addi-
tion, resistance surveys have not been done in many coun-
tries with predicted high rates of MDR tuberculosis, such as
Afghanistan, Armenia, Cambodia, Egypt, Pakistan, Sudan,
and Yemen.

Patients with HIV infection and tuberculosis are at
increased risk of having rifampin resistance, as discussed
above, but they are also at increased risk of having INH
resistance and MDR. The presence of drug resistance
is associated with higher rates of treatment failure and
relapse. HIV-infected patients with MDR tuberculosis have
a higher death rate than HIV-uninfected patients with MDR
tuberculosis [58]. The recommendation for the treatment
of rifampin-resistant tuberculosis is INH, streptomycin,
pyrazinamide, and ethambutol for 2 months, followed by
an additional 7 months of INH, streptomycin, and PZA. The
recommendation for the treatment of INH-resistant tuber-
culosis is a rifamycin, pyrazinamide, and ethambutol for
6–9 months [43].

A thorough review of the treatment of MDR tubercu-
losis is beyond the scope of this chapter, but two review
articles by the same author offer an excellent overview
with recommendations [58, 59]. In most of the world
where in vitro susceptibility tests are not readily available,
resistance is assumed if response to treatment is poor.
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In this setting where susceptibility results are not avail-
able, the WHO recommends empiric therapy with an initial
phase of an aminoglycoside, ethionamide, pyrazinamide,
and ofloxacin, and a continuation phase consisting of
ethionamide and ofloxacin to complete at least 24 months
of therapy. Of course, this approach is problematic, since
lack of response can be due to poor adherence to ther-
apy and not to drug resistance, and use of empirically cho-
sen therapy without susceptibility results carries the risk of
exposure to toxic medications without benefit.

In the setting where susceptibility results are available,
treatment can be individualized. General recommenda-
tions are that referral should be made, if possible, to an
expert in HIV and tuberculosis treatment; a multiple-drug
regimen consisting of medications that have not been
administered to the patient before and that show activ-
ity against the patient’s strain in vitro, such as an amino-
glycoside and quinolone, should be considered; and treat-
ment should continue until 24 months after conversion
to negative culture and always be administered as directly
observed therapy (DOT). Patients who fail second- or
third-line regimens may benefit from surgical resection of
involved lung.

38.7 Directly observed therapy

The WHO’s goals for global tuberculosis control by 2005
are to detect 70% of all AFB smear positive cases and treat
85% of them successfully [60]. The strategy utilizes directly
observed therapy, known as DOT, or DOTS, with the “S”
referring to short course therapy. The five elements of DOTS
are (1) government commitment, (2) diagnosis by sputum
smear microscopy, (3) standardized short-course therapy,
(4) adequate and reliable drug supply, and (5) reporting
and recording system that allows for data collection and
treatment evaluation. The strategy has met with success,
for example, in India, where many of the DOTS principles
were developed though only recently implemented [1]. In
other areas, such as parts of Russia, DOTS has been less
effective [61]. The reasons for lack of success are varied and
complex, but include logistical issues that lead to treat-
ment interruptions, lack of qualified staff, shortage of la-
boratory equipment, decentralization of health services,
and war [60, 61]. Another important reason for lack of suc-
cess with DOTS that the WHO has highlighted is the lack of
collaboration between tuberculosis and HIV programs [60].
WHO also states that in countries that have consistently
high tuberculosis treatment success rates, DOTS need not
be used for all patients as long as adequate reporting and
recording of cases is in place.

38.8 Prevention and control of tuberculosis

38.8.1 Bacillus of Calmette and Guerin (BCG)

Bacillus of Calmette and Guerin (BCG) is a live, attenuated
vaccine for controlling tuberculosis. It was derived from
M. bovis by Calmette and Guerin at the Pasteur Institute
in 1921, and has been administered to more people in the
world than any other vaccine (see also Chapter 10). The
recommendations regarding the use of the vaccine differ
around the world, based upon local rates of tuberculo-
sis incidence and prevalence, divergent results of studies
conducted in different areas of the world, local practice
and custom. Differences about the particular strain that is
used, the recommended age at vaccination, and the need
for booster doses of vaccine also exist.

A meta-analysis of 18 studies showed a protective effect of
75–86% for the prevention of meningeal and miliary tuber-
culosis, but did not calculate a protective effect against
pulmonary disease because of the great heterogeneity of
results [62]. The authors of this meta-analysis, Rodrigues
et al., abstracted data from ten randomized controlled tri-
als and eight case-control studies published since 1950. The
studies originated from many parts of the world, includ-
ing the USA, the UK, India, Brazil, Puerto Rico, Colombia,
Cameroon, and Indonesia. The protective efficacy of BCG
against pulmonary tuberculosis varies greatly (0–80%), but
another meta-analysis of 26 studies concluded that the
average efficacy is 50% [63]. This meta-analysis abstracted
data from 14 prospective trials and 12 case-control stud-
ies, and included a majority of the studies analyzed by
Rodrigues et al. Data on BCG vaccination of HIV-infected
children are limited, but in one study of Haitian children,
the complication rates after a higher than normal dose
of BCG vaccination were 9.6% in infants born to HIV-
negative women, 13.3% in HIV-uninfected infants born to
HIV-infected women, and 30.8% in HIV-infected infants
[64]. In this study, and in others cited by the authors, the
reactions were usually mild. The authors’ review of BCG
complications in HIV-infected children revealed only four
reported cases of disseminated BCG infection among 431
HIV-infected or exposed children who received BCG.

The USA and the Netherlands are the only countries to
have never adopted a program of universal vaccination
with BCG. In the USA, where the overall risk of tuberculosis
is low, the variable effectiveness of BCG, including mini-
mal protection in a major United States Public Health Ser-
vice trial in the southern USA [65], and the difficulties in
interpretation of the TST in a BCG-vaccinated person led
to an alternative to BCG as a strategy to control tubercu-
losis. The aim of this strategy is to minimize the risk of
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transmission by early identification and treatment of
patients with active disease, and by identifying and treat-
ing those with latent tuberculosis infection [65–67]. In the
USA, BCG is reserved for selected people, such as infants
and children who reside in settings in which the likelihood
of M. tuberculosis transmission is high and removal of the
child is not possible, and for healthcare workers who are
employed in areas where the likelihood of MDR tubercu-
losis transmission and infection are high. Therefore, in the
USA, BCG is rarely indicated and is not recommended for
HIV-infected children or adults.

In contrast, because of the consistent protection demon-
strated against tuberculosis meningitis and miliary dis-
ease in children, BCG was incorporated into the WHO’s
Expanded Program on Immunization in 1974 [67]. The
WHO recommends BCG at birth for infants born in areas
of high tuberculosis prevalence, including asymptomatic,
HIV-infected, or exposed infants. Infants or children with
AIDS, and infants or children in areas of low tuberculosis
prevalence should not receive BCG.

In summary, tuberculosis is a major cause of morbid-
ity and mortality among HIV-infected children worldwide.
The clinical manifestations among HIV-infected children
are similar to those seen in uninfected children. Treatment
is complicated by the potential drug–drug interactions
between the antituberculous therapy and the NNRTIs
and PIs. Effective treatment of tuberculosis in the HIV-
infected child is critically important for prolonged survival.
Improved understanding of the molecular basis of tuber-
culosis pathogenesis should lead to new ways to prevent,
diagnose, and to treat this disease.
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Disseminated Mycobacterium avium complex infection
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Non-tuberculous mycobacteria are major opportunistic
pathogens of HIV-infected children and adults who have
severe immunosuppression. Mycobacterium avium is the
predominant pathogen, typically causing systemic infec-
tion (referred to as disseminated M. avium complex
infection or DMAC). With the advent of highly active
antiretroviral therapy (HAART) and the resulting improved
preservation of immune competence, DMAC infection has
become less common [1]. Among HIV-infected children
with advanced disease, however, DMAC infection remains
an important cause of morbidity and mortality, so that pre-
vention and management of non-tuberculous mycobac-
terial infection are important aspects of the care of chil-
dren with AIDS. With increasing resistance to all classes
of antiretroviral drugs over time, and intolerance or poor
adherence to therapy, the potential for increased incidence
of DMAC infection in HIV-infected children remains a
threat.

39.1 Epidemiology

Mycobacterium avium and many of the other non-
tuberculous mycobacteria are widely distributed in the
environment. They are found in water and soil in nature
and have been identified in food and in institutional water
systems [2, 3]. These organisms are uncommon causes
of infection in normal hosts, and thus are opportunistic
pathogens in patients with depressed cell-mediated immu-
nity, including those with HIV infection.

While DMAC infection is a major opportunistic infec-
tion in North America and Western Europe, it is uncom-
monly identified in persons with AIDS in Africa or other

less-developed areas of the world. It is not known whe-
ther this difference reflects differences in distribution of
pathogenic strains of MAC in the environment. Almost cer-
tainly part of this difference is the result of lack of blood cul-
ture testing to identify DMAC infection in resource-poor
settings. In addition, earlier HIV-associated mortality in
these settings, resulting from high rates of infection with
M. tuberculosis and other more virulent pathogens, lim-
its the population of HIV-infected persons surviving with
advanced immune suppression who would be at risk for
DMAC infection [4].

39.2 Microbiology

Mycobacterium avium and most other mycobacteria that
cause disease in persons with AIDS are typically slow-
growing and require two to several weeks to grow in culture
[5]. In contrast to lung disease caused by MAC organisms
in non-immunocompromised adults where M. avium and
M. intracellulare occur at similar rates, M. avium causes
the vast majority of DMAC infection in both children and
adults with AIDS [6]. Closely related strains of M. avium
have been found to cause the majority of disease in chil-
dren with AIDS in a localized geographic area, indicating
either limited strain diversity in the environment, or the
presence of a subset of strains with increased virulence
[7]. Like other mycobacteria, MAC organisms exhibit acid-
fast staining because of the unusual long-chain fatty acids
(mycolic acids) present in the cell envelope.

Initial isolates from patients are typically smooth and
transparent, a phenotype associated with virulence and
decreased susceptibility to antimicrobials. Spontaneous
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change to a domed opaque phenotype occurs during in
vitro culture; primary isolates may also be of this pheno-
type and rough colony types are also sometimes observed.
Some of the less commonly identified mycobacteria grow
poorly in culture or require specially supplemented growth
media so that it may be difficult to document the presence
of infection despite obtaining multiple cultures. The use of
broth culture methods with radiometric or other methods
of growth detection give positive results more quickly than
traditional agar plate-based methods. These have come
into widespread use, and have been adapted to determine
susceptibility to some of the more commonly used antimy-
cobacterial agents.

Nucleic acid probes are available to provide rapid iden-
tification of members of the M. avium complex (M.
avium, M. intracellulare, and other uncommon closely
related species) and members of the M. tuberculosis
complex (M. tuberculosis, M. bovis, and M. africanum).
Other mycobacterial species must be identified using tra-
ditional methods, which may require several additional
weeks. Because of the need for special expertise, media
and equipment, many clinical microbiology laboratories
do not perform mycobacterial cultures, and send out
samples to reference laboratories. Susceptibility testing
of non-tuberculous mycobacteria is not standardized,
and is recommended only for determining susceptibil-
ity to clarithromycin (which also defines susceptibility to
azithromycin) [8].

39.3 Pathogenesis

Relatively little is known about the pathogenesis of DMAC
infection in children or adults with AIDS. A severe deficit
in cell-mediated immunity and exposure to the organisms
are the only known conditions necessary for the develop-
ment of DMAC infection. Disseminated M. avium complex
infection is rare in adults with more than 100 CD4+ lym-
phocytes/mL and typically occurs in those who have < 50
CD4+ lymphocytes/mL. In children, DMAC infection also
occurs primarily in those with severe immune deficiency.
Data from a large cohort of HIV-infected children treated
with antiretroviral therapy in the pre-HAART era indicate
that DMAC infection can occur in children < 6 years of age
at higher levels of CD4+ lymphocytes than in older chil-
dren or adults [9]. In this study, although the median CD4+

lymphocyte count at which DMAC infection occurred was
≤ 50 for each age group, 45% of DMAC infection in 1 to
2-year-old and 30% of DMAC infection in 2 to 6-year-
old children occurred in those with > 50 CD4+ lympho-
cytes/mL. In contrast, among those greater than 6 years of

age, 89% of infections occurred in children with < 50 CD4+

lymphocytes/mL. This age dependence of the relation
between CD4+ lymphocyte count and degree of immuno-
suppression has led to the development of guidelines
that incorporate age-specific CD4+ lymphocyte counts at
which prophylactic therapy should be introduced to pre-
vent DMAC infection [10].

The mode of acquisition of M. avium infection is not
clearly established. Gastrointestinal and respiratory colon-
ization are thought to be primary portals of entry that can
then lead to disseminated infection. Person to person trans-
mission has not been documented and is not believed to be
a significant mode of infection. The presence of coloniza-
tion may be predictive of subsequent disseminated infec-
tion, although in one prospective study, the occurrence of
disseminated infection occurred commonly in the absence
of documented prior colonization [11]. When DMAC infec-
tion occurs, mycobacteria are found in blood, bone mar-
row, lymph nodes (especially abdominal lymph nodes),
bone, and solid organs including liver and spleen.

In DMAC infection the mycobacteria are typically found
within macrophages. In the absence of effective cell-
mediated immunity the infected macrophages are unable
to kill the organisms, resulting in large numbers of intra-
cellular bacilli that may be seen on acid-fast staining of
pathologic specimens. Granulomas are typically absent
or poorly formed, reflecting the absence of effective cell-
mediated immunity required to control DMAC infection.
In the absence of treatment, ongoing bacterial replication
results in persistent bacteremia and an extremely large
systemic organism burden, making subsequent treatment
more difficult.

39.4 Clinical presentation and diagnosis

Clinical and laboratory findings in children and adults
with DMAC are non-specific. The most common symptoms
associated with DMAC infection include weight loss or fail-
ure to gain weight (65–100%), persistent diarrhea (15–89%),
abdominal pain (27–90%), persistent or recurrent fever (80–
100%), sweats (22–32%), and fatigue (23%) [12–15]. Labor-
atory abnormalities may include anemia, leukopenia, and
thrombocytopenia. Serum chemistries are generally not
markedly abnormal, although some patients may have
elevations of alkaline phosphatase, serum transaminases,
or lactate dehydrogenase. Although these clinical and la-
boratory findings are common in children with AIDS and
DMAC infection, they are also relatively common in chil-
dren with advanced immune suppression who do not have
documented DMAC infection.
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In some patients, an “immune reconstitution syndrome”
has occurred within weeks to months of starting HAART
accompanied by significant increases in CD4+ lympho-
cyte counts. This syndrome, with new onset of constitu-
tional symptoms, especially fever or abdominal pain, often
occurs in association with focal lymphadenopathy [16, 17].
Other sites of focal infection, including bone, have been
described as sites of symptomatic inflammation in patients
with this syndrome. This syndrome has occurred both in
persons with previously documented DMAC infection and
in those in whom the infection was not known to be present.
In these patients, immune reconstitution in response to
HAART appears to have generated a more vigorous cell-
mediated immune response to mycobacterial infection
that was previously asymptomatic, with the resulting signs
and symptoms of infection. Markers of enhanced cell-
mediated immune responses to M. avium have been doc-
umented in vitro following the initiation of HAART in
HIV-infected individuals with DMAC infection [18]. Patho-
logically, in contrast to the poorly formed granulomas of
DMAC infection in those with severe immune suppression,
well-formed granulomas are seen [17].

Disseminated M. avium complex infection is diagnosed
by blood culture or culture of a normally sterile site, e.g.
lymph node or bone marrow. Bone marrow culture has
been shown to contain higher numbers of organisms than
blood, but is not commonly performed [19]. Blood or bone
marrow samples can be inoculated into any of several com-
mercially available mycobacterial liquid growth media, and
typically take 2 to several weeks to grow. Once established,
mycobacteremia is persistent, so that multiple cultures
within a short period of time are generally not necessary.
Early in the course of DMAC infection, however, organ
involvement with symptoms may occur prior to persistent
bacteremia, so that multiple blood cultures over time in a
persistently symptomatic patient with advanced immuno-
suppression may yield a positive result when initial cultures
are negative [15].

In settings where tuberculosis is not common, histology
from bone marrow, lymph node, or other sites demonstrat-
ing macrophages containing acid-fast bacilli strongly sug-
gests the diagnosis of DMAC in a patient with typical signs
and symptoms. Culture is essential, however, to distinguish
non-tuberculous mycobacteria from M. tuberculosis and,
when M. tuberculosis is not present, to determine which
species of non-tuberculous mycobacterium is the cause of
infection.

In a patient with advanced immune suppression based
on age-specific CD4+ lymphocyte counts who has clinical
findings or laboratory abnormalities consistent with DMAC
infection, a blood culture for M. avium infection should

be obtained. As noted previously, all of the clinical find-
ings associated with DMAC infection are non-specific, so
that other causes of the symptoms should also be sought.
Because of the potential benefit of treatment, physicians
should have a low threshold for obtaining mycobacterial
blood cultures in any HIV-infected child with symptoms
consistent with DMAC infection. If symptoms persist in
the absence of an alternative diagnosis, repeated blood cul-
tures over time are warranted.

Cultures from stool or respiratory specimens do not indi-
cate disseminated infection per se. Positive cultures from
these non-sterile sites may be an initial sign of dissemi-
nated infection, however, and should prompt evaluation
for DMAC infection [12]. Where disseminated infection
is not demonstrated, a substantial proportion of patients
with positive MAC cultures from non-sterile sites will sub-
sequently develop DMAC infection within months (31%
within 32 weeks in one study). [20]. Positive respiratory
cultures for MAC organisms in a patient with pulmonary
infiltrates indicates the presence of MAC lung disease that
requires treatment, although MAC pulmonary disease is
uncommon in adults and children with AIDS [21]. As noted
above, pulmonary MAC infection may be localized to the
lung or associated with disseminated infection.

Because of the potential toxicity of the treatment regi-
mens and the possibility of alternative causes of symp-
toms, empiric therapy of DMAC infection based on per-
sistent symptoms despite negative cultures or diagnostic
histopathology is rarely warranted. In the setting of a child
with severe immune suppression, persistent symptoms
and repeated negative mycobacterial blood cultures, diag-
nostic imaging may be of value. Chest and abdominal
lymphadenopathy is a common finding in children with
advanced HIV infection and may represent evidence of
DMAC infection in the absence of positive blood cultures.
One study documented significantly enlarged lymph nodes
on abdominal (mesenteric or retroperitoneal lymph nodes)
or chest (hilar or posterior mediastinal lymph nodes) in
100% of 16 HIV-infected children with documented DMAC
infection; findings in a control group of HIV-infected chil-
dren without DMAC infection were not presented, however
[22]. A study evaluating abdominal lymphadenopathy in
HIV-infected children identified enlarged lymph nodes in
8 (28%) of 30 children. Of these three (38% of those with
enlarged nodes) were found to have DMAC infection [23].
Taken together, these data suggest that the DMAC infection
is a common cause of abdominal or chest lymphadenopa-
thy, but that other etiologies may also cause this finding, as
has been shown in adults [24]. In settings where tuberculo-
sis is prevalent, this infection is the most common cause of
lymph node enlargement in HIV-infected children [25]. In
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assessing a child at risk for DMAC infection with abdominal
or chest lymphadenopathy but with negative mycobacter-
ial blood cultures, efforts should be made to obtain tissue
for histopathology and culture to document the presence of
DMAC or of an alternative cause of the lymphadenopathy
and associated symptoms.

39.5 Prevention

The most effective strategy for the prevention of DMAC
infection in children with HIV infection is to preserve the
child’s immune system through early diagnosis and effect-
ive antiretroviral treatment. Despite the overall decline in
the incidence of DMAC infection associated with HAART,
DMAC remains among the most common opportunistic
infections in HIV-infected individuals [1]. In adults receiv-
ing HAART, the risk of infection remains strongly correlated
with low CD4+ lymphocyte counts; the risk of DMAC infec-
tion in persons whose counts have recovered above thresh-
old values for the initiation of prophylaxis is comparable
with the risk among persons whose counts never fell to this
level [26]. Viral load appears to be an independent, though
less strong, risk factor for several opportunistic infections
including DMAC in persons receiving HAART [27].

The most recent US Public Health Service/Infectious Dis-
ease Society of America guidelines for the prevention of
opportunistic infections in HIV-infected individuals were
published in November 2001 [10]. These guidelines specifi-
cally address initiation of primary prophylaxis and discon-
tinuation of primary and secondary prophylaxis for DMAC
infection in adults and adolescents. The major additions
to these guidelines relevant to DMAC prophylaxis in these
populations include (1) the increased strength of clinical
data supporting discontinuation of primary prophylaxis in
patients whose CD4+ lymphocytes have increased to >100
cells/�L for ≥ 3 months in response to HAART, and (2)
new recommendations to consider discontinuation of sec-
ondary prophylaxis in patients who have completed ≥ 12
months of macrolide-based therapy for DMAC, are asymp-
tomatic and whose CD4+ lymphocytes have increased to
>100 cells/�L for ≥ 6 months in response to HAART. While
the recommendations for discontinuation of primary pro-
phylaxis are supported by extensive data in adults [28–30],
the data supporting the recommendations for the discon-
tinuation of secondary prophylaxis (maintenance therapy)
are more limited [31–33].

These guidelines include previously developed age-
specific CD4+ lymphocyte thresholds for the initiation
of DMAC prophylaxis in children < 13 years old. The
applicability of the guidelines regarding discontinuation of

prophylaxis to children is uncertain, however, because of
limited data. Discontinuation of primary prophylaxis in
children <13 years of age has not been studied, although
many experts would do so in a child with sustained levels
of CD4+ lymphocytes in response to HAART that are well
above the age-specific criterion for initiation of prophy-
laxis. It is recommended that secondary prophylaxis in chil-
dren with a history of DMAC infection be continued for
life. Specific prophylactic strategies for DMAC infection are
described in Chapter 11. It is essential to exclude the pres-
ence of DMAC infection before initiating prophylaxis by
obtaining a blood culture for mycobacteria.

39.6 Treatment

Treatment has been shown to decrease symptoms and pro-
long survival in persons with AIDS and DMAC infection
[34–36]. In one study survival increased three-fold between
1991 and 1997 with improved survival associated with clar-
ithromycin therapy as well as combination antiretroviral
therapy [37]. As is the case for preventive therapy, the treat-
ment of established DMAC infection in HIV-infected chil-
dren is based on inference from adult data, limited pub-
lished pediatric information and experience of clinicians
who treat HIV-infected children.

While treatment has been shown to be clinically bene-
ficial and to decrease mycobacteremia, effective therapy
of DMAC infection is often limited by toxicities and drug
interactions. In addition, when DMAC infection occurs in
a patient who has had prophylaxis with azithromycin or
clarithromycin, a substantial minority of the breakthrough
MAC strains will be resistant to these agents. In early stud-
ies, resistance occurred in 29–58% of breakthrough isolates
from adults receiving clarithromycin prophylaxis, and in
11% of isolates from those receiving azithromycin prophy-
laxis [38–40]. Additional analysis has shown that break-
through with resistant strains is more likely when prophy-
laxis is initiated in patients with more profound immune
suppression [41], so that early initiation of prophylaxis
is likely to be beneficial in preventing the emergence of
resistance during prophylactic therapy. When macrolide
resistance occurs, effective treatment is much more diffi-
cult because these agents are the cornerstone of effective
therapy against DMAC.

When DMAC infection is documented by a positive
culture of blood or other sterile site, multi-drug therapy
should be initiated (Table 39.1). The addition of etham-
butol to macrolide-based treatment regimens decreases
the rate of relapse so that initial therapy should include
clarithromycin or azithromycin plus ethambutol [42].



Table 39.1 Commonly used drugs for the prevention and treatment of DMAC infection in children with HIV infection

Drug Dosage forms Dosesa Major toxicities Drug interactionsb

Clarithromycin 125 mg/5 ml susp.
250 mg/5 ml susp.
250 mg tablet
500 mg tablet

7.5–12.5 mg/kg/dose
bid, max. 500 mg bid
(treatment or
prophylaxis – use
lower dose for
prophylaxis)

Nausea, diarrhea,
abdominal pain
Uncommon:
headache,
leukopenia, elevation
of transaminases,
altered taste

Decreases hepatic
metabolism of many
drugs. Protease inhibitors
may increase
clarithromycin
concentration; efavirenz
may reduce clarithromycin
concentration. Minor
effect on hepatic
metabolism

Azithromycin 100 mg/5 ml susp.
200 mg/5 ml susp.
250 mg capsule
600 mg tablet
1000 mg packet

for single dose
susp.

5–10 mg/kg/dose qd,
max. 500 mg qd
(treatment or
prophylaxis – use
lower dose for
prophylaxis) or 20–25
mg/kg/dose q week,
max 1200 mg q week
(prophylaxis only)

Nausea, diarrhea,
abdominal pain,
possible ototoxicity
Uncommon:
headache,
leukopenia, elevation
of transaminases

Rifabutinc,d 150 mg capsule 5–6 mg/kg/dose qd,
max. 300 mg qd
(treatment or
prophylaxis)

Leukopenia,
gastrointestinal
upset, anterior
uveitis, arthralgias,
rash, elevation of
transaminases, skin
discoloration,
secretion
discoloration

Increases hepatic
metabolism of many
drugs. Drugs that slow
hepatic metabolism may
increase rifabutin
concentration and toxicity
– may require dose
adjustment or
discontinuation. Should
not be used with
saquinavir or delavirdine;
major dose adjustment
required for other protease
inhibitors and NNRTIs

Ethambutolc 100 mg tablet
400 mg tablet

15 mg/kg/dose qd, max.
2.5 g qd (treatment
only)

Optic neuritis (rare at
15 mg/kg – monitor
visual acuity and
red-green color
vision monthly);
headache, peripheral
neuropathy, rash,
hyperuricemia

No known important
interactions. Drug is
cleared by renal excretion;
check baseline renal
function and do not use in
patients with significant
renal impairment

a Limited data from clinical trials are available to support the doses of these agents for the prevention and treatment of
DMAC infection in children. Doses provided in this table are those that have been used by persons expert in the care of HIV-
infected children. Azithromycin or clarithromycin are first choice agents for prophylaxis; established infection is treated
with clarithromycin (first choice) or azithromycin (alternative) plus ethambutol, with or without rifabutin (see text).
b Life threatening drug interactions may occur with these and other drugs that affect hepatic metabolism – review all
potential interactions before adding these or other drugs to a patient’s regimen. See [10] for specific dose adjustments and
contraindications for these drugs.
c Not approved for children under 13 years of age.
d Rifabutin, alone or in combination with weekly azithromycin, is a second-line agent for the prevention of DMAC infection
in children who cannot receive clarithromycin or azithromycin.
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Most experts initiate therapy with clarithromycin if pos-
sible, because of its greater potency in vitro and one
study demonstrating bacteriologic superiority of clar-
ithromycin plus ethamubtol vs azithromycin plus ethamb-
utol, although a separate study did not identify significant
differences between these regimens [43, 44].

Ethambutol is not available as a liquid preparation and
is not approved for use in children because of concern
for optic nerve toxicity that may be difficult to monitor or
recognize. Despite these issues, it is essential that DMAC
infection in children be treated with combination therapy
including ethambutol. This agent has been used in chil-
dren without a high incidence of toxicity, so long as renal
function is normal. Monotherapy with a macrolide alone
in this setting provides transient benefit and results in the
rapid emergence of macrolide-resistant strains, severely
limiting subsequent effective therapy [35]. Renal function,
ophthalmoscopy, and if possible visual acuity, should be
determined prior to initiation of therapy. If renal function
is abnormal, dose modification and regular monitoring of
renal function is essential. Monitoring of vision, including
visual acuity, peripheral vision, and color discrimination
should be performed regularly in patients receiving etham-
butol. Rifabutin may be included as a third drug, although
the added benefit of this drug to the two-drug regimen is
less clear and its use may be limited by drug interactions
and toxicity [45]. Though not available in a liquid prepa-
ration, a rifabutin suspension can be formulated from the
contents of the capsules.

Nearly all isolates from patients not receiving clar-
ithromycin or azithromycin as prophylaxis are suscept-
ible to these agents, and a majority from those who have
received prophylaxis are susceptible. Susceptibility test-
ing of isolates from patients who have not been receiv-
ing macrolide prophylaxis prior to the diagnosis of DMAC
infection is generally not necessary. For patients who
develop DMAC infection despite prophylactic therapy, test-
ing of the initial isolate for susceptibility to clarithromycin
should be performed. Susceptibility testing should also be
performed on isolates from patients who fail to respond to
therapy, or who have recurrent symptoms and new positive
cultures following an initial response to macrolide-based
therapy for DMAC [8]. Susceptibility to clarithromycin pre-
dicts susceptibility to azithromycin, so that separate testing
for azithromycin susceptbility is not recommended.

Among other available drugs with antimycobacterial
activity, correlation between in vitro susceptibility and clin-
ical response has not been clearly demonstrated. Clofaza-
mine is active in vitro against most MAC strains from AIDS
patients. This agent does not appear to impact mycobac-
terial clearance in patients receiving macrolide-containing

regimens, however, and use of clofazamine has been asso-
ciated with increased mortality in clinical trials of DMAC
therapy in adults, so its use is not recommended [46].
Streptomycin and amikacin are active against some strains
and may be useful as second-line agents, but are avail-
able only for intramuscular or intravenous administration.
Quinolones including ciprofloxacin and ofloxacin may also
have a role as second-line agents against strains that are
susceptible. Linezolid, a relatively new antimicrobial agent,
is active against some MAC strains in vitro, though its util-
ity as a therapeutic agent against DMAC has not been
studied.

Treatment options for a patient who has relapsed
while receiving a macrolide-based treatment regimen, or
who cannot tolerate clarithromycin or azithromycin, are
severely limited. No regimen that does not contain clar-
ithromycin or azithromycin has been shown to be of clinical
benefit, although microbiologic response has been seen
in small numbers of patients treated with multiple drugs,
both in the pre-macrolide era and in patients with acquired
resistance macrolide [47–49]. Combinations of rifabutin,
ethambutol, clofazamine, amikacin, and a quinolone may
be tried, but the risk of toxicities must be weighed against
the low likelihood of substantial clinical benefit. Because of
the likely persistence of macrolide-susceptible organisms
even after resistant isolates have emerged, it is reasonable
to continue macrolide therapy when initiating new therapy
with combinations of second-line agents in the treatment
of macrolide-resistant DMAC infection. Whether there is a
role for linezolid in this setting is not known.

The major limitations to therapy for DMAC infection
are toxicities and drug interactions. The major toxicities
of the drugs commonly used for treatment and prophy-
laxis are shown in Table 39.1. The important drug inter-
actions for each of these drugs result from their effect on
the hepatic metabolism of other agents, including many of
the protease inhibitors and non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs) [10, 50, 51], and are shown in
Table 39.1 and discussed further in Chapter 19. Clar-
ithromycin, though not azithromycin, decreases the
clearance of many drugs that are eliminated by hep-
atic metabolism. Rifabutin induces the metabolism of
many of these same drugs. Conversely, concentrations
of clarithromycin and rifabutin may be altered signifi-
cantly in patients receiving other drugs that affect hep-
atic metabolism. For example, major dose reductions
of rifabutin or use of an alternative are required in
patients receiving many of the currently available protease
inhibitors and NNRTIs, in order to avoid toxicity. Specific
contraindications and dose adjustment recommendations
resulting from drug interactions of clarithromycin and
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rifabutin with specific antiretroviral agents are addressed
in the US Public Health Service/Infectious Disease Society
of America guidelines [10].

Management of immune reconstitution syndrome asso-
ciated with focal MAC infection is not well established.
Antiretroviral therapy should be maintained and anti-
DMAC therapy should be initiated. Although these ther-
apies alone may be sufficient, corticosteroids have been
used in some patients and may be beneficial when the
symptoms or pathologic consequences associated with the
focal inflammatory response are severe [16, 52]. In this set-
ting, the use of corticosteroids requires careful considera-
tion of potential risks and benefits. The potential value of
other immune modulators remains to be determined.

39.7 Other mycobacteria

Several other non-tuberculous mycobacterial species have
been found to cause infection in AIDS patients including
M. kansasii, M. gordonae, M. genavense, M. hemophilum,
M. xenopi, and the rapid growers M. chelonae, M. absces-
sus, and M. fortuitum. Most of these infections are dissem-
inated and have clinical manifestations that are similar
to those of DMAC infection. Mycobacterium kansasii is a
relatively common cause of disseminated and pulmonary
infection in adults with AIDS in certain populations [53, 54].
The appropriate treatment for these infections depends on
the species causing the infection; in some cases no effect-
ive regimen has been defined. Therapy of these infections
should be designed in consultation with an expert in the
treatment of mycobacterial infections.
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Fungal infections

Corina E. Gonzalez, M.D.
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40.1 Introduction

HIV-infected patients, like others with impaired T-cell
function, are at increased risk for developing fungal infec-
tions [1]. Other HIV-associated conditions, such as deple-
tion of gut-associated lymphoid tissue, decreased gastric
acidity, viral esophagitis, depressed mucosal immunity,
and possibly altered epithelial attachment sites also may
increase the susceptibility of these patients to mycoses
[2–3].

Fungal infections represent an important cause of mor-
bidity and mortality in HIV-infected children. Most chil-
dren with low CD4+ lymphocyte counts develop mucosal
candidiasis that increases in severity with worsening
immunosuppression [2–4]. Invasive fungal infections due
to pathogens such as Cryptococcus neoformans, Coc-
cidioides immitis, Histoplasma capsulatum, Penicillium
marneffei and others occur less frequently in pediatric
than in adult patients with the acquired immunodeficiency
syndrome (AIDS), but carry similar high morbidity and
mortality. The basis for such differences in susceptibility
between pediatric and adult AIDS populations is prob-
ably related to lower exposure to the sources of these fun-
gal pathogens at younger ages. More recently, invasive pul-
monary aspergillosis has emerged as an HIV-associated
complication.

Fungal infections may present with atypical clinical
manifestations, making their recognition a true challenge
(Table 40.1). Thus, when fungal cultures or serologic or anti-
genic markers are negative, biopsies of affected sites are
often important in making a diagnosis [5].

In the past decade, the therapeutic options for inva-
sive fungal infections have broadened with the intro-

duction of the triazole compounds fluconazole and itra-
conazole, the lipid formulations of amphotericin B, the
allilamine terbinafine, and the echinocandin caspofungin
[6–11]. These antifungal drugs have different pharmaco-
logical properties and clinically important drug interac-
tions that must be considered when managing patients
receiving multiple medications, such as those with HIV
infection (Tables 40.2 and 40.3) [7, 11–16]. Despite these
advances, however, there are still a limited number of effec-
tive and safe antifungal agents for treatment of fungal infec-
tions (Table 40.4). This chapter reviews the clinical mani-
festations and current therapy for fungal infections in HIV-
infected children.

40.2 Cutaneous infections

40.2.1 Cutaneous candidiasis

Cutaneous candidiasis may develop as diaper dermatitis or
as a more generalized eruption [17]. Candida diaper der-
matitis is characterized by erythema bordered by scales,
with satellite papules and pustules. In HIV-infected infants,
this condition tends to be recurrent and require protracted
therapy. Treatment includes attentive local care with fre-
quent diaper changes and good hygiene as well as anti-
fungal therapy. Initial treatment often consists of topical
nystatin. Clotrimazole or miconazole cream may be used
for further treatment. Simultaneous administration of oral
antifungal agents, such as nystatin, may further reduce col-
onization. Treatment may require 1–3 weeks. Persistence
of dermatitis during nystatin treatment may indicate der-
matophytosis [17–20].
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Table 40.1 Diagnosis and physical findings of selected mycoses complicating pediatrc HIV infection

Fungal infection Physical findings Diagnostic methods

Oral candidiasis Mucosal erythema, white-beige plaques KOH preparation, culture
Esophageal

candidiasis
Dysphagia, odynophagia, retrosternal

pain
Barium swallow: evidences of plaques and

ulceration “moth eaten” appearance. These
findings are suggestive but not diagnostic

Endoscopy: mucosal erythema, white-beige
plaques. Culture and biopsy of the lesions

Disseminated
candidiasis

Fever, endophthalmitis, and cutaneous
lesions

Blood cultures, biopsy of skin lesions

Cryptococcosis Fever, headaches, pulmonary infiltrates,
Alteration of mental status, and septic

shock

Cryptococcal antigen titers in serum and CSF
Sputum and BAL direct examination and culture
Blood and CSF culture

Histoplasmosis Fever, pulmonary infiltrates,
hepato-splenomegaly,
lymphadenopathy, cutaneous lesions,
and septic shock

Antigen detection in serum and urine
Sputum, BAL, and bone marrow direct

examination and culture. Blood culture. Bone
marrow, skin or pulmonary biopsy

Coccidioidomycosis Fever, headaches, pulmonary
infiltrates, confusion, and cutaneous
lesions

Sputum and BAL direct examination and culture
Skin or pulmonary biopsy

Aspergillosis Fever, pulmonary infiltrates Sputum and BAL direct examination and culture
Pulmonary biopsy

Penicillinosis Fever, pulmonary infiltrates,
hepatosplenomegaly,
lymphadenopathy and cutaneous
lesions

Skin biopsy direct examination and culture. Blood
culture. Lymph node biopsy

Sputum and BAL direct examination and culture

KOH, potassium hydroxide; BAL, bronchoalveolar lavage; CSF, cerebrospinal fluid.

40.2.2 Dermatophyte infections

Dermatophytosis is caused by Microsporum spp., Tri-
chophyton spp., and Epidermophyton floccosum. Common
dermatophyte infections are tinea capitis, tinea corporis,
and tinea fascialis. Tinea capitis is highly infectious. It may
present with a variety of lesions, including gray patch scal-
ing, conditions mimicking seborrheic dermatitis, black dot
alopecia, folliculitis, pustules, and kerion [17, 21]. Tinea
facialis and corporis appear as scaling macular eruptions
on the facial area, hairline, or body. Potassium iodide (KOH)
direct examination, calcofluor examination, and culture
can be used to verify the diagnosis. The treatment of choice
for tinea capitis remains griseofulvin, administered twice
daily with a fatty meal, ideally accompanied by 2.5% sele-
nium sulfide, 4% povidone iodine, or ketoconazole sham-
poos [18–20, 22]. Any of the shampoos will lessen the risk of
transmission of dermatophyte infection and may be used
to decrease the incidence of infection in households [23].

Treatment duration is guided clinically and by negative
hair cultures. Relapses are managed with systemic azoles or
terbinafine. Treatment of tinea facialis or corporis includes
topical azoles or terbinafine [18–20].

40.2.3 Other superficial fungal infections

Tinea versicolor, due to Malassezia furfur, presents with
hyper- or hypopigmented macules on the shoulders, neck,
and upper chest. Infectious folliculitis is another manifes-
tation of M. furfur infection of the skin. Both conditions can
be treated with topical azoles, but recurrence is common.
Alternatively, a short course of an oral azole for 2 weeks
may result in substantial resolution of the infection [17, 18].
Onychomycosis may be managed with grisefulvin or oral
azoles, but long duration therapy is required. Terbinafine
has recently been introduced as an effective therapeutic
alternative for onychomycosis [17–20].



Table 40.2 Systemic antifungal agents used for treatment of fungal infections

Antifungal Polyenes

Mechanism of action: polyenes bind to membrane ergosterol and appear to form pores which increase membrane permeability and leakage of

cell molecules. An additional mechanism of action may include oxidative damage of the fungal cell.

Spectrum of activity: Candida spp., Cryptococcus neoformans, Torulopsis glabrata, Blastomyces dermatitides, Histoplasma capsulatum,

Coccidioides immitis, Paracoccidioides brasilensis, Aspergillus ssp., Penicillium marneffei, and the agents of zygomycosis.

Administration Pharmacokinetic profile Toxicity

Deoxycholate
Amphotericin B
(AMB)
(Fungizone) 100
mg vial

AMB is a colloidal
suspension that must be
prepared in electrolyte-free
D5W at 0.1 mg/mL to avoid
precipitation. There is no
need to protect the
suspension from the light.
The duration of the IV
infusion can range from 1 to
6 hours depending on patient
tolerance to acute adverse
reactions. Manufacturer
recommends a test dose of
1 mg, but its value predicting
the occurrence of side-effects
is unknown

Oral bioavailability is negligible. At
recommended dosages, peak
concentrations of AMB are higher
than the MICs reported for most
fungi. AMB appears to accumulate
extensively in tissues. Little drug
penetrates into CSF, vitreous
humor, or amniotic fluid.
Elimination and metabolism of the
drug is not well understood.
Because of its tissue binding,
release is very slow with a terminal
phase half life of about 15 days.

Requires dose adjustment with
renal insufficiency

Infusion-related adverse reactions are common
(∼70–90%) and include fever and rigors, which may
also be accompanied by headaches, nausea,
vomiting, hyperpnea, hypo or hypertension, and
arrhythmias. Phlebitis is associated with the
peripheral administration of AMB. A reduction in the
infusion rate and premedication with
acetaminophen or hydrocortisone may decrease the
incidence of these side-effects. Rigors respond to
meperidine.

Toxicity of major concern is nephrotoxicity (∼80%)
which may manifest as a tubulopathy by kaliuresis,
hypokalemia, hypomagnesemia, or RTA type II, or as
a decrease in GFR with rising BUN and serum
creatinine. Normal saline loading pre or post
infusion may restore GFR to normal. Avoid use of
concomitant nephrotoxic drugs (e.g.
aminoglycosides), if possible. Less common adverse
reactions include anemia, thrombocytopenia and
anaphylaxis

Amphotericin B
lipid complex
(ABLC) (Abelcet)
100 mg vial

ABLC must be administered
at a rate of 2.5 mg/kg/hour
usually over 1–2 hours. If the
infusion time exceeds
2 hours, mix the suspension
by shaking the infusion bag.
Do not dilute with saline
solutions or mix with
electrolytes or other drugs.
Do not use in-line filters

Compared to AMB, it has a larger
volume of distribution, rapid blood
clearance and higher tissue
concentrations particularly in the
RES

Fever and rigors ∼20%; increased creatinine ∼15%;
anemia 4%

Amphotericin B
colloidal
dispersion (ABCD)
(Amphocil)
100 mg vial

ABCD must be diluted in
D5W and infused at

1 mg/kg/hour. Do not use
in-line filter

Compared with AMB, it has a larger
volume of distribution, and higher
tissue concentrations particularly
in the RES

Fever and rigors ∼50%; increased creatinine ∼20%

Amphotericin B
liposome
(Ambisome)
50 mg vial

Ambisome must be diluted
with D5W and infused over a
period of 1–2 hours.

Compared with AMB, it achieves
higher peak plasma concentrations
this may translate into better
penetration into tissue sites, such
as CSF

Fever and rigors 8–20%; nausea ∼10%; vomiting
∼5%; increased creatinine ∼20%

Nystatin
(Mycotastin)
30 gm cream
500,000U tabs

Topical and oral Very minimal gastrointestinal
absorption

Virtually no side-effects. Bitter taste

The lipid formulations of AMB enable AMB to be administered in higher doses (2 to 10 mg/kg/day) with less nephrotoxicity and acute side-effects. Lipid

formulations of AMB are appropriate alternatives to conventional AMB and may represent an advance in antifungal therapy. They are as efficacious

and have a more favorable safety profile than AMB. While some would restrict the use of these lipid formulations as a secondary alternative to AMB

because of their high costs and lack of data showing superior efficacy, consideration for their use as initial therapy should be given on a case-by-case

basis. Their use is warranted on patients with renal impairment, with unacceptable toxicity associated with AMB, or in patients with fungal infections

refractory to AMB.



Table 40.2 (cont.)

Antifungal Azoles

Mechanism of Action: inhibit the cytochrome P 450-dependent enzyme involved in the conversion of lanosterol to ergosterol, a major

component of the fungal cell wall. Azoles may also inhibit the cytochrome c oxidative and peroxidative enzymes, with the resultant increase in

intracellular peroxide generation, which may contribute to the degeneration of subcellular structures.

Spectrum of activity: Dermatophytes, Blastomyces dermatitides, Histoplasma capsulatum, Coccidioides immitis, Paracoccidioides brasilensis,

Penicillium marneffei, and Sporotrix schenckii. One notable exception is the lack of activity of miconazole against B. dermatitides. In addition,

all azoles are active against Candida albicans but somewhat less active against many of the non-albicans spp of Candida. Ketoconazole,

fluconazole and itraconazole are active against Cryptococcus neoformans. Itraconazole and voriconazle are the only azoles with substantial

activity against Aspergillus ssp.

Administration Pharmacokinetic Profile Toxicity

Ketoconazole
(Nizoral)
200 mg tablets
2% topical cream
1% shampoo

Topical and oral.
Absorption can be
improved when the
drug is administered
with a high lipid content
meal or orange juice.

Oral bioavailability of ketoconazole is variable among
individuals. In normal subjects can be as high as 75%.
Reduced gastric acidity due to achlorhydria, AIDS,
antacids, or the ingestion of a high carbohydrate meal
decrease its absorption. It is widely distributed in the
body but penetrates poorly into the CSF.
Ketoconazole is extensively metabolized in the liver
with a terminal half life of 7–9 hrs.

GI: nausea and vomiting are the most
frequent dose dependent side effects,
10–40%. Less frequent are abdominal
pain, and anorexia.
Skin: pruritus and rash, 2–4%.
Liver: asymptomatic elevations of
transaminases, 2–10%, hepatitis.
Endocrine system: adrenal insufficiency
(rare), decreased libido, impotence,
gynecomastia, menstrual irregularities.
Other: disulfiram-like reactions, fever,
chills, photophobia (rare). Safety during
pregnancy has not been established.

Fluconazole
(Diflucan) 50, 100,
and 200 mg
tablets, 350 and
1400 mg oral
suspension, and
2 mg/mL
intravenous
formulation

Oral and intravenous.
Intravenous infusion is
well tolerated. It is
recommended that
fluconazole be dosed
twice daily in children
with severe fungal
infections. A 72 hr
dosing interval seems
appropriate for
premature infants.

Fluconazole is rapidly and completely absorbed from
the gastrointestinal tract. It is widely distributed in the
body. In contrast to other systemic azoles, has low
protein binding and penetrates well into virtually all
tissue sites, including into the CSF. Steady state
plasma concentrations are achieved after several
days, but can be rapidly attained by doubling the dose
on the first day of therapy. It is eliminated primarily by
renal excretion. Dose modification is recommended
in individuals with renal impairment. Terminal
half-life is 27–37 hrs in adults, 14–17 hrs in children,
and 55–88 hrs in premature infants

GI: nausea and vomiting 5%.
Skin: rash, possible exfoliative
(Stevens–Johnson syndrome), alopecia
in scalp or pubic area.
Liver: asymptomatic elevations of
plasma transaminases
1–7%, hepatitis (rare).
other: headache, seizures Few cases of
craniofacial and skeletal abnormalities
following prolonged in-utero exposure
to fluconazole have been reported.

Itraconazole
(Sporanox)
100 mg capsules
10 mg/ml Oral
solution with
cyclodextrin

Oral and intravenous.
Absorption of capsules
can be improved when
the drug is
administered with a
high lipid content meal
or orange juice. The
drug is poorly absorbed
in patients with hypo or
achlor-hydria. By
comparison, the oral
solution of the drug
does not need to be
administered with food
and its absorption is not
affected by the level of
gastric acidity.

Oral bioavailability of itraconazole is variable among
individuals. In normal subjects can be as high as 70%.
Reduced gastric acidity decreases its absorption. It is
widely distributed in the body but penetrates poorly
into the CSF or vitreous humor. However, tissue
concentrations, including nervous tissue, are 2 to 5
times higher than those of plasma. Steady state
plasma concentrations are achieved after 14 days,
thus a loading dose during the first 3 days of therapy is
recommended for treatment of serious infections.
Itraconazole is extensively metabolized in the liver
with a terminal half-life of 30 hrs. Itraconazole in
cyclodextrin solution has improved bioavailability of
the drug by as much as 30%, when administered to
healthy volunteers. Children <than 12 yrs with
neoplastic disease may require higher doses on a
mg/kg basis (>5 mg/kg/d) than adults for equivalent
therapeutic benefits. Because the pharmacokinetics
of the drug are related nonlinearly to dose, monitoring
serum levels is recommended when treating severe
fungal infections, plasma concentrations of at least
250–500 ng/mL are desirable.

GI: nausea and vomiting 5%, abdominal
pain diarrhea
Skin: pruritus, rash.
Liver: asymptomatic elevations of
plasma transaminases (1–5%), hepatitis
(rare).
other: headache, dizziness,
hypokalemia, hypertension, edema,
impotence (rare). Safety during
pregnancy has not been established.

(cont.)
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Table 40.2 (cont.)

Administration Pharmacokinetic Profile Toxicity

Voriconazole
(V-fend)
50 and 100 mg
tablets
200 mg vial for
intravenous use

Oral and intravenous
Tablets should be taken
at least 1 hour before or
1 hour following a meal

Oral bioavailability of voriconazole is estimated to be
96%. Voriconazole is widely distributed in the body
and penetrates well into tissues. Steady state plasma
concentrations are achieved within one day following
the loading dose on first day of therapy. It is
eliminated via hepatic metabolism by the cytochrome
P450 enzymes with less than 2% of the dose
eliminated unchanged in the urine. The CYP2C19 is
significantly involved in its metabolism. This enzyme
exhibits genetic polymorphism. For example, 15–20%
of Asians may be expected to be poor metabolizers
and may require dose reduction. The
pharmacokinetics of voriconazole are non-linear due
to saturation of its metabolism.
Dose modification is recommended in individuals
with mild to moderate hepatic cirrhosis; after the
standard loading dose patients should receive 50% of
the maintenance dose. No dose adjustments are
necessary for patients with renal impairment.

Visual disturbances: approximately 30%
of patients have experienced
altered/enhanced visual perception,
blurred vision, color vision change,
and/or photophobia. These
disturbances are generally mild and
rarely resulted in discontinuation of the
drug.
Skin: rash 6%, photosensitivity usually
associated with long-term treatment
GI: anorexia, nausea, vomiting, dry
mouth
Liver: asymptomatic elevations of
plasma transaminases (1–2%), hepatitis
(rare).
Other (<1%): fever, chills, headaches,
and chest pain most likely associated
with IV therapy. Tachycardia, hyper/
hypotension, vasodilation,
hallucinations, dizziness. Safety during
pregnancy has not been established.

Miconazole
(Monistat IV)
ampoule 200 mg
Only indicated for
the treatment of
invasive
infections due to
Pseudallescheria
boydil.

Intravenous route of
administration. The
drug should be diluted
in D5W or 0.9% NS and
infused over a period of
60–120 minutes per
ampoule.

Miconazole is widely distributed to body tissues. It
also penetrates well into infected joints and vitreous
humor, but only relatively low concentrations are
reached in the CSF. The drug is extensively
metabolized in the liver with a terminal half life of
20–25 hrs.

GI: nausea and vomiting ∼15%.
Skin: pruritus 30%, rash 10%.
Hematologic: anemia 45%, leucopenia
thrombocytosis or thrombocytopenia
Other: phlebitis, fever, psychosis,
hyperlipidemia, hyponatremia. Rapid
infusion of the drug has been
associated with translent tachycardia,
cardiac arrhytmias, anaphylaxis and
cardiac and respiratory arrest. Initial
dose requires careful observation.

40.3 Mucosal infections

40.3.1 Oropharyngeal candidiasis

Oropharyngeal candidiasis is the most common oppor-
tunistic infection in HIV-infected children. Almost all chil-
dren with HIV infection will develop this condition during
their disease [24]. The clinical manifestations of oral can-
didiasis are variable, including punctate or diffuse mucosal
erythema, angular cheilitis, and the more classical white-
beige plaques on the oropharyngeal mucosa. These lesions
may become confluent, involving extensive regions of the
oral mucosa. The plaques can be removed with difficulty to
reveal a granular base that bleeds easily [4, 24]. Oropharyn-
geal candidiasis can be so severe that it impairs alimenta-
tion. The diagnosis is based on clinical signs and symptoms
and ultimately confirmed by the response to antifungal

treatment. Definite diagnosis requires direct microscopic
examination of scrapings of the lesions and culture
confirmation.

Topical antifungal treatment is usually effective in
controlling most cases of oropharyngeal candidiasis and
is recommended as the initial therapeutic intervention.
Nystatin has limited activity in moderate to advanced forms
of oropharyngeal candidiasis in immunocompromised
hosts [25]. Clotrimazole, administered 4–5 times per day,
appears to be more active than nystatin, but clotrimazole
troches must be retained in the mouth until completely
dissolved, which may be difficult in younger children. Chil-
dren with oropharyngeal candidiasis refractory to topical
therapy are candidates for systemic therapy using oral flu-
conazole. Fluconazole, a triazole agent, is usually effective
for treatment of oropharyngeal and esophageal candidiasis
[25–27]. However, there have been an increasing number of



Table 40.3 Drug interactions involving azole antifungal drugs

Effect and drug involved Clinically important interaction Potentially important interactiona

Decrease plasma concentration of the azole

Decrease absorption

Antacids Ketoconazole, itraconazolea

H2-receptor antagonist drugs Ketoconazole, itraconazolea

Sucralfate Ketoconazole

Increase metabolism

Isoniazid Ketoconazole

Phenytoin Ketoconazole, itraconazolea

Rifampin, Rifabutin Ketoconazole, itraconazolea, Fluconazole

Voriconazolei

Carbamazepine Voriconazolei

Long-acting barbiturates Voriconazolei

Increase plasma concentrations of the azole
Ritonavir Ketoconazole, itraconazole, Miconazole

Increase plasma concentration of the
coadministered drug

Cyclosporine and tacrolimus

Methylprednisolone

Ketoconazole, Fluconazole, itraconazole,
Voriconazole Itraconazole

Digoxin
Nifedipine, amlodipine, felodipine
Lovastatin, and simvastatinh

Itraconazole
Itraconazole
Voriconazole

Phenytoin Ketoconazole, Fluconazole, Voriconazole Itraconazole

Sulfonilurea drugs, especially
Tolbutamide

Ketoconazole, Itraconazole, Fluconazole,
Voriconazole

Terfenadine, aztemizole, pimozide Ketoconazole, Itraconazole, Voriconazole

Cisapride, and Quinidineb

Midazolam, triazolam, and alprazolamc

Rifabutin
Sildenafil citrate
Buspirone
Busulfan
Oxibutinin
Theophilline
Warfarin

Ketoconazole, Itraconazole, Fluconazole
Itraconazole, Voriconazole
Itraconazole, Fluconazole
Itraconazole
Itraconazole
Itraconazole

Voriconazole

Itraconazole, Fluconazole, Voriconazole
Ketoconazole, Itraconazole, Voriconazole

Zidovudine
Saquinavird

Indinavire

Vinca alkaloids

Fluconazole
Fluconazole

Ketoconazole, Itraconazole, Voriconazole
Voriconazole

Decrease plasma concentration of the
coadministered drug

Theophylline
Didanosinef

Ketoconazole
Ketoconazole, Itraconazole

a This information is based on results of controlled studies or limited observations in patients. Monitoring of plasma concentrations and an adjustment

in the dose may be indicated.
b Elevated plasma levels of their metabolites may prolong QT intervals on EKG and cause cardiac arrhytmias. Therefore, administration of these

drugs with ketoconazole, itraconazole, and voriconazole is contraindicated.
c Elevated plasma levels of both drugs may prolong hypnotic and sedative effects.
d No dose adjustment of saquinavir is required.
e A dose reduction of indinavir should be considered when coadministered with ketoconazole.
f Give at least two hours between administration of didanosine and azoles.
g Elevated plasma levels of these drugs have been associated with rhabdomyolysis. Therefore, their administration with itraconazole is contraindi-

cated.
h Voriconazole is contraindicated for use when co-administered with these drugs.
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Table 40.4 Drugs of choice for selected fungal infections

Infection Drug of choice Dosage Alternative therapy

Aspergillosis Amphotericin B
or Lipid
formulationsa,
Voriconazole
6 mg/kg BID on
day 1 IV/PO and
4 mg/kg BID
IV/PO thereafter

1–1.5 mg/kg/day, IV
5–8 mg/kg/day, IV

Itraconazoleb,c,d 5–12 mg/kg/day, PO/IV
Caspofungin 70 mg/m2 on day 1 and

50 mg/m2/day IV thereafter

Blastomycosis Amphotericin B 0.5–1 mg/kg/day, IV Itraconazoleb,c 5–12 mg/kg/day, PO/IV
Ketoconazole 5–10 mg/kg/day, PO

Candidiasis
Oropharyngeal Nystatin or

Clotrimazole
(trouches)

Fluconazole

200–600.000 U q6h, PO
10 mg 5 times a day, PO

3–12 mg/kg/day, PO

Itraconazoleb,c 5–12 mg/kg/day, PO
Amphotericin B 100 mg qid, PO
Amphotericin B 0.5–1 mg/kg/day, IV
Ketoconazole 5–10 mg/kg/day, PO

Esophageal

Chronic
suppressione

Fluconazole
Amphotericin B
Fluconazolef

3–12 mg/kg/day, PO/IV
0.5–1 mg/kg/day, IV
3–12 mg/kg/day, PO

Itraconazoleb,c 5–12 mg/kg/day PO/IV
Ketoconazole 5–10 mg/kg/day, PO
Itraconazoleb,c 5–12 mg/kg/day, PO
Ketoconazole 5–10 mg/kg/day, PO

Vaginal Topical azole
formulation
Fluconazole 150 mg/d, PO

Disseminated Amphotericin B ±

Fluocytosineg,h

0.5–1 mg/kg/day, IV
1–1.5 mg/kg/day for C.
tropicalis and C. parapsillosis
100–150 mg/kg/day ÷ q6h,
PO

Fluconazolei 8–12 mg/kg/day, IV

Coccidioidomycosis

Chronic suppressione

Amphotericin B

Fluconazolea

0.5–1mg/kg/day, IVk

8–12 mg/kg/day PO

Fluconazole 8–12 mg/kg/dPO/IVi

Itraconazoleb,c 5–12 mg/kg/day, PO/IV
Amphotericin B 0.5–1 mg/kg/weekly, IV
Itraconazoleb,c 5–12 mg/kg/day, PO

Cryptococcosis

Chronic suppressione

Amphotericin B +
Fluocytosineh

Fluconazolej

0.7–1 mg/kg/day, IVb

100–150 mg/kg/d ÷ q6h, PO
12 mg/kg/day, PO/IV

Fluconazole 12 mg/kg/day, PO/IVa

Amphotericin B 0.5–1 mg/kg weekly, IV
Itraconazoleb,c 5–12 mg/kg/day, PO

Histoplasmosis

Chronic suppressione

Amphotericin B or
Lipid formulationsa

Itraconazoleb,c

0.5–1 mg/kg/day, IV
3–5 mg/kg/day, IV

5–12 mg/kg/day, PO

Itraconazoleb,c 5–12 mg/kg/day, PO/IV
Ketoconazole 5–10 mg/kg/day, PO

Amphotericin B
0.5–0.8mg/kg/weekly, IV

Paracoccidioidomycosis

Chronic suppressione

Amphotericin B

Fluconazolej

0.5 mg/kg/day, IV

12 mg/kg/day, PO/IV

Itraconazoleb,c 5–12 mg/kg qd or bid, PO
Ketoconazole 5–10 mg/kg qd or bid, PO
or a sulfonamidel

Amphotericin B 0.5–1 mg/kg weekly, IV
Itraconazoleb,c 5–12 mg/kg/day, PO

(cont.)
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Table 40.4 (cont.)

Infection Drug of choice Dosage Alternative therapy

Penicillinosis
Chronic
suppressione

Amphotericin B
Itraconazoleb,c

0.5–1 mg/kg/day, IV
5–12 mg/kg/day

Itraconazoleb,c 12 mg/kg/day, IV/PO

Phaeohyphomycosis Amphotericin B ±
Fluocytosineh

1–1.5 mg/kg/day, IV
100–150 mg/kg/day, PO

Itraconazoleb,c 12 mg/kg/day, IV/PO

Pseudoallescheriasis Itraconazole 5–12 mg/kg/day, IV/PO Ketoconazole 5–10 mg/kg/day, PO

Sporotrichosis
Cutaneous
Systemic

Itraconazoleb,c

Amphotericin B
5–12 mg/kg/d, IV/PO
0.5–1 mg/kg/d, IV

Potassium iodide 1–5 ml tid, PO
Itraconazoleb,c 12 mg/kg/d, IV/PO

Trichosporonosis
Systemic

Amphotericin B +
Fluconazole +
Flucytosine

1–1.5 mg/kg/d, IV
8–12 mg/kg/d, IV
100–150 mg/kg/d ÷ q6h, PO

Zygomycosis Amphotericin B
Lipid formulation

1–1.5 mg/kg/d, IV
5–10 mg/kg/d, IV

No dependable alternative

a Ambisome, Amphotericin B colloidal dispersion, and Amphotericin B lipid complex.
b Dosage adjustment required if absorption impaired by reduced gastric acidity.
c For life-threatening infections, requires a loading dose; 4 mg/kg TID for 3 days is sufficient.
d For aspergillosis, itraconazole is appropriate after completion of a course of amphotericin B, in stable patients.
e There are no data on which to base specific recommendations in children, but lifelong suppressive therapy is
appropriate.
f Recommended only if subsequent episodes are frequent or severe.
g Flucytosine may be useful in combination with amphotericin B when there is a deep-seated infection, particularly in
the central nervous system.
h To minimize bone marrow suppression, peak plasma concentrations should be maintained between 40–60 �g/mL.
Monitoring serum levels is required.
i Only in uncomplicated candidemia.
j For life-threatening or severe infections in children, higher doses are recommended, 10–12 mg/kg in two divided doses.
Loading dose is twice the target dose on first day of therapy.
k Recent findings indicate that fluconazole is effective against coccidioidal meningitis in adults. Thus, a trial of fluconazole
appears warranted before starting intrathecal amphotericin B. Intraventricular, intralumbar, or intracisternal injection has
been recommended in addition to IV amphotericin B for coccidioidal meningitis, the initial dosage of 0.1 mg three times a
day per week is increased gradually to a maximum of 0.5 mg, with hydrocortisone (10–15 mg) added as required to relieve
headache.
l Sulfadiazine 4–6 g/day, or a long term sulfonamide such as sulfamethoxypyridazine 1–2 g/day.

reports of Candida infections refractory to fluconazole [4,
28–30]. These cases usually occur in children with severely
depressed cell-mediated immunity and involve Candida
strains that also demonstrate in vivo and in vitro resistance
to fluconazole [31]. Such patients may respond well to short
and intermittent courses of amphotericin B. Cyclodextrin
itraconazole, an itraconazole formulation with improved
bioavailability, has also been used with success in children

and adults with fluconazole-refractory oropharyngeal can-
didiasis [32].

40.3.2 Esophageal candidiasis

Esophageal candidiasis can occur with or without oropha-
ryngeal candidiasis, or other infections of the esophagus
such as herpes simplex, cytomegalovirus, and bacterial
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Figure 40.1. Upper gastrointestinal endoscopy showing confluent white-beige plaques on the esophageal mucosa due to Candida

albicans.

infections. Symptoms can include substernal pain, dys-
phagia, and odynophagia [33–35]. Some patients may be
asymptomatic. Esophagoscopy with mucosal biopsy is
the most definitive method for establishing a diagnosis
(Figure 40.1). However, this practice may not be feasible
or safe in many children, and an empirical approach based
on clinical presentation and a positive barium swallow with
the typical moth-eaten appearance (Figure 40.2) is often
warranted. Children with HIV infection may initially receive
therapy, depending upon severity of symptoms and level of
immunosuppression, with oral or intravenous triazoles or
amphotericin B. Nystatin is ineffective.

40.3.3 Vulvovaginal candidiasis

Vulvovaginal candidiasis is a common infection in HIV-
infected adolescents [36, 37]. Recurrent episodes of vulvo-

vaginal candidiasis often precede the oropharyngeal infec-
tion. Symptoms include vulvar pruritus, burning, or pain,
thick and curdy vaginal discharge, and external dysuria.
Rapid microscopic examination of a fresh wet mount is the
recommended method for confirmation of vaginal candidi-
asis [36]. Treatment includes topical azoles or short courses
of oral fluconazole.

40.3.4 Other mucosal fungal infections

Laryngeal candidiasis or Candida epiglottitis typically
occurs in the setting of oropharyngeal candidiasis. Patients
may develop hoarseness, laryngeal stridor and respiratory
compromise [38–40]. Treatment includes amphotericin B
or intravenous fluconazole.
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Figure 40.2. Esophagogram of a patient with esophageal candidiasis; typical moth-eaten appearance.

40.4 Invasive fungal infections due to
opportunistic fungi

40.4.1 Disseminated candidiasis

Disseminated candidiasis is unusual in HIV-infected chil-
dren [41, 42]. It may arise from the gastrointestinal tract,
particularly when herpes simplex or cytomegalovirus infec-
tions disrupt mucosal barriers, but more typically it occurs
in association with indwelling central venous catheters
[41–43]. It may develop as isolated candidemia or as a dis-
seminated disease with deep organ involvement. Common
complications include endophthalmitis, renal candidiasis,
arthritis, and osteomyelitis. About half of all reported cases
of fungemia in HIV-infected children have been due to non-
albicans Candida species [42]. Successful management of
candidemia or disseminated candidiasis depends on early
detection by blood cultures, removal of the central venous
catheter, and rapid institution of amphotericin B for an
average duration of 2–3 weeks. Since non-albicans species
of Candida are frequently involved, fluconazole is not re-
commended as a first line therapy.

40.4.2 Cryptococcosis

The predominant portal of entry of Cryptococcus is the res-
piratory tract. However, in the majority of cases, pulmonary
involvement remains clinically silent while the organ-
ism seeds the central nervous system and causes menin-
goencephalitis. Mortality has been associated with fulmin-

ant cryptococcemia and disseminated disease. Clinical
manifestations include fever of unknown origin, chronic
meningitis, pulmonary infection, and septic shock [44, 45].
Meningitis is probably the most common manifestation of
cryptococcosis in children. Fever, headache, and altered
mental status are frequent symptoms. These can be indo-
lent evolving over weeks. Such subtle manifestations, as
well as the benefit of early treatment on outcome, clearly
justify a low threshold for initiating appropriate diagnos-
tic investigations in symptomatic HIV-infected children.
Diagnosis is established by lumbar puncture, direct exami-
nation of cerebrospinal fluid (CSF) with India ink stain, and
culture. Latex agglutination cryptococcal polysaccharide
antigen titers in serum and CSF correlate with the tis-
sue burden of C. neoformans are an important tool in
the diagnosis and evaluation of the therapeutic response
[46].

The choice of antifungal drugs and duration of treatment
are not well defined in children. Data from the adult popula-
tion indicate that induction therapy with the combination
of amphotericin B plus flucytosine results in earlier CSF
clearance and fewer relapses than amphotericin B alone
[47]. Lipid formulations of amphotericin B also have been
found to be very effective for induction therapy of crypto-
coccosis [48–50]. Induction therapy can be limited to the
period of clinical response (2–6 weeks). Fluconazole plus
flucytosine is a potent oral antifungal regimen in adults,
however, little is known about this combination in children
[51, 52]. HIV-infected children with cryptococcosis must
be treated indefinitely. Fluconazole is typically used for
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long-term suppressive therapy [26, 53–55]. In the presence
of hydrocephalus, reduction of high intracranial pressures
by serial lumbar punctures or by shunting of ventricular
fluid is recommended.

40.4.3 Aspergillosis

Aspergillosis is an infrequent, but often lethal fungal infec-
tion in children with AIDS [56–58]. Invasive pulmonary
and sinus aspergillosis are most common, but cutaneous
and disseminated infections have also been reported in
HIV-infected children [57]. Clinical manifestations may be
subtle, and include intermittent fever, headache, cough,
dyspnea, and pleuritic pain. Hemoptysis and epistaxis
are usually associated with advanced disease. Neutrope-
nia was observed in about 70% of the HIV-infected chil-
dren reported with invasive aspergillosis. The chest radio-
graphic pattern is non-specific and includes subpleural
infiltrates, bronchopneumonia, or cavitary lesions. The
need for establishing a specific diagnosis is essential in
the management of aspergillosis. When possible, induced
sputum or bronchoalveolar lavage should be performed.
Recovery of Aspergillus species from a respiratory site in
an HIV-infected patient with pulmonary infiltrates not
responsive to broad-spectrum antibiotics should be con-
sidered a significant indication of true infection and treat-
ment should be initiated immediately. In the case of nega-
tive results, fine needle aspiration or open lung biopsy are
indicated. Therapy for aspergillosis consists of high dose
amphotericin B or voriconazole. Surgical removal of the
affected area should be strongly considered. Particularly in
the setting of neutropenia, granulocyte colony-stimulating
factor or granulocyte macrophage colony-stimulating fac-
tor may be used as adjunctive therapy. Even if complete
resolution is achieved, long-term suppressive therapy with
itraconazole or voriconazole is required.

40.4.4 Other invasive infections due to
opportunistic fungi

Cryptococcosis due to C. neoformans var gattii has been
reported in a few adult patients with AIDS. These cases were
notable for the lack of meningismus and poor response
to antifungal therapy. Cerebral, renal, or disseminated
zygomycosis has occurred in patients with AIDS, most
commonly associated with illicit intravenous drug use.
Other opportunistic fungi that have been reported caus-
ing infection in patients with AIDS include Saccharomyces
cervisiae, Scedosporium spp., Fusarium spp., and the agents

of phaeohyphomycosis [59]. Table 40.4 details antifungal
therapy for these unusual opportunistic mycoses.

40.5 Invasive fungal infections due to
dimorphic fungi

40.5.1 Histoplasmosis

Histoplasmosis in pediatric AIDS patients generally pro-
gresses from a primary pulmonary focus to widespread
dissemination [60–62]. The infection is often fatal if
untreated. Clinical manifestations may include recur-
rent fevers, weight loss, generalized malaise, respiratory
symptoms, hepatosplenomegaly, and lymphadenopathy. A
distinctive syndrome of severe, disseminated histoplasmo-
sis consists of fever, cutaneous lesions, pulmonary infil-
trates, and thrombocytopenia or pancytopenia, and may
progress to septic shock [60, 61]. The chest radiograph
may demonstrate a variety of patterns, including reti-
culonodular, miliary, and lobar infiltrates. Histoplasmo-
sis can be diagnosed by direct microscopic examination
of fluid or tissue samples, culture, and antigen detection.
Blood cultures and culture and examination of bone mar-
row aspirate and biopsy can be used for rapid and reli-
able diagnosis in case of disseminated infection. Biopsy
can demonstrate non-caseating and caseating granulomas
with small 2–4� diameter yeast-like cells within the cyto-
plasm of macrophages. Organisms may also be identified
on bronchoalveolar lavage or lung biopsy. Differentiating
non-budding yeast cells of H. capsulatum from the cysts
of Pneumocystis carinii may be difficult; the use of cal-
cofluor white and monoclonal antibodies may facilitate
this differential diagnosis. Importantly, diagnosis of histo-
plasmosis can be achieved by antigen detection in serum
and urine [63]. Although, with lower diagnostic yields,
antigen detection can also be applied to CSF or bron-
choalveolar lavage. H. capsulatum antigen detection offers
a non-invasive means for monitoring disease response to
antifungal therapy [64, 65]. Circulating antibodies against
H. capsulatum can be detected by complement fixa-
tion. However, this test relies on antibody production
by the host, which is often impaired in the setting of
HIV infection. The treatment of choice for histoplasmo-
sis in children with AIDS is amphotericin B. It has been
demonstrated in adults with AIDS and histoplasmosis that
amphotericin B, particularly liposomal amphotericin B,
induces a more rapid clearance of fungal burden than itra-
conazole [64]. Itraconazole has been used for treatment of
histoplasmosis in pediatric patients. However, no efficacy
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data are available. Chronic suppressive therapy with itra-
conazole is necessary and has been effective in maintaining
long-term remissions of the disease [26, 66].

40.5.2 Coccidioidomycosis

Coccidioides immitis is found in semi-arid areas of the
southwestern United States, Mexico, and Central and South
America. Children with HIV infection residing in endemic
areas for C. immitis are at risk for infection, which can
present as a progressive pneumonia or as a disseminated
infection. The most common symptoms include fever,
chills, weight loss, cough, chest pain, headache, altered
sensorium, and skin rashes, corresponding to involvement
of the lungs, brain, skin, and other tissue sites [67, 68].
Diagnosis can be established by direct examination and
culture of respiratory secretions or by biopsy. Serological
tests are important in both diagnosis and monitoring of
patients with coccidioidomycosis. Amphotericin B is the
treatment of choice. Coccidiodomycosis has a high poten-
tial for relapse, thus chronic suppressive therapy with oral
fluconazole or itraconazole is necessary [69, 70].

40.5.3 Penicillinosis

Penicillium marneffei has been recognized increasingly as
a cause of systemic infection in HIV-infected children in
South-East Asia, where this dimorphic fungus is endemic.
In northern Thailand, penicillinosis is the third most
common opportunistic infection in patients with AIDS,
exceeded only by tuberculosis and cryptococcosis [71].
Penicillium marneffei infection resembles disseminated
histoplasmosis in HIV-infected children. However, skin
involvement is more common in penicillinosis. The most
common presenting manifestations include fever, weight
loss or failure to thrive, anemia, hepatosplenomegaly, pul-
monary infiltrates, and generalized papular rash [62, 72,
73]. Skin rash is present in about 60% of the cases, often
consisting of papules with or without central umbilication
or acne-like pustules. Microscopic examination of Wright’s
stained skin lesion smears is a simple and rapid diagnostic
technique. Penicillium marneffei also can be isolated from
blood cultures and bone marrow or lymph node biopsy.
The diagnosis is confirmed by visualizing the characteris-
tic features of the yeast in tissue sections, and by culture
and final identification of the fungus. Both antigen and
antibody detection are also available. Limited data in chil-
dren and recent prospective studies in adults with AIDS
suggest that an initial course of amphotericin B is effective
in the management of penicilliosis. Those studies revealed
that induction with amphotericin B cleared infection from

the blood faster than itraconazole [74]. Chronic suppres-
sion therapy is needed, as relapse after the discontinua-
tion of therapy is common in patients with AIDS who had
been successfully treated. A study of the in vitro sensitiv-
ity of P. marneffei showed that the organism is sensitive to
miconazole, itraconazole, and ketoconazole, whereas flu-
conazole is less active [75]. Itraconazole has proven efficacy
in preventing relapse of penicillinosis; ketoconazole is a less
expensive alternative [26, 75, 76].

40.5.4 Other invasive infections due to
dimorphic fungi

Surprisingly, there have been reported few cases of
paracoccidioidomycosis, in HIV-infected patients residing
in Latin America, the endemic area for this fungus. The
relatively low frequency of disease could be related to the
use of co-trimoxazole for Pneumocystis carinii pneumonia
prophylaxis, a drug that is also effective against Paracoc-
cidioides brasiliensis. Among the few patients reported in
the literature, there were adolescents with advanced HIV-
infection. In general, paracoccidioidomycosis presented
as an acute or subacute disease; clinical manifestations
evolved within a few weeks and include fever, weight loss,
fatigue, cough, lymphadenopathy, and skin lesions. A few
patients had central nervous system disease [59, 62]. Blas-
tomycosis and sporotricosis appear to be more frequent in
patients with HIV infection than in the general population.
These infections can be localized or disseminated [59].

40.6 Summary

Fungal infections are a significant cause of morbidity and
mortality in children with AIDS. Recognition and diag-
nosis of the majority of these infections remains chal-
lenging. Despite the recent advances in antifungal drug
development, therapeutic management options remain
constrained by the limited number of safe and effective
antifungal agents.
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41.1 Introduction

The eight known herpesviruses share a common structure
consisting of double-stranded DNA, surrounded by a pro-
tein capsid and then a lipid and glycoprotein envelope. Her-
pesviruses infect humans worldwide, but prevalence varies
among populations.

For most herpesviruses, primary infection usually occurs
during childhood or early adult years. Beyond the neona-
tal period, infection rarely results in serious illness in the
immunocompetent host. Herpesvirus infections are usu-
ally controlled by elements of the cellular immune sys-
tem (see Chapters 1 and 3); patients significantly compro-
mised by HIV infection can develop serious, sometimes
life-threatening herpesvirus infections. In the normal host,
after primary infection, herpesviruses establish life-long,
latent infection, in which virus is sequestered in a non-
replicative state, with the potential for recurrent or chronic
disease after reactivation. The sites of latent infection for
herpes simplex virus (HSV) and varicella-zoster virus (VZV)
are believed to be sensory ganglia. For cytomegalovirus
(CMV), Epstein–Barr virus (EBV) and human herpesvirus
6 (HHV-6), lymphocytes represent the reservoir of latent
infection. With EBV, the target cell appears to be B lym-
phocytes, for HHV-6, T lymphocytes. The site of latency for
CMV appears to be bone marrow-derived monocytes and
monocyte precursors. A complex interplay exists between
herpesviruses and HIV [1]. In some in vitro systems, infec-
tion with CMV, or HSV may increase susceptibility of cells
to infection with HIV. In cells chronically infected with
HIV, CMV or HSV infections appear capable of upregu-
lating expression of HIV, with enhanced viral replication.

Co-infection of cells with HIV and CMV enhances CMV
replication compared with cells infected with CMV alone.

In immunocompromised hosts, including HIV-infected
children with immunologic impairment, primary infec-
tions with some herpesviruses may be more severe than
such infections in healthy children. Reactivation infections
occur more frequently in HIV-infected children and may be
more severe.

In this chapter we will discuss those herpesvirus which
cause significant morbidity in HIV-infected individuals:
CMV, HSV, VZV, and EBV (Table 41.1). We also touch briefly
on Human Herpesvirus-6 (HHV-6), as well as Human
Herpesvirus-8 (HHV-8 or Kaposi’s sarcoma-associated her-
pesvirus, KSHV) and its relation to Kaposi’s sarcoma (KS).
More information about HHV-8 and KS can be found in
Chapter 36.

41.2 Cytomegalovirus

41.2.1 Epidemiology

Cytomegalovirus is transmitted by exposure to blood,
urine, saliva, tears, breast milk, stool, and genital secretions
of infected individuals. Cytomegalovirus can be transmit-
ted in utero, perinatally, or postnatally. In children, infec-
tion usually occurs secondary to exposure to infected saliva
or urine. In young adulthood, the rate of CMV seropositivity
rises secondary to sexual activity.

In developed countries, 10–15% of children are infected
by early adolescence, with increased rates seen among
those in lower socioeconomic groups. In developing coun-
tries, where the majority of infants are breast fed, CMV
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Table 41.1 Clinical syndromes caused by herpesviruses in

HIV-infected Children

Herpes simplex Varicella-zoster
Cytomegalovirus virus virus

Retinitis Gingivostomatitis Chicken pox
(varicella)

Pneumonitis Labial/genital Herpes zoster
Colitis Esophageal ulcers Persistent skin

infection
Esophageal ulcers Encephalitis Encephalitis
Hepatitis
Pancreatitis
Encephalitis
Polyradiculopathy

is frequently acquired in infancy. Prevalence increases to
nearly 50% in women of child-bearing age. Seropositivity
increases with advancing age, and virtually all individuals
seroconvert eventually.

Congenital CMV infection is the most common intrauter-
ine infection in the USA affecting 1–2% of all live-born
infants. Symptomatic infection occurs in 5–10% of those
infected, and is associated with a high incidence of mental
retardation, sensorineural hearing loss, chorioretinitis, and
neurologic defects [2]. Transmission from mother to fetus
occurs as a consequence of both primary and recurrent
maternal infection, though infants are much more likely
to be symptomatic if infected during primary maternal
infection.

Perinatal CMV infection occurs in 25–50% of neonates
exposed to CMV in the birth canal. In one US based study, in
a population of younger mothers, 89% were CMV seropos-
itive, and 11% of mothers had CMV detected in cervical
fluid in the third trimester [3]. Infection also occurs in 40–
60% of infants who are breast fed for more than 1 month
by mothers with infectious CMV in their breast milk; the
risk is highest for women with recent, or primary infection
[2]. Beyond the neonatal period, CMV infection is typically
asymptomatic. Young adults, and occasionally children,
can develop an EBV-negative mononucleosis syndrome.

The rate of CMV seropositivity is much greater among
adults with life styles associated with high risk for HIV infec-
tion than in the general population. In healthy gay adults,
rates of CMV seropositivity are in the range of 85–90%; while
in gay men with AIDS, the rate approaches 100%. Among
hemophiliacs, rates vary from 26–64%, equivalent to those
found in age-matched controls. Several researchers have
noted increased seropositivity and an increased incidence

of active CMV infection in women with HIV infection, pos-
sibly as a result of interaction between the two viruses.
In addition, HIV-infected infants have an increased inci-
dence of congenital/perinatal CMV infection when com-
pared with HIV-exposed, but uninfected infants, and to
infants born to HIV-negative women.

41.2.2 Possible influence of CMV infection on rate of
progression of HIV infection

Several studies suggest that in HIV-infected adults, co-
infection with CMV results in a more rapid progression of
HIV infection and shortened survival. This has been related
to the immunosuppressive effects of CMV, independent of
HIV infection, as well as the potential up-regulation of HIV
replication by CMV.

Likewise, several pediatric studies also have noted a trend
towards more rapidly progressive disease in co-infected
infants. In a prospective study of HIV-exposed neonates,
dually infected children were more likely to experience
rapid progression to an AIDS-defining condition and to
develop progressive encephalopathy. Dually infected chil-
dren also had higher CD8+ cell counts and lower CD4+ lym-
phocyte counts. Another study reported more rapid pro-
gression to AIDS and death in HIV-infected children with
detectable levels of CMV DNA in serum [4, 5].

Other studies in children or adults did not find a link
between dual infection and rapid progression of HIV dis-
ease. One of the difficulties in interpreting these stud-
ies involves the issue of association versus causation.
It is apparent that severely immunocompromised HIV-
infected infants (and adults) are more likely to have viremia
and/or to excrete CMV; it is not clear that CMV infection
leads to more rapid disease progression. In addition, stud-
ies have linked rapid progression of HIV in infants to the
severity of illness in their mothers. It may be that the moth-
ers more likely to have infants with rapidly progressive HIV
disease (based on their own stage of illness) are also more
likely to transmit CMV to their newborns.

41.2.3 Clinical manifestations

End organ disease from CMV is the most frequent manifes-
tation of viral opportunistic infection in HIV-infected per-
sons. Up to 10% of deaths in adults with AIDS are related
to CMV infection, and evidence of CMV disease is found
at autopsy in 50–75% of HIV-infected adults. While pneu-
monitis is the most common CMV disease in bone marrow
transplant recipients, retinal and gastrointestinal manifes-
tations of CMV are more common in adults with HIV infec-
tion [6].
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Clinical syndromes related to CMV infection include
retinitis, colitis, esophagitis, gastritis, encephalitis, poly-
radiculitis, hepatitis, and adrenalitis. In adults, retinitis is
the most common manifestation of CMV disease (50–80%
of cases) followed by colitis and pneumonitis. Clinical
manifestations of CMV disease generally do not occur until
the CD4+ lymphocyte count falls below 100/mL. The risk
of developing retinitis over 24 months is 20% and 40%,
for adults with CD4+ counts of < 100/mL and < 50/mL,
respectively. The median CD4+ count at time of diagnosis
of retinopathy is below 50 cells/�L.

In children, CMV is responsible for 8–10% of AIDS-
defining illnesses, with retinitis accounting for only one-
quarter of the total cases, with the other 75% consisting of
CMV end organ disease of the liver, colon, lung, or brain.
The overall lifetime incidence of CMV-related disease in
perinatally acquired HIV infection prior to the advent of
HAART had been reported to be 30–60%. Through 2001,
CMV-end organ disease was reported in 10% of children
with AIDS. In one large cohort study, the prevalence of
retinitis was 4%, lower than the 15–40% prevalence rate of
retinitis in adults with AIDS. One quarter of children with a
history of at least one CMV positive blood or urine culture
had evidence of CMV disease at autopsy [7–9].

The incidence of CMV infection and excretion increases
with HIV-related disease progression. Symptomatic HIV-
infected children have a higher rate of CMV viruria than
asymptomatic HIV-infected children and HIV-exposed
children (46% vs 14%). Once shedding of CMV is detected,
HIV-infected infants generally continue to excrete virus in
the urine. Overall, one third of HIV-infected children are
CMV-shedders (up to 60% in children with AIDS), com-
pared with 15–20% of HIV-exposed, but uninfected chil-
dren, and <15% of unexposed infants. In one longitudinal
study, 45% of children with evidence of CMV infection
before 6 months of age developed symptomatic CMV infec-
tion. A higher percentage of HIV-infected infants had con-
genital CMV infection (defined as a positive urine CMV
conventional culture or shell vial viral culture assay at <3
weeks of age) than HIV-exposed infants (21% vs 3.4%). In
addition, CD4+ counts were lower in co-infected infants
and there was a trend towards decreased survival [5, 7–9].

Specific organ systems
Retinitis
Cytomegalovirus retinitis occurs in at least 10–20% of adult
AIDS patients, and autopsy studies indicate that up to 30%
had evidence of CMV retinal infections. The disease typ-
ically begins unilaterally, but progression to bilateral dis-
ease is common. Affected adults most commonly complain
of painless loss of vision, visual field cuts, or floaters. In

children, however, the disease is frequently asymptomatic,
and discovered on routine ophthalmologic examination. At
times, fever and irritability may be the only signs of CMV
retinitis in infancy. Practitioners caring for HIV-infected
children should therefore have a low threshold for inves-
tigating the possibility of CMV disease, particularly CMV
retinitis (see also Chapter 27).

Ophthalmologic examination of the CMV-diseased
retina reveals large yellowish-white, granular areas with
perivascular exudates and hemorrhage. Histological find-
ings include coagulation necrosis and microvascular
abnormalities. Cytomegalovirus retinitis must be differen-
tiated from HIV-related retinopathy. In the latter condition,
cotton wool spots, representing areas of ischemic atrophy,
appear on the retina. These lesions are common in HIV,
usually asymptomatic and frequently regress over time in
patients receiving antiretroviral therapy.

Compared with adults, retinal disease due to CMV is less
common in HIV-infected children. Many investigators rec-
ommend regular eye exams for severely immunocompro-
mised infants known to be CMV-infected.

Gastrointestinal manifestations
HIV-infected patients can develop CMV disease at any
site in the gastrointestinal (GI) tract. The incidence of
CMV GI disease in adults with AIDS ranged from 4–52%
in different cohorts, with a mean incidence of 30% [10].
Cytomegalovirus disease of the GI tract is the most com-
mon condition leading to emergency or elective abdominal
surgery in HIV-infected adults. Patients presenting with
sudden severe abdominal pain must be evaluated for CMV-
related gastrointestinal perforation and/or hemorrhage.

Examination of biopsy and autopsy specimens has
shown that many gastrointestinal tract cell types can be
infected with CMV, most commonly vascular endothelial
cells, but also fibroblasts, smooth muscle cells, and glan-
dular epithelium. Mucosal infection leads to inflamma-
tion with tissue necrosis, vascular endothelial involvement,
and subsequent ischemic mucosal injury. Ulcerations,
erosions, and mucosal hemorrhage are the primary
macroscopic findings.

The most common GI manifestation, CMV colitis, occurs
in at least 5–10% of adults with AIDS. Presenting symptoms
are non-specific and include diarrhea, abdominal pain,
weight loss, hematochezia, anorexia, and fever. Other pos-
sible causes of colitis in an HIV-infected patient include
common bacterial pathogens (Mycobacterium avium com-
plex (MAC), Giardia lamblia, Cryptosporidium parvum,
Clostridium difficile) and primary HIV colitis. Massive
acute bleeding from CMV colitis, as well as perforation,
has been reported in several HIV-infected infants. Toxic
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megacolon may occur as a complication of CMV colitis.
In the small intestine, CMV may mimic Crohn’s disease,
causing mucosal erosions and ulcers. There are also several
reports of pseudomembranous colitis secondary to CMV
infection.

In HIV-infected patients, oral and esophageal ulcers and
esophagitis are most commonly due to fungal or HSV infec-
tions, but CMV also can cause disease in these locations.
Symptoms are non-specific, and may include substernal
pain, dysphagia, odynophagia, and decreased appetite,
with or without fever. Up to 50% of patients also have
thrush at the time of diagnosis [11]. Esophageal strictures
have been described as a consequence of CMV-related
esophageal ulcers.

Hepatic involvement with CMV is common, but gener-
ally mild. Histologic evidence of CMV hepatitis is seen in
25–33% of patients with end organ CMV disease. Although
liver enzymes and alkaline phosphatase may be elevated,
bilirubin levels are usually normal.

A more serious syndrome, ascending cholangiopathy,
also has been associated with CMV infection in HIV-
infected adults. In one series, 25% of patients with ductal
abnormalities had microscopic evidence of CMV infection.
The disease presents with fever, abdominal pain localized
to the right upper quadrant, and elevated serum alkaline
phosphatase levels.

Infrequently, CMV infects gastric tissue, resulting in epi-
gastric pain, nausea, and vomiting. The infection can
progress to overt gastric ulcers, with or without bleeding,
as well as gastric outlet obstruction and/or perforation.
Rarely, CMV has been implicated as the etiology of pan-
creatitis in HIV-infected adults and children.

Pulmonary disease
Although CMV is the most common cause of pneumonia
in bone marrow transplants, it is an infrequent pulmonary
pathogen in HIV-infected individuals. Even when CMV is
isolated from lung secretions or lung tissue, its role in caus-
ing lung disease may be difficult to assess. In adults and chil-
dren with pneumonia, in whom both Pneumocystis carinii
and CMV were recovered from lung fluid, clinical recovery
was independent of CMV culture results when treatment
was directed against P. carinii. This indicates that most
patients had P. carinii pneumonia and infection with CMV,
but not disease. In general, the diagnosis of CMV pneu-
monia should be considered if other pathogens are ruled
out, or if patients fail to respond to therapy directed against
other pathogens [12, 13].

Cytomegalovirus pneumonia is generally an interstitial
process, with gradual onset of shortness of breath and a
dry, non-productive cough. Usually, auscultatory findings

are minimal. Cytomegalovirus pneumonia is more com-
mon in adults with other end organ CMV disease, and
severe immunosuppression (CD4+ < 25/mL). Median sur-
vival after diagnosis is less than 30 days [14].

Central nervous system
A syndrome of CMV-related subacute encephalopathy,
indistinguishable from HIV-related encephalopathy, has
been reported in HIV-infected adults and children. In addi-
tion, a small number of adults have been described with
ventriculitis thought to be secondary to CMV infection.
Several autopsy series have reported evidence of central
nervous system (CNS) CMV infection in 10–40% of AIDS
patients [15].

The relative role of CMV infection in the development of
dementia or progressive encephalopathy in HIV-infected
patients is hard to discern. Both HIV- and CMV-related
encephalopathy are characterized by diffuse increased
white matter signal density on magnetic resonance imaging
(MRI) studies, and CMV culture of the CSF often remains
negative, even in proven cases of CMV in encephalopathy.

Though rarely reported in children, CMV has been impli-
cated in axonal polyradiculopathy in adults. This disease
presents much like Guillain–Barré syndrome, with painful,
ascending muscle weakness, loss of deep tendon reflexes,
and loss of bladder/bowel control.

41.2.4 Diagnosis

It can be difficult to distinguish between CMV infection and
CMV disease. Patients with HIV infection, in particular, may
be infected with CMV, but their serious end organ disease
may be caused by other etiologies. In general, detection of
anti-CMV antibodies, or culturing CMV from the blood or
other body fluids confirms CMV infection, but not neces-
sarily end organ disease secondary CMV.

In a child over 12 months of age, detection of anti-CMV
antibody indicates prior infection with the virus, but not
necessarily disease. Antibody detection prior to 12 months
of age may be secondary to maternally derived anti-CMV
antibodies. At any age, a positive CMV urine culture or
detection of CMV antigen in shell vial cultures is indica-
tive of CMV infection. As HIV-infected children may excrete
virus for prolonged periods, a positive urine culture does
not define the time of primary infection, except in instances
where the urine culture had previously been negative.

Isolation of virus in cultured cells remains the gold stan-
dard for establishing the presence of CMV infection. Clas-
sic culture methods require 1–3 weeks for isolation of CMV;
with the advent of centrifugation-assisted shell vial culture
amplification techniques, CMV may be detected within
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24 hours of inoculation of cultures. However, CMV can be
isolated in only one-third of patients with documented
CMV colitis, and from oropharyngeal secretions of only
one-third of patients with esophageal lesions histopatho-
logically proven due to CMV [10]. Several diagnostic meth-
ods, including detection of pp65 antigenemia, qualitative
and quantitative PCR, and DNA hybridization have been
studied for their ability to identify patients most at risk for
CMV disease. In general, all of these methods detect CMV
infection 3–6 months prior to the development of clinically
recognized disease.

The detection of CMV antigenemia involves the staining
of neutrophils with monoclonal antibody directed against
the CMV matrix protein pp65. Typically, cells are counted
by flow cytometry and results are reported as the number
of stain-positive cells per 50 000 or 200 000 counted cells.

Plasma PCR DNA is more sensitive for detecting CMV
than urine or blood cultures. Quantitative PCR may be
the most sensitive test for identifying patients at high
risk for CMV disease, including CMV retinitis, i.e. patients
with plasma DNA PCR levels above 100–1000 copies/�L.
In one study of adults receiving HAART, CD4+ counts
< 75 cells/�L, positive plasma CMV DNA and pp65 anti-
genemia >100 positive cells/200 000 cells, all were pre-
dictive of risk of CMV disease over a 24-month follow-up
period [16, 17]. Several prospective studies have confirmed
that the detection of CMV DNA by PCR and/or anti-
genemia accurately predicts the risk of development of
CMV end organ disease. In addition, patients on anti-CMV
therapy who convert from positive to negative CMV PCR
DNA status have an improved outcome. Effective therapy
also leads to a decrease in the level of pp65 antigenemia
[18, 19].

The appearance of the retina is usually sufficient for a pre-
sumptive diagnosis of CMV retinitis. For other end organ
CMV disease, diagnosis is based on isolation of CMV and/or
demonstration of characteristic histopathologic findings
(the pathognomonic “owl’s eye” intranuclear and smaller
intracytoplasmic inclusion bodies) in biopsy specimens.

In patients with CMV-related colitis, sigmoidoscopy
reveals diffuse areas of erythema, submucosal hemorrhage,
and diffuse mucosal ulcerations, which may be indistin-
guishable from ulcerative colitis. The most frequent finding
in patients with esophagitis is a large, solitary distal ulcer.
Histopathologic changes in the GI tract include vasculi-
tis, neutrophil infiltration, and non-specific inflammation.
The presence of CMV inclusions and/or positive cultures
for CMV helps to confirm the diagnosis.

The diagnosis of CMV-related pneumonia is based on
the exclusion of other pathogens, and isolation of CMV
from lung tissue or bronchial fluid, with histologic evidence

of CMV disease (cells with intranuclear inclusions). Treat-
ment should be limited to those with histopathologic
changes at lung biopsy, or if too ill for biopsy, those with
worsening pulmonary disease in the absence of other
pathogens.

In CMV CNS disease, examination of the CSF reveals
pleocytosis in approximately 50% of cases, frequently with
a polymorphonuclear predominance; the protein concen-
tration is elevated in 75%, and hypoglycorrhachia occurs
in 30%. Up to 20% of patients may have completely normal
CSF findings. Detection of CMV DNA in CSF by PCR has
been found to be highly sensitive and specific for adults
with autopsy-proven CMV encephalopathy, ventriculitis,
or polyradiculopathy [20].

41.2.5 Treatment

Three drugs are available to treat CMV disease: ganci-
clovir, cidofovir, and foscarnet. Ganciclovir and cidofovir,
as nucleoside and nucleotide analogues respectively have
mechansisms of action that closely resemble the nucleo-
side and nucleotide analogue antiretroviral reverse tran-
scriptase inhibitors. Treatment for CMV disease and other
herpesvirus infections is outlined in Table 41.2.

The drug generally used as first-line therapy for CMV end
organ disease is intravenous ganciclovir, since the other
two agents have significant toxicities. (Oral valganciclovir,
a ganciclovir pro-drug, may have an increasing role in
therapy, see below.) Ganciclovir is a guanosine nucleoside
analogue that is converted in vivo to ganciclovir triphos-
phate, the intracellularly active form of the drug. Ganci-
clovir is phosphorylated first to the monophosphate by a
product of the CMV gene (or open reading frame, ORF)
UL97. Since the phosphorylase is only expressed in CMV-
infected cells, phosphoryation of ganciclovir by UL97 helps
to selectively target the effects of ganciclovir to infected
cells. After the initial phosphorylation step, the monophos-
phate is then phosphorylated to the active triphosphate
form of the drug by cellular enzymes. Ganciclovir triphos-
phate competitively inhibits the native deoxyguanosine
triphosphate from interacting with the viral DNA poly-
merase, which inhibits viral DNA replication. Futhermore,
after the viral DNA polymerase cleaves ganciclovir triphos-
phate to ganciclovir monophosphate as it adds the ganci-
clovir monophosphate to the growing viral DNA chain, no
further nucleotides can be added because ganciclovir lacks
a free 3′ OH group, causing termination of the growing viral
DNA chain.

Two mechanisms cause resistance to ganciclovir, muta-
tions in the UL97 phosphorylase and mutations in the CMV
DNA polymerase. Laboratory and clinical CMV isolates
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Table 41.2 Treatment of herpesvirus infection in HIV-infected children

Virus Syndrome Drug Dose/route Common side-effects

CMV Retinitis-induction Ganciclovir IV: 5 mg/kg, BID for 14 days Myelosuppression
Alternative drugs: Foscarnet

Cidofovir

IV: 90 mg/kg,BID or
60 mg/kg, TID for 14 days

IV: 5 mg/kg qwk for 2 doses,
pretreat with probenicid and
saline loading

Nephrotoxicity

Nephrotoxicity

Maintenance Ganciclovir IV: 5 mg/kg/day
Alternative drugs: Ganciclovir

Foscarnet
Cidofovir

Valganciclovir

PO: 1g TID
IV: 90–120 mg/kg/day
5 mg/kg q2wks, pretreat with

probenicid and saline loading
Adult: 900 mg bid Neutropenia

Gastrointestinal/
Pulmonary

same as for
retinitis
induction

HSV 1, 2 Primary oral/genital

Alternative drugs:

For acyclovir resistance

Acyclovir

Famciclovir
Valacyclovir
Foscarnet

IV: 750 mg/m2/day in 3 doses
PO: 1200 mg/m2 per day, in 3

doses
Adults: 125–500 mg BID
Adults: 0.5–1 g BID

Phlebitis,
nephrotoxicity,
nausea, vomiting
rash

Gastrointestinal upset

Recurrent Acyclovir same as above
encephalitis Acyclovir IV: 1500 mg/m2/day or

30 mg/kg/day in 3 divided
doses

Varicella-zoster
virus

Varicella

Zoster

Acyclovir resistant
virus

Acyclovir

Famciclovir
Valacyclovir
Same as for
varicella
Foscarnet

IV-1500 mg/m2/day in 3 doses
PO-80 mg/kg/day in 4 divided

doses

Adults: 500 mg TID
Adults: 1 g TID

Phlebitis,
nephrotoxicity
nausea,vomiting,
rash

with certain point mutations in the UL97 gene are unable
to phosphorylate ganciclovir and demonstrate low-level
resistance. Mutations in the CMV DNA polymerase gene
(UL54) confer high-level resistance to ganciclovir. High-
level resistance to ganciclovir is generally associated with
mutations in both UL97 and UL54. In patients with newly
diagnosed CMV retinitis, less than 2–5% will have evidence
of resistance-related mutations prior to therapy. On ther-
apy, 10–25% of patients develop resistance-related muta-
tions [21, 22].

The starting dose of ganciclovir is 5 mg/kg twice a day for
2 weeks, followed by 5 mg/kg/day, 5–7 days per week. The
major side-effect is myelosuppression. Dosage reduction
or use of filgrastim (G-CSF) frequently is necessary owing
to anemia, thrombocytopenia, or neutropenia.

Cidofovir is a nucleotide analogue of cytosine. Thus,
it is already monophosphorylated and does not require
phosphorylation by the CMV UL97 gene product. Sim-
ilarly to ganciclovir, cidofovir is further phosphoryla-
ted to the triphosphate by cellular phosphorylases. The
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phosphorylated cidofovir competitively inhibits binding
of the native cytosine to the viral DNA polymerase, and
incorporation of cidofovir into the growing viral DNA chain
causes chain termination because it does not have a free
3′ OH group. Since cidofovir does not require phosphory-
lation by the UL97 viral phosphorylase, CMVs resistant to
ganciclovir due to mutations in UL97 retain sensitivity to
cidofovir. However, mutants in the viral DNA polymerase
can confer resistance against both ganciclovir and cido-
fovir. If a virus demonstrates high-level resistance to gan-
ciclovir it will likely be resistant to cidofovir.

Cidofovir has a significant and potentially difficult to
manage set of toxicities, including potentially severe prox-
imal tubular injuries resulting in proteinuria, glycosuria,
and bicarbonate and phosphate wasting. A substantial
incidence of neutropenia has also been observed. Renal
function should be carefully monitored in patients treated
with cidofovir. Cidofovir is dosed at 5 mg/kg intravenously
every week for 2 weeks as induction therapy, and then every
other week for maintenance therapy. Cidofovir must be
given with oral probenecid and saline loading.

Foscarnet is another drug used to treat CMV infections.
Unlike ganciclovir or cidofovir, foscarnet is not a nucleic
acid analogue. Instead, foscarnet is a pyrophosphate ana-
logue, one of the structurally simplest approved drugs.
Foscarnet inhibits viral DNA polymerase. Since it is not a
nucleic acid analogue, foscarnet does not require phospho-
rylation to an active form. Therefore, ganciclovir-resistant
strains of CMV due to mutations in the UL97 phosphory-
lase gene are sensitive to foscarnet. There are mutations in
the viral DNA polymerase that can confer resistance to fos-
carnet. Some of these may be distinct from those DNA poly-
merase mutations conferring resistance to ganciclovir and
cidofovir. Some viruses resistant to all three approved CMV
antivirals, ganciclovir, cidofovir, and foscarnet, have been
described. Foscarnet also appears to have some degree of
antiviral activity against HIV itself.

Foscarnet, however, can produce significant, severe tox-
icities. The main toxicity of foscarnet is decreased renal
function. Renal toxicity can lead to serious electrolyte and
calcium imbalances, with secondary seizures. The renal
toxicity of foscarnet may be increased when other nephro-
toxic agents are also given, particularly amphotericin B,
pentamidine, and aminoglycosides. Electrolytes should be
carefully monitored in patients receiving foscarnet. Renal
side-effects may be minimized by infusing foscarnet over
1 hour, with saline fluid loading.

Approximately 80–90% of CMV retinitis cases respond
initially to treatment, but relapse invariably occurs if ther-
apy is discontinued. Relapses are delayed if maintenance
therapy is given with ganciclovir or foscarnet. Dual therapy

with ganciclovir and foscarnet has been used successfully
for some cases of rapidly progressive CMV disease or dis-
ease that was not responsive to monotherapy.

The difficulty of continuing daily intravenous therapy,
and the ongoing potential for drug toxicity, has made
the development of alternative maintenance therapies for
CMV disease a high priority. Strategies tested to date for
prevention of recurrent retinitis include: oral ganciclovir,
intravitreal administration of medication (as with implants
impregnated with either ganciclovir or or cidofovir, see
Chapter 27), or cidofovir, an agent with a longer half life
[23–26]. There have been two main problems with local
therapy: risk of ophthalmologic side-effects, such as retinal
detachment, and development of extraocular CMV disease.
One study comparing treatment options for maintenance
therapy for CMV retinitis found a breakthrough rate of new
CMV disease at 6 months of 44.3% for patients treated with
a ganciclovir implant, 24.3% for patients treated with the
implant plus oral ganciclovir, and 19.6% in the intravenous
ganciclovir treatment group [24]. Local treatment of CMV
retinitis has no effect on other, systemic CMV disease. Inter-
estingly, patients who were treated with protease inhibitor-
containing HAART regimens had a low rate of new CMV
disease, irregardless of treatment group.

Studies are under way employing valganciclovir (VGC)
in CMV-related disease. Valganciclovir is an orally admin-
istered pro-drug of ganciclovir. A dose of 900 mg orally
provides serum levels comparable with those found with
a 5 mg/kg intravenous dose of ganciclovir. In a random-
ized trial in HIV-infected adults with newly diagnosed CMV
retinitis, oral VGC was as effective as intravenous ganci-
clovir in treating the first episode and delaying progression
of illness.

There may be a role for using VGC in a pre-emptive man-
ner, in patients with low CD4+ counts despite HAART, and
evidence of CMV infection, prior to the development of end
organ disease. Studies in adults are under way.

The necessity of maintenance therapy for CMV-related
hepatitis, pneumonia, or colitis has not been firmly estab-
lished. In several small series, therapy with ganciclovir
or foscarnet resulted in symptomatic improvement, but
maintenance therapy did not seem to prevent relapse
or development of CMV disease in other end organs
[27].

Newer agents under development for the treatment of
CMV-related disease include intravitreous fomivirsen, for
CMV retinitis. Fomivirsen has been shown to have con-
siderable activity, when injected every 2–4 weeks (after an
induction period) for patients with eye disease that pro-
gressed, or relapsed, while on other anti-CMV therapies
[28]. Other potential agents, not yet in advanced clinical
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trials, include maribavir (a protein kinase inhibitor), and
inhibitors of the terminase complex that cleaves viral
produced DNA, such as tomeglovir and GW-275175X
[29].

Limited options are available for treatment of HIV-
infected children with CMV end organ disease (see also
Chapter 27 for information about ophthalmic disease).
Use of intravitreal ganciclovir and intravenous cidofovir
is still investigational in children. Intravenously adminis-
tered ganciclovir or foscarnet is available for such children.
Frenkel et al. reported on the use of an oral ganciclovir
liquid formulation in HIV-infected children [30]. In this
pharmacokinetic study, a dose of 30 mg/kg every 8 hours
resulted in serum levels similar to those found in adults
treated with 1 g every 8 hours. The relative bioavailability
of the liquid formulation was essentially equivalent to that
of capsules and was well tolerated. The main, and expected
side-effect was neutropenia. The volume of the suspension
required (at 25 mg/ml, daily dosing for a 30 kg child would
be 36 ml every 0.8 hours) or the high pill burden (four 250
capsules every 8 hours) represents a major impediment to
adherence to long-term therapy [30].

41.2.6 Cytomegalovirus infection in patients treated
with highly active antiretroviral therapy

Since the advent of combination therapy employing three
or more drugs, termed highly active antiretroviral therapy
(HAART), the incidence of opportunistic infections among
HIV-infected adults has dropped markedly. Overall, the
incidence of end-organ disease secondary to CMV infection
among HIV-infected persons has declined from 15–20/100
patient-years to 1–5/100 patient-years [31, 32]. Clearing of
CMV viremia has been reported following immunologic
improvement associated with HAART [33].

The immune reconstitution that follows successful
HAART has been associated with certain distinct inflam-
matory syndromes, including syndromes related to pre-
existing CMV disease, such as an inflammatory vitritis
related to quiescent or subclinical CMV retinitis. This vitreal
inflammatory response may be severe, and may respond to
intraocular steroid therapy [34].

Effective HAART may produce such substantial immune
reconstitution that certain patients with existing CMV dis-
ease may be able to discontinue maintenance ganciclovir
therapy without experiencing recurrence of CMV disease.
Such patients should have been treated with HAART for
at least 6 months, with an increase of CD4+ count to lev-
els above 100–150 cells/�L, and have negative CMV blood
markers prior to the anticipated discontinuation of anti-

CMV therapy [35]. Children may have the potential to
experience a more substantial immune reconstitution than
adults. However, no clinical trials have established whether
maintenance therapy for CMV disease may be discontin-
ued for pediatric patients. Even as the overall incidence of
CMV disease in HIV-infected adults is decreasing, active
surveillance for CMV end organ involvement must con-
tinue, as CMV disease in patients on HAART is now occur-
ring at CD4+ levels once thought protective against CMV
disease.

41.3 Herpes simplex virus

41.3.1 Epidemiology

As with other herpesviruses, HSV-1 and 2 affect all popu-
lations. HSV-1 is transmitted primarily by contact with
infected oral secretions, and HSV-2 primarily through
infected genital secretions. Primary HSV-1 infection usu-
ally is asymptomatic. Lesions, when present, are usually
located in the oropharynx. Primary infection in young
adults has been associated with pharyngitis and, less com-
monly, a mononucleosis-like syndrome. In resource-rich
countries, children of lower socioeconomic class acquire
HSV-1 earlier than children of higher classes. Only 30–
40% of individuals from middle and upper socioeconomic
classes are seropositive by the second decade of life, com-
pared with 75–90% of individuals from lower socioeco-
nomic classes [36]. HSV-2 is generally acquired through
contact with genital lesions, and as such the seropreva-
lence is low until late adolescence and early adulthood,
increasing with the onset of sexual activity. Overall, 20–30%
of adults in the USA have serologic evidence of HSV-2 infec-
tion [37, 38].

After primary infection with HSV, the virus remains
latent within sensory ganglia. With immunosuppression
or acquired immunodeficiency, reactivation of latent virus
occurs more frequently than in immunocompetent hosts.
Reactivation typically involves mucocutaneous areas near
the original site of entry, the lips or face for HSV-1, and
the genital areas for HSV-2. In severely immunocompro-
mised patients, recurrent infection may spread beyond
the original involved area. Sites distant to the originally
involved area also may be affected secondary to an associ-
ated viremia [37].

Co-infection with HSV-1 and -2 has not been associated
with an effect on HIV disease progression among adults.
Co-infected adults tend to have more episodes of HSV reac-
tivation, as defined by days of viral shedding; many such
episodes are asymptomatic.
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41.3.2 Clinical manifestations

Orolabial herpes
Primary infection with HSV usually occurs in the perioral,
ocular, or genital areas, but any skin site may be involved.
Lesions can be extensive, and may mimic herpes zoster if
present in a dermatomal distribution, although pain usu-
ally is less severe than with herpes zoster.

Primary oral infections or recurrences may be
accompanied by high fever, extensive mucosal ulcer-
ation, drooling, and anorexia. In immunocompetent
hosts, the disease lasts 10–14 days. The most common
symptom of reactivation is herpes labialis, estimated to
occur in 25–50% of infected individuals, frequently in
association with a febrile illness, local trauma, or sun
exposure. Painful vesicles appear at the vermillion border,
progress to ulcers and then crust over 2–4 days.

Reactivation of HSV occurs more frequently, and tends
to be more severe in immunosuppressed hosts. Both adults
and children with HIV infection may develop chronic,
severe, or recurrent orolabial herpes. In some such patients,
chronic ulcerative lesions and virus shedding persists for
weeks. From 5–10% of children with AIDS and primary gin-
givostomatitis subsequently develop frequent recurrences
associated with severe ulcerative lesions and symptoms
usually encountered only with primary infection.

Esophagitis
Up to 25% of autopsy-proven esophagitis in HIV-infected
adults is secondary to HSV, with 25–50% having evidence of
HSV infection elsewhere. Though rarely reported in normal
children, esophageal disease due to HSV infection is rela-
tively common in immunocompromised children. Symp-
toms include retrosternal pain and odynophagia. Herpetic
lesions usually are not seen in the oral cavity. Definitive
diagnosis requires endoscopy with biopsy and viral cul-
ture. In HIV-infected children presenting with symptoms
consistent with esophagitis, endoscopic examination is re-
commended for those with a low probability of candidal
esophagitis, the most frequent cause of esophagitis in this
population. This would include those without thrush at the
time of initial presentation, and those not responding to
initial anti-candidal therapy.

Nervous system
HSV causes infrequent, but life-threatening encephalitis in
immunocompetent hosts. Though HSV-1 is the primary
etiologic agent, encephalitis may also occur secondary
to HSV-2, particularly in the newborn, and in immuno-
compromised patients. The temporal lobe is the principal

site of the necrotizing hemorrhagic encephalitis caused
by HSV. In HIV-infected adults, herpes encephalitis may
not present with such a classic localization, owing to the
presence of other pathogens in the brain. For example,
many patients with HSV-1 encephalitis also have evidence
of ongoing CNS infection with CMV.

The usual symptoms are those associated with acute
encephalitis, namely headache, fever, behavior changes
and seizures. Electroencephalogram (EEG), MRI and com-
puterized axial tomography (CAT) scans reveal changes
consistent with HSV encephalitis by day 4 in many cases.
Magnetic resonance imaging is now the imaging procedure
of choice, and shows localized edema in the temporal and
orbital surface of the frontal lobes, and deeper areas. The
EEG, early in the disease, may only show non-specific slow-
ing. Later in the course, epileptiform discharges may be
found in the temporal areas. Cerebrospinal fluid findings
(pleocytosis of 10–200 cells/�L, normal CSF glucose and
increased protein) are non-specific and mimic those found
with encephalitis due to other viruses.

Genital disease
Primary genital herpes rarely occurs in immunocompe-
tent infants, unless a caregiver inadvertently inoculates
the genital area via contaminated hands, or an infant has
been abused sexually. In adolescents, symptoms of pri-
mary genital herpes are similar to those in adults and
include fever, pain, itching, dysuria, discharge, and regional
adenopathy. Vesicular lesions or ulcers may be noted in the
perineal/vaginal/anal area. Lesions tend to last 2–3 weeks
before complete healing.

In HIV-infected patients, the frequency and severity of
recurrences of genital herpes increase as immunodefi-
ciency worsens. Chronic deep necrotic ulcers secondary
to HSV infection have been described in some severely
immunodeficient, HIV-infected adults.

Disseminated disease
HSV-1, and rarely, HSV-2 can cause disseminated dis-
ease, with involvement of the liver, adrenals, lungs, kidney,
spleen and brain, in severely immunocompromized hosts.
In addition to a widespread vesicular eruption, patients
may develop a hemorrhagic shock syndrome, with hem-
orrhage, evidence of intravascular coagulation, seizures,
renal failure, and death, despite antiviral therapy.

41.3.3 Diagnosis

The diagnosis of HSV infection may be suspected clin-
ically based on the typical appearance of vesicles and
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ulcers. Isolation of the virus remains the definitive diag-
nostic test. HSV grows rapidly, and is usually detected
in tissue culture cells within 1–3 days. New methodolo-
gies (shell vial culture, enzyme-linked culture system) may
decrease further the time to detection. Definitive diagnosis
of esophageal disease requires endoscopy with biopsy and
culture.

Cells collected from scrapings of skin lesions, conjunc-
tiva, or mucosa lesions can be examined for HSV anti-
gens by direct immunofluorescence. This method allows
for quick identification of the virus, and can distinguish
between VZV and HSV. Histiologic examination reveals
intranuclear inclusions and multi-nucleated giant cells.

In the evaluation of possible HSV encephalitis, detec-
tion of HSV DNA in CSF by PCR has replaced brain biopsy
as the diagnostic test of choice. Infectious virus is rarely
present in the CSF, but HSV DNA usually is detected by
PCR. In one large adult study, HSV PCR on CSF had 100%
sensitivity and 99.6% specificity for HSV encephalitis con-
firmed at autopsy [39]. The test has a 95% sensitivity and
specificity. False negative results may occur early, or late,
in the course of the illness. As early institution of treat-
ment is critical, immunocompromised patients presenting
with acute neurologic symptoms consistent with possible
HSV encephalitis should be considered for empiric acy-
clovir therapy pending full evaluation.

41.3.4 Treatment

The drug of choice for HSV infections is acyclovir. Acyclovir
is an acyclic purine nucleoside analogue. It is phosphory-
lated by viral kinase, and then further phosphorylated by
the host cell kinases into active drug, which inhibits viral
DNA polymerase. It acts by competing with native guano-
sine triphosphate for the viral DNA polymerase, by chain
termination of the replicating viral genomic DNA, and by
inactivating the viral DNA polymerase. Acyclovir has an
excellent therapeutic index, partly based on a very high
affinity for the viral thymidine kinase that mediates the
first step in acyclovir’s activation pathway. Concentrations
of the drug are as much as 100-fold higher in cells infected
with HSV, compared with uninfected cells. In addition, nor-
mal cells lack the thymidine kinase enzyme. Acyclovir pen-
etrates well into all tissues, including the brain and CSF.

Symptomatic HIV-infected children with primary gin-
givostomatitis should be treated with intravenous acyclovir
at a dose of 750 mg/m2/day, in three divided doses, or oral
acyclovir at a dose of 1200 mg/m2/day in three divided
doses. For disseminated disease or encephalitis, a higher
parenteral dose, 1500 mg/m2/day or 30 mg/kg/day in three
divided doses is recommended.

Severe oral recurrences should be treated with oral acy-
clovir. Daily suppressive therapy is recommended for chil-
dren with more than 3–6 recurrences per year. Acyclovir-
resistant HSV infection has been reported, generally in
patients who have received multiple courses of therapy or
who are receiving chronic suppressive therapy. The most
common basis for resistance is a mutation leading to dimin-
ished or absent viral thymidine kinase activity. In addition,
several acyclovir-resistant isolates have been noted to have
altered DNA polymerase.

For patients with acyclovir-resistant HSV infections, fos-
carnet is a reasonable alternative, since it inhibits most
acyclovir-resistant strains in vitro. Foscarnet generally is
given at a dose of 40 mg/kg every 8 hours [40, 41], although
foscarnet can be toxic (see above). For chronic skin lesions
unresponsive to intravenous or oral acyclovir anecdo-
tal reports have noted success with topical creams com-
pounded from foscarnet or cidofovir.

Valacyclovir and famciclovir are oral prodrugs that have
activity against HSV and better bioavailability than acy-
clovir. Both are effective in reducing the duration of symp-
toms and viral shredding in adults with recurrent genital
herpes. Neither of these newer agents has been well stud-
ied in children. In addition, neither drug is active against
acyclovir-resistant HSV.

41.4 Varicella-zoster virus

41.4.1 Epidemiology

Primary infection with VZV causes chickenpox, one of the
most contagious infections of humans.

Following primary infection, VZV establishes latent
infection in sensory ganglia of peripheral and cranial
nerves. This state of latency may persist for life, or VZV
may reactivate to cause herpes zoster, also known as shin-
gles. Herpes zoster is a disease primarily of the elderly, but
the incidence of herpes zoster also is increased in younger,
immunocompromised individuals, including patients with
acquired immunodeficiency owing to chemotherapy or
immunosuppression.

Transmission of VZV is thought to occur by the respirat-
ory route through inhalation of droplets containing viral
particles. Potential source(s) of such droplets include vesic-
ular or ulcerating skin lesions and the respiratory tract of
infected individuals. Humans are the only known source
of VZV. Infected individuals can transmit infection from
1–2 days before rash appears until all lesions are crusted.
Individuals with chickenpox are more likely to transmit
infection than individuals with herpes zoster. Transmission
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occurs more frequently after household exposures than
exposures in school, suggesting that close contact with an
infected individual increases the risk of acquiring infection.

Most individuals acquire chickenpox during childhood.
Currently, the highest incidence of chickenpox in the USA
is in 5 to 10-year-old children. Chickenpox also occurs in
susceptible adolescents and young adults. The incubation
period is usually 14–16 days, with a range of 10–21 days.
After administration of Varicella-zoster immune globulin
(VZIG) the incubation period may be as long as 28 days.

While precise epidemiologic data are not available, HIV-
infected children are probably as likely to be exposed to
VZV infection and to develop chickenpox as non-infected
children. HIV-infected children are more likely to develop
recurrent VZV infection, as described below.

41.4.2 Clinical manifestations

Varicella
In healthy children, chickenpox is usually an annoying,
but benign illness. A variety of complications, including
skin infections, pneumonia, and encephalitis, occur in
a small percentage of such children. Less common, life-
threatening complications include bacterial sepsis, toxic-
shock syndrome and Reye’s syndrome.

Manifestations of chickenpox in HIV-infected children
appear to be less severe than initially thought. Jura et al.
reported that chickenpox was severe, prolonged, and fre-
quently complicated in HIV-infected children observed
between 1985 and 1989 [42]. Most of these children had evi-
dence of lung or liver involvement, and one, at autopsy, had
evidence of widespread dissemination to lung, liver, brain,
and pancreas. More recently, almost all cases of chicken-
pox in HIV-infected children have been uncomplicated [43,
44]. In a recent prospective study, only one of 30 cases of
chickenpox was considered severe [44]. In this study, two-
thirds of the children received either intravenous or oral
acyclovir, which may have prevented complications from
developing in some of them. Also, children who developed
chickenpox in recent years were usually on antiretroviral
therapy and probably had better immune function than
children who acquired chickenpox prior to the advent of
effective antiretrovirals.

41.4.3 Herpes zoster

In HIV-infected adults, the incidence of zoster has been
estimated at 2.5–4 cases/100 patient years. Recently,
reports have noted an increased incidence of zoster within
the first 6 months of initiating HAART. Two reports noted
an incidence of 6.2 and 19 cases/100 patient years, respec-

tively, among adults recently started on HAART. These stud-
ies indicate that zoster may represent one of the many
“immunoreconstitution syndromes” now recognized in
adults following the initiation of HAART [45, 46]. It is appar-
ent that zoster is also much more common among HIV-
infected children than among non-infected children. The
incidence of zoster in immunocompetent children less
than 10 years of age is reported as less than 1/1000. In con-
trast, various reports have noted a 10–70% risk of zoster in
HIV-infected children followed longitudinally [47, 48].

In one prospective study of VZV infections in HIV-
infected children, 8 of 30 children who acquired chickenpox
after 1 year of age developed herpes zoster [47]. The mean
interval between varicella and zoster in these children was
1.9 years. Zoster occurred more frequently in HIV-infected
children who had low CD4+ cell counts at the onset of
varicella. In fact, in this small study, 70% of HIV-infected
children with <15% CD4+ cells at the onset of varicella
developed herpes zoster.

In HIV-infected children, recurrent VZV infection may
present as a disseminated rash typical of chickenpox, rather
than as herpes zoster [47]. Compared with herpes zoster, in
which a few lesions may appear outside the involved der-
matome(s), the disseminated rash of recurrent VZV infec-
tion is much more generalized. In contrast to healthy chil-
dren, HIV-infected children may have multiple episodes
of recurrent disease. HIV-infected children who have low
CD4+ cell counts are more likely to develop multiple recur-
rences than those with higher counts.

Persistent VZV infection
Following primary or recurrent VZV infections, HIV-
infected children may develop persistent skin lesions.
In one series, persistent infection, defined as continued
appearance of new varicella or zoster lesions for more
than one month, occurred in 14% of HIV-infected chil-
dren who developed VZV infections [48]. Lesions persisted
in these children for 2–24 months, despite treatment of
most of these children with oral or intravenous acyclovir.
In occasional children, the persistent lesions have led to
the diagnosis of HIV infection. HIV-infected children who
develop persistent VZV infection generally have low CD4+

cell counts. Some may become infected with acyclovir-
resistant strains of VZV [48]. Resistance to acyclovir is more
likely to appear in children receiving chronic therapy with
acyclovir or multiple courses of acyclovir for persistent or
recurrent infection.

VZV-related retinal disease
A rare, but devastating complication of VZV infections
in HIV-infected adults is acute retinal necrosis (ARN).
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Patients generally present with ocular pain and decreased
acuity. Up to 85% of cases result in blindness. Diagnosis is
made by ophthalmologic exam. Findings are described in
Chapter 27.

In severely immunocompromised patients, VZV can
cause encephalitis, as well as myelitis or meningitis. In a ret-
rospective review of adult patients with VZV-related neu-
rologic disease (all with positive CSF PCR for VZV), a zoster
rash was noted at the time of diagnosis in 71% of patients
while 12% had ARN. Almost 60% had fever at the time of
presentation. The median CD4+ count at presentation was
11 cells/�L. Cerebrospinal fluid findings included mild
pleocytosis (mean WBC 126/mL) and elevated protein. A
small number of patients (9%) had no history of zoster, nor
rash or eye findings at the time of presentation [49].

Effect of highly active antiretroviral therapy
Initial observations on VZV infections in HIV-infected chil-
dren were made prior to the availability of HAART. Now
that antiretroviral regimens are available that can reduce
plasma viral loads of HIV-infected children, with concom-
itant rises in CD4+ cell counts, the incidence and sever-
ity of VZV infections needs to be reassessed. In addition, it
remains to be seen if the increased incidence of zoster seen
in adults commencing HAART also occurs in HIV-infected
children.

Diagnosis
A clinical diagnosis of VZV infection often can be made
on the basis of physical findings. Skin lesions in HIV-
infected children with VZV infection usually are indis-
tinguishable from those of healthy children. Hyperkera-
totic, slow-healing lesions, not seen in healthy children,
may appear with persistent infection in HIV-infected chil-
dren. The differential diagnosis of VZV infection includes
insect bites, other viruses associated with vesicular rashes
(including HSV and certain enteroviruses) and contact der-
matitis. Primary or recurrent HSV infection can present
with vesicular lesions in a dermatomal distribution.

Several methods are available for laboratory diagnosis
of VZV infection. Detection of multi-nucleated giant cells
with intranuclear inclusions in Tzanck smears of scrapings
from vesicular lesions would be consistent with the diag-
nosis of VZV infection, but other viruses, including HSV,
can produce similar changes. Immunofluorescent staining
of scrapings from lesions can provide a more specific diag-
nosis. Cells scraped from the bases of lesions and allowed
to adhere to glass slides are incubated with fluorescein-
conjugated antibodies that react with antigens of VZV or
HSV. After incubation with such antibodies, cells contain-
ing VZV or HSV antigens can be visualized by fluorescence

microscopy. Using this method, VZV and HSV infections
can be diagnosed rapidly and with great accuracy,

Varicella zoster virus also can be isolated from vesicular
fluid or from swabs of ulcers. Prompt delivery of specimens
to a clinical virology laboratory increases the yield of virus
culture. Specimens that cannot be delivered to a laborat-
ory within a few hours should be kept frozen at –70 ◦C.
Polymerase chain reaction methods also can be used to
detect VZV DNA in vesicular lesions, however, such tests
are available only in a small number of research labora-
tories; PCR techniques are highly sensitive for detecting
VZV DNA, however, false positive results may be obtained
owing to contamination within a laboratory.

Serologic assays also may be useful for diagnosis of VZV
infection, particularly if viral isolation and PCR assays are
not available or yield negative results. Acute and convales-
cent sera, with the latter collected 2–3 weeks after onset
of illness, should be tested simultaneously. Detection of
a 4-fold or higher rise in antibody titer in the fluorescent
antibody membrane antigen (FAMA) test, or seroconver-
sion (initial negative titer with subsequent positive titer)
would be strong evidence of a recent VZV infection. Flu-
orescent antibody membrane antigen assays are techni-
cally demanding and generally are not available in clin-
ical laboratories. Commercially available enzyme-linked
immunoabsorbent and latex agglutination assays are use-
ful for detecting seroconversion, but are less reliable for
detecting rises in antibody titer.

Acute retinal necrosis generally is diagnosed by its classic
appearance on ophthalmologic examination. Neurologic
complications of VZV infection are diagnosed based on
symptoms and a clinical exam consistent with VZV, and
a positive CSF VZV PCR assay.

Treatment
Acyclovir is the drug of choice for VZV infections in HIV-
infected children. Since the severity of infection cannot
be predicted with certainty at the onset of disease, all
HIV-infected children with primary varicella should be
treated with acyclovir. In most cases, the intravenous
route of administration is preferred, based on the cellu-
lar concentration of drug required to inhibit VZV, since
only about 5% of oral acyclovir is absorbed. The recom-
mended dose of intravenous acyclovir for VZV infections is
1500 mg/m2/day in three divided doses. Oral administra-
tion may be considered for HIV-infected children who have
normal or only slightly decreased CD4+ cell counts. An oral
dose of 80 mg/kg/day should be used, since administration
of acyclovir at this dose was associated with modest clin-
ical benefit in previously healthy children with chickenpox.
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Lower doses of acyclovir are unlikely to be efficacious, and
higher doses have not been studied.

Acyclovir also is the drug of choice for herpes zoster in
HIV-infected children. In most cases, acyclovir can be given
orally, since herpes zoster is less likely than chickenpox to
disseminate and to cause life-threatening disease in this
patient population. Patients with very low CD4+ cell counts,
trigeminal or ocular involvement or extensive herpes zoster
elsewhere should be treated, at least initially, with intra-
venous acyclovir. Two newer antivirals, famciclovir (pro-
drug of penciclovir) and valacylovir (pro-drug of acyclovir)
are well absorbed when given orally, and both have been
shown to be effective for treating herpes zoster in adults.
The results of a preliminary pharmacokinetic study on the
use of the tablet formulation of valacyclovir in immuno-
compromised children (ages 5–12 years) revealed accept-
able bioavailability and minimal toxicity. The authors esti-
mate a valacyclovir dose of 30 mg/kg three times a day to
achieve serum concentrations of acyclovir equivalent to
that found with three times a day of intravenous acyclovir,
at a dose of 250 mg/m2 [50].

After acyclovir is started, new lesions may continue to
appear for up to 72 hours. Crusting of all lesions may
take considerably longer, usually 5–7 days. Patients who
continue to develop new lesions, or whose lesions fail to
heal, despite therapy with acyclovir, could be infected with
strains of VZV that are resistant to acyclovir. As with HSV iso-
lates resistant to acyclovir, most VZV resistance to acyclovir
appears to be based on the development of mutations lead-
ing to absent, or greatly decreased, activity of viral thymi-
dine kinase [51]. Occasional isolates have been noted to be
resistant based on changes in the viral DNA polymerase.
Isolates of VZV from such patients should be tested for sus-
ceptibility to acyclovir in specialized laboratories. Isolates
that are resistant to acyclovir also will be resistant to fam-
ciclovir and valacylovir.

Patients who fail to respond clinically to acyclovir, includ-
ing those from whom acyclovir-resistant strains of VZV are
isolated, may be switched to foscarnet which has activity
against most acyclovir-resistant strains of VZV. Foscarnet
can cause severe nephrotoxicity and therefore should be
used only if acyclovir resistance is documented or strongly
suspected based on clinical findings. Foscarnet-resistant
VZV is uncommon, but has been reported.

Prophylaxis
Varicella-zoster immune globulin should be given to sus-
ceptible HIV-infected children within 72 hours after a sig-
nificant exposure to VZV infection. To hasten administra-
tion of VZIG after such exposures, HIV-infected children
should be prescreened for antibodies to VZV on a yearly

basis. Post-exposure acyclovir may be considered as well,
based on a study in non-infected children, which indicated
efficacy in decreasing incidence of clinical disease follow-
ing household exposure.

Varicella vaccine was recently licensed for use in normal
children. Although it is a live virus vaccine, it perhaps has
some utility in HIV-infected children. A recently concluded
trial of varicella vaccine in asymptomatic HIV-infected chil-
dren with normal CD4+ counts has led to the recommen-
dation that such children should routinely receive the vac-
cine [52]. In this study, 41 HIV-infected children received
two doses of varicella vaccine. Following the second dose
of vaccine, 60% had detectable anti-varicella serum anti-
bodies, and 83% a positive lymphoproliferative response
to varicella antigen. Systemic side-effects were minimal.
There was no statisically significant change in viral load.
Consequently, all asymptomatic, or mildly symptomatic
HIV-infected children, with normal or near normal CD4+

counts, should receive two doses of varicella vaccine, at
least 3 months apart (see also Chapter 10).

A current study is targeting symptomatic HIV-infected
children with lower CD4+ counts to assess safety and effic-
acy of the vaccine in this population. In addition, another
ongoing study is evaluating the feasibility of boosting vari-
cella immunity, by active immunization, to decrease the
risk of zoster in HIV-infected children who have already
experienced primary varicella.

A cautionary note must be made of the report of a 16-
month-old, who developed disseminated varicella, with a
chronic skin rash, and CNS symptoms after receiving the
varicella vaccine prior to diagnosis of HIV infection. The
initial CD4+ count at the time of presentation was only
8 cells/�L. This case clearly illustrates the potential risk in
immunizing HIV-infected children with severe immuno-
compromise [53].

Epstein–Barr virus
As with other members of the family Herpesviridae, EBV
infection is worldwide in distribution. Transmission occurs
through close interpersonal contact. In many parts of the
world almost all school-age children have evidence of
EBV infection. In developed countries, improved sanitary
conditions and decreased crowding are associated with
delayed acquisition of EBV, so that in these countries trans-
mission often occurs during adolescence.

Primary infection in infants or young children may be
unapparent or may result in a short febrile illness. In older
children and adults, EBV infection may result in the infec-
tious mononucleosis syndrome, with fever, pharyngitis,
adenopathy, and hepatic or splenic enlargement.
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Epstein–Barr virus is a potent stimulator of B cells and
has been associated with lymphoproliferative syndromes
in immunosuppressed hosts. It is therefore not surpris-
ing that EBV has been linked to HIV-related lymphopro-
liferative syndromes. The most common EBV-related syn-
dromes in HIV-infected children are lymphocytic intersti-
tial pneumonitis (LIP, see Chapter 31) and non-Hodgkin’s
lymphoma (discussed in Chapter 36).

Human Herpesvirus 6
Human Herpesvirus 6 is a member of the Roseolovirus
genus of herpesviruses. It is the causative agent for most
cases of roseola, a febrile illness of early childhood asso-
ciated with a distinctive rash and, occasionally, febrile
seizures. Many cases of primary infections are asymp-
tomatic. Primary infection generally occurs before the
age of 2. During latency, cellular reservoirs include CD4+

lymphocytes and, possibly, epithelial cells of the salivary
glands.

The CD4+ lymphocyte is the primary target of HHV-6. In
cell cultures HHV-6 can infect HIV-infected CD4+ lympho-
cytes. In vitro experiments indicate that HHV-6 can upregu-
late HIV expression in co-infected cells, possibly through
transactivation of the HIV promotor [54]. Preliminary data
suggest that HHV-6 infection may play a role in progression
of HIV infection in children [55].

Human Herpesvirus 8
Human Herpesvirus 8 (also known as Kaposi’s sarcoma-
associated herpesvirus, KSHV) is a recently identified mem-
ber of Herpesviridae with similarities in DNA sequences
to EBV, and a more distant related herpesvirus, saimiri,
which primarily infects monkeys. Clear epidemiologic and
clinical links exist between HHV-8 and Kaposi’s sarcoma,
and between the virus and other neoplastic diseases, such
as body cavity-based lymphomas (primary effusion lym-
phomas), and multicentric Castleman’s disease. HHV-8
and related disorders are discussed more extensively in
Chapter 36).

41.5 Summary

Herpesviruses can produce troublesome, and sometimes
lethal, opportunistic infections in immunocompromised
patients, particularly those with advanced HIV disease.
With the introduction of HAART and resulting improved
immunologic reconstitution, herpesvirus infections may
become less bothersome in HIV-infected children. Nev-
ertheless, it is likely that some HIV-infected children will
continue to acquire symptomatic herpesvirus infections.

Therefore, development of more effective, less toxic antivi-
rals as well as vaccines against members of this family of
viruses, remains an important goal.
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Pneumocystis carinii pneumonia
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Pneumocystis carinii pneumonia (PCP) is the most com-
mon AIDS-defining condition and most life-threatening
opportunistic infection in children infected with HIV
in developed countries. The incidence of PCP has
decreased dramatically with the introduction of highly
active antiretroviral therapy (HAART) and with routine use
of prophylaxis regimens.

42.1 Biology and taxonomy

In 1909 and 1910, Chagas and Carini first described Pneu-
mocystis carinii, incorrectly, as the sexual state of Try-
panosoma cruzi [1, 2]. The organism was identified as a
unique microbe in 1912 in Parisian sewer rats and named
after Carini. It was recognized as a human pathogen in 1952
by the Czech parasitologist, Jirovec [3] who causally related
the organism to plasma cell pneumonia in 3 to 6-month-
old preterm and malnourished infants living in European
orphanages after World War II. From that time until the
1980s, PCP was uncommon, occurring primarily in patients
who were immunocompromised because of cancer ther-
apy or congenital immune deficiencies [4].

Pneumocystis is a unicellular eukaryotic organism with
a nuclear membrane and intracellular organelles. It exists
in three morphologic forms: sporozoites, trophozoites, and
cysts. Trophozoites (2–5 �m) adhere to alveolar epithelium
where they multiply and mature into cysts (5–8 �m). These
cysts are round or crescent-shaped thick-walled structures
that contain up to 8 sporozoites (1–2 �m) which when
released mature to become trophozoites. The cyst and
trophozoite forms are found in lung and pleural fluid.

Pneumocystis organisms were initially thought to be a
single strain that infected a broad range of hosts. It is now
known through molecular and immunologic studies that
there are in fact multiple strains of Pneumocystis that are
restricted to infecting a single host species [2]. Mouse-
derived Pneumocystis will not infect rats or humans, while
a human-derived Pneumocystis will not infect mice or rats.
The organism first known as P. carinii is found exclusively in
rats. Consequently, in keeping with the International Code
of Botanical Nomenclature, the correct biological and tax-
onomical name to refer to the human Pneumocystis organ-
ism is P. jiroveci (PJ) (formerly P. carinii special family homi-
nis) rather than P. carinii [5]. For convenience, the organism
causing the human disease will be referred to in this chap-
ter as Pneumocystis and the pulmonary infection will be
referred to as PCP. Molecular typing of isolates using the
internally transcribed spacer region of the ribosomal RNA
has shown that there are approximately 50 unique isolates
of human Pneumocystis [6]. Co-infection with multiple iso-
lates has been reported in up to 30% of PCP cases [7]. Some
recurrent episodes demonstrated type variation suggesting
that the recurrence may be the result of re-infection with
a new type rather than reactivation of the initial PCP type
[8].

The taxonomic classification of Pneumocystis has been
the subject of considerable debate. The organism was
once thought to be protozoan based on its morphologi-
cal appearance, ultrastructure, failure to grow on fungal
culture media, and susceptibility to antiprotozoal agents,
such as pentamidine and trimethaprim/sulfamethoxazole
(TMP–SMX). However ample evidence, including sequence
analysis of ribosomal RNA genes, sequence analysis of
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the Pneumocystis enzymes dihydrofolate reductase and
thymidylate synthetase, and finally the discovery in 1992 of
the presence of a translation elongation factor 3 gene found
exclusively in fungi, have shown that Pneumocystis is phy-
logenetically closer to fungi than protozoa [9, 10]. Addition-
ally, antifungal compounds that inhibit �-glucan synthesis,
such as echinocandins and papulocandins, reduce Pneu-
mocystis cysts and trophozoites (whose cell wall contain
�-glucan) in immunosuppressed rats [11]. However, Pneu-
mocystis has some features that are atypical for fungi. It is
resistant to standard antifungal agents (e.g. amphotericin
and azoles) since it lacks ergosterol, the sterol characteristic
of fungal cell membranes. Unlike most fungi that contain
hundreds of copies of ribosomal RNA genes, Pneumocystis
contains only a limited number [12].

42.2 Epidemiology

Serum antibodies to Pneumocystis can be found in greater
than 80% of all children by age 2–4 years, suggest-
ing that primary asymptomatic infection occurs com-
monly in immunocompetent hosts [13, 14]. Although
there is no well-defined clinical syndrome associated with
Pneumocystis infection in immunocompetent hosts, Pneu-
mocystis DNA has been found in children with focal
pneumonitis and with upper and lower respiratory tract
infections. Since the 1980s patients most at risk for PCP
remain those with advanced HIV disease with impaired
cell-mediated immunity. HIV-infected infants are also at
increased risk of developing PCP, but at much higher CD4+

cell counts than older children or adults. In addition, the
CD4+ count can fall precipitously in HIV-infected infants.
All HIV-exposed infants should receive prophylaxis for PCP
from the age of 6 weeks. Prophylaxis may subsequently
be discontinued for infants found to be uninfected (see
Chapter 9).

Pneumocystis carinii pneumonia is the most common
AIDS-defining illness in children in developed countries. As
of December 2000 it had been reported in 33% of 8908 pedi-
atric AIDS cases in the USA, with the greatest percentage
of those cases occurring in children < 1 year old, peaking
between the ages of 3–6 months [15]. An analysis of 3300
HIV-infected children participating in Pediatric AIDS Clin-
ical Trials Group studies from 1988–98 reported a PCP event
rate of 1.3 per 100 person years [16]. With the advent of rou-
tine PCP prophylaxis for HIV exposed/infected infants in
developed countries, PCP occurs mainly in infants born to
HIV-infected women who are unaware of their serostatus.

Autopsy and clinical studies suggest that the incidence
of PCP in HIV-infected African children hospitalized with

severe pneumonia (defined by WHO criteria as pres-
ence of tachypnea or lower chest retractions) [17] ranges
from 10–48% dependent on diagnostic technique [18–20].
The reported incidence was less when a negative result
obtained using induced sputum was not followed by
another attempt at diagnosis using specimens obtained by
bronchoscopy with alveolar lavage, a technique with super-
ior sensitivity. The peak age of occurrence, 2–6 months, is
similar to that observed in developed countries. Reports
from South Africa and the UK suggest that co-infection
with cytomegalovirus occurs commonly in HIV-infected
children with pneumonia and that survival is significantly
worse in these infants [21, 22]. Concomitant treatment with
anti-CMV therapy in addition to PCP treatment should be
strongly considered, particularly for those patients on cor-
ticosteroids. In Bangkok, Thailand PCP caused at least one-
third of all severe pneumonias, while presumptive PCP was
the most common AIDS-defining condition in Thai chil-
dren during from 1988–1995 [23]. In Barbados, more than
37% of children presented with PCP as their initial clinical
presentation of HIV infection. It was the primary cause of
death in 65% of the AIDS-related deaths in these children
[24]. It is a significant cause of death in HIV-infected chil-
dren in many populations. In some African studies, mor-
tality due to PCP occurs in greater than 60% of pediatric
patients, even when patients are treated with cotrimox-
azole and prednisone. In the USA and UK, mortality in
patients with PCP ranges from 38–62% [25–28]. The mor-
tality rate in untreated cases approaches 100%.

42.3 Pathogenesis

CD4+ lymphocytes are necessary for an effective host
response to Pneumocystis. CD8+ cells appear to play a
minor role in controlling Pneumocystis infection. Patients
with impaired cell-mediated immunity (i.e. infants,
patients with HIV, severe malnutrition, or patients exposed
to cytotoxic agents or corticosteroids) are at highest risk
of developing PCP. The reservoir for human infection is
unknown, but may include environmental sources includ-
ing soil and water as well as other humans [1, 29]. It is
hypothesized that persons most likely become infected
by inhalation of the organism. Since most immunocom-
petent persons have antibodies to Pneumocystis, it has
been traditionally believed that illness in immunocom-
promised hosts represents reactivation of latent infec-
tion in the setting of immunosuppression. However, there
have been clusters of cases reported among immuno-
suppressed patients, and molecular epidemiologic stud-
ies in healthcare workers suggest that new infection can
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also occur [32, 33]. Molecular typing of BAL samples in
some HIV-infected patients with separate episodes of PCP
greater than 6 months apart, showed different sequence
types detected in the second and subsequent episodes
compared with the first, suggesting infection with a dif-
ferent Pneumocystis strain [8, 34]. It has also been clearly
demonstrated in rats and mice that infection can be trans-
mitted from animal to animal via the airborne route.
Whether this occurs in humans is still not known [30, 31].

Pneumocystis carinii pneumonia impairs lung function
by causing alveolar erosion after the trophozoite’s surface
glycoprotein binds to the surface of the type I pneumo-
cyte through extracellular proteins [35]. This attachment
does not involve fusion between the cell wall and alve-
olar epithelium or tissue invasion but rather degenera-
tion and subsequent erosion of the type I pneumocyte
leading to disruption of the epithelium and the underly-
ing basement membrane [36]. Cellular infiltration, intersti-
tial fibrosis and increased inflammation characterize the
ensuing alveolar damage. As infection progresses, alveo-
lar septal hypertrophy occurs, with an accumulation of
interstitial edema and mononuclear cell infiltration [36].
Increased alveolar-capillary permeability leads to early
impairment of gas exchange and ultimately decreased
compliance, total lung capacity, and vital capacity [37]. The
host inflammatory response may further impair lung func-
tion. Light microscopy of lung tissue may show prominent
eosinophilic, foamy intra-alveolar exudates with a mild
interstitial pneumonitis, along with proliferation of type
II pneumocytes.

42.4 Clinical features of disease
due to Pneumocystis

42.4.1 Pulmonary disease

The onset of illness is usually abrupt in children with
AIDS, though it may be insidious, developing over a period
of weeks. The classic presentation includes high-grade
fever (> 40 ◦C), tachypnea, dyspnea, and non-productive
cough. Rarely, children may present without fever [38] or
with increasing lethargy and weight loss. One case report
described chest pain as the only presenting clinical symp-
tom in a young child [39]. Physical examination frequently
reveals an acutely ill child with nasal flaring, inter-, sub-,
or supracostal retractions, bibasilar rales and evidence of
respiratory distress. Hypoxia is a prominent feature of PCP
and may be less responsive to oxygen than in the case of
bacterial pneumonia [26]. The hypoxia may be worse than
would be expected on the basis of the physical exam and
chest x-ray. Cyanosis may be present or rapidly develop.

42.4.2 Extrapulmonary pneumocystosis

Extrapulmonary pneumocystosis (EP) may be the initial
presentation of Pneumocystis infection. Between 0.06–2.5%
of Pneumocystis disease cases are EP [40]. Autopsy find-
ings indicate that dissemination of the infection most
likely occurs by direct spread or by hematogenous or lym-
phatic routes [41]. The use of aerosolized pentamidine
for PCP prophylaxis was thought to be associated with
an increase in incidence of EP, since it is not systemi-
cally absorbed. However, cases of EP have been reported
in patients receiving systemic prophylaxis with dapsone
and pyrimethamine.

Extrapulmonary pneumocystosis has been reported to
occur in the ear; eye; thyroid; spleen; and gastrointesti-
nal (GI) tract, including peritoneum, stomach, duodenum,
small intestine, transverse colon, liver, and pancreas. It
has less frequently been reported to occur in the adrenal
glands; bone marrow; heart; kidney and ureter; lymph
nodes; meninges and cerebral cortex; and muscle. HIV-
infected patients with EP often do not have clinically signifi-
cant pulmonary involvement, and present with symptoms
resulting from infection at an extrapulmonary site, such as
hearing loss, abdominal pain, and ascites [40, 42]. Extra-
pulmonary pneumocystosis may occur at single extrapul-
monary sites or at numerous, non-contiguous sites simul-
taneously and should be considered in the differential of
unexplained hearing loss, visual field loss, thyroiditis, new
onset ascites, or clinical signs consistent with colitis.

42.5 Laboratory features of Pneumocystis
carinii pneumonia

Hypoxemia is the most consistent feature with alveolar-
arterial oxygen gradient often greater than 30 mm Hg,
and arterial oxygen tension (PaO2) between 34–73 mm Hg.
Arterial CO2 tension (PaO2) may remain stable, although
pH increases with increasing severity of disease, as the
ventilation rate increases with worsening hypoxia, lead-
ing to respiratory alkalosis. Lactate dehydrogenase is often
increased greater than 500 U/L, but most likely repre-
sents lung damage and is not specific for PCP [43]. Serum
total protein and albumin concentrations are frequently
depressed.

42.6 Radiographic features of Pneumocystis
carinii pneumonia

Chest radiographs most commonly show hyperinflation
or bilateral diffuse parenchymal infiltrates with a “ground
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glass” or reticulogranular appearance, but may be nor-
mal or show very mild parenchymal abnormalities (Fig-
ure 42.1). A diffuse reticular pattern with alveolar den-
sities and air bronchograms may be present [44] (Figure
42.2). Patients receiving aerosolized pentamidine prophy-
laxis may present with upper lobe disease. HIV-infected
patients with PCP often have multiple pulmonary cysts and
cavities resulting from lung destruction and necrosis due
to the organism. Pneumothoraces from rupture of a cavity
or cyst been reported as a presenting feature [45]. Local-
ized nodular densities in the periphery, lobar infiltrates,
pulmonary air cysts, and pleural effusions may occur in
severe disease (Figures 42.3 and 42.4). Cavitary granulomas
with central calcifications may also occur. High-resolution
computerized tomography (HRCT) has an increased sensi-
tivity and specificity over chest radiography for respiratory
complications in immunocompromised adults (see Figure
42.5). When a respiratory infection such as PCP is suspected
clinically, HRCT may reveal abnormalities despite a normal
radiograph; it is also useful to guide biopsy (transbronchial
or open) to the site of affected lung, when tissue sam-
pling is required to make the diagnosis. The HRCT appear-
ance of PCP includes ground-glass attenuation, consol-
idation, nodules, thickening of interlobular septa, and
thin-walled cysts [46]. Hilar lymphadenopathy may also
be present. Radionuclide gallium scans frequently show
increased uptake of gallium by the lungs but are not specific
for PCP [47].

42.7 Diagnosis of Pneumocystis
carinii pneumonia

The differential diagnosis of patients with clinical presenta-
tions suggestive of PCP includes bacterial, viral, and fungal
pneumonias, including Epstein–Barr virus infection;
cytomegalovirus pneumonitis; Mycobacterium avium
complex pulmonary infection; and lymphoid interstitial
pneumonitis (pulmonary lymphoid hyperplasia). Lym-
phoid interstitial pneumonitis (LIP), like PCP, also presents
with multiple, small widespread nodules, although the
clinical course of LIP is generally much more indolent.

Neither clinical presentation, laboratory tests, nor radio-
graphy is pathognomonic for PCP. Since it is not possible to
culture Pneumocystis in vitro, the diagnosis of infection in
both pulmonary and extrapulmonary sites relies on a vari-
ety of direct staining, histologic, and molecular diagnostic
techniques. The definitive diagnosis can only be made by
histopathologic demonstration of organisms in nasopha-
ryngeal aspirates, induced sputum tissue, bronchoalve-
olar lavage fluid, or tissues. Spontaneously expectorated

Figure 42.1. Chest x-ray of a child with Pneumocystis carinii

pneumonia demonstrating diffuse “ground glass” infiltrates.

Figure 42.2. Chest x-ray of a patient with Pneumocystis carinii

Pneumonia showing a diffuse reticular pattern with alveolar

densities and air bronchograms.
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Figure 42.3. Chest x-ray (PA view) of a child with Pneumocystis

carinii pneumonia showing localized nodular disease.

sputum has very low sensitivity and is not useful for diag-
nosis of PCP in children.

42.7.1 Diagnostic procedures

Several diagnostic procedures can be used to obtain speci-
mens for the diagnosis of PCP. These procedures vary in
their yields of diagnostic specimens and in the skill required
to effectively perform them. The choice of diagnostic pro-
cedures will vary from case to case, depending on the clin-
ical features of the case, and from institution to institution
depending upon the available expertise.

Nasopharyngeal aspirate
Nasopharyngeal aspirate (NPA) is performed using a modi-
fied feeding catheter attached to a 5 ml syringe con-
taining 3–5 ml of normal saline. The catheter is passed
through either nostril into the nasopharynx, saline flushed,
and immediately aspirated [19]. Pneumocystis is identified
using a direct monoclonal antibody immunofluorescent
stain. Immunofluorescence assay (IFA) has high sensitiv-
ity when applied to deep lung secretions, but may be able
to identify Pneumocystis organisms from NPA only in cases
of overwhelming infection [18].

Figure 42.4. The lateral Chest X-ray corresponding to Figure 42.3.

Induced sputum analysis
Induced sputum analysis (ISA) is an easy, non-invasive test
wherein a patient produces sputum after inhalation of neb-
ulized 3% hypertonic saline. The sensitivity ranges from
25–90%. Best results depend on good specimen collection
and preparation, and on analysis by experienced person-
nel [49]. However, the negative predictive value is only 48%.
Therefore, bronchoalveolar lavage (BAL) should follow a
negative ISA. Complications of ISA include nausea, vomit-
ing, and bronchospasm.

Fiberoptic bronchoscopy with bronchoalveolar lavage
Bronchoalveolar lavage is the diagnostic procedure of
choice in hospitals where the prevalence of PCP is low, ISA
is difficult to obtain or negative, or hospital personnel are
inexperienced in performing ISA. Sensitivity of BAL (which
requires at least 15–25 ml of lavage fluid) ranges from
55–97% and is not affected by previous aerosolized pen-
tamidine prophylaxis [49, 50]. Importantly, BAL remains
positive for at least 72 hours after PCP treatment has been
instituted. PCP treatment should not be delayed while
awaiting the results of the procedure [51]. Complications of



Pneumocystis carinii pneumonia 625

Figure 42.5. Two cuts from a high resolution CT of the patient

with PCP in Figures 42.3 and 42.4.

BAL include hemoptysis, pneumothorax, transient hypox-
emia, transient increase in pulmonary infiltrates at the
lavage site, and post-bronchoscopy fever.

Fiberoptic bronchoscopy with transbronchial biopsy
Transbronchial biopsy has been used as the initial diagnos-
tic procedure of choice in patients with diffuse lung disease
[52]. However, because of the increased risk of pneumo-
thorax, this procedure is not recommended routinely
unless the BAL is negative or non-diagnostic in a patient
with a clinical picture consistent with PCP. The sensitivity
of TBB ranges from 87–95% and cysts may be commonly
identified up to 10 days after treatment has begun (up to
4–6 weeks in some patients) [53]. Complications of TBB
include pneumothorax and hemorrhage. This procedure
may be contraindicated in patients with severe thrombo-
cytopenia or other bleeding disorders.

Non-bronchoscopic bronchoalveolar lavage
This technique has been used with infants and children
in whom bronchoscopy is technically difficult. Although
a larger specimen can be obtained using this procedure
than through ISA, the procedure carries a significant risk of
aspiration because the catheter is placed blindly.

Open lung biopsy
This diagnostic procedure is the most sensitive for PCP
(> 95%), but is seldom used today, as it requires tho-
racotomy and subsequent chest tube drainage. The
histopathology of specimens obtained by this method
is often characteristic, showing diffuse alveolar damage
with alveoli filled with eosinophilic, acellular, proteina-
ceous material that contains cysts and trophozoites yet
few inflammatory cells. Unlike typical foamy, alveolar exu-
dates, the pulmonary alveolar proteinosis seen in PCP is
finely granular, with occasional clumps and cholesterol
clefts [54]. Interstitial fibrosis is commonly seen. Compli-
cations include pneumothorax, pneumomediastinum, and
hemorrhage.

42.7.2 Diagnostic methods

Histological diagnostic methods – stains
Pneumocystis carinii cysts are 5–7 �m and require special
stains for identification. They appear as helmet, crescent, or
banana shapes with darkly stained foci resulting from thick-
ening of the capsule. There are three different stains used in
the diagnosis of Pneumocystis organisms in clinical speci-
mens. These include: Gomori-Methenamine-Silver Stain,
which stains the cyst wall brown or black; Toluidine Blue
Stain, which stains the cyst wall blue or lavender and
also stains fungal elements; and Giemsa and/or Wright’s
Stain, which stains Pneumocystis trophozoites and intra-
cystic sporozoites pale blue with a punctate red nucleus.
This stain does not stain the cyst wall. Many laboratories
are currently diagnosing Pneumocystis with monoclonal
immunofluorescent antibodies, which stain the cyst wall
of Pneumocystis.

Molecular diagnostic methods – polymerase
chain reaction
It is possible to amplify P. jiroveci DNA sequences by poly-
merase chain reaction (PCR) directly from blood or serum
samples as well as from nasopharyngeal aspirates and BAL
specimens [55]. The highest sensitivity is found using either
a multi-copy gene target (such as mitochondrial ribosomal
RNA) or a nested PCR procedure. There have been reports
of individuals with positive PCR but negative confirmatory
stain [13]. While most patients had clinical disease, some
did not, suggesting either asymptomatic colonization or
carriage. Polymerase chain reaction remains predomi-
nantly a research tool.

42.8 Treatment

Children with known or suspected HIV infection who
present with a clinical picture consistent with PCP, and
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CD4+ lymphocyte counts or age that place them at risk
for PCP infection, should be treated presumptively, with-
out delay, and without waiting for confirmation by diag-
nostic examinations (Table 42.1). As noted above, BAL can
remain positive for up to 72 hours of treatment, while evi-
dence of cysts can be found in transbronchial biopsy speci-
mens up to 10 days after treatment has begun. Intravenous
trimethoprim-sulfamethoxazole should be the first-line
agent used (unless patient is known to be allergic) regard-
less of the patient’s prior prophylactic regimen. The recom-
mended duration of treatment is a minimum of 21 days in
patients with HIV infection. Prophylaxis to prevent recur-
rence should be instituted for all children once treatment
for confirmed PCP has been completed.

Prior to beginning adjunctive corticosteroid treat-
ment, it is prudent to determine if cytomegalovirus
co-infection is present. Pneumocystis carinii pneumo-
nia has been reported to occur in pulmonary infections
with cytomegalovirus (CMV) pneumonitis, Candida albi-
cans, Mycobacterium avium complex (MAC), Mycobac-
terium tuberculosis, Aspergillus fumigatus, and Streptococ-
cus pneumoniae. If a patient with known or suspected PCP
does not improve within 4–7 days following initiation of
appropriate treatment, other etiologies should be pursued.
If additional diagnoses are not confirmed, treatment fail-
ure should be considered and a change in PCP therapy may
be warranted.

Treatment failure is defined as a clinical deterioration,
with worsening respiratory status and arterial blood gases.
Without corticosteroids, early and reversible deteriora-
tion can be expected within the first several days of PCP
treatment due to the inflammatory response caused by
antibiotic-induced lysis of organisms in the lung. Organ-
isms may persist in specimens even when treatment is
effective and do not indicate treatment failure [56].

42.8.1 Supportive measures

Oxygen should be given to maintain PaO2 > 70 mm Hg.
Assisted ventilation should be initiated when PaO2 ≤60 mm
Hg with ≥ 50% FiO2. Continuous positive airway pressure
(CPAP) by face mask improves oxygenation in cases with
tachypnea and desaturation refractory to standard masks,
thereby mitigating the need for mechanical ventilation in
some cases.

42.8.2 Pharmacologic therapy for Pneumocystis
infections

Trimethoprim–sulfamethoxazole
Trimethoprim–sulfamethoxazole (TMP–SMX) is preferred
for initial treatment of PCP because of its excellent tissue

penetration and oral bioavailability, rapid in vivo activity,
and wide availability [57, 58]. Trimethoprim inhibits dihy-
drofolate reductase, while SMX inhibits dihydropteroate
synthase, blocking sequential steps in the folic acid biosyn-
thetic pathway of Pneumocystis leading to inhibition of
tetrahydrofolic acid synthesis.

Dosage and administration
Trimethoprim–sulfamethoxazole should be used only in
children older than 4–6 weeks of age because sulfonamides
may cause displacement of bilirubin bound to albumin,
possibly leading to jaundice and kernicterus. At disease
onset, the patient should be given the combination, dosed
at 15–20 mg/kg/day of the TMP component (75–100 mg/kg
of the SMX component) intravenously in four divided doses
with each dose infused over 1 hour. Oral treatment (20
mg/kg/day of TMP component in 3 or 4 divided doses) to
complete a 21-day course may be considered once pneu-
monitis has resolved or in those with mild to moderate dis-
ease, without malabsorption or diarrhea.

Adverse reactions
Intolerance to TMP–SMX is common. HIV-infected adults
appear to have a much greater incidence of adverse reac-
tions than patients not infected with HIV. Approximately
15% of children will experience toxicity with TMP–SMX,
such as rash (including Stevens–Johnson syndrome), neu-
tropenia, thrombocytopenia, or megaloblastic or aplastic
anemia. Hepatitis and renal disorders such as interstitial
nephritis have been reported.

Precautions
Manufacturers recommend using TMP–SMX with cau-
tion in patients with impaired renal or hepatic function,
severe allergy, bronchial asthma or glucose-6-phosphate
dehydrogenase (G-6-PD)-deficiency, where hemolysis may
occur. Patients with renal impairment with creatinine clear-
ance (CrCl) of 15–30 ml/min should decrease the TMP–SMX
dose by 50%. It should not be used in patients with CrCl <

15 ml/min.

Pentamidine isothionate
Pentamidine isothionate (PI) is the drug of choice in
patients unable to tolerate TMP–SMX or who have not
shown improvement after 5–7 days of TMP–SMX therapy.
The mechanism of action of PI against Pneumocystis is
unknown. It is postulated that PI interferes with oxidative
phosphorylation or nucleic acid synthesis [57]. Combina-
tion therapy with TMP–SMX and PI does not appear to be
more beneficial than PI alone and is potentially more toxic
[59]. In patients with clinical improvement after 7–10 days



Table 42.1 Treatment of Pneumocystis Infection

Drug Dosage Mode of action Adverse effects Comments

Trimethoprim-
sulfamethoxazole
(TMP–SMX)

15–20 mg/kg/day as TMP IV
divided q6h. May
complete treatment PO if
clinically recovered,

20 mg/kg/day as TMP PO
divided every 6–8 hours,

Duration: 21 days

Blocks sequential steps
in folic acid
metabolism

Rash-erythematous
maculopapular,
Stevens Johnson
syndrome;
neutropenia;
thrombocytopenia;
megaloblastic or
aplastic anemia;
increased liver
function tests

Use only in children >

4–6 weeks.
May consider change

to oral therapy to
complete 21 days in
mild-moderate
disease

Pentamidine
isothionate

4 mg/kg/day IV/ IM q day
(infuse IV over 60–90 min.)

Duration: 21 days

Mechanism unknown
May interfere with
nucleic acid
synthesis

Hypotension;
pancreatitis; renal
failure;
insulin-dependent
diabetes; fever;
neutropenia;
hypo/hyperglycemia;
torsades de pointe
(prolonged QT
interval)

For patients who do
not tolerate
TMP–SMX or are not
responding after 5–7
days.

Do not give with
didanosine.

Rx may be complicated
by toxicities in 80%
patients

Clindamycin /
Primaquine

Clindaymycin: 10 mg/kg IV
or PO every 6 hrs

Primaquine 0.3 mg/kg
as base PO every 24 hours

Duration: 21 days

Mechanism unknown Skin rashes; nausea,
neutropenia,
hemolytic anemia
(in G6PD), diarrhea
(C. difficile)

Effective in
mild-moderate PCP
in adults

Contraindicated in
G6PD deficiency

Atovaquone Adult dose: 750 mg bid
Duration 21 days

Mechanism unknown
May interupt
pyrimidine synthesis

Diarrhea; nausea skin
rashs (after first
week) transaminitis

Effective in mild to
moderate PCP

May be used in patients
with G6PD

Bioavailability
significantly
increased by
administration with
fatty food.
Administer with
meals

Trimetrexate /
Leucovorin

Trimetrexate: 45 mg/m2 IV
every 24 hours for 21days

Leucovorin: 20 mg/m2 IV
every 6 hours for 24 d
(72 hours after
Trimetrexate
discontinuation)

1500× more potent
than TMP for
dihydrofolate
reductase

Reversible
neutropenia; skin
rashes; stomatitis,
transaminitis;
anemia;
thrombocytopenia

Most effective as
salvage therapy in
patients who fail
TMP–SMX

Must use with
Leucovorin which
protects host cells
from disruption of
dihydrofolate
reductase pathway

Dapsone/
Trimethoprim

Dapsone: 2 mg/kg PO every
24 hours (maximum 100
mg)

Trimethoprim: 5 mg/kg PO
every 8 hours

Duration: 21 days

Inhibitor of
dihydropteroate
synthase

Methemoglobinemia;
hemolytic anemia;
neutropenia;
thrombocytopenia

Effective in
mild-moderate PCP
in adults

Contraindicated in
G6PD deficiency
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of intravenous PI, an oral regimen (i.e. atovaquone) to com-
plete a 21-day course may be considered.

Dosage and administration
Pentamidine isothionate should be administered at a
dose of 4 mg/kg/day given intravenously or intramuscu-
larly (IV given over 60–90 minutes to reduce incidence of
hypotension).

Adverse reactions
The most common adverse drug reaction is renal toxicity,
which characteristically occurs in the second week of treat-
ment, and can be averted by adequate hydration and care-
ful monitoring of renal function and electrolytes. Severe
hypotension, prolonged QT interval (torsades de pointe)
and cardiac arrhythmias may occur. Hypoglycemia (usu-
ally occurs after 5–7 days of therapy) or hyperglycemia,
hypercalcemia, hyperkalemia, pancreatitis, and insulin-
dependent diabetes mellitus have also been reported.
Many patients complain of a metallic and/or bitter taste,
which may lead to a decrease in adequate oral intake.

Precautions
Caution should be used when concomitantly using other
nephrotoxic agents such as aminoglycosides, ampho-
tericin B, cisplatin, or vancomycin.

Clindamycin/Primaquine
There is evidence in adults to suggest that this combination
is effective in the treatment of mild-to-moderate PCP [57]. A
large meta-analysis supported the use of this combination
as the most beneficial alternative for patients not respond-
ing to TMP–SMX or pentamidine [60]. The mechanism of
action against Pneumocystis is unknown. Primaquine is
contraindicated in patients with G-6-PD deficiency as it
may cause hemolytic anemia.

Dosage and administration
Data on dosing in children are unavailable. Drug doses
are extrapolated from approved pediatric dosing for other
indications. Children should receive clindamycin 10 mg/kg
(to a maximum of 600 mg) intravenously every 6 hours
for 21 days. Primaquine should be administered as 0.3
mg/kg (30 mg base) orally once daily for 21 days. This is
equivalent to the adult dose of primaquine when used for
malaria.

Adverse reactions
Adverse reactions observed with this combination include
skin rashes, neutropenia, anemia, nausea, and diarrhea,
which may include Clostridium difficile-associated colitis.

Atovaquone
Atovaquone is recommended for mild to moderately severe
PCP in patients who are intolerant of TMP–SMX. It is ben-
eficial for patients with G-6-PD-deficiency unable to tol-
erate dapsone-containing regimens and in patients with
pre-existing bone marrow suppression. Atovaquone is a
hydroxynapthoquinone that interferes with electron trans-
port at the cytochrome bc1 complex, indirectly inhibiting
nucleic acid and ATP biosynthesis [61]. It is an antimalarial
agent that interrupts pyrimidine synthesis in plasmodium,
but its precise mechanism of action against Pneumocystis is
unknown. Bioavailability of atovaquone is greatly increased
by administration with fatty foods.

Dosage and administration
Infants and children, ages 3–24 months require 45
mg/kg/day suspension [62] while children 2–12 years old
should receive 30–40 mg/kg/day suspension orally given
in two divided doses with fatty foods. Food increases the
bioavailability of atovaquone by 1.4-fold that achieved in
the fasting state. For 13–16 year olds, the recommended
dose is 750 mg (5 mL) suspension administered orally with
meals twice daily for 21 days (total daily dose 1500 mg).

Adverse reactions
Most adverse reactions with this agent appear after the first
week of therapy. Skin rashes, nausea, and diarrhea have
been reported. Patients may have elevated liver enzyme
concentrations.

Precautions
Fluconazole and prednisone increase the concentration
of atovaquone whereas acyclovir, opiates, cephalosporins,
rifampin, and benzodiazepines decrease its plasma con-
centration.

Trimetrexate glucuronate/Leucovorin
Trimetrexate is effective as initial and salvage therapy in
severe PCP in adults who are intolerant or refractory to
treatment with TMP–SMX. Trimetrexate is a lipid-soluble
analogue of methotrexate. Data in adults suggest that this
agent is better tolerated than TMP–SMX for primary ther-
apy of PCP but was associated with a lower response rate
and a higher incidence of relapse than TMP–SMX therapy
[63]. There are limited pediatric data [64]. Trimetrexate is
1500 times more potent an inhibitor of dihydrofolate reduc-
tase (DHFR) than TMP. Because of its toxic effect on mam-
malian cells it must be used in conjunction with leucovorin,
a reduced folate. Trimetrexate inhibits the growth of Pneu-
mocystis trophozoites.
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Dosage and administration
Based on limited pediatric data available for this agent,
trimetrexate should be administered at 45 mg/m2 per day
intravenously for 21 days with concomitant leucovorin
20 mg/m2 intravenously every 6 hours for 24 days or for
72 hours after the last dose of trimetrexate.

Adverse reactions
Reversible neutropenia is the primary adverse event with
this agent. Skin rashes, stomatitis, transaminitis, anemia,
and thrombocytopenia may occur, as well as an elevation
of serum transaminases. Most events are reversible even
with continued drug administration at reduced dose.

Dapsone/Trimethoprim
This combination has been shown to be effective in the
treatment of mild-to-moderate PCP in adults [57]. Data
regarding its toxicity and efficacy in children with PCP is
lacking. It is contraindicated in patients with G6PD defi-
ciency due to the risk of hemolytic anemia.

Dosage and administration
Based on limited pediatric data available for this agent, dap-
sone should be administered 2 mg/kg by mouth once daily
(maximum 100 mg) for 21 days. Trimethoprim is adminis-
tered 5 mg/kg by mouth thrice daily for 21 days.

Adverse reactions
Adverse reactions observed with this combination include
methemoglobinemia, transaminitis, anemia, neutropenia,
and thrombocytopenia.

42.9 Adjunctive therapies

42.9.1 Corticosteroids

The respiratory status of patients often deteriorates after
initiation of PCP therapy. This may be due to an inflamma-
tory response to the dying organisms [65]. Numerous adult
studies have shown that corticosteroid therapy, if initiated
within 72 hours of beginning anti-pneumocystis therapy,
improves clinical outcomes and decreases mortality, res-
piratory failure, and deterioration of oxygenation [66, 67].
Several small pediatric studies have shown a reduction in
acute respiratory failure, a decrease in ventilatory support
requirements, and a significant decrease in mortality with
early use of adjunctive corticosteroids [68–70].

Adjunctive use of corticosteroids may not be helpful
when the patient is infected with both Pneumocystis and
cytomegalovirus. There are data from South Africa and
the UK reporting decreased survival time in patients co-

infected with cytomegalovirus infection and PCP. Import-
antly, adjunctive corticosteroids did not impart a survival
advantage in these co-infected patients and some data sug-
gest that corticosteroids may adversely affect the course of
the CMV disease [22, 71]. The dosage in children varies
among studies. Alternatives include: (1) Prednisone: Days
1–5 = 40 mg twice daily; Days 6–10 = 40 mg daily; Days 11–
21 = 20 mg daily. (2) Prednisone (or methylprednisolone
sodium): Days 1–5 = 1 mg/kg twice daily; Days 6–10 = 0.5
mg/kg per dose twice daily; Days 11–18 = 0.5 mg/kg once
a day. (3) Methylprednisolone sodium intravenously: Days
1–7 = 1 mg/kg every 6 hours; Days 8–9 = 1 mg/kg twice a
day; Days 10–11 = 0.5 mg/kg twice a day; Days 12–16 = 1
mg/kg once a day.

42.9.2 Surfactant

A few case reports have suggested that patients with PCP
have decreased amounts of pulmonary surfactant. Surfac-
tant therapy has been associated with improved pulmonary
function in case reports of infants with confirmed PCP, with
ARDS, and respiratory failure requiring assisted ventila-
tion [72, 73]. Surfactant therapy may offer a possible treat-
ment strategy in desperately ill infants. Surfactant should
be used in consultation with a pediatric infectious disease
specialist.

42.10 Resistance

Drug resistance in Pneumocystis is difficult to confirm by
conventional means since the organism cannot be grown
in culture and in vitro drug sensitivities cannot be per-
formed. Several investigators have looked for drug resis-
tance mutations in the dihydropteroate synthase (DHPS)
gene [74–76]. Studies show that individuals receiving PCP
prophylaxis had significantly more mutations than those
not receiving prophylaxis. However, the presence of these
mutations does not appear to affect either response to
treatment or survival [76, 77]. Despite detection of these
mutations, there is currently no compelling evidence to
change the approach to the treatment or prevention of
PCP [1]. Trimethoprim–sulfamethoxazole at full treatment
doses remains the first line treatment of choice in patients
who develop PCP while receiving TMP–SMX prophylaxis.

42.11 Summary

Pneumocystis carinii pneumonia remains a significant
cause of morbidity and mortality in immunocompro-
mised children throughout the world. Although the



630 L. K. Serchuck

incidence of PCP is decreasing in developed countries with
improved identification of HIV-infected pregnant women
and their infants, the use of HAART, and primary PCP
prophylaxis, the disease still occurs and continues to be
prevalent in developing countries in children with severe
pneumonia. Transmission may occur through reactiva-
tion of latent infection, through environmental sources via
the airborne route, or potentially from human to human.
The treatment of choice for established PCP is high dose
trimethoprim–sulfamethoxazole, with corticosteroids in
moderate to severe disease. Alternatives to TMP–SMX for
the patient who cannot tolerate it or who did not respond
to the drug include intravenous pentamidine, atovaquone,
clindamycin with primaquine, trimetrexate glucuronate
with leucovorin, or dapsone with trimethoprim.
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The past two decades of fighting the HIV/AIDS epidemic
has led to an explosion of therapies developed to limit viral
replication or to combat the complications of HIV infection.
More antiviral agents are licensed and available to treat
HIV than any other viral infection. In the USA, 20 drugs
are currently approved in adults for use in HIV infection
and 12 have pediatric label information. These approvals
are the result of hundreds of clinical studies performed
in adults and children through collaborations of clinical
investigators, industry, and government partners to sup-
port drug development. All too frequently, clinicians find
that drugs approved for use in adults or some pediatric
populations have insufficient dosing information for their
younger patients. Pediatricians know that children are not
just small adults. Typically dose recommendations for chil-
dren are not obtained by simply scaling an adult dose by
weight. Additionally, potential risks may well be different
in a child that is growing and developing. As a result we
have a critical need to conduct clinical studies in children
to ensure that they too have the potential to benefit from
drug discoveries that are of benefit to older patient popula-
tions. It is well recognized though, that children, since they
are not able to consent for research themselves, are a popu-
lation that warrant special protections. Thus, clinical trials
in pediatric populations are conducted with due caution
for the child’s safety while being balanced with moving for-
ward as quickly as possible to open new treatment options.

The cornerstone of all clinical research is that it is con-
ducted in an ethically sound fashion. Principles for the
ethical conduct of clinical studies have been articulated in
pivotal reports frequently as a result of a need to enhance
the protection of research subjects after research scandals,
some of which have involved children [1–3]. Unfortunately,

communities that have disproportionately born the brunt
of research violations in the past frequently may have a
continuing distrust of research studies today. Guidelines
for assessing the ethical status of research studies provide
a tool to help clinicians and investigators evaluate such
studies [4]. It is necessary to assess at each step if appropri-
ate protections are in place for children in order to conduct
safe, ethically sound research studies.

Participation in a clinical trial presents benefits and risks
for the patient. A clinical study often provides access to
cutting-edge interventions or investigational therapies and
to care by expert clinicians. Pediatric Phase I studies typ-
ically follow adult studies that have shown preliminary
safety and some drug activity suggesting that patients may
benefit from participation in a Phase I study with access
to highly investigational drug therapies as well as from
Phase II/III studies that typically compare standard and
investigational treatments. Each type of study has its own
complement of benefits and risks. As for all therapies, the
clinician and patient also must weigh the anticipated ben-
efit against other treatment options. For the patient who
has been treated with many antiretroviral agents and who
has evidence of disease progression and limited standard
treatment options, participation in a clinical study offers
new treatment possibilities and hope. The decision pro-
cess may be quite different for the treatment-naı̈ve patient
where study participation is one of several alternatives. For
the patient considering a comparative Phase II/III study,
participation brings less treatment risk since the study is
predicated on the assumption that the new treatment arm
is as good or better than a standard of care comparative arm.
Additional benefits to be considered include the expert
healthcare that is available to the study participant and

635
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Table 43.1 Phases of drug development

Phase of investigation Description Typical sample size (number of subjects)

I Safety and dose-seeking 4–12/dose level
II Expanded safety and

preliminary activity data
Several dozen

III Efficacy trials Several hundred or more
IV Post-licensure studies Thousands

research-related health evaluations that are usually at no
charge to the patient, including state-of-the-art virology
assessments. However, the decision to enroll in a clinical
trial should be based on an evaluation of the merits of
the proposed study intervention, and not possible ancil-
lary benefits. Excessive ancillary benefits could be seen as
unfair inducements to partake in a study.

Clinical trial participation is not for all patients. A clin-
ical trial requires a special relationship between patients
and clinicians; enrolling in a clinical trial is, in essence, a
contract between study subjects and clinical investigators.
Study participants agree to comply with scheduled visits,
to take the study drugs as prescribed, and report any unto-
ward effects that may occur. Investigators agree to consider
the safety of the child of paramount importance and con-
duct the overall study in as safe and scientifically rigor-
ous a way as possible. A bond of trust is needed from both
sides of the relationship if the study is to be successfully
completed as safely as possible. Similarly, physicians need
to be comfortable with separating the role of investigator
from that of clinician in discussing clinical study options
with their patients. In practice, clinicians are usually in
the position of making therapeutic recommendations to
their patients. However, clinicians in a research environ-
ment need to deliver a balanced voice on the therapeu-
tic potential of a research study versus alternative options.
An investigator’s enthusiasm for the study should never
mislead a potential study participant to overestimate the
therapeutic impact or potential benefit of enrolling in a
study. It is particularly important that optimism for a study
not be attributable to potential conflicts of interest. While
it is expected that physicians engaged in research should
be compensated for their efforts and costs incurred, many
have voiced concerns that physicians should be aware that
perceived or real conflicts of interest erode confidence in
the integrity of the ethical conduct of studies. Excessive
financial compensation or a substantial financial holding
in the development of a drug represent two examples of
situations in which physicians could be criticized as being

conflicted in representing the interests of the subject versus
their own financial interests [5].

In addition to investigational new therapies, clinical trials
often use approved drugs in new ways – such as different
doses, dose schedules, or in novel combinations that merit
investigational study. At times these may come in conflict
with labeled information or published guidelines. However,
guidelines are state-of-the-art treatment summaries while
clinical studies are designed to develop new knowledge and
support the advancement of new treatment strategies.

43.1 What are clinical trials?

Clinical trials are investigations that aim to address one or
more specific research questions that are conducted with a
principal concern for the safety of study participants. The
research questions must be clearly defined and the out-
come measures used to assess the study must be carefully
chosen. Studies are designed to enroll the minimum num-
ber of participants required to answer a research question,
so as to place as few as possible research subjects at risk. On
the other hand, studies must strive to enroll the number of
patients needed to answer the research question since, if
an insufficient number of children are enrolled to answer
it, the children are exposed to unnecessary risks. Sample
size needs are monitored during trials and enrollment tar-
gets are modified if new information indicates that changes
would be appropriate. Changes in study design frequently
occur, particularly in the earlier phases, and should not
raise undue concern.

Traditionally, drugs are developed and studied in phases
(Table 43.1). “Phase I” studies in humans are frequently
referred to as “proof-of-principle” studies. These studies
are quite small and have precise but limited questions.
There is no single way to perform Phase I studies, but gen-
erally they aim to obtain essential safety, tolerability, and
pharmacokinetic information. Patients in Phase I studies
are followed intensively with particular attention to safety.
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Later, larger studies build on the initial safety data obtained
in a Phase I study and produce much more comprehensive
safety information. Small trials search for common toxici-
ties and are unlikely to detect rare, but perhaps quite seri-
ous toxicities, which may only be seen in large clinical trials
or even post-licensure marketing studies. Pediatric Phase
I studies usually follow after preliminary Phase I studies in
adults, permitting the design of studies for children based
on adult experiences, and focus more directly on partic-
ular pharmacokinetic and safety issues. After an appropri-
ate dose is selected, Phase II studies are conducted to exam-
ine potential toxicities more extensively and to provide the
information needed to progress to larger studies. Phase III
studies are large clinical trials performed to assess the effi-
cacy of a product or strategy. Drugs that reach this stage
of development have passed earlier safety hurdles and fre-
quently have double-blind study designs (i.e. neither the
patient nor the investigator know if the patient is receiving
the study drug or the comparative therapy). Generally such
studies aim to determine whether a new therapy is better
than an existing one.

Pediatric HIV studies today are frequently much more
complex than standard drug development plans. For exam-
ple, it is rare today to find a traditional dose escalation study
for an antiretroviral drug. Concerns about the rapid devel-
opment of drug resistance due to suboptimal drug levels
need to be balanced with the Phase I safety and tolerabil-
ity concerns of any investigational antiviral drug. In early
adult studies of new agents it is not unusual to find that pre-
liminary pharmacokinetic studies have been conducted in
adult volunteers that are not HIV-infected in order to iden-
tify drug dosing that achieves target levels the investigators
believe will have antiviral activity based on in vitro studies.
In initial studies in HIV-infected volunteers it is not uncom-
mon to see an approach in which relatively brief single-
drug dose-escalation studies are combined with subse-
quent combinations of antiretroviral drugs. This strategy
is also employed because antiretroviral agents almost cer-
tainly will be employed in combinations and it may be
useful to obtain safety and tolerability data for new drugs
in the context of likely drug combinations. Brief exposure
to monotherapy is justifiable only with drugs known to
more slowly induce resistance or demonstrate little cross-
resistance with other agents, in order to obtain valuable
information on the toxicity profile of the drug given alone.
However, when new drugs are studied in combination with-
out much monotherapy experience, particularly in patients
who may have disease that affects many organ systems,
it may be difficult to accurately attribute any observed
toxicities. It is also not unusual to find that Phase I and

II studies are merged together if safety and pharmacoki-
netic data in adults adequately support a more aggressive
approach to drug development in children. Another vari-
ation is the blending of Phase II and III studies. Phase III
studies have traditionally focused on clinical endpoints.
However, the development of HIV RNA as a reliable marker
of disease activity, and one that is clinically used to guide
therapeutic choices, has resulted in shorter duration adult
and pediatric studies that have fewer study participants,
but are still capable of detecting significant antiviral effects.
While this approach is entirely reasonable and is supported
by a significant amount of clinical data, investigators and
clinicians should be aware that such studies are evaluating
surrogate endpoints and not the clinical endpoints of great-
est concern to the patients and their clinicians, i.e. disease
progression and death. Thus, studies that plan to enroll the
number of patients needed to determine Phase II safety
information also may have sufficient statistical power to
assess “virologic efficacy” [6].

Bringing new drugs and innovative therapies to the clin-
ical arena safely and rapidly entails many significant chal-
lenges. Different types of studies present different risks and
demand different kinds of monitoring. The earliest studies
have the greatest potential risks and require intensive safety
and pharmacologic monitoring. Studies of drugs or combi-
nations of drugs with a previous safety record require less
intensive monitoring since the perceived risk is lower. Some
families may not be able to make the commitment of time,
effort, and energy needed to safely and effectively partici-
pate in an intensive study. Clinical staff need to assess the
suitability of a study for a family and child and discuss with
that family their needs, the nature of the study, and its par-
ticipation requirements. Not all children and families are
equally suited for all studies. In considering a patient for a
study intended for children who are treatment experienced
but have elevated HIV viral loads, the clinician and family
need to assess why the child is failing the current regimen.
If compliance with the current regimen is poor, the issues
that have led to poor compliance need to be addressed prior
to initiating any new regimens.

43.2 How are clinical trials conducted?

Clinical trial protocols are written by individuals with dif-
ferent areas of expertise and responsibility. The principal
investigator and/or study chair have overall responsibil-
ity for protocol design and management, and are respon-
sible for answering queries about eligibility issues, admin-
istrative concerns, and toxicity management. Protocols



638 J. G. McNamara

frequently have an investigator as a vice-chair who
addresses these matters when the chair is not avail-
able. Other protocol team members frequently include:
a pharmacologist; statisticians and data managers; other
investigators who may have specific expertise in such dis-
ciplines as virology, immunology, mathematical model-
ing, molecular virology, evolutionary biology, neuropsy-
chology or nursing; a pharmacist; pharmaceutical com-
pany representatives; and a specialist adept at bringing this
diverse group together and translating ideas and concepts
into a protocol document.

Protocols define a specific study population through pre-
cise inclusion and exclusion criteria for several important
reasons. Studies generally aim to enroll as homogenous a
study population as possible. If a study team decides to
assess a drug’s effect on a particular clinical parameter, it
must set an enrollment limit for the measurement of that
parameter. For example, a study to assess the ability of a
therapy to decrease viral RNA frequently will require a mini-
mum level of RNA as entry criteria. A subject without any
detectable RNA could not provide any data concerning the
ability of the therapy to decrease viral RNA. Similar restric-
tive entry criteria may also apply to the clinical features of a
disease. Studies designed for infants first identified as HIV-
infected are very different from those designed for children
with advanced stages of disease. For their protection, sub-
jects are frequently required to have only mildly abnormal
clinical laboratory measures so potential toxicities are more
easily identified.

Once it is determined that a family and child are inter-
ested in, and the child is potentially eligible for, a clini-
cal trial, informed consent for study participation must be
obtained. The consent process is a critical aspect in the
conduct of a protocol. In the USA, it is generally consid-
ered that children under 18 years of age are not capable of
providing informed consent for enrollment into a clinical
trial. Instead, parent(s) or legal guardian(s), depending on
the kind of study, give permission for their child to par-
ticipate in a study. At an age when children can begin to
understand and partake of the consent process, which is
established locally by the Institutional Review Board (IRB),
children are asked to assent to participation in studies. In
language appropriate for the study population, the con-
sent process covers a number of important elements, such
as why the study is being conducted, essential information
about the conduct of the study (length of study, number
of participants, etc.), the potential risks and benefits, alter-
natives to participation, as well as the organization spon-
soring the study, sources of financial support for the study
(especially if the study involves the support or collaboration
of a for-profit company), and contact information for study
personnel. The consent form should inform the patient

about special procedures they may be asked to undergo
that may entail increased risks, such as invasive proce-
dures or exposure to diagnostic radiographic procedures
not otherwise indicated for clinical care. The consent form
also should indicate whether any unusual tests will be per-
formed with specimens collected from the patient (e.g. if
patient genetic information will be obtained, if the investi-
gators plan to store specimens for possible future studies, or
if the investigators may try to create cell lines using mate-
rial from the patient). Concerns about study misconcep-
tions remaining after the consent process underscore the
importance and attention to the informed consent that
is needed [7]. Enrollment then proceeds and typically
involves notifying a study data center that in turn notifies
the research pharmacist at the site who disburses the study
drug(s).

Once a child is enrolled, it is critical that the IRB approved
protocol be followed; the family and investigator must
follow the protocol unless direct safety concerns for the
patient demand otherwise. Regardless of whether a study
is conducted at one or many sites, a plan for monitoring the
conduct of the study is essential. For Phase I studies, a core
group of protocol team members usually review safety data
on a frequent, sometimes weekly, basis. Phase II studies also
are monitored by the study team and frequently by exter-
nal reviewers as well. Phase III studies require the use of a
Data Safety and Monitoring Board (DSMB), a completely
external panel of experts. The DSMB reviews safety issues
at scheduled intervals or after the accumulation of a speci-
fied number of endpoints. The DSMB assesses if the proto-
col is progressing in a sound scientific and ethical manner.
Participants and investigators must be confident that the
safety of the overall study is being monitored and that, if
changes are needed to address safety concerns, they will
be undertaken. The DSMB may make recommendations
to halt the trial if it determines that the study objective has
been reached, or if the patients in one arm are doing better
than those in another arm. Other safeguards for the study
subjects are in place as well. For studies involving inves-
tigational agents, serious adverse events that are experi-
enced during the study are also reported to the local IRB
as well as to the US Food and Drug Administration (FDA).
Typically those reports describe the event that was expe-
rienced, whether the investigator thought it was related to
the investigational agent or not, as well as whether changes
in the protocol are needed in the view of the investigator
and study sponsor. The IRB and FDA have the authority
to request more information or changes to the protocol.
Safety reports on adverse experiences that go to the FDA
from the sponsor are distributed to all sites participating in
multi-centered trials for review and submission to the local
IRB. As a result, investigators are kept informed of serious
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events that may occur at other study sites. Studies aimed at
obtaining information that will be submitted to regulatory
agencies in the USA (the FDA) or outside the USA gener-
ally are required to adhere to a set of clinical trial conduct
standards termed “good clinical practices,” or GCP. A uni-
form set of standards acceptable to the regulatory agencies
in the USA, European Union, and Japan have been devel-
oped by the International Committee on Harmonisation so
that studies conducted anywhere according to these stan-
dards can be used to seek regulatory approval from many
different national regulatory agencies [8]. Very similar GCP
guidelines have been developed by the World Health Orga-
nization for use in clinical trials [9]. Even in the absence of
regulatory approval requirements, utilizing GCP guidelines
to conduct clinical trials should be strongly encouraged.
Doing so provides a reassuring standard for the ethical and
scientific conduct of studies that have the safety of trial
participants as a primary concern.

When patients get ill or develop toxicities that could be
related to study drugs, they may not always be able to reach
the study staff immediately. Patients also can become ill
and not recognize a potential link to the study drug and
first appear for evaluation in a private office, clinic, or emer-
gency room. It is critically important that the clinician eval-
uating the patient be aware of the patient’s status as a clin-
ical trial participant. It also is critically important for the
patient to realize that he/she should not independently
change the drugs prescribed under the study, and that the
study investigators should be consulted when the use of any
other drug(s) is contemplated. Once the clinician has iden-
tified the patient as a trial participant and completed the
necessary preliminary evaluations, study staff should be
contacted for management advice. Protocols usually out-
line management plans for commonly observed toxicities
as well as identify the toxicities that are particularly worri-
some. Notifying study personnel is critical so that the study
team is alerted to potentially serious toxicities that could
affect the management of other trial participants. If study-
related toxicities are suspected, the treating clinician may
request unblinding of the patient’s treatment assignment.
As unblinding may compromise the essential elements of
the study, this request is not taken lightly and is evaluated
on a case-by-case basis. The treating physician is unblinded
only if knowledge about the treatment assignment is criti-
cal to the patient’s welfare. If a participant is evaluated in a
clinic other than the study site, staff will frequently request
copies of the evaluation that was done, after appropriate
permission is obtained, to provide adequate study docu-
mentation of the care that was delivered for a potential
adverse event.

A study is not completed at the last study visit; clinicians
need to address several issues in anticipation of the last

visit. Most pressing is the issue of drug availability follow-
ing the trial’s completion. During protocol development,
investigators should consider the continued provision of
the study drug if it benefits the participant – but this may
not be simple, especially for Phase I studies. While a drug
may appear promising, problems ranging from toxicities
to drug formulation and production may make it imposs-
ible to promise that the drug will be available to the indi-
vidual at the end of the study. Phase I studies may iden-
tify problems critical in the drug development process that
can seriously affect the availability of the drug. At a mini-
mum, study sponsors should be able to commit that, if drug
development progresses, as anticipated, future availability
of the product would be assured, especially for patients who
appear to be benefiting significantly from the study drug.
This is much less of an issue for Phase II or III studies which
have presumably cleared many development hurdles. For
a drug or formulation that is not approved by the FDA, pro-
visions to continue to receive the drug usually come from
the pharmaceutical company. Frequently this is as a sim-
plified protocol that continues to monitor safety param-
eters. Additionally, investigators need to inform study
participants what treatment assignment they had (for a
blinded study), what the final study findings were, and how
their participation contributed to the findings.

43.3 Who runs clinical trials?

Many different organizations conduct HIV/AIDS-related
clinical trials. All have the same goal – the development
of drugs or biologics to treat HIV infection and its compli-
cations. Today there is considerable overlap in the studies
that are conducted by industry and non-industry sponsors.
However, industry-sponsored trials are primarily focused
on a path that leads to drug licensure, while academic
and government-sponsored studies seek to complement
this role by placing an additional emphasis on pathogen-
esis. Particularly for pediatric trials, where a strong ethi-
cal imperative for therapeutic intent exists, trials with an
emphasis on pathogenesis often necessarily also involve
the testing of new drugs in ways that also will produce data
useful for licensure. All organizations that sponsor clin-
ical studies abide by the same regulatory, ethical and study
conduct guidelines. In the USA, the mandate for regulatory
oversight of investigational drug studies resides with the
FDA. All sponsors of studies involving these agents must
submit an IND application to the FDA for review prior to
initiating a clinical study. The FDA holds the organization
that submits the IND responsible for the safe and proper
conduct of the study. A pharmaceutical company, a
governmental or non-governmental organization, or an
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Table 43.2 Further information regarding pediatric and perinatal HIV/AIDS-related clinical trials

Organization Internet address (http://) and/or telephone number

Clinical trial information
AIDS Clinical Trials Information Service (AIDSInfo) www.aidsinfo.nih.gov 1-800-TRIALS-A

(1-800-HIV-0440)
Pediatric AIDS Clinical Trials Group (PACTG) pactg.s-3.com
HIV and AIDS Malignancy Branch (formally Pediatric

Branch), National Cancer Institute, NIH
www-dcs.nci.nih.gov/aidstrials/301-435-4627

HIV Prevention Trials Network (HPTN) www.hptn.org
Paediatric European Network for the Treatment of AIDS

(PENTA)
www.ctu.mrc.ac.uk/penta

CDC Division of HIV/AIDS Prevention www.cdc.gov/hiv/dhap.htm
Clinical Trials.gov (database for clinical trials) clinicaltrials.gov
HIV InSite (AIDS information site and trial database) hivinsite.ucsf.edu
Center Watch (clinical trials listing service) www.centerwatch.com

Additional clinical trial resources
The Elizabeth Glaser Pediatric AIDS Foundation www.pedaids.org
National Pediatric and Family HIV Resource Center www.pedhivaids.org
Project Inform www.projinf.org
AIDS Education Global Information System (AEGIS) www.aegis.com
USA Food and Drug Administration (FDA) www.fda.gov
European Agency for the Evaluation of Medicinal Products

(EMEA)
www.emea.eu.int

UNAIDS www.unaids.org
National Institutes of Health www.nih.gov
Office of Human Research Protections (OHRP) www.hhs.gov/ohrp

individual investigator can submit an IND to conduct a
study. The European Agency for the Evaluation of Medicinal
Products (EMEA) is analogous to the FDA and has author-
ity for the review, approval, and oversight of drug interven-
tions for European Union member nations. In resource-
poor nations, regulatory approval for initiating clinical
trials as well the registration of drugs for use in that country
typically resides within the Ministry of Health for that
country.

Table 43.2 outlines some of the organizations that spon-
sor pediatric clinical trials for treatment of HIV infection
and its complications. The Pediatric AIDS Clinical Trials
Group (PACTG) conducts by far the largest number of tri-
als in the world involving the largest number of study par-
ticipants. The group is co-funded by the National Insti-
tute of Allergy and Infectious Diseases (NIAID) and the
National Institute of Child Health and Human Develop-
ment (NICHD). The PACTG consists of over 50 clinical sites
located throughout the USA, as well as sites in four other
countries; laboratories for specialized virology, immunol-

ogy, and pharmacology assessments; a data management
and statistical center; as well as an operations office to
manage this large clinical trial network. The PACTG has
a broad scientific agenda that includes the treatment of
HIV and its complications, as well as studies to reduce
maternal-infant transmission of HIV. Studies range from
those involving HIV-infected pregnant women and infants
to adolescents and young adults through age 21 years.
Investigations include drug treatments and immune-based
therapies for HIV infection, as well as therapies for oppor-
tunistic infections and other illnesses associated with HIV
disease.

The HIV and AIDS Malignancy Branch (formerly the
Pediatric Branch) of the National Cancer Institute (HAMB-
NCI) also plays an important role in supporting the eval-
uation of new therapies for children with HIV infection
through its program on the NIH campus in Bethesda, MD.
This program focuses much of its work on Phase I and I/II
trials and on pathogenesis studies which complement the
work done by the PACTG. Studies done by the PACTG and
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the HAMB-NCI program, in collaboration with the pharma-
ceutical industry, have contributed information that has led
to many drug label indications for children. Studies spon-
sored directly by pharmaceutical companies, usually at the
Phase I level but occasionally at the Phase II/III level, also
have led to the availability of many new drug treatments
for children. Adult HIV/AIDS clinical trial groups allow the
participation of children over 13 years old in many of their
studies. Adolescents participating in these trials, as well as
in pediatric studies, play an important role in contribut-
ing to the scientific evaluation of treatment opportunities
in this population. Recently, the Adolescent Medicine Trials
Network (ATN) was formed with sponsorship from NICHD.
The ATN is giving greater focus and resources to the exam-
ination of adolescent HIV/AIDS research concerns through
the conduct of collaborative clinical trials. The Paediatric
European Network for the Treatment of AIDS (PENTA) is an
important resource for trial opportunities within Europe
as well as with their collaborators in Canada and Brazil.
PENTA has also contributed important pediatric antiretro-
viral drug label and safety information for the EMEA.

Clinical trial research opportunities are increasing in
regions beyond North America and Europe. In studies
seeking to reduce mother-to-child transmission of HIV,
the French Agence Nationale de Recherches sur le SIDA
(ANRS), US Centers for Disease Control and Preven-
tion (CDC) and NIH (through the HIV Prevention Trials
Network [HPTN] and other investigator-initiated studies)
have all sponsored pivotal clinical trials in resource-poor
nations and have ongoing clinical research projects. Pedi-
atric HIV treatment research projects in resource-poor set-
tings are just beginning. As an example, the PACTG has
established collaborative trial sites with investigators in
Thailand, South Africa, Brazil, and the Bahamas.

43.4 How do I find out about what clinical trials
are available for my patients?

The most direct way of finding out information about
clinical trials, in addition to discussing studies with clin-
icians who are involved with protocols locally, is to contact
AIDSInfo. This service is funded by the US Department
of Health and Human Services and provides informa-
tion on clinical trials sponsored by industry as well as
by government agencies. AIDSInfo can be contacted by
phone where information is provided in either English
or Spanish (1-800-448-0440) or for the hearing impaired
(1-888-480-3739 [TTY]). AIDSInfo also has a very useful
internet site (Table 43.2), where access to several large

databases is available to the user 24 hours a day. The
AIDSInfo Home Page has a Clinical Trials link where you
are able to review studies by clinical categories or use a
search engine to identify studies of interest. A brief syn-
opsis of the studies is available including the drugs under
investigation, subject eligibility criteria and study contacts.
More detailed information on licensed and experimen-
tal antiretroviral drugs as well as drugs to treat the com-
plications of HIV can be obtained from the Drugs link
to on the AIDSInfo website. The AIDS Education Global
Information System (AEGIS) and HIV InSite home pages
both have information on many industry and government
sponsored pediatric clinical trials. The PACTG and the
HAMB-NCI have their own web sites and contact phone
numbers (Table 43.2).

43.5 Conclusion

Clinical trials in children are the critical path for the devel-
opment of appropriate drug dosing and safety information
in diverse pediatric populations. Passing down this path
is an exciting but challenging process of families working
collaboratively with investigators to provide more and bet-
ter therapeutic options. Clinical trials, particularly in the
arena of HIV, are part of a dynamic process of monitor-
ing and defining advances in our knowledge of HIV and
its complications. Studies conducted through clinical trials
have, in a few short years, dramatically changed the outlook
for HIV-infected children [10]. However, many challenges
remain as we strive to develop new, more potent drugs with
less frequent dosing and improved toxicities profiles. Ulti-
mately, our goal is to continue the rapid and safe develop-
ment of new therapies that will enhance the health of our
patients.

R E F E R E N C E S

1. The Nuremberg Code. J. Am. Med. Assoc. 276 (1996), 1691.

2. Protection of human subjects: Belmont Report – ethical prin-

ciples and guidelines for the protection of human subjects of

research. Fed. Regist. 44 (1979), 23192–7.

3. World Medical Association Declaration of Helsinski. Ethical

principles for medical research involving human subjects. J.

Am. Med. Assoc. 284 (2000), 3043–5.

4. Emanuel, E. J., Wendler, D. & Grady, C. What makes clinical

research ethical? J. Am. Med. Assoc. 283 (2000), 2701–11.

5. Joffe, S., Cook, E. F., Cleary, P. D., Clark, J. W. & Weeks, J. C.

Quality of informed consent in cancer clinical trials: a cross-

sectional survey. Lancet 358 (2001), 1772–7.



642 J. G. McNamara

6. Gilbert, P. B., DeGruttola, V., Hammer, S. M. & Kuritzkes, D. R.

Virologic and regimen termination surrogate end points in

AIDS clinical trials. J. Am. Med. Assoc. 285 (2001), 777–84.

7. Morin, K., Rakatansky, H., Riddick, Jr. F. A. et al. Managing

conflicts of interest in the conduct of clinical trials. J. Am. Med.

Assoc. 287 (2002), 78–84.

8. International Conference on Harmonisation; Good Clinical

Practice; Consolidated Guideline; availability – FDA. Notice.

Fed. Regist. 62 (1997), 25691–709.

9. World Health Organization. Guidelines for good clinical

practice (GCP) for trials on pharmaceutical products. WHO

Technical Report Series, No. 850, 1995, Annex 3 access

at www.who.int/medicines/library/par/ggcp/GCPGuide-

Pharmatrials.pdf.

10. Gortmaker, S. L., Hughes, M., Cervia, J. et al. Effect of combina-

tion therapy including protease inhibitors on mortality among

children and adolescents infected with HIV-1. New Engl. J.

Med. 345 (2001), 1522–8.



44

Medical issues related to the care for HIV-infected children
in the home, day care, school, and community
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Pediatric Oncology Branch, National Cancer Institute, NIH, Bethesda, MD

44.1 Introduction

Children with HIV infection spend very little time in
hospital; they live, learn, grow, and play in different set-
tings in the community. Despite significant advances in
the understanding of HIV transmission infection, a number
of misconceptions continue, spawning misunderstandings
that can harm children with HIV infection. In some circum-
stances, these misunderstandings have led to fear and the
ostracism of children with HIV infection in situations which
present no discernible risk to others. A major challenge for
those caring for children with HIV infection is to promote
an acceptance of HIV-infected children in the community.
Healthcare providers bear an important responsibility to
adequately educate children, their caretakers and the com-
munity at large on the risk of transmission of both HIV and
other infections. Recommended practices for reducing the
risk for transmission should be implemented in a balanced
manner and should neither minimize nor exaggerate the
relative risk for transmission. Every effort should be made
to promote understanding, confidentiality, and compas-
sion for children with HIV infection [1, 2].

44.1.1 Transmission of HIV

Risk for transmission of HIV is directly related to exposure
to contaminated body fluids [1]. Since HIV preferentially
replicates in cells expressing CD4+ and its co-receptors,
transmission is highly associated with exposure to infected
cells bearing the CD4 antigen (e.g. T-lymphocytes and
monocytes) [3, 4]. HIV has been isolated from many body
fluids (see Table 44.1), but HIV transmission is most com-
monly associated with exposure to body fluids, such as

blood or semen, which are especially rich in lymphocytes
and monocytes [1].

Transmission of HIV requires that a sufficient quantity
of virus be introduced to infect host cells [4]. Over the past
two decades, four major modes of transmission for HIV
infection have been established: (1) between sex partners;
(2) from an HIV-infected mother to her child during preg-
nancy, delivery, or breastfeeding; (3) by direct inoculation of
infected blood or blood-containing tissues including trans-
fusion, transplantation, re-use of contaminated needles, or
penetrating injuries with contaminated needles; (4) splat-
tering or spraying of mucous membranes or non-intact skin
with infected blood [3, 6, 7]. The risk of HIV transmission
by one of these four modes depends upon a number of
factors listed in Table 44.2 [6]. Inhalation of aerosols, bites
from bloodsucking insects, or ingestion of food prepared
or served by an infected person have not been associated
with transmission of HIV.

44.1.2 The risk for HIV transmission
to and from children

The active nature of children and their tendency to liber-
ally spread body fluids have led to the investigation of HIV
transmission by casual contact [1, 2]. The data do not sup-
port casual contact as a risk factor for transmission. Unless
a body fluid is contaminated with blood (usually visibly
apparent), the risk for transmission following casual con-
tact is non-existent. For example, HIV is rarely isolated from
saliva and tears; transmission has not been observed to be
a consequence of exposure to either body secretion [1]. In a
handful of reported cases of HIV transmission outside the
hospital environment, transmission is via the same modes

643
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Table 44.1 Body fluids from which HIV has been

isolated (in general order of frequency of recovery)*

Blood
Semen
Vaginal and cervical secretions
Amniotic fluid
Breast milk
Saliva
Tears
Throat swabs
Cerebrospinal fluid
Synovial, pleural, peritoneal, and pericardial fluid

*HIV has not been routinely isolated from stool or
vomitus; however, these fluids theoretically may
contain HIV if contaminated with blood.

Table 44.2 Factors upon which risk for transmission of HIV

is dependent

Volume of exposed blood or contaminated body fluid
Titer of HIV in source person (related to the stage of

infection)
Antiretroviral therapy
Route of exposure (in order of less efficient

transmission)
Intravenous
Mucosal (broken � intact)
Percutaneous (non-intact � intact skin)

Strain of HIV
Underlying health of exposed individual

documented for occupational exposure. Moreover, acci-
dental spilling or splattering of contaminated body secre-
tions is an inefficient method of transmission, which is in
sharp contradistinction to the more efficient modes, inti-
mate sexual contact (including exchange of infected secre-
tions) or infusion of a contaminated transfusion product.
The reported cases of HIV transmission in a household
setting have occurred in circumstances that mirror occu-
pational exposure, namely exposure to a high concentra-
tion of infected material via a recognized portal of entry
(i.e. bloodstream, mucous membrane, or non-intact skin)
[1, 3, 6].

HIV does not survive on environmental surfaces for
an extended period of time. Acquisition of HIV results
from direct, or intimate exposure to virus, which in turn
infects susceptible host cells [4]. The HIV virion is labile
and highly susceptible to disinfectants. Consequently,
the risk for transmission from environmental surfaces is

Table 44.3 Appropriate precautions outside the hospital

environment*

Education
Prevention of exposure
Recognition of exposure
Knowledge that HIV is only transmitted via intimate

contact (intimate sexual contact or inoculation of
contaminated material)

Proper clean-up procedure/use of standard
precautions

Appreciation of importance of good handwashing
technique between contacts

Need to remain calm
Access to medical advice (if needed)

Materials
Gloves and gowns for anticipated exposure to any

body fluid
Masks and goggles only if splattering or spraying of

material is likely
Bleach (for 1:10 or 1:100 dilution in water)
Disposable vessel for cleaning fluid
Disposal bags or container

*Standard precautions [10] were designed for hospital-
based conditions but should be applied to any location
where exposure to body fluids is anticipated.

non-existent. Still, in the event of a spill, the recommended
solution for cleaning a spill is diluted bleach (at 1:10
to 1:100 concentration) [8, 9, 10]. Appropriate materials,
including gloves, materials to soak up the spill and ade-
quate disposal containers (Table 44.3) should be available
in all settings where children play, learn, or rest [1, 11].

Because children frequently place objects (including
hands) in their mouths, transmission via oral secretions
has been extensively investigated. In horizontal household
exposure studies, transmission via casual contact is excep-
tionally rare, if it occurs at all [1, 7]. Biting is common among
children, but rarely results in direct blood contact. Trans-
mission following a bite is unlikely unless blood is inocu-
lated percutaneously. In prospective studies of individuals
bitten by HIV-infected patients, no seroconversions have
been reported. In a handful of reported cases, individuals
have seroconverted following a severe human bite, notable
for exposure to blood-contaminated secretions. Further-
more, the data do not support the likelihood that HIV can be
transmitted by kissing, particularly between children and
loved ones. In the two cases of possible transmission follow-
ing passionate or deep kissing, at least one of the partners
was noted to have bleeding gums and blood-stained saliva,
which probably account for transmission [1]. These cases
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Table 44.4 Activities in household contact that have not resulted

in transmission of HIV infection

Sharing the same bed
Bathing together
Kissing on lips
Sharing comb
Sharing toilet
Sharing eating utensil
Giving injection
Sharing toothbrush*

* Sharing of toothbrush or razor is not recommended.

emphasize the unlikely possibility of transmission follow-
ing exposure to contaminated bloody secretions.

The risk of HIV transmission from contact among chil-
dren in households, schools, day-care centers, and other
out-of-home child-care settings is extremely small. A hand-
ful of case reports of HIV transmission in the home environ-
ment have been reported [1, 2]. In several cases, sequence
analysis of viral isolates has pinpointed the source to the
home exposure. In each case, exposure to blood or blood-
tinged material appears to be the mode of transmission,
particularly through non-intact skin or mucous mem-
branes. Nearly 20 studies have been published addressing
HIV infection among adult and child household members
of infected persons. Including more than 1300 household
contacts, new cases of HIV have only occurred in individ-
uals with other major, risk factors for acquisition of
infection [1]. Many of these studies have specifically
demonstrated the absence of transmission associated with
household activities that might involve contact with blood
or other potentially infected body fluids, such as sharing
razors or toothbrushes (see Table 44.4) [7].

Reported cases of HIV transmission have been asso-
ciated with the provision of home healthcare. The pri-
mary mode has been a needlestick injury or splattering of
contaminated material onto non-intact skin or mucosal
membranes [3, 6, 12]. In prospective studies of healthcare
workers who have sustained a needlestick injury, the esti-
mated risk of HIV transmission following a single percu-
taneous exposure to HIV-infected blood is about 0.3% [6,
13, 14]. Factors that appear to influence the risk for trans-
mission of HIV include a deep penetrating injury, visible
blood on the contaminated device, a high viral titer load
in the source individual, recent placement of the catheter
in a blood vessel or death of the source patient within 60
days post exposure [5, 12, 14, 15]. HIV transmission follow-
ing exposure of non-intact skin or mucous membranes to
HIV-infected blood has rarely been reported. The estimated
risk for this mode of transmission is less than 0.1% [1, 13].

Table 44.5 Techniques of standard precautions that should be

practiced outside of hospital

Handwashing Before and after contact with body
fluids. Always after removing
gloves

Gloves Worn if contact with body fluid is
anticipated

Masks/eye wear If splattering of body fluid is likely
Non-sterile gown Protect skin/clothing from splashes

Dispose of properly for cleaning
Patient equipment Handle carefully to avoid splattering
Linen Change and dispose of without

exposure to others
Surface cleaning Thorough cleaning of exposed

surface
Removal of fluid
Disinfect with bleach solution (see

Table 44.3)

These rare cases have resulted from extensive exposure to
concentrated HIV-contaminated body fluids, splashed into
an open wound or mucous membrane.

44.1.3 Precautions and HIV transmission

Originally, guidelines for universal precautions were
intended to develop a set of recommendations for minimiz-
ing the risk for transmission of all blood-borne pathogens
[1, 8]. Recommended as a standard of care in all medical
facilities in the USA, the guidelines are known as “standard
precautions” [10]. They streamline the approach to prevent
percutaneous, mucous membrane, and skin exposures to
blood-borne pathogens, including HIV. These guidelines
are certainly applicable outside of the hospital and should
be practiced in schools, camps, athletic, home, and institu-
tional care facilities. Standard precaution guidelines should
always be observed, regardless of the presumed infection
status of a patient; knowledge of an individual’s disease
status is not necessary to implement appropriate precau-
tions in or out of the hospital setting. Particular care should
be taken when handling blood or blood-tinged solutions
from anyone. There are several other blood-borne infec-
tious agents, including hepatitis B and C, which are trans-
mitted more efficiently than HIV [5].

The principles of standard precautions include directives
for safe practices in all settings and when indicated, appro-
priate barrier precautions when contact with blood or body
fluids is anticipated (Tables 44.3 and 44.5) [8, 10]. Gloves
should be used for handling blood, body fluids, excretions,
secretions, mucous membranes, and non-intact skin in all
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Table 44.6 HIV infection in the home: What to say and do

Assurance that transmission of HIV results from
inoculation of contaminated blood only

Home transmission only results from accidental
inoculation

Need to have intimate contact with infected
material

Casual or physical contact has never been
associated with transmission

Sharing and casual contact are to be encouraged
Use barrier protection for anticipated contact with

blood or blood-tinged material
Avoid exposure to blood or blood-contaminated

materials
Prevent access to medical supplies and drugs

Immediately report blood spillage
Clean up spills with appropriate materials

Keep children away during clean-up
Protect confidentiality of family unit

settings. To prevent skin and mucous membrane exposures
gowns and gloves should be worn when contact with blood
or potentially infected materials is anticipated. Masks, pro-
tective eyewear, face shields and gowns should be reserved
for circumstances in which there is a chance of splatter-
ing infected material to the face or body. Generally, this is
applicable in the hospital setting. It cannot be over-
emphasized that hands should be washed immediately
after contact with blood or body fluids, including after
removal of gloves. It is worth emphasizing several points
that are of particular importance for the care of children
in and out of the hospital environment. For the care of
children, gloves are not recommended for routine diaper
changes and cleaning of nasal secretions [2]. Gloves do not
need to be worn when feeding a child, including breast milk.
However, some experts have argued that standard precau-
tions be used as a precautionary measure when preparing
or offering breast milk, if the HIV status of the mother or
breast milk donor is unknown.

With children, the cornerstone of preventing transmis-
sion by needlestick or exposure to contaminated sharp
items is avoidance. Children should not have access to
sharp items. Tamper-proof waste disposals must be kept
out of reach of children [16]. Because many children receive
home-based care, for instance in conjunction with venous-
catheter devices, home care providers should receive
proper education in precautions to all occupants. Further-
more, only non-recapping equipment should be used out of
hospital. Under no circumstances should needles, syringes,

or other such equipment be used for more than one person
without sterilization. Blood or potentially infected body flu-
ids spilled on environmental surfaces should be promptly
removed and disposed of properly. The contaminated sur-
faces must be cleaned with a bleach solution (diluted 1 : 10
to 1 : 100, depending on the amount of organic material
present) after the liquid material has been absorbed and
disposed of properly [8, 10].

Appropriate infection control practices should be rigor-
ously followed in other healthcare settings such as clinics,
offices, or homes. Common play areas on pediatric wards,
in clinics, and in offices need to be supervised by staff
trained to handle situations, such as bleeding episodes,
that may pose a risk of disease transmission. Toys should
be cleaned and disinfected before being used by another
child if they are contaminated by blood. Otherwise, there
should be no restriction on availability of toys.

44.1.4 General principles for approaching the child
with HIV infection outside the hospital

In order to promote a program that is sensitive to the emo-
tional and social as well as medical needs of the HIV-
infected child, a co-ordinated approach must be devel-
oped that protects both the patient and others (Table 44.6).
First and foremost, confidentiality must be protected at
all times. Knowledge of HIV status should be restricted
to only those who are responsible for medical decisions.
Otherwise, there is no indication for public revelation of
HIV infection, unless the child and providers believe it
suitable.

Mandatory HIV testing is not indicated for attendance at
schools, nor for participation in athletics and day care. It
has been advocated that HIV testing be conducted in chil-
dren at risk (e.g. born to infected mothers or those at high
risk who refuse testing) prior to adoption or placement in
foster care, primarily to provide suitable medical direction
for antiretroviral and supportive care of the child.

The principles of infection control practiced within the
hospital environment are applicable outside the hospital.
Education of lay people (e.g. coaches, day care providers,
foster parents, and teachers) who may supervise HIV-
infected children is essential. Blood exposures from fights,
unintentional injuries, nosebleeds, shed teeth, menstrua-
tion, and other causes can occur in many different venues.
All institutions which care for and educate children should
educate staff about safe practices, establish current poli-
cies for protecting confidentiality, provide suitable cleaning
materials, and use appropriate infection control practices,
including standard precautions, for all children (Tables 44.3
and 44.5).
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Because of the advances in antiretroviral therapy, many
children are living longer and attending activities outside
of the home environment. Many choose to disclose their
HIV status. Consequently, educational programs should be
available in all settings, and in addition, support systems
are needed to counsel and advise infected children. At the
same time, public educational programs should be insti-
tuted to provide the general public with the knowledge of
facts pertinent to effective infection control practices. Since
it is estimated that perhaps as many as 20% of infected
adults acquired HIV in adolescence, appropriate infection
control practices should be reviewed in all settings where
children play, learn, or rest [2, 17].

Although HIV-infected children pose only a trivial risk to
their uninfected peers, they may acquire from their healthy
peers secondary infections which can be life-threatening
in the setting of significant immunosuppression [18]. It is
important to maintain an active awareness of infectious
diseases in the community. Restriction from activity will
most likely be determined by concern for acquisition of
a serious, secondary infection [19, 20]. Table 44.7 reviews
the recommended precautions for contagious diseases
that may be particularly dangerous to children with HIV
infection.

44.1.5 Specific issues pertaining to children outside
the hospital environment

Schools
In the past, children with HIV infection have been dis-
criminated against in schools and on occasion, barred
from attendance. These instances have galvanized public
attention but more importantly propagated the unfounded
notion that HIV is likely to be transmitted in schools. HIV
transmission has never been documented to have taken
place in school. An educational program for both the staff
and student body can help create an accepting environ-
ment for children with HIV infection. Many HIV-infected
children have chosen to disclose their HIV infection. They
attend school with the full support of their teachers and
peers and have an extremely positive experience (see
Chapter 46).

Children with HIV infection can participate in all school
activities to the extent that their health permits [21, 22]. Co-
ordinating a child’s medical and educational needs requires
ongoing communication among the family, healthcare
providers, and school health staff. Like other children with
special health needs, children with HIV infection benefit
from educational programs that provide needed medical
services, such as management of emergencies and admin-
istration of medications. All educational institutions should

have a policy regarding students and staff who have HIV
infection.

In the school, confidentiality is a particularly impor-
tant issue; privacy rights must be protected at all times
[23–25]. A child’s HIV status should be disclosed only
with the informed consent of the parents or other legal
guardians and, when age-appropriate, assent of the child.
There is no justification for routine testing of children prior
to admission to school. School personnel aware of the
child’s HIV infection should be limited to the school med-
ical advisor, school nurse, and teacher. The administra-
tion of HIV-related medications in school may compromise
confidentiality; an infected child should be encouraged to
self-administer most medications.

Athletic activities
Since children naturally engage in physical play and often
gravitate towards athletic competition, supervision of play-
grounds, playing fields, and athletic programs is a major
responsibility. Suitable first-aid training and kits should
be available wherever children engage in active, physical
activities (Tables 44.3 and 44.5) [10, 26]. Participation in
contact sports carries a minimal risk of exposure to blood
because forceful contact with hard surfaces, equipment, or
other players may result in laceration or abrasion. Theo-
retically, close contact between participants could lead to
direct exposure to another person’s blood. However, the risk
of HIV transmission during sporting activities is extremely
low.

HIV testing of athletes should not be a prerequisite for
participation in sports. Athletes with HIV infection should
be permitted to participate in competitive sports at all lev-
els, as long their condition permits. Notable exceptions to
be addressed on a case-by-case basis include the likeli-
hood of blood contact (e.g. intramural touch football vs
varsity tackle football), the athlete’s propensity to bleed
(e.g. thrombocytopenia), and the presence of skin lesions
that cannot be covered during active sport. The American
Academy of Pediatrics recommends that an HIV-infected
athlete considering a sport such as football or wrestling
be encouraged to consider an alternative sport after dis-
cussing the risk factors for transmission of HIV [2, 26].
Finally, the respect and authority held by many coaches
may provide them the opportunity to educate athletes and
others about the risk of HIV transmission through unpro-
tected sex and through the sharing of needles or syringes
for injection of anabolic steroids or other drugs.

Day care centers
Transmission of HIV in a child-care setting is theoretic-
ally possible, but very unlikely, especially if appropriate
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Table 44.7 Appropriate precautions for common childhood infectionsa

Special precautions in

Organism Hospitalb School Day Care Comments

Candida None No No Ubiquitous
Cytomegalovirus None No No Ubiquitous
Coccidioidomycosis None No No No person-to-person transmission
Cryptococcus None No No No person-to-person transmission
Cryptosporidia Contact No Yes Child with diarrhea should be excluded

from day care
Epstein–Barr virus None No No Ubiquitous
Haemophilus influenza typeb Droplet No No Prophylaxis of contactsc

Hepatitis B None No Yes Avoid biting and blood contactc

Histoplasmosis None No No No person-to-person transmission
Herpes simplex Contact No Yes Exclude child with mouth sores and

drooling
Influenza Droplet No No Common in winter
Isospora hominis Contact No yes Pathogenicity negligible in

immunocompetent children
Mycobacterium avium

intracellulare
None No No No person-to-person transmission

Measles Airborne Yes Yes Exclude child until resolvedc

Pertussis Droplet Yesd Yesd Exclude child until treatedc

Pneumococcus None No No Ubiquitous in normal children
Pneumocystis carinii None No No Ubiquitous
Respiratory syncytial virus Contact No No Common in winter/spring
Rotavirus Contact No Yes Child with diarrhea should be excluded

from day care
Salmonella Contact No Yes Infected child should be excluded until

3 stools negative
Staphylococcus Contact Yesd Yesd Exclude child until resolved
Streptococcus Contact Yesd Yesd High rate of carriage among children
Syphilis Contact No No Should have been treated in infancy
Toxoplasma None No No No person to person transmission
Tuberculosis Airborne Yes Yes Until treatede

Varicella-zoster Airborne +
Contact

Yes Yes Exclude child until lesions scabbed

a Adapted from [1]
b Based upon standard precautions recommendations [10].
c Immunization recommended for all children.
d Precautions can be discontinued once the patient has been on therapy for at least 24 hours.
e Consultation with physician recommended, particularly in area with high prevalence of resistant strains of tuberculosis.

precautions are taken. The lack of data supporting trans-
mission of HIV through casual contact following household
exposure is pertinent to the child-care setting. The CDC,
AAP, and the American Public Health Association have re-
commended that children with HIV infection be allowed to

attend child care in nearly all cases [16, 27, 28]. Exceptional
circumstances that argue against attendance at day care
include a strong propensity for aggressive biting, the likeli-
hood of having uncontrollable bleeding episodes, the pres-
ence of oozing skin lesions that cannot be covered (e.g. on
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the face), or a degree of immunosuppression which would
place the patient at risk in the day-care setting [1]. The
latter is probably most pertinent and requires an aware-
ness of secondary infections in the community that may
imperil the child with severe immunosuppression. It is
recommended that the child’s physician participate in the
decision to enroll a child in day care.

In some communities, day care centers designed to meet
the special medical, developmental, and other needs of
children with HIV infection have been successfully estab-
lished. The success of these programs is not a reason to
mandate that all children with HIV should attend a spe-
cialized program. In fact, most experts agree that infected
children benefit greatly from participation in normal activ-
ities with other children.

Adoption
Adoption of the child with HIV entails responsibility for
medical care. Prospective adoptive or foster parents of HIV-
infected children and children at risk for whom the diag-
nosis has not been excluded should be aware of the diag-
nosis, treatment plan, and prognosis of the child [1, 23].
They should be instructed in appropriate infection control
measures designed to minimize the risk for transmission
[29]. Children born to infected mothers should be tested
with permission of the biologic mother. On occasion, this
may not be possible. Most states can request HIV testing
through the legal system. Because nearly all HIV-infected
children who are to be adopted or placed in foster care have
acquired infection perinatally, great care should be taken
to protect the confidentiality of the biologic mother’s HIV
status.

Summer camp and other recreational activities
Recently, a number of camping opportunities have become
available to children with HIV infection [30]. Some are
restricted to children with HIV infection while others integ-
rate children into a general camp setting. On occasion,
family camps have been offered to provide a nurturing envi-
ronment for children and families together. Proper training
in the management of blood and potentially infectious fluid
spills is required of all staff. Generally, medical and nurs-
ing support should be available to handle both standard
emergencies and serious intercurrent illnesses. Suitability
for attendance should be based upon the condition of the
child. In the camp environment, children should not be
restricted in their activities on the basis of their HIV sta-
tus. However, secondary conditions, such as diarrhea or
cryptosporidiosis may preclude specific activities, such as
swimming in an enclosed public pool. It is notable, that lake

swimming also presents a risk for acquisition of a water-
borne pathogen.

44.1.6 Management of exposure to HIV

Despite efforts to avoid direct exposures to HIV-infected
blood and other body fluids by educational and preventive
measures, children are still at risk for accidental exposure
to HIV outside the hospital environment [1, 14, 31]. Expo-
sure following a bite or splashing of contaminated material
is also possible, but the efficiency of transmission is greatly
reduced relative to percutaneous needlestick injuries [1]. In
the rare instance in which a child is exposed to HIV-infected
body fluids, immediate consultation of medical care is crit-
ical for assessment and intervention [31]. Post-exposure
prophylaxis for HIV is described in Chapter 24. Other post-
exposure prophylaxis measures may be indicated if there
is a concomitant exposure to other infectious agents (e.g.
hepatitis B). Because blood and body fluid exposures also
may occur in the home or outside the hospital environ-
ment, the availability of access to information regarding
post-exposure management should be established for per-
sons outside of medical centers.

Recommended management of an accidental exposure
to HIV includes reporting exposures promptly, evaluating
the nature of the exposure, counseling the exposed per-
son regarding management, and testing the source per-
son (with consent) for hepatitis B surface antigen and HIV
antibody. During the follow-up period, the exposed person
should seek medical evaluation for any acute illness and
refrain from blood, semen, and organ donation. Updated
information on HIV post-exposure prophylaxis is available
from the Internet at CDC’s home page (http://www.cdc.gov)
and the National AIDS Clearinghouse (800-458-5231). Pol-
icy statements from the American Academy of Pediatrics
can be found on their web site (http://www.aap.org).

44.2 Precautions for other infections

Children with HIV are more susceptible to severe or life-
threatening complications of opportunistic and common
pediatric infections. Opportunistic infections can gener-
ally not be prevented by limiting person-to-person expo-
sure, since they are usually present in the environment,
carried by the at-risk host, and are associated with
immunosuppression rather than with exposure [18, 19].
Generally, opportunistic infections are not transmitted to
other children as opposed to common pediatric infections
(such as varicella or measles) which can be transmitted
to other children, including those without HIV infection.
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The greater danger is to the child with HIV whose immune
function is significantly depressed because of the greater
risk for more severe or chronic complications of the sec-
ondary infection. Prophylaxis for opportunistic infections
is discussed in Chapter 11.

A major challenge to providers of care, education, and
recreation for children with HIV is preventing acquisition of
preventable infections. Because the consequences of rou-
tine, viral infections, such as varicella or measles, can be
so severe in HIV children, providers must be vigilant and
knowledgeable of ongoing outbreaks in the community.
Restricting a child from participation in school, day care
or athletics should only be recommended if an outbreak or
documented cases have been reported and the likelihood
is high that exposure may take place.

Strategies to prevent acquisition of a secondary infection
include immunization (both passive and active), protect-
ing a child from exposure (which may be unrealistic), and
prophylaxis with antimicrobial agents [19]. While the latter
is effective in decreasing the risk for infection, it is not fully
protective and in fact, intensifies the pressure to develop
infection with resistant organisms.

Standard precautions should be followed for all patients,
regardless of their presumed infection status [10]. Recom-
mendations for isolation have been streamlined into three
categories, based upon the mode of transmission; droplet,
contact, and airborne [10]. Recommendations have been
generated for specific clinical syndromes highly suspi-
cious for infection but requiring temporary implementa-
tion of precautions until a definitive diagnosis is confirmed.
Standard precautions have only been recommended for
hospital-based practice, but their application is appropri-
ate for the care of children with HIV outside the hospital.
Recommendations concerning attendance in school or day
care should be based upon these precautions and can eas-
ily be applied to other settings, such as family gatherings,
athletic events, summer camps, or recreational programs
[11, 21, 22, 29].

44.3 Conclusion

On the basis of the published literature and extensive clin-
ical experience with HIV infection, it is appropriate to con-
clude that the presence of HIV infection, per se, should not
restrict children from participating in athletics, day care,
and school unless an exceptional circumstance intervenes.
Accordingly, children with HIV infection should be able to
enjoy the same access to healthcare, privacy, education,
and social interactions as other children. Management of
children with HIV infection outside of the hospital environ-

ment should be routine as long as the proper guidelines for
infection control practices and confidentiality are followed.
Educated and caring healthcare professionals need to help
the community better understand HIV infection and the
needs of infected children. The activities of children with
HIV should be restricted only due to either a debilitating
complication or the risk of a secondary infection that may
be more severe in the compromised host. Because of the
evolving nature of the HIV epidemic, updated recommen-
dations will most likely continue to be issued by organiza-
tions including the American Academy of Pediatrics and
the Centers for Disease Control and Prevention.
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45.1 Introduction

Though a cure for HIV disease remains elusive, medical
advances have demonstrated that the virus can be reduced
to undetectable levels and disease progression can be sig-
nificantly slowed. The use of antiretroviral prophylaxis and
cesarian section reduces the rate of perinatal transmission
of HIV infection, thus increasing the likelihood that a child
born to a mother with HIV infection will not be infected.
Medical advances, nutritional support, psychosocial sup-
port, co-ordination of key services, and attention to quality
of life issues have contributed to improved treatment and
prevention outcomes for HIV-exposed and HIV-infected
children. Children with HIV infection are living well into
their teen years and even their 20s. Parents living with
HIV who have access to HIV care are able to be primary
caregivers for their children for a longer period of time.
Although this chapter is primarily oriented to the experi-
ence of patients living in the USA, some of the information,
particularly the information concerning broader psycho-
logical and social concerns should be helpful to patients in
other parts of the world.

45.2 Psychosocial concerns

Amidst the notable successes in HIV care, there continue to
be a number of important psychosocial issues. Among the
most critical issues facing children and families living with
HIV are the psychosocial developmental needs of children
with HIV infection. Children growing into teenagers with
HIV face profoundly challenging adolescent psychosocial
developmental issues. With the changing characteristics of

the HIV epidemic, the developmental difficulties faced by
children and families have changed, producing new chal-
lenges in parenting and planning for the future. In the past,
parents did not expect their child to live into adolescence.
As children grow older, issues such as disclosure, develop-
ment of intimacy, career and school choices and the usual
tasks of adolescence may offer overwhelming challenges
for parents and frequently require support from health and
mental health professionals.

Other crucial psychosocial issues are the special con-
cerns of uninfected children living in a family with other
HIV-infected members. In recent years, investigators have
begun to describe the needs of affected children [1–3]. This
research has noted that HIV-uninfected children of HIV-
infected mothers evidenced greater psychosocial adjust-
ment difficulties when compared with their peers whose
mothers are HIV-uninfected [1]. This is sometimes a for-
gotten group of children because families may be focused
on the children who are HIV-positive. It is important that
such children have access to services such as healthcare,
mental healthcare, recreation, and other services that help
to normalize their lives. In many cases, services are avail-
able through the HIV care programs used by infected family
members.

Permanency planning for children can be an urgent issue
for families. The decrease in perinatal HIV transmission
makes it more likely that children will be uninfected while
their parents will be HIV-infected. While parents are living
longer, healthier lives, there is a real risk that their children
will be orphaned due to HIV disease. Levine [4] estimated
that by the year 2000, more than 200 000 children would
have lost their mothers to HIV infection in the USA. Plan-
ning for AIDS orphans is a worldwide concern. Within the
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USA, parents have a number of options for permanency
planning and can get assistance through HIV care facilities
(See also Chapter 48). In sub-Saharan Africa, organizations
such as the Association François Xavier Bagnoud and The
International Partnership Against AIDS are leading efforts
to ensure orphans of the AIDS epidemic are able to grow
up in nurturing environments.

Like other chronic illnesses, HIV infection can disrupt the
child’s ability to engage in normal daily activities such as
school, cause serious psychological and emotional prob-
lems, and may lead to premature death [5, 6]. Distinc-
tive psychosocial issues set pediatric and family HIV apart
from other chronic illnesses: stigma; family secrecy about
diagnosis; lack of social support; isolation; interactions
between HIV and other family problems such as drug abuse
and poverty; the multi-generational nature of HIV among
women and children; and the multiple losses due to HIV
experienced by members of families affected by the dis-
ease. All of these can increase the psychosocial burden
and emotional distress experienced by many families living
with HIV/AIDS [7, 8]. Sherwen and Storm [9] examined the
studies that describe the psychosocial challenges of famil-
ies of children with HIV infection. Stress and isolation were
identified as recurring themes, contributing to the psycho-
logical vulnerability of families. Families living with HIV are
often simultaneously coping with poverty, limited access to
health and educational resources, homelessness, and other
social problems that can require that they interface with
numerous social service agencies in addition to medical
providers.

45.3 Assessing family needs

Families living with HIV infection can have widely varying
compositions, ranging from the nuclear family consist-
ing of parents and children, to grandparents caring for
their ill adult children and their grandchildren, to foster
families. Determining which family members constitute
the key caregivers is essential for the optimal provision
of healthcare and psychosocial services. In many states,
foster parents receive specialized training and financial
supplements for caring for HIV-infected children. Biologi-
cal family members who assume this same responsibility
are often not eligible for monetary support [10]. In some
states, providers and legislators are realizing that this lack
of support for biological family members hinders keeping
families together. They are beginning programs such as the
Kinship Navigator Program in New Jersey, which provides
additional support for family members. More information
about this program can be accessed at their website:

http://www.state.nj.us/humanservices/DHS%20Publica-
tions/kinshipbro1.html.

While foster parents may provide the day-to-day care
and assume responsibility for making sure a child’s medical
needs are met, the biological parent and/or the state retains
the legal guardianship of the child. Thus, foster parents are
often unable to legally consent for certain medical inter-
ventions, including enrollment in clinical trials, or simple
surgical procedures. Foster parents may also face difficulty
in decisions about disclosure and in assuming responsi-
bility for making funeral arrangements when children die.
The limits of foster parents’ legal rights to make medical
and other decisions may vary from state to state and must
be evaluated with each family.

Families with HIV-infected members face many chal-
lenges. They often live under significant stress and may
be fragile. However, they also have strengths that have
helped them manage previous difficult situations. Past cop-
ing strategies provide clues for developing effective plans
for families.

Social issues, such as poverty and homelessness, faced
by families necessitate that providers assess whether basic
needs such as food and shelter are being satisfied. For
example, when a family comes for medical services, the
medical provider may focus on providing the child with
the newest state of the art medications and treatments.
However, unless the family’s basic needs are met, it will be
difficult to assist them in implementing the best medical
care for their child. In addition, when a family comes for a
medical visit, their expectations regarding the visit must be
assessed. With time constraints, and with desires to pro-
vide the best possible care to children, a question to ask
the parent or guardian is: What are the concerns for today?
This should include both medical and social concerns. In
a setting where a multi-disciplinary team approach is util-
ized, the services of a social worker or psychologist can
be enlisted to address those concerns on site. If not, it is
worthwhile to keep available a list of community resources
that provide support with basic needs such as housing and
food. Ryan White Comprehensive AIDS Resources Emer-
gency (CARE) Act funding is available in many communi-
ties. It supports a variety of services for persons infected
and affected by HIV.

Other, more basic, concerns may arise. For example, the
possibility that a child may be in danger because the basic
needs for food and shelter are not being met or because
the child is at risk of being physically abused. Providers
who care for children with HIV infection should compile
lists of organizations that can provide resources and treat-
ment facilities where troubled parents can seek help. Local
community or county social service departments will often
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have this information. When referring a family to a social
service agency, it is helpful to assess their previous history
with the organization. If their experiences have been nega-
tive, it may be necessary to broker this relationship in order
to obtain the needed services for the child and family.

45.4 Managed care and other insurance coverage

In the USA, the complicated system of medical insurance
and reimbursement present a specific set of challenges to
those who would deliver excellent care to the HIV-infected
child. Managed care is a system where a primary health-
care provider (PCP) functions as the gatekeeper of medical
services needed by the client. The PCP will make referrals
to specialists that he or she determines as needed. Health
Maintenance Organizations (HMOs) are one type of man-
aged care program. In this type of plan, all of the health-
care providers who see the patient must be enrolled in the
HMO or there will not be financial coverage for the services.
There are certain special circumstances where the HMO
may allow the patient to be covered by the HMO for care
provided by a clinician not employed by the HMO, called
“to go out of network,” if the needed service is not avail-
able in network. These situations are negotiated with the
PCP and HMO. Some states use HMOs to deliver services
under their Medicaid programs. Preferred Providers Organ-
izations (PPOs) and Point of Service (POS) plans also use
PCPs and have various rules about referrals to specialists
who are considered “in-network” and those out of network.
With these plans, there may be no cost or the patient may
have to make a co-payment at the time of the visit to see
the PCP or to the specialist if the specialist is in-network.
The PCP bills the HMO, PPO, or POS insurance company
for the remainder of the fees beyond the co-payment if
the healthcare provider is in-network. Written referrals are
usually needed for specialists, although some plans do not
require referrals for certain specialists, for example gyne-
cologists. There are also traditional health insurance plans,
also known as “fee for service” plans, in which each physi-
cian who sees the client charges the patient for the ser-
vice. In these plans either the patient pays the healthcare
provider and is then reimbursed by the insurance company,
or the physician bills the insurance company directly. Each
plan varies, and if families have a choice of insurance plans,
they should carefully examine the benefits offered by each
plan and consult with the insurance companies or their
benefits specialist to determine which plan is best suited
for them. If a patient has a wish to see a particular specialist,
it is imperative that they ensure that the specialist will be

covered by the healthcare plan. Families should carefully
monitor the benefits offered by insurance plans and the
healthcare providers and hospitals that are considered in-
network, since these can change frequently and with little
warning. Families can sometimes face unpleasant surprises
when they discover that the insurance arrangements have
changed for a healthcare provider that they have seen for a
long time. It is important to also verify where lab work and
other tests can be done.

45.5 Organizational considerations in the
psychosocial care of pediatric HIV infection

HIV infection can exert extreme stresses on many fam-
ilies. Providers should make themselves aware of these
stresses and often must provide concrete recommenda-
tions for patients in order to provide optimal care. Medical
specialists and generalists, social workers and case man-
agers who provide care for HIV-infected children must be
aware of some of the key features of the medical insurance
system. Careful planning can help. Recommendations that
providers caring for patients with HIV may want to consider
include:
1. Maintaining an automated list of your clients, their

health insurance plan, their primary care provider (PCP),
and the number of referrals that have already been made
to specialists since insurance companies often limit such
referrals.

2. Determination of the relationship between each client
and their PCP and the establishment of a working rela-
tionship with their PCP. The insurance company may
need to be consulted to determine: Which provider sees
the client and for what specific conditions? Can the spe-
cialist provide primary care? When should the child see
the PCP? Other key points to consider include: Whether
the family has a clear idea of when to see whom. Whether
the specialist and the PCP agree about the services
required and the treatment plan. Whether the HMO
directly provides any additional services (e.g. education,
home visits) or other help that could support your efforts
(e.g. transportation)?

3. Assess whether the family can obtain their own referrals?
If not, determine who from your office is responsible for
calling the PCP when a referral is needed, if the insurance
company requires that referrals be made through the
PCP.

4. Evaluate why families are not able to obtain their own
referrals. Assist with skill training as needed.

5. Have readily accessible the phone numbers to the most
commonly used insurance companies, their complaint
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lines, and, if needed, information for families being
cared for by Medicaid HMOs. (Certain jurisdictions
require that patients receiving care through Medicaid be
enrolled in a Medicaid HMO, but certain patients with
complicated diseases may sometimes be exempted from
this requirement.)

Using insurance benefits, public and private, can create
significant barriers for HIV-infected children and their fam-
ilies. Some families continue to fear discrimination when
they utilize their insurance coverage. Very often, this desire
not to use insurance is related to the secrecy around the
diagnosis. However, it also could be due to accounts in
the press or personal experiences of people who had dif-
ficulty accessing care or who have experienced negative
consequences from seeking care for HIV infection. Before
a patient applies for insurance benefits the provider should
consider whether the benefit is likely to be granted and what
patients and providers can do to ensure that the patient
receives all the benefits that should be available. For exam-
ple, it is important to know if your state has exceptions for
pre-existing conditions. Some state laws prohibit denial of
coverage for pre-existing conditions. While laws may not
calm families’ fears, they may help to ensure families get
appropriate medical coverage.

Communication between the medical provider and the
insurer is essential. Success in dealing with managed care
requires education and negotiation skills. The representa-
tive of the insurance company may not understand HIV
disease. For example, the representative may question HIV
wasting and why tube feedings are being done on a child
who can eat. In this example, it may be helpful to enlist the
aid of a nutritionist who can explain why the tube feedings
are essential. To maximize the likelihood that an insurance
claim will be honored the provider must maintain clear,
detailed records. Some insurance companies may require
growth charts if they are asked to pay for special nutri-
tional services. However, meticulous records may not be
sufficient. The individual providing the initial review at the
insurance company may be ignorant of HIV disease, insuf-
ficiently trained, and inexperienced, so providing a com-
plete explanation with the pertinent records may enhance
the likelihood that a claim will be honored.

45.6 Social security and Medicaid

In the USA, Social Security and Medicaid Programs
are also available for clients. The regulations for social
security change based upon the current federal and
state legislation and funding levels. Supplemental Secur-
ity Income (SSI) is available for children with AIDS if

they meet certain requirements [11]. The Social Secur-
ity Administration publishes this information online
in the Online Social Security Handbook: Your Guide to
Basic Social Security Programs. It can be accessed at:
http://www.ssa.gov/OP Home/handbook/ssa-hbk.htm.
Specific requirements for children can be accessed at:
http://www.ssa.gov/OP Home/handbook/handbook.05/
handbook-0516.html. The requirements include “marked
and severe functional limitations,” length of disability
and “inability to have gainful activity due to a physical or
mental impairment.” There is also a financial criterion for
SSI eligibility. The calculations that determine financial
eligibility are complicated, and it may be helpful to consult
with someone with extensive experience in obtaining SSI
for children with HIV disease. In most states, children eli-
gible for SSI are eligible for Medicaid. States can contribute
to or match federal entitlements, so that the eligibility and
funding levels can vary significantly from state to state.
(Further information can also be found in Chapter 48.)

In certain circumstances, presumptive SSI is available to
eligible clients with HIV infection. This means that they are
given SSI for 6 months based on minimal documentation
substantiating a diagnosis of AIDS or HIV infection with
low CD4+ count, and/or certain opportunistic infections,
and other medical or functional criteria. The reviewers use
criteria that may change with new classification systems
and new healthcare guidelines. During these 6 months, a
more complete medical evaluation is done to determine if
the client is eligible for SSI benefits. To expedite this process,
it may be helpful to have the presumptive SSI applications
in your office. It is also helpful to provide the client with the
following to take to the Social Security office:

Medical and laboratory records
The name and phone number of the person in your office

who handles SSI medical request forms.
The name and address of the medical practitioner who

is responsible for completing the form.
The family should take the following with them:

Their own and their child’s social security card
Recent pay or entitlement stubs
Outstanding medical bills
Utility receipts
Rent receipts
Bank account information
Reports from other medical practitioners or physical/

occupational therapists.
These items are needed in order to determine the level

of physical and cognitive functioning of the child as well as
their financial eligibility for the program. There are times
when the whole family’s income is counted and times when
the child’s income is counted as the determining factor.
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This depends upon the relationship the child has with the
guardian. For instance, a child who is living with a relative
who has not adopted the child or with a family in which
the guardianship relationship is not formalized may be eli-
gible as an individual without using family income. This
may also occur with some non-kinship adoptions through
the child welfare agency.

Social Security officials recommend that you inform
clients of the basic eligibility requirements before they
apply. For example, you may have a client who wants to
have their child apply for SSI. However, the child is asymp-
tomatic and functions appropriately, physically and cog-
nitively, for their age. They should be informed that they
do not meet the criteria and advised against applying for
SSI until their child meets the eligibility criteria. The Social
Security Administration has guides available for clients on
Social Security and HIV infection.

Due to the recent changes in SSI eligibility, some chil-
dren are losing their benefits. They may lose their Medi-
caid if they do not meet the financial criteria for other
state-controlled Medicaid Programs. Some adolescents are
being re-evaluated when they become 18 years old. These
re-evaluations can have quick and disastrous effects for
children who are on medications. Insurance coverage may
be denied in such situations and resources may need to
be found without delay to prevent a lapse in their medi-
cation regimen. Programs such as the AIDS Drug Distri-
bution Program (ADDP) can often provide resources for
HIV-related medications. Another alternative is to seek
medications through the indigent assistance programs of
the pharmaceutical companies. While it is important that
effective antiretroviral therapies be maintained even when
insurance coverage changes, clinicians should carefully
and thoughtfully explain the options for insurance cover-
age and funding for the drugs, so that patients and their
families understand that alternatives are available and do
not experience needless anxiety.

45.7 Medicaid model waivers

Model waivers are federally funded and state-administered
funds available for medical services. The most common
waiver for children with AIDS is the AIDS Community Care
Alternatives waiver, commonly known as ACCAP. In order
to apply for this waiver, the child must be HIV infected and
under the age of 13 years, or have the disability diagno-
sis of AIDS if they are 13 years and older. They must also
be in need of home care services. The concept behind the
waivers is to keep people out of institutions and in the com-
munity. With ACCAP, patients can receive home-care ser-

vices, including services from a home health aide, a licensed
practical nurse (LPN) or registered nurse (RN), inpatient
and outpatient medical services, and other services tradi-
tionally provided by Medicaid, which may vary from state
to state. ACCAP does have a financial cap on the services
provided to a child. ACCAP is also available for adults. Some
states have other waiver programs for children. There are
no financial criteria to be eligible for ACCAP. It is best to
consult with your local or state Medicaid office about other
available waivers.

Families on waiver programs may have private insur-
ance and Medicaid. Questions about billing and services
covered arise. When Medicaid is involved, the insurance
company is billed first. Providers must build relationships
with case managers from the insurance companies. It may
take extensive negotiation to get services from the two
entities, Medicaid and a private insurer, as each may expect
the other to pay. It is important for families to bring in
their insurance booklets describing services covered for
the social worker to review. Experienced social workers can
sometimes identify approaches that will provide for reim-
bursement that are not immediately apparent to the patient
and family.

Federal funding is available for certain patient services.
This ranges from program staff to client medications, trans-
portation, home care, and hospice care. Currently, most
of funding specifically for children infected with AIDS is
through the Ryan White CARE Act Title I, Title II, Title
IIIb, Title IV, and Special Projects of National Significance
(SPNS). Questions and requests for technical assistance
regarding this funding can be directed to the AIDS Policy
Center and the National Pediatric and Family HIV Resource
Center (numbers and website addresses to follow).

45.8 Alternative sources for resources

As listed in Table 45.1 there are other sources of private
funding. Sometimes, these sources will consider paying
for short-term nursing or medications needed upon dis-
charge. Hospital foundations are also an option for patient
funding. Often there are private organizations and founda-
tions available to local hospitals and clinics. This table is
not exhaustive but includes some key resources, services,
and grants provided.

45.9 Discharge planning

The frequency of hospitalization among HIV-infected chil-
dren makes discharge planning a key element of medical
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Table 45.1 Alternate sources of resources

Organization Services/grants offered

The Elizabeth Glaser Pediatric
AIDS Foundation

Emergency funding for services to HIV infected children and families
Educational grants for student interns and research
Application usually due in the Fall
Grants up to $10 000.00
Projects in Africa aimed at reduction of perinatal HIV transmission

Association Francois Xavier
Bagnoud

Orphan projects
Human rights
HIV/AIDS prevention and treatment programs
Training for providers

Children Affected by AIDS Emergency direct service grants
Direct service grants
Education grants
Administration grants

M.A.C. Cosmetics Donations to pediatric HIV/AIDS programs through their Kids Helping Kids Program
Profits from Viva Glam lipsticks support AIDS organizations

Children’s Hope Foundation Serves the New York City, New Jersey, and nearby area emergency funding
(applications due in the Fall)

Hospital equipment and child-care necessities (available year-round)
Recreational events

Helpful Web Sites
Africare – http://www.africare.org
The Elizabeth Glaser Pediatric AIDS Foundation – http://www.pedaids.org
Medicaid – http://www.hcfa.gov/
Social Security – http://www.ssa.gov
FXB Center – www.fxbcenter.org
AFXB – www.afxb.org
FXB International Training Program – www.fxbtrain.org
Kids Connect (For Kids who are HIV infected and their families) – www.kidsconnect.org
Children Affected by AIDS Foundation – http://www.caaf4kids.org/International Partnership Against HIV/ AIDS in Africa
(IPAA) – http://www.unaids.org/aricapartneship/whatis.html
National Pediatric and Family HIV Resource Center – www.pedhivaids.org
Various information – www.hivpositive.com; www.thebody.com; www.hivatis.org; www.hivfiles.org

Helpful Phone Numbers
The Elizabeth Glaser Pediatric AIDS Foundation 310-314-1459
Children Affected by AIDS 310-258-0850
Children’s Hope Foundation 212-233-5133
M.A.C. Cosmetics 800-611-1613 x2518
Social Security Administration 1-800-772-1213
National Pediatric and Family HIV Resource Center 1-800-362-0071
François-Xavier Bagnoud Center, Newark NJ 1-973-972-0400

services. Most private insurance companies and govern-
ment programs only permit patients to be hospitalized
under very specific circumstances and sometimes, for pre-
scribed periods of time. Often, upon discharge, profession-
als find it difficult to offer the care that they believe a patient

needs because of the constraints imposed by insurance
companies and government programs. It is at this point that
the family is often exposed to additional providers, such as
home-care agencies. Social work involvement in discharge
planning at the beginning of an admission can reduce the



658 S. Y. Lewis and H. J. Haiken

length of stay [12]. Social workers can assist the medi-
cal team in defining and addressing the physical, social,
and emotional needs of the family during a hospital stay,
and can help make plans so the plan for the patient’s care
continues effectively after discharge. HIV-infected chil-
dren often have complicated, multi-system medical prob-
lems and a challenging social setting. Additional resources,
which are optimally suited for the needs of each family and
which the social worker can work to have in place, can make
a significant difference for the patient and the family and
can comprise an essential part of an effective therapeu-
tic plan. Such additional resources may include a visiting
nurse, health aides, and the provision of needed medical
equipment and training. Children with HIV infection some-
times become heavily dependent on complicated medi-
cal technology. The staff may question the caregiver’s abil-
ities in providing highly technical services at home, such as
total parenteral nutrition (TPN), tube feedings, and respi-
ratory therapy equipment. Certain criteria must be met for
some of these technologies, for example access to utilities,
refrigeration, and a stable caregiver. Many caregivers who
may initially appear not to be capable of delivering highly
technical care frequently can if effective instruction is pro-
vided. If the parent wants to provide highly technical care
at home, they can be taught and should be able to demon-
strate competency prior to discharge. Repeated teaching
sessions begun well in advance of discharge are frequently
effective. These sessions are not only to teach the family
members, but also to allow them the opportunities to gain
confidence in the procedure by demonstrating their profi-
ciency to hospital staff. An overnight stay, during which the
parents are responsible for most of the child’s care, is also
helpful. Such a stay gives the family caregiver the opportu-
nity to assess their abilities. Caregivers should have a back-
up person for any highly technical care at home. This is
sometimes difficult due to isolation or issues of secrecy. It
works best when there are two people who are very know-
ledgeable about the treatments. Older children, cognitively
above the age of 10 years, are often involved in their own
care. However, they ought not be the sole providers of this
care. This is particularly the case for antiretroviral therapy,
because poor adherence can promote the development of
resistance. Some families who are unable to cope with the
situation may expect this of their child but it is not in the
best interests of the child.

Upon discharge the parent should receive specific
instructions and contact information should trouble
develop. Such information should include instructions
about filling prescriptions, the follow-up appointment, and
contingency plans if the problem that resulted in the hospi-
talization recurs. The contact at the hospital or clinic should

be available and the parent should receive instructions out-
lining additional back-up contacts.

45.10 Interacting with multiple agencies

Patients and their families are often uncertain what infor-
mation and documentation they will be expected to pro-
vide to insurance companies and government agencies. It
is helpful to provide clients with guidance regarding the
information that agencies will be asking of them. Another
reliable adult should keep copies of these papers. Clinics
and social service agencies may also choose to keep copies
of some items (with the client’s permission and released
with permission by the client), because this information
will often be requested, for example when applying for the
indigent programs of pharmaceutical companies. For those
clients who are homeless, it is very helpful for them to know
that their personal records are being kept safe and confi-
dential. Following is a guideline of what may be helpful for
the client to keep in a folder.
� Social Security cards
� Income tax returns
� Proof of address (this can be two items mailed to the

patient).
� Birth certificates
� Legal guardianship papers
� Standby guardianship papers
� Insurance/Medicaid cards
� Rent and utility receipts.
Clients can also be educated about interviewing with vari-
ous agencies. Some clients do not receive services because
they are not able to ask for services in the way that the
agency expects them to ask. Basics of service referrals
include:
� Make sure that the services are available prior to referring

clients (funding cuts may be sudden).
� Locate a contact person within frequently used agencies.
� Establish a rapport with frequently used agencies.
� Assess whether or not ongoing meetings would be useful

with certain agencies to prevent duplication of services.

45.11 Working with child welfare agencies

Boyd-Franklin & Boland [10] highlight the role child wel-
fare agencies can play in the care of HIV-infected children.
First, child welfare workers provide a source of support to
foster families who may be overwhelmed negotiating the
many medical and social services agencies. Their services
can range from concrete assistance with transportation to
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support with community reactions to caring for an HIV-
infected child.

Child welfare agencies can be helpful in placing children
when parents become unable to provide care due to the par-
ent’s deteriorating health, substance abuse, or social issues
such as homelessness or inadequate housing. It is import-
ant that providers collaborate with parents around the use
of child welfare services so that these interventions are not
utilized in a punitive way. Even in situations where abuse
or neglect is suspected, these concerns must be discussed
with the parent and a plan developed in consultation with
the parent. It may be that a respite placement or foster
placement of a parent and child are viable options for a
family.

In order to be effective, child welfare workers require
ongoing education regarding the medical and psychoso-
cial aspects of HIV infection. Disease and treatment infor-
mation change rapidly. Child welfare workers need cur-
rent information in order to help families make treatment
decisions or provide appropriate information to superiors
when the agency is legally responsible for the child’s care.

45.12 Global issues in accessing care
and treatment

A number of agencies and organizations are involved in
addressing the global AIDS epidemic. Among these are
UNICEF, the Centers for Disease Control and Prevention
Global AIDS Program (CDC-GAP), United States Agency for
International Development (USAID), UNAIDS, the Inter-
national Partnership Against AIDS in Africa (IPAA), Associ-
ation François-Xavier Bagnoud (AFXB), and the Elizabeth
Glaser Pediatric AIDS Foundation (EGPAF). Each agency
has a variety of global programs. In sub-Saharan Africa,
prevention of mother-to-child transmission (PMTCT) rep-
resents a major focus in pediatric and family HIV. In
many areas, women are able to access HIV preventive care
through their antenatal clinics. In these clinics, women
can receive voluntary HIV counseling and testing, edu-
cation about HIV, and safer sex education. Some clinics
may also offer voluntary counseling and testing to part-
ners/husbands. (PMTCT is discussed in more detail in
Chapter 8.) Ongoing primary HIV care may not be as acces-
sible as prevention services. However, efforts are underway
in some countries to extend PMTCT programs so that HIV-
positive mothers and infants can receive care. IPAA, CDC-
GAP, and EGPAF have been among those agencies with
efforts focused on helping pregnant women access pre-
ventive care. AFXB and USAID’s Food for Peace under the
LIFE Initiative (Leadership and Investment in Fighting an

Epidemic) for Children Affected by HIV/AIDS have dedi-
cated resources to building capacity and infrastructure.
AFXB has a program specifically dedicated to addressing
the AIDS orphan crisis. It is important that providers learn
about the variety of resources available to families in their
area. The websites of these agencies can be accessed for
substantial detail on their global efforts and resources they
offer.

45.13 Putting it all together

HIV in women and children is a multi-generational fam-
ily disease distinguished by a number of emotional and
social issues. Many families affected by HIV/AIDS face
many other severe challenges, such as poverty, homeless-
ness, limited access to healthcare and health information,
and discrimination. Coping with HIV often requires the
involvement of numerous social service and healthcare
systems. The multi-systems model of care provides a much-
needed framework for healthcare providers to facilitate this
co-ordination, limit duplication of service, and clarify the
roles of various providers [10, 13].

Empowerment of families is the guiding principle of the
multi-systems approach. Families are coached in under-
standing how various service systems can meet their needs
and how to negotiate those systems. Families become
active participants in developing a plan and deciding how
to utilize the various services available. When a number of
service systems, medical providers, or other professionals
are involved with a family, it is crucial that representatives
from each of those programs meet on a regular basis to
update each other and clarify their roles.

The advantage of the multi-systems approach is a co-
ordinated response to the myriad of socio-environmental,
emotional, and medical issues faced by families living with
HIV. Various needs are addressed and the family builds a
strong support network. Both families and providers are
empowered when service systems complement each other
and all the pieces of the puzzle come together for the fam-
ily. The information and resources outlined in this chapter
are offered as a map to guide professionals and families
through the maze of social issues, managed care, fund-
ing sources, discharge planning, and other complexities of
meeting social service needs.
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As increasing numbers of children with perinatally ac-
quired human immunodeficiency virus type 1 (HIV) infec-
tion are surviving to ages at which they are developmentally
ready to learn their diagnosis, the management of disclo-
sure becomes an increasingly crucial component of medi-
cal, psychological, and social care [1, 2]. Even though much
more is now understood about the transmission of HIV than
when AIDS was first reported, most families still keep the
diagnosis a closely guarded secret.

The decision to disclose an HIV diagnosis to a child is
difficult and emotion-laden. Most parents do eventually
disclose the diagnosis to their child, though some fam-
ilies or cultures are not as open about discussing personal
subjects with their children as professionals might expect
[3, 4].

46.1 Parents’ perspectives: reasons cited for the
decision not to disclose

A child diagnosed with HIV identifies an entire family at risk
of infection [5]. Following a child’s positive test result, the
whole family is usually tested. In just a matter of days, the
family’s hopes and expectations for their future together
are radically altered. Parents often keep the diagnosis a
secret as they worry about a negative reaction by fam-
ily. They may fear the psychological effect that disclosure
might have on non-infected siblings and that (if disclosed
to), the infected child may not be able to keep the infor-
mation confidential [6–8]. Parents often wish to preserve
the innocence of childhood and avoid burdening children
with the knowledge of their disease for as long as possible

[9], fearing that disclosure might result in severe depression
and subsequent declines in physical health. Some parents
choose to administer medication without telling the child
what the medication is used for. However, as children live
longer, the secrecy of the diagnosis becomes more difficult
to manage [10]. Families and children may be faced with
questions from school personnel about repeated absences,
poor school performance, medicines, and hospitalizations.
Fears associated with changes in family relationships [11]
and guilt surrounding life choices and transmission may
further increase a parent’s hesitancy to disclose the diag-
nosis to a child and others [7].

While parents have cited many understandable reasons
for deferring or delaying disclosure about the HIV diagno-
sis, research has shown that greater disclosure, in general, is
related to increased social support, social self-competence,
and decreased problem behavior [12]. It is also well known
that a child’s capacity to trust develops from his or her
relationships with the parents. Postponement of disclosure
and the fabrications that often accompany delayed dis-
closure can disturb this trust. Children sense when some-
thing is out of the ordinary and silence and secrecy can
deprive them of the opportunity to explore their emotions
or fears and ask relevant questions. When children are not
included in this process, they may feel confused, alone,
forgotten, or abandoned. When a family decides to dis-
close a diagnosis, they may require assistance relating the
information to their child in a style that takes into account
emotional development, and cognitive abilities. It is essen-
tial that all interventions related to disclosure are planned
from a developmentally based understanding of children’s
needs.

661
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46.2 The decision to disclose the diagnosis to an
HIV-infected child: considerations

Parents’ reasons for disclosing the diagnosis are frequently
linked to a desire to be honest with their children. Research
has shown that parents eventually disclose the diagnosis
and cite the reasons for doing so as being opposed to family
secrets, not wanting someone outside the family to tell the
child before they did, because they felt their child had the
right to know what was going on inside his/her own body
[4], and due to a desire to establish additional support for
their child [11].

Several factors must be taken into consideration prior
to a family’s decision to disclose a diagnosis of HIV. Dis-
closing parents should identify a supportive adult who will
be available to assist the children in processing and cop-
ing with the information. Support groups, extended family
members, close family friends, and social workers are very
helpful in this role.

A parent’s decision to discuss his or her HIV diagnosis
may lead to other important disclosures, many of which
may be long-kept family secrets, including the true iden-
tity of biological parents, other family members with AIDS,
and facts concerning disease transmission [4]. Most par-
ents decide that they want to tell their children in the com-
fort of their own home, without others present, but a social
worker’s offer to be present is often appreciated, espe-
cially if a parent fears becoming too upset to complete the
discussion.

Timing of the disclosure is also of great importance. Care-
ful thought should be given to the child’s age, emotional
development and cognitive abilities, the location of dis-
closure, the words used, how questions concerning trans-
mission will be answered and plans for the future includ-
ing the identification of alternative caregivers. Information
must be supplied in a developmentally appropriate man-
ner. Anticipating the child’s responses along with careful
planning and back-up supports will increase the chances
of a more positive outcome. Once a diagnosis is disclosed,
it remains disclosed forever. Parents should be made aware
of all sources of support that are available to the child
and the family. Information about local AIDS organizations
and community agencies providing emotional and finan-
cial support may be helpful. Parents and families should be
encouraged to seek help from their local communities, such
as local clergy or culturally appropriate support networks.

Disclosure of a diagnosis to a child takes place best in
a supportive atmosphere of co-operation between health-
care professionals and parents [4]. Accurate, simple, devel-
opmentally appropriate, yet complete explanations about

the virus and medical procedures should be provided, so
that the child does not perceive the required treatments
as punishment. The child needs to be reassured that he or
she did not cause the illness. Parents should be prepared to
answer a barrage of questions ranging from the simple and
innocent to the accusing, angry, and emotionally upsetting.
Parents may find it helpful to first discuss disclosure with
another parent who has already been through the disclo-
sure process successfully. Role playing can help in identify-
ing particularly challenging questions or planning answers
to more difficult issues that may arise [7]. Box 46.1 outlines
how to help a family throughout the disclosure process. As
children asked to keep secrets tend to display more beha-
vioral problems than children not asked to keep secrets
[13], the goal of helping parents work through the issue of
disclosure in order to create open and honest communi-
cation with their child will help optimize future treatment
decisions and enhance the response to other challenges the
patient will face during adolescence and beyond [5].

46.3 The aftermath of disclosure

Disclosure is a process. It may be days or weeks after the
initial disclosure before a child has the courage to ask addi-
tional questions [7]. Some parents make the mistake of
feeling so relieved about the disclosure that they prema-
turely view the situation as “out in the open and over,”
and incorrectly assume that they need never discuss the
issue again. Children need to continue sharing their con-
cerns about both the disease itself and its impact on fam-
ily members. How the child or adolescent initially under-
stands his or her disease initially will be very different
from how they come to terms with their diagnosis after
a major infection or the loss of a friend or family mem-
ber to AIDS. Most adolescents focus more on their fear of
being rejected by their friends than on their concerns of
potentially dying from AIDS [5]. Social workers can help
adolescents decide how to disclose their diagnosis to peers
and whom to tell, including sexual partners. All health-
care providers must be prepared to answer questions about
sex and child-bearing. For both children and adolescents,
ongoing contact with social service agencies or on-going
counseling can be immensely helpful.

46.4 Adolescent disclosure challenges

A more difficult set of issues arises when parents are reluct-
ant to disclose the diagnosis to their HIV-infected adoles-
cent. Typically, healthcare providers believe honesty to be
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Box 46.1. The disclosure process

Step One – Preparation
� Have a meeting with the parent/caregivers involved in the decision-making process. Staff members that the family

trusts should be present.
� Address the importance of disclosure and ascertain whether the family has a plan in mind. Respect the intensity of

feelings about this issue. Obtain feedback on the child’s anticipated response. Explore the child’s level of knowledge
and his or her emotional stability and maturity.

� If the family is ready to disclose, guide them in various ways of approaching disclosure (Step Two).
� If the family is not ready, encourage them to begin using words that they can build on later, such as immune problems,

virus, or infection. Provide books for the family to read with the child on viruses. Strengthen the family through
education and support and schedule a follow-up meeting. Let the family know that you will meet with them on a
regular basis to help guide them through the disclosure process and to support the child and family after disclosure.
Respect the family’s timing, but strongly encourage the family not to lie to the child if he or she asks directly about
having HIV, unless significant, identifiable safety concerns render the decision to disclose inadvisable. Also remind
the family to avoid disclosure during an argument or in anger.

Step Two – Disclosure
� In advance, have the family think through or write out how they want the conversation to go. They need to give careful

consideration to what message they want their child to walk away with. Encourage the family to begin with “Do you
remember . . .,” to include information about the child’s life, medications, and/or procedures so that the child is
reminded of past events before introducing new facts.

� Have the family choose a place where the child will be most comfortable to talk openly.
� Provide the family with questions the child may ask so they are prepared with answers. Such questions include “How

long have you known this?” “Who else has the virus?”, “Will I die?”; “Can I ever have children?”; “Who can I tell?”;
“Why me?”; and “Who else knows?”

� Encourage having present only the people with whom the child is most comfortable. The healthcare provider may
offer to facilitate this meeting, but if at all possible, preparation should be done in advance so that the family can
share the information on their own.

� Medical facts should be kept to a minimum (immunology, virology, the effectiveness of therapy) and hope should
be reinforced. Silence as well as questions need to be accepted. The child should be told that nothing has changed
except a name is now being given to what they have been living with. The child also needs to hear that they didn’t do
or say anything to cause the disease and that their family will always remain by their side.

� If the diagnosis is to be kept a secret, it is important that the child is given the names of people they can talk to, such
as a healthcare provider, another child living with HIV, and/or a family friend. Stating, “You can’t tell anyone,” makes
the child feel ashamed and guilty.

� Provide the child with a journal or diary to record their questions, thoughts, and feelings. If appropriate, provide
books about children living with HIV.

� Schedule a follow-up meeting.

Step Three – After Disclosure
� Provide individual and family follow-up 2 weeks after disclosure and again every 2–4 weeks for the first 6 months to

assess impact of disclosure, answer questions, and to help foster support between the child and family.
� Ask the child to tell you what they have learned about their virus. This way misconceptions can be clarified. Writing

and art may be useful techniques.
� Assess changes in emotional well-being and provide the family with information about symptoms that could indicate

the need for more intensive intervention.
� Support parents for having disclosed the diagnosis and, if interested and available, refer them to a parents’ support

group. Encourage them to think about the emotional needs of the other children in the family in the disclosure
process.

� Remind parents that disclosure is not a one time event. Ongoing communication will be needed. Ask parents what
other supports they feel would be helpful to them and their child. Provide information about HIV camp programs for
HIV infected and affected youth.
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the best policy, and most will support and encourage par-
ents to disclose the diagnosis of HIV infection to their chil-
dren as early as is possible and practical. In cases where par-
ents refuse to do so, numerous ethical issues arise. Doctors
may feel that a teenager deserves to know the truth about
HIV treatments and medical regimens. A high percentage
of HIV-infected adolescents are sexually active, and parents
may be unaware of this. HIV-infected adolescents need to
know that by engaging in sex, they place their partner(s) at
risk of infection and that having sex with someone without
informing them of the HIV infection raises enormous moral
concerns and can, in some jurisdictions, subject them to
potential criminal penalties. They also need to be educated
about the use of safe sexual practices, should they choose
to have sex.

Social support and open communication about the diag-
nosis are essential, particularly at an age at which decisions
about relationships, sexual activity, drug use, and plans for
the future are the focus of adolescent development and
individuation [12]. The longer an adolescent goes without
learning the truth about the diagnosis, the more mistrustful
they become of the healthcare provider, of the medical sys-
tem, and of their parents. Many hospitals and other health-
care organizations have bioethicists, social work staff, and
counselors who can help orient the parents to the legal and
ethical consequences of withholding a diagnosis.

46.5 Disclosure to the school

Parents are often concerned about whether they need
to inform the child’s school personnel of the diagnosis.
Healthcare providers can assist the family in researching
the school’s HIV policy and advise the family. They can also
help parents anticipate the responses of school adminis-
trators and other parents while building supports for the
child. While negative events can occur stemming from peer
fear and ignorance, most children have found compas-
sion, sympathy, and support from their teachers. The range
of potential reactions to disclosure needs to be discussed
openly and honestly with the parent(s), child, teachers, and
principal.

46.6 Challenges for the healthcare provider

The majority of parents struggle for years prior to dis-
closing the diagnosis of HIV infection to their child. They
also rely on the healthcare provider for guidance and sup-
port. It is the issue of disclosure itself that initially brings
most parents to seek mental health services [7]. A compre-
hensive psychosocial assessment identifying each family’s

strengths and vulnerabilities is essential in providing sup-
port to HIV-infected children and families [5]. Such a tool
will allow a healthcare team to best anticipate psychologi-
cal, social, and concrete needs of the family, as well as assist
them in planning appropriate interventions [5]. It is equally
important for healthcare providers to be aware of circum-
stances when disclosure is not advisable. A very young
child can not understand the meaning of the diagnosis and
should not be expected to comprehend the seriousness of
their situation. A parent who is emotionally unstable, ex-
periencing significant anger or guilt about the infection, in
a crisis, or unprepared to allow ongoing discussions about
the virus to occur should not be encouraged to disclose at
that time. Some children are not able to keep information
confidential. In such circumstances, where disclosure of
the diagnosis could lead to serious financial, social, soci-
etal, or even physical threats to the family, disclosure should
be delayed until a time when the family’s well-being will not
be jeopardized or the child is developmentally capable of
keeping the information to him or herself.

Many families have inaccurate or dated perceptions
about HIV. Providing children and families with accurate,
up-to-date information about HIV transmission, new treat-
ments, and the improved prognosis can help provide sig-
nificant hope and encouragement. Promoting awareness
about confidentiality anti-discrimination laws and legisla-
tion pertaining to custody, guardianship, the rights of foster
parents, and medical decisions are all important aspects of
guiding the family throughout the disclosure process and
in providing effective care to the HIV-infected child [7].

The issue of disclosure strikes at the heart of all persons
infected and affected by HIV-1. Specific issues related to
disclosure are most challenging in resource-poor countries
where the burden of HIV-1 infection is greatest. In such
countries, such as in sub-Saharan Africa, the stigma associ-
ated with HIV infection is so great, that women cite refusing
to disclose the diagnosis to anyone due to fear of discrimin-
ation, and domestic violence or divorce [14, 15]. All fam-
ilies, regardless of location, could benefit from intensive
and culturally sensitive counseling and supportive inter-
vention programs around prevention of mother-to-child
HIV-1 transmission, disclosure, and treatment options and
availability.
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Psychosocial factors associated with childhood
bereavement and grief
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While recent advances in the treatment of HIV disease have
resulted in dramatic reductions in morbidity and mortality
in the USA [1], in many countries in the Far East and parts
of Africa, the aftermath of high AIDS-related mortality has
moved the HIV/AIDS epidemic beyond a health crisis. Dis-
ruptions to work patterns caused by absenteeism due to
illness and funerals, the lack of physical space in morgues
and burial grounds, reach deep into everyday life, and are
a constant reminder of the fatal nature of this disease [2].
Populations are trying to exist in a state of daily and ongoing
loss.

The number of individuals who have lost friends, par-
ents, children, and other family members remains vast.
For each individual infected with the disease, many more
are affected by the loss associated with HIV/AIDS, includ-
ing children, parents, siblings, and caregivers. Individ-
uals vary greatly in ways that they cope with loss and
death, depending on their attachment to the deceased,
their past experiences of death, and their developmental
stage.

Bereavement is one of the most frequent and potent life
stressors occurring to individuals infected with or affected
by HIV [3]. Bereavement related to HIV differs from grief
related to other chronic illnesses mainly in that those
affected by the epidemic are typically exposed to multi-
ple losses over a relatively short period of time, decreas-
ing the likelihood that there will be adequate time to pro-
cess and mourn the loss prior to the next death. One of the
most potent barriers to successful mourning is the social
stigma related to this disease [4]. In fact, the unique social
context in which these losses take place must be consid-
ered in order to understand the potential mental health
consequences.

The term disenfranchised grief, was defined by Doka [5]
as the grief that persons experience when they incur a loss
that is not or cannot be openly acknowledged. HIV/AIDS
is still a stigmatized disease and as a result, most people
keep the diagnosis and losses suffered a secret. When a par-
ent, for example, loses a child to AIDS, people may believe
that the child died of something else. Consequently, the
family finds themselves further embedded in lies at a time
when they most need to openly share their grief. Distanc-
ing and unsupportive bereavement-related social interac-
tions have been found to contribute to depression in peo-
ple who have experienced AIDS-related multiple loss [6].
Hospital personnel, who provide enormous support for
the child and family during a child’s illness, may no longer
be available. This leaves the parent with few opportunities
to receive bereavement support. Many communities have
limited sources of support for people living with HIV/AIDS.
The burden of secrecy and emotional isolation further com-
plicates the bereavement and subsequent healing process.

The grieving process may begin at the time of HIV diag-
nosis and is referred to as anticipatory grief [7]. People
with HIV experience a wide range of losses other than the
imminence of death [8], including the loss of certainty,
hopes for the future, relationships, health, control, sex-
ual desirability and body image, accustomed lifestyle, sta-
tus, dignity, privacy, and security. Chronic illness, in and of
itself, is often experienced as a loss as it is often marked by
feelings of varying degrees of sadness related to the fact that
as of yet, no cure exists. The legal, financial, stigmatizing,
and emotional factors that surround the disease further
complicate AIDS-related deaths.

There is no single portrait of a grieving child from an HIV-
infected family. Children living in HIV-infected families are
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of all ages, cultural backgrounds, and races [9]. The majority
of these children have already experienced the burdens of
poverty, seen the effects of substance abuse and violence,
and endured many other types of loss and trauma in their
families [10]. Death of a family member is often one more
destabilizing factor.

47.1 Loss in childhood

Each year, millions of children throughout the world ex-
perience the death of a parent, grandparent or other close
relative [11]. Often, adults strive to hide their true feelings
about death in an effort to protect their children. This is
not an effort to exclude the child, but rather, the result of
not knowing how to assist their child with the emotional
impact of the death of a loved one.

Each child’s experience of grief varies dramatically, based
on the developmental stage and the information shared
with the child. Children should be made aware of fam-
ily illnesses; hiding an illness is often more frightening for
children than the truth, and may complicate the grieving
process. However, AIDS-related grieving presents unique
challenges, especially concerning issues surrounding dis-
closure (see Chapter 46). Many HIV-infected parents
remain ambivalent about informing their children and the
rest of the family. Many parents do not wish to disclose a
diagnosis of HIV in order to protect their child and to allow
as normal and as happy a childhood as possible. Parents
fear children’s reactions to the news and fear the reactions
of other family members and the general public. (See Chap-
ter 46 for a discussion of the psychosocial issues of disclos-
ing the diagnosis of HIV infection.) After a parent discloses
the news, children will begin to struggle with fears about
a parent’s or their own death. This is an appropriate time
to begin discussions about the fatal nature of the disease
in terms that reflect the age, cognitive ability, coping style,
and developmental stage of the child. Pennells & Smith [11]
review age-related grief reactions, which are summarized
in Box 47.1.

47.2 Social and emotional development
as a factor

Young children experience the loss of a loved one, but do
not understand the permanence of that loss, and con-
tinue to seek the presence of the deceased. The experi-
ence of death may cause feelings of insecurity and insta-
bility. A child may cry, yearn for the deceased, become
clingy, and make attempts at reunion with the deceased

when playing [12]. Parents or elders mistakenly substanti-
ate this belief/misconception by explaining death in terms
of sleeping. For children between the ages of 5–9, death
often elicits fear and fantasy behaviors. Feelings of guilt
or responsibility for their loved one’s death is common.
At this age, children manifest an almost morbid curios-
ity about rituals surrounding death and about the func-
tion of dead bodies. For children between the ages of 9–12,
the finality and irreversibility of death is understood and
they begin to fear their own death. Children grieve in a
manner similar to adults at this stage, and may attempt to
deny their overwhelming feelings of loss in an effort to “get
on with life.” Adolescents are capable of grieving as adults
do, with appropriate crying, feelings of remorse and loss,
anger and depression. They may question their own iden-
tity and the meaning of life. Periods of social isolation can
occur, as peers are uncertain how to respond to a grieving
friend. The death may cause an adolescent to feel painfully
different from his/her peers. Role changes can occur as
well, as the adolescent assumes increased responsibility
around the home. A journal, which allows the adolescent
to record memories, feelings, and hopes for the future, is
almost always beneficial.

47.3 Grief in children who lose a parent

For any child, the loss of a parent is devastating and has
long-lasting effects. When a youngster faces the loss of mul-
tiple family members, the impact stretches for years into
the future. Parental loss brings with it uncertainty, instabil-
ity, mistrust, isolation, feelings of abandonment and fear
of the future [8]. For many, the stable family environment
never existed at all, and there may be serious concerns of
who will care for them now.

In the USA, the majority of children infected with HIV
are from communities of color [13], live in deteriorating
urban centers, and as a result of poverty and/or substance
abuse, have limited access to or poor medical resources,
and few social supports. Coupled together, these factors
lead to a compromising environment for children who
are already vulnerable to numerous stresses. Their dis-
ease doubly affects children whose families endure both
HIV/AIDS as well as the aforementioned stresses and
deprivations [4]. Most children who have lost a parent
to AIDS have also lost multiple members of their fam-
ilies to drug addiction, violence, incarceration, and sui-
cide. Helping restore these children’s ability to invest in
emotional relationships without excessive fear of future
losses is one of the greatest challenges to working with them
[14].
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Box 47.1. When children grieve: developmental considerations

0–2 Years
� The child will seek the presence of the deceased person and will experience a loss, but does not have the

capabilities to understand the permanence of that loss. They cannot comprehend the word “forever.”

2–5 Years
� Experience of death at this age may cause the child’s world to feel unsafe and unpredictable.
� Reactions may include tearfulness, temper tantrums, clinginess, bed-wetting, and sleep problems.
� In play, they may make attempts to reunite with the deceased person.
� Child may still believe that death is reversible . . . simple, repeated explanations that the deceased person cannot

come back to life are needed.
� If a child is terminally ill, their greatest fears are associated with separation from their loved ones.

5–9 Years
� Children have a wider social network at this point and consequently, children are more sensitive to other people’s

reactions, remarks from peers, etc.
� Children are learning who they can trust with their feelings.
� They are watching adults’ reactions to grief and will sometimes deny their own grief in order to protect an adults’

feelings.
� They have a greater awareness of guilt and may feel they were responsible for the death by illogical reasoning (i.e.

“Mommy died yesterday because I was naughty the night before”).
� This is also the age of fear and fantasy and the child may personalize death as a monster, boogie man, etc.
� Children think more logically about death and begin to focus on rituals surrounding death and about the functions

of dead bodies, such as do they need clothes and food.
� If the child is terminally ill, they often question “Why me?,” they may feel they have done something wrong to

deserve their illness and subsequent death, and frequently have a difficult time accepting that they are truly going
to die.

9–12 Years
� Child is aware of the finality of death and that death is common to all living things.
� Child may become fearful of his/her own death, which may cause psychosomatic symptoms to appear.
� The child is grieving more like an adult at this point and may try to deny feeling a sense of loss in order to just try to

“get on with life.”
� The terminally ill child is responsive to honest discussions (though it is still difficult to accept), to being included in

decision-making, and responds to open and honest discussions about what will be happening to their bodies.

Adolescence
� Adolescents are able to grieve more like adults do, with appropriate crying, sadness, confusion, somatic complaints,

anger, denial of feelings and/or depression.
� These powerful emotions may lead them to question their identity and the meaning of life.
� Interest in the occult, afterlife, and the rites of different cultures are not uncommon.
� They may feel social pressure to take on more responsibility and find themselves fulfilling the deceased parents’

household duties.
� Members of the adolescent’s peer group may not know how to handle the bereavement of one of their friends,

leading to a sense of isolation for the bereaved adolescent.
� The terminally ill adolescent often has great difficulty with the physical assaults that the illness has on their body,

and has a great need to feel in control of medical decisions. Tendencies to withdraw or reach out to others prior to
death reflect how they responded to other stresses in their life prior to their illness.

What do bereaved children need?
� Adults who can respond to them with genuine caring, understanding, warmth, and empathy.
� Children should be told about death in a language appropriate for their age and development stage.
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� Try to create opportunities for them to acquire knowledge and a vocabulary about death.
� Euphemisms and ambiguous answers are not helpful.
� Children need to be involved in the family’s grieving process as much as possible and invited to express their

feelings.
� Children need help understanding contradictions in the way people talk about death (i.e. “Mommy is happier in

Heaven;” “Your sister is asleep now and will be watching over you”).
� Children need reassurance that their world has not disintegrated.
� Children need help to deal with anticipated additional losses (if other family members are also HIV-infected),

secondary losses, such as new care providers, house moves, or a parent remarrying.
� It is important to keep the memory of the deceased person alive.
� One cannot replace the loss though it is important to also provide seeds of hope for a future with less emotional

pain.

47.4 Grief in children who lose a sibling

The childhood sibling bond has the potential of lasting
longer than any other familial relationship [15] and when a
sibling dies, the surviving child’s sense of abandonment is
not unusual. If the surviving child is also HIV-infected, the
death of a sibling can be a particularly frightening event, as
his/her own mortality must be faced. For an uninfected
child, losing a sibling may bring a complex mixture of
feelings ranging from relief, to sorrow and guilt. A child
may feel relieved that family circumstances may return
to normal, followed by severe guilt for feeling this way or
for escaping infection. Children who are not infected may
have suffered from lack of attention. Professionals must be
especially attentive to the previous losses experienced and
the sibling’s, as well as the family’s reaction to the illness
and death. One must question whether the sibling’s HIV-
infected mother has already died, or if the sibling antici-
pates this loss or others as well, and whether the child knows
who will be the caregiver if the parent dies (see Box 47.1).
Age-appropriate information should be shared with the
child, permanency plans made, and a support system iden-
tified swiftly and with compassion [16]. Support groups as
well as individual counseling can also be of assistance in
alleviating some of the fears and concerns that children
may experience. A list of national support groups available
for affected children can be found in Box 47.2.

47.5 Recommendations for assisting
grieving children

Clinicians need to explain death in simple, easy to under-
stand, and developmentally appropriate language. Ambi-
guity and euphemisms are not helpful. Children should be
encouraged and given permission to take an active part

in the grief process. Children must be reassured that their
whole world has not been shattered, and they need help
to deal with additional anticipated losses and secondary
losses such as re-location of family due to moving, new care
providers, new school, or a parent re-marrying. It is useful
to learn how the child understands and how that under-
standing evolves. Adults should be prepared to answer any
questions openly and directly. Understanding and utiliz-
ing the strengths of each child’s spiritual beliefs, rituals,
and community is essential. It is important that caregivers
communicate with the child about any matter of import-
ance in a language that the child understands well and in
which the child is comfortable.

It is not uncommon for children to alternate between
periods of mourning and periods of refusing to acknow-
ledge the loss and pain [17]. It is natural for a child to avoid
discussing a parent’s death soon after the event, and denial
or disinterest may be manifest in their behavior. When
a child exhibits certain signs or symptoms, referrals to a
bereavement specialist may be warranted (see Box 47.3).
Many behaviors may not appear for one to several years
after the death. Box 47.4 provides a guideline of appropri-
ate questions when interviewing bereaved children.

The way the surviving parent or relative responds to the
child, the availability of social support, and subsequent
life circumstances can influence whether a child devel-
ops problems [18]. Increased risk of developing behavioral
problems is associated with a lack of continuity in the child’s
daily life after the death of a parent [19]. Numerous vari-
ables will influence this outcome, including how close a
child is to either parent and the stability or instability of the
child’s home environment leading up to and surrounding
the circumstances of the death. Maternal loss may have a
more profound effect on a child than paternal loss [18]. In
children as well as adults, death is not merely the loss of a
person, but a dramatic change in a way of life [16].
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Box 47.2. National resources

Camp Heartland
1845 N. Farwell Ave.
Milwaukee, WI 53202

Centering Corporation
1531 N. Saddle Creek Rd
Omaha, NE 68104
http://www.centering.org

Center for Grieving Children and Teenagers
819 Massachusetts Ave. Arlington
Massachusetts 02476
http://www.childrensroom.org

Center for Grief Recovery
Southern Human Services
1700 West Irving Park Road
Chicago, IL 60613

Children’s Hospice International
901 North Pitt St.
Alexandria, VA 22314

Compassionate Friends
P.O. Box 3693
Oakbrook, IL 60522-3696
http://www.compassionatefriends.org

Dougy Center
3909 SE 52nd
Portland, OR 97206
http://www.dougy.org

Fernside: A Center for Grieving Children
P.O. Box 8944
Cincinnati, OH 45208
http://www.fernside.org

Journey Program
c/o Children’s Hospital
4800 Sand Point Way
Seattle, WA 98103

Kids Grieve Too
451 SW 10th St.
Renton, WA 98055
www. allkidsgrieve.org

The Children’s Legacy
P.O. Box 300305
Denver, CO 80203

National Childhood Grief Institute
3300 Edinborough Way, Suite 512
Minneapolis, MN 55435

National Pediatric and Family HIV
Resource Center
University of Medicine & Dentistry of NJ
15 South 9th Street
Newark, NJ 07107
http://www.thebody.com/nphrc/nphrcpage.html

The Good Grief Program
Judge Baker Guidance Center
295 Longwood Avenue
Boston, MA 02115
http://www.bmc.org/pediatrics/special/GoodGrief/
overview.html

Resources on the Internet

Beareavement and Hospice Support Netline
http://www.hospiceslo.org/links.htm

DyingWell.org
www.dyingwell.org

Growth House
http://www.growthhouse.org

Hospice Foundation of America
http://www.hospicefoundation.org

Wendt Center for Loss and Healing
730 11th St., NW
Washington, DC 20001

National Association for Home Care
http://www.nahc.org

The Association for Death Education and Counseling
http://www.adec.org
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Box 47.3. Indicators that the child may need to be referred for professional help

� Persistent anxiety about their own death
� Changes in appetite or sleep patterns
� Destructive outbursts, self-destructive behavior, acting-out (including attempts to become HIV-infected

themselves)
� Threats of hurting oneself or others
� Compulsive care giving
� Euphoria
� Unwillingness to speak about the deceased person (especially if a conflicted relationship existed)
� Expression of only positive or only negative feelings about the deceased person
� Inability or unwillingness to form new relationships
� Daydreaming – resulting in poor academic performance
� Stealing or hoarding household items
� Excessive separation anxiety and/or school phobia
� Withdrawal from peers or previously enjoyable activities
� Sudden unexplained change in behavior, attitude, or mood

Box 47.4. Interview questions of a school-age child or adolescent whose parent or sibling has died

Relationship with deceased
1. Can you tell me a little something about [cite person’s name]?
2. What was your relationship like with [cite person’s name]?
3. What kind of things did you do together?
4. Can you tell me a little something about [cite person’s name] death?
5. Were you there? (If not) what had you heard?
6. Did you realize that [cite person’s name] was sick enough to die?
7. Had you known that [cite person’s name] had HIV/AIDS?
8. If yes, when had you learned this information?
9. Who told you?

10. What was your response when you first learned this?
11. Were you able to share this with anyone else?
12. Who knew the truth about [cite person’s name] illness?
13. Does anyone else in your family have HIV/AIDS?
14. (If the child is not also HIV-infected) Are you concerned that you might have HIV/AIDS?
15. Before [cite person’s name] died, were you able to tell him (her) the things you wanted to say?
16. (If no) What happened that you weren’t able to say the things you wanted to say?
17. Is there anything that you wanted to do together that you didn’t have a chance to do?
18. Do you have anything of [cite person’s name] that you hold on to?
19. (If yes). Can you tell me about them?

Adjustment after death
20. I have talked to many other children who had a [cite relative’s relationship to the child] die, and some of them are

worried that they might have done something to cause the death. Does this worry you?
21. (If yes). Tell me about how this worries you.
22. Since [cite person’s name] died, what has life been like for you?
23. What has life been like for your family (go through each significant person individually) since [cite person’s name]

died?
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24. Other children have told me that sometimes when something bad like this happens, other things are also not going
well for them either at school or at home. Has anything else not been going well for you?

25. (If yes) tell me about (each one).
26. Have you been through any other bad times like this before?
27. (If yes). Tell me about them – what helped you get through those times?
28. Tell me about your friends. (Trying to get a sense of quality of relationships and how these might have changed since

the death).
29. Now can you tell me about how you have been eating?
30. And sleeping? Has your sleeping changed? (If yes) Tell me about how it has changed. (Also get a sense of the kind of

dreams he or she is having).
31. Tell me about your teacher(s). Do they know about [cite person’s name] death? The nature of [cite person’s name]

illness?
32. How are you doing with your schoolwork? Homework? Grades?
33. Have you been seeing a doctor for any health problems of your own?
34. (If yes) Tell me about that.
35. Do you think about dying too?
36. (If yes) What do you think about? (If they are suicidal, do an assessment for suicide risk).
37. Is there something else that I haven’t asked about?
38. Is there anything else you think I should know about how you are getting along?
39. (If yes). Tell me about that.
40. Do you have any questions that you would like to ask me?
41. (If yes) Go ahead.
42. Thank-you for talking to me. If you have any questions or if you want to talk to me at any time, here is my card.

Source: Adapted from [35]

Children try to maintain the relationship with the parent
they have lost. Memorializing the person who died con-
tinues throughout an entire life [20]. Assisting the child to
remember and maintain a connection to the deceased par-
ent is important, and helps the child to express emotions
that are difficult to voice. Memory books and videotapes are
effective tools in assisting bereaved individuals to remem-
ber their loved ones, validate their life together, and under-
stand past events.

47.6 Adult grief – grief in parents who lose a
child to HIV/AIDS

Grief in adults usually consists of the passage through vari-
ous stages identified by several theorists including Kubler-
Ross [21] and Worden [22]. These stages can vary signifi-
cantly but most grieving adults experience shock, denial,
anger, bargaining, depression, and finally, acceptance.

The period immediately prior to the death of a child
is often confusing and overwhelming. One of the most
important aspects of assisting families at this stage is to
allow them to enjoy the remaining time left with their child
[23]. Healthcare providers should encourage families to
decide where the child’s final days will be spent and whether

or not drastic measures to prolong life will be employed.
Help may be required to plan and pay for funeral arrange-
ments.

The loss of a child is a devastating and life-altering experi-
ence. Parents often feel guilty at what they believe to be “fail-
ure” to save their child and the circumstances surrounding
their infection. Some HIV-infected parents describe a sense
of relief that they lived long enough to care for and comfort
their child. Others cannot tolerate living without their child
and do not pursue treatment for themselves.

Extensive literature on parental bereavement shows a
high incidence of difficulties in parental emotional adjust-
ment. Grieving parents may experience strained marital
relationships, difficulties with surviving siblings, and unre-
solved grief. Survivors often manifest serious medical prob-
lems, including hypertension, ulcers, somatic complaints,
colitis, and obesity [24, 25]. For parents who are themselves
HIV-infected, it is important to differentiate these symp-
toms from manifestations of HIV disease. Many require
psychiatric intervention following the death of a child [24,
26]. Factors associated with better adjustment include fam-
ily participation in the care of a child, open discussion with
the infected child about the illness and the dying process,
a strong marital relationship, and ongoing contact with the
healthcare team [27]. Feeling as if one was able to care
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for, comfort (physically, emotionally, and spiritually), and
communicate openly with the dying child positively affects
the grief process.

47.7 Grief in parents who die before
their child(ren)

One of the most difficult aspects of the illness for parents
who face the inevitability of dying before their children is
the realization that they may not see their children grow to
adulthood. Acknowledging that someone else will have to
care for his or her children is often described as too painful
to bear. Including children in future planning and open
discussions about their wishes may assist the parent and
the child. This is important for both practical and emotional
reasons (see Chapter 48). Children want desperately to hold
onto any part of their parent. Helping parents to create
and leave concrete legacies for their children, in the form
of letters or series of essays, life review books, drawings,
audiotapes, portraits, or even videotapes or home movies
is often therapeutic for the parent and especially helpful to
the surviving child(ren) [28, 29].

47.8 Grandparents

Many grandparents have become the primary caretakers
of two generations and they may witness the illness and
eventual death of both their children and their grandchil-
dren. A feeling of overload and overwhelming grief is com-
mon. Grandparents need a great deal of support, guidance,
and education about HIV disease in dealing with the losses
they will be forced to encounter. Many express the senti-
ment that they have already raised their children, and feel
resentful that they are now forced to take on the respon-
sibilities of raising a new generation. Through a sensitive
response, with individual, community, and group support,
financial aid, and the availability of in-home support and
respite care, these individuals can carry on their responsi-
bilities while working through the painful consequences of
AIDS and multiple deaths [30].

47.9 Caregiver’s own grief

Loss and grief may be a frequent and painful experience for
the professional caregiver working in the field of HIV/AIDS.
Burnout becomes an issue as workers are faced with mul-
tiple deaths and little hope of an imminent cure in the
chronically ill population. Just as the grief process may
begin for the patient and family at the time of diagnosis, the
same process may begin for the provider as well [7]. Some
clinicians harbor unrealistic expectations concerning their

ability to affect the disease course. This feeling is exac-
erbated when the patient is a child. Whole families may,
in fact, succumb to the disease, leading to “bereavement
overload.” Unresolved bereavement, also coined “compli-
cated mourning” by Rondo [31], can pose a significant risk
for the development of adverse health outcomes ranging
from emotional distress (e.g. depression) to somatic disor-
der (e.g. insomnia), and even death (e.g. by suicide). Follow-
ing consecutive, and often overlapping losses, healthcare
professionals, along with the patients and families who are
cared for, are at risk for bereavement overload and compli-
cated mourning [32, 33]. Balancing identification, personal
investment, and emotional detachment is not possible for
every practitioner. Individuals working with HIV/AIDS may
also be overwhelmed by the psychosocial needs of infected
children and families. Simultaneously facing the illness and
eventual death of a parent and child, while dealing with the
needs of other family members can be exceedingly difficult
and may, at times, seem to offer little in the way of reward-
ing experiences [34]. It is essential that staff focus on each
family’s unique strengths, draw on the resources available
within their healthcare team, and recognize their own need
for support. While HIV is more of a chronic disease today
than an imminently fatal one, healthcare providers must
also be attuned to the difficulty some people experience
accepting hopeful news about a disease for which they have
lost significant people in their lives. Those who have lost
loved ones to AIDS need to know that their grief will not be
forgotten [35].

47.10 Conclusion

Even though therapy has greatly improved, the losses asso-
ciated with AIDS will be with us for some time to come.
Several interventions can assist families through the grief
process. One must remember that bereavement is not a
state that ends at a certain point or from which one recov-
ers [20]. Children need to express their emotions and have
a clear understanding of what has happened. Keepsakes,
rituals, and other methods of preserving legacies are of
utmost importance. Keeping in touch with the family after
the death, especially on anniversaries, birthdays, and holi-
days is greatly appreciated. Positive bereavement-related
social support and social interactions could help reduce
depression in individuals who have suffered multiple losses
[6]. Lastly, helping the bereaved to continue on with life and
planning for the future is important for the healing process.
Although the emotional losses are significant, the rewards
of helping a child and family beyond their grief are even
greater. Many other additional resources may be helpful
for children and families coping with grief. Table 47.1 lists
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Table 47.1 Books and Reading Materials for Parents, Children and Professionals

Children’s books
Agee, J. A Death in the Family. New York: Bantam, 1969. Blackburn, L. B. The Class in Room 44: When a Classmate Dies.

Omaha, NE: Centering Corporation, 1991.
Bartoli, J., Nonna. New York: Harvey House, Inc., 1975.
Brack, P. & Brack, B. Moms Don’t Get Sick. Aberdeen, SD Melius Publishing, Inc., 1990.
Braithwaite, A. When Uncle Bob Died. London: Dinosaur Publications, 1982.
Bratman, F. Everything You Need to Know When a Parent Dies. New York: Rosen Group, 1992.
Buscaglia, L. The Fall of Freddie the Leaf. New Jersey: Charles B. Slack Inc., 1982.
De Paola, T. A. Nana Upstairs and Nana Downstairs. New York: Penguin, 1973.
Coerr, E. Sadako and the Thousand Paper Cranes. New York: Dell Publishing, 1977.
Crawford, C. P. Three-Legged Race. New York: Harper & Row, 1974.
Donahue, M. The Grandpa Tree. Boulder, Co: Robert Rinehart, Publishers, 2000.
Draimin, B. H. Coping When a Parent Has AIDS. New York: Rosen Group, 1993.
Fitzgerald, H. The Grieving Teen: A Guide for Teenagers and Their Friends, 2000.
Girard, L. W. Alex, the Kid with AIDS. Morton Grove, Illinois: Albert Whitman and Co., 1991.
Gootman, M. E. When a Friend Dies. Minneapolis: Free Spirit Publishing, 1994.
Greene, C. C. Beat the Turtle Drum. New York: Viking, 1976.
Grollman, E. A. Straight Talk About Death for Teenagers: How to Cope with Losing Someone You Love, Boston, MA: Beacon

Press, 1993.
Hichman, M. Last Week My Brother Anthony Died. Nashville, TN: Abingdon, 1983.
Holms, C. D. Red Balloons, Fly High! Warminster, PA: mar*co products, inc. 1997.
Johnson J. & Johnson, M. Where’s Jess? Omaha, NE: Centering Corporation, 1982.
Jordan, M. Losing Uncle Tim. Morton Grove, Illinois: Albert Whitman and Co., 1989.
Krementz, J. How It Feels When A Parent Dies. New York: Knopf, 1981.
Lee, V. The Magic Moth. New York: Seabury Press, 1972.
Linn, E. Children Are Not Paper Dolls: A Visit with Bereaved Children. Incline Village, NV: Publishers Mark, 1982.
McNamara, J. W. My Mom is Dying: A Child’s Diary. Minneapolis: Augsburg Fortress, 1994.
Mellonie, B. & Ingpen, R. Lifetimes: The Beautiful Way to Explain Death to Children. New York: Bantam, 1983.
Merrifield, M. Come Sit by Me. Toronto, Canada: Woman’s Press, 1990.
Miles, M. Annie and the Old One. Boston: Little Brown, 1971.
Peterkin, A. What About Me? When Brothers and Sisters Get Sick. New York: Magination Press, 1992.
Powell, E. S. Geranium Morning. Minneapolis: Carolrhoda Books, 1990.
Richter, E. Losing Someone You Love. New York: Putnam, 1986.
Rofes, E. The Kids’ Book About Death and Dying. Boston: Little, Brown, 1985.
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Carolyn McAllaster

Clinical Professor of Law, Duke University School of Law, Box 90360, Durham, NC

48.1 Introduction

HIV-infected children face a host of issues, many of which
involve the legal system. These children often need to have
future plans made for their care, or they may want to apply
for government benefits or to participate in clinical trials.
This chapter is designed to describe some common legal
issues confronting the HIV-infected child in the USA. Each
country will have different legal approaches to the subjects
discussed in this chapter. The USA legal response to the
needs of HIV-infected children is illustrative of how one
legal system has dealt with the issues discussed here.

48.1.1 Permanent custody planning for children

Introduction
Since the vast majority of HIV-infected children have a
mother who is also infected, it is important that plans be
made for a time when the mother either becomes unable
to care for her child or dies. Permanency planning is the
process by which plans are made for the long-term legal
custody or adoption of children at risk of losing their custo-
dial parent or guardian. Such plans are particularly impor-
tant when the HIV-infected parent is a single parent.

The ideal custody plan includes the identification of a
stable future guardian who: (a) already has a bond with the
child; (b) has the physical, emotional, and financial ability
to care for the child; (c) has a long-term commitment to
the child; and (d) understands and is willing to meet the
special needs of an HIV-infected child.

Obstacles to making permanent plans
HIV-infected parents face considerable obstacles to seek-
ing the legal help necessary to make permanent plans for

their children. Parents may deny the need for permanency
planning, particularly during the asymptomatic phase of
their illness. They may fear breaches of confidentiality relat-
ing to their HIV status. Clients may be intimidated at the
prospect of dealing with an unknown lawyer or have trust
issues surrounding the process. Many clients face trans-
portation problems, financial constraints or more imme-
diate priorities that can interfere with their ability to make
legally binding plans for their children. Healthcare pro-
fessionals, case managers and social workers can help by
working collaboratively with attorneys to assist parents as
they work through many of these issues.

Assessing the rights and responsibilities of
non-custodial biological parents
When making long-term plans for an HIV-infected child,
it is important to assess first the rights and responsibil-
ities of the non-custodial parent. In some cases, the absent
parent is a reasonable candidate for future custody of the
child. If that is the case, plans should be made for a smooth
transition of future custody to that parent should the cus-
todial parent die or no longer be able to care for the child,
by actively involving the non-custodial parent in the plan-
ning for a future change of custody. It may also be that the
absent parent will consent to the custodial parent’s plan to
appoint a non-parent caregiver.

If it appears, however, that the absent parent is not
an appropriate future caregiver for the child and might
interfere with the implementation of an optimal plan, the
custodial parent may want to consider terminating the
absent parent’s rights. The decision to terminate parental
rights should not be made lightly. As a result of a court
order terminating a parent’s rights, the legal parent–child
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relationship is ended. Termination of parental rights
involves not only a termination of the parent’s right to seek
custody or visitation, it also involves a termination of the
parent’s obligations, including child support, and termin-
ates the child’s right to collect benefits on his or her par-
ent’s record. For example, once a parent’s rights are termin-
ated, the child can no longer collect Social Security benefits
to which he or she might be entitled as a result of an absent
parent’s death or disability. Before a decision to terminate
is made, it is important to assess the effect on potential
benefits for the child.

Assessing present and future benefits to which
the child may be entitled
When developing a long-term custody plan for an HIV-
infected child, it is important to evaluate the sources of
financial support that may be available to the child both
currently and once the plan is implemented. Depending
on the family’s financial situation and the child’s health, the
parent or HIV-infected child may be entitled to certain ben-
efits, such as TANF (Temporary Assistance for Needy Fam-
ilies), SSI (Supplemental Security Income), SSDI (Social
Security Disability Income), Medicaid, Food Stamps, Vet-
eran’s Administration Benefits, or state welfare benefits.
When considering the permanent plan for the child, one
must determine whether the benefits follow the child or
are dependent on the status of the caretaker. For example,
if the long-term plan involves the appointment of a non-
relative as guardian for the child, that person would not
be eligible for benefits which are limited to biological or
adoptive parents or blood relatives of the child.

Powers of attorney for decisions relating
to HIV-infected children
Many states allow custodial parents to sign a power of attor-
ney authorizing another adult to make certain decisions
regarding their minor child. For example, a typical power
of attorney will authorize the adult to make healthcare
decisions for the child. An HIV-infected parent who can-
not be consistently available to make decisions for a child
should consider signing such a power of attorney as a short-
term measure. This may ensure that healthcare, school-
ing, and other decisions regarding the child are made in a
timely manner. By signing a power of attorney, the parent
is not relinquishing his/her rights to make decisions for the
child. He/she is agreeing to share that power with another
adult.

Guardianship arrangements
Guardianship laws vary from state to state. In many states,
a guardian may be appointed while the parent is still alive.

Although the procedures vary, they most certainly will
require either consent or legal notification of any absent
biological parent. Once appointed, the guardian can imme-
diately make legal decisions on behalf of the child and
the parent has the peace of mind of knowing that his/her
choice of guardian is firmly established. Appointment of a
guardian also has its disadvantages. The primary disadvan-
tage is that the parent must relinquish custody and control
over the child in order to have a guardian appointed. This
is often a difficult and wrenching decision.

A parent may also opt to designate a guardian in his or
her will. The designation takes effect only after the parent’s
death. If there is no surviving parent, the parent’s nomina-
tion of a guardian in the will generally will be given defer-
ence. A guardianship designation in a will is not binding
on the court, however, and only becomes effective if there
is not a surviving parent. Furthermore, this method allows
the parent to retain custody of the child, but does not effec-
tively plan for the possibility that the parent, while still alive,
will become unable to care for his or her child.

Several states [1] have now legislated solutions to the
problem of requiring a parent to relinquish custody in order
to make stable future plans for a child. These solutions allow
HIV-infected parents to maintain custody of their children
while at the same time solidifying a plan for the children’s
guardianship in the event the parent dies or becomes inca-
pacitated. There are two types of alternative guardianships
that have now been recognized in a minority of states – joint
guardianships or standby guardianships. These laws allow
a parent with a progressively chronic or terminal illness
to have a guardian appointed while the parent is still alive
and competent. Typically the statutes do not require the
parent to give up custody or legal decision-making author-
ity, but allow the standby guardian to act legally for the
child if the parent becomes mentally or physically inca-
pacitated or dies. The statutes often also allow the par-
ent to consent to sharing decision-making authority with
the standby guardian. The standby or joint guardianship
option gives the parent the flexibility of having someone
who can step in to care for and make decisions for the
child when the parent is unable to do so. During periods of
good health, the parent can resume her parental role. The
child may be able to stay with the parent throughout the
parent’s illness while at the same time having the stability
and security of knowing he or she will be cared for in the
future.

None of the guardianship options discussed here result
in a final termination of a biological or adoptive parent’s
rights. Rights to seek custody, visitation, or child support
remain, as does the child’s right to inherit and collect ben-
efits on the non-custodial parent’s record.
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Adoption
A parent may choose to relinquish her child for adoption.
This difficult decision might be made because of the com-
bined effect of a parent’s declining health and the lack of an
identifiable caretaker for the child. Once a child is adopted,
the parental rights of the biological parents are terminated
and the adoptive parent assumes all the rights and respon-
sibilities of a biological parent. State adoption laws vary, but
may or may not provide for contact between the child and
the biological parent after the adoption is final. The child
may also become ineligible for public assistance and/or
Medicaid after being adopted.

The Federal Adoption Assistance and Child Welfare Act
of 1980 does make additional subsidies available to “special
needs” children, including those children who meet finan-
cial eligibility requirements and who are HIV-infected [2].
Adoption assistance payments can be crucial in enabling
prospective adoptive parents to afford adoption of an
HIV-infected child.

Foster Care
Many HIV-infected children end up in the foster care sys-
tem, either because their parent voluntarily places them
in foster care or because of involuntary intervention by a
child welfare agency based on a finding of abuse or neglect
or in situations where a parent is unable to meet the needs
of his or her child. In the case of a voluntary placement, the
parent may be seeking a temporary respite from the child’s
care and may be able to regain custody after showing the
ability to resume care of the child. In the case of an involun-
tary removal of the child from the home, the burden on the
parent to regain custody will be higher and will be dictated
in most situations by the terms of a court order.

In some cases, relatives of the child may be eligible to
become licensed foster parents. This is known as kinship
foster care and enables the child to remain within his or her
extended family. Federal law requires that states consider
giving preference to an adult relative over a non-related
caregiver for children needing foster care [3]. If licensed, an
adult relative would receive the same foster care payments
a non-relative foster parent would.

48.1.2 Supplemental Security Income (SSI)
for disabled children

Definition of disability
Low-income HIV-infected children may be eligible for
SSI benefits. Supplemental Security Income is a feder-
ally financed and administered needs-based program that
provides a monthly income benefit to disabled children,
among others. Under welfare reform passed by Congress in

August of 1996 [4], a child under age 18 would be considered
disabled if he or she has a medically determinable mental
or physical impairment which results in marked and severe
functional limitations and which can be expected to result
in death or which has lasted or can be expected to last for
a continuous period of not less than 12 months.

The Social Security Administration publishes a list of
HIV-related impairments, which include specific criteria
about the level of severity that will be required for a child to
be considered disabled [5]. An HIV-infected child applying
for SSI benefits must either have one of the listed condi-
tions or have a condition which is medically or function-
ally equivalent in severity to a listed condition. In order for
a child’s impairment to be medically equivalent to a listed
condition, the child’s medical findings must be of equal
medical equivalence to the listed condition. In order for a
child’s impairment to be functionally equivalent to a listed
condition, the impairment must cause the same disabling
limitations in a child’s day-to-day functioning as those of
the listed condition.

In evaluating the functional limitations of HIV-
infected children, several factors are considered, including
“. . . symptoms, such as fatigue or pain; characteristics of
the illness, such as the frequency and duration of mani-
festations or periods of exacerbation and remission in the
disease course; and the functional impact of treatment for
the disease, including the side effects of medication” [6].

Information needed to apply for SSI
Parents or guardians of disabled children can apply for
SSI benefits by calling or visiting their local Social Secur-
ity Office. In order to expedite the process, they should
have the following information and documentation when
they apply: the child’s birth certificate and Social Security
number, and records documenting the parent and child’s
income and assets. In order to document the severity of
the child’s disability, it also will be important to provide
names, addresses and phone numbers of the child’s doctors
and hospitals where she/he has received treatment, and the
same information for teachers, child care providers, coun-
selors, social workers, and other professionals who have
worked with the child. The parent can also expedite the
process by providing copies of the child’s medical records
to Social Security. Parents who are considering filing an SSI
claim on behalf of their child should keep a daily journal
documenting specifically how the child’s disability limits
the child’s day-to-day activities.

Presumptive disability
For children who are severely disabled, there are special
provisions in the law which allow them to collect SSI
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benefits for up to 6 months while the formal disability
decision is being made. If the child is later determined
not to be disabled, the benefits do not have to be paid
back.

Appeal process
If the initial SSI application is denied, the parent or guardian
will receive a Notice of Denial of Benefits in the mail. The
parent then has 60 days to appeal the initial decision. The
Notice will explain how to file an appeal. The appeal process
has four steps: [1] Reconsideration by a disability examiner;
[2] A hearing before an Administrative Law Judge; [3] Social
Security Appeals Council Review; and [4] Appeal to Fed-
eral Court. A substantial number of initial Social Secur-
ity Determinations that are appealed are reversed at the
hearing level, so for children with serious disabilities it is
important to pursue the appeal process at least through
the hearing level. If denied at the initial application step,
it is generally advisable for the parents to seek legal repre-
sentation from an attorney who specializes in handling SSI
cases.

48.1.3 Consent to medical treatment
for minor children

In general
It is generally required that a child’s legal guardian consent
to medical treatment for a child under age 18. There are
exceptions to this general rule.

Emancipation
Many states recognize the emancipation of children under
age 18 by statute or case law. Emancipation is typically rec-
ognized in situations where a minor has married, entered
the armed services, or is living apart from parents and is
financially independent [7]. Emancipation confers upon
the child some or all of the rights and responsibilities of
adulthood, depending on the state law where the minor
child lives.

Laws allowing minors to consent to certain
medical procedures
Many states also have laws which specifically allow minors
to consent to their own medical treatment in certain enu-
merated situations, typically pregnancy, sexually transmit-
ted diseases, birth control, and substance abuse [8].

Medical neglect: parental refusal to seek treatment
All states have a mechanism for overriding the require-
ment of parental consent for medical treatment where the

child’s life may be threatened or the parent’s refusal to
consent to medical treatment rises to the level of child
abuse or neglect [9]. The child’s parent or legal guardian
ordinarily has the authority to make medical decisions on
behalf of his or her child. In order to override that author-
ity, the healthcare provider or social worker must seek a
court order. In situations where the child’s life may be
threatened, the court can directly authorize the needed
treatment. Where the refusal to seek medical treatment
is not immediately life threatening, but does constitute
neglect, welfare agencies may seek legal custody from the
court in order to be able to give consent to the needed
treatment.

Consent for participation in clinical trials
In order for an HIV-infected non-foster child to participate
in a clinical trial, it is necessary to obtain the consent of the
custodial parent or legal guardian [10]. Clinical trials inves-
tigators must, in most circumstances, also obtain the assent
of the children who enroll as subjects and who are capa-
ble of assenting [11]. In cases of children in foster care, the
legal custodian is usually, but not always, the child welfare
agency. Many states, however, do not allow children in the
foster care system to participate as research subjects [12].
“Most child protection agencies . . . have only the author-
ity to consent to ‘standard’ medical treatment for foster
children” [13]. When clinicians believe that there is a com-
pelling need for a patient to receive investigational therapy,
but the child welfare agency cannot consent to enrollment
in a clinical trial, an attorney should be consulted. The laws
and regulations concerning such situations vary consider-
ably from state to state.

48.2 Conclusion

It is hoped that this chapter has provided a useful guide
to those working with HIV-infected children regarding the
basic US law that applies in the areas of custody planning,
disability benefits, and consent to medical treatment for
children. This chapter is designed to provide information
illustrative of how one legal system has addressed the issues
discussed here. The chapter should not be considered a
substitute for legal advice from an attorney. For represen-
tation in individual cases or more detailed information,
readers are urged to refer to the appendix in this textbook
entitled “Selected Legal Resources for HIV-infected Chil-
dren.” This Appendix lists on a state-by-state basis several
organizations that provide direct legal services or referrals
to HIV-infected individuals.



Legal issues 681

R E F E R E N C E S

1. Ark. Code Ann. § 28-65-221 (LexisNexis Supp. 2001); Cal. Prob.

Code § 2105 (West Supp. 2002); Colo. Rev. Stat. Ann. § 15-14-

202 (2) (Bradford Publishing 2001); Conn. Gen. Stat. §§ 45a-624

to 625 (West Supp. 2002); Fla. Stat. § 744.304 (West Supp. 2002);

Ill. Comp. Stat. Ann ch. 755 § 5/11–5.3 (West Supp. 2002); Mass.

Gen. Laws Ann. ch, 201 §§ 2A-2H (LexisNexis Supp. 2002); Md.

Code Ann., Est. & Trusts §§ 13–901 to 908 (Lexis 2001); Minn.

Stat. Ann. §§ 257B.01- 257B.10 (West Supp. 2002); Neb. Rev.

Stat. § 30-2608 (Lexis 2001); N.J. Rev. Stat. §§ 3B:12–67 to 78

(West Supp. 2001): N.Y. Surr. Ct. Proc. Act §§ 1726 (West 2001–

2002); N. C.Gen. Stat. §§ 35A-1370 to 1382 (West 2000); Pa. Con.

Stat. Ann. ch. 23 §§ 5601–5616 (West 2001); Va. Code Ann. §§

16.1-349 to 355 (Michie 1999); W. Va. Code §§ 44A-5-1 (Lexis-

Nexis Supp. 2001); Wis. Stat. Ann. § 48.978 (West Supp. 2001).

2. 42 U.S.C.A. § 670 et seq.

3. 42 U.S.C.A. § 671(a)(19).

4. Personal Responsibility and Work Opportunity Reconciliation

Act of 1996, Pub.L.No. 104–193 (1996).

5. 20 C.F.R. pt. 404, subpt. P, App. 1, Part B, § 114.08 (2002).

6. 20 C.F.R. pt. 404, subpt. P, App. 1, Part B, § 114 D.8 (2002).

7. See, for example, N.M. Stat. Ann. §§ 32A-21-1 to -21-7 (Michie

1999); Cal. Fam. Code § 7001 et seq. (West 1994).

8. See, for example, N.C.G.S. § 90-21.5 (West 2000).

9. Mnookin, R. H. & Weisberg, D. K. Child, Family and State, 3rd

edn. Little, Brown and Company (1995), pp. 558–61.

10. For research not involving greater than minimal risk, or for

research involving greater than minimal risk but present-

ing the prospect of direct benefit to the individual subjects,

the permission of only one parent is necessary. For research

involving greater than minimal risk and no prospect of direct

benefit to the subject, but likely to yield generalizable know-

ledge about the subject’s disorder or condition, or for research

not otherwise approvable which presents an opportunity to

understand, prevent, or alleviate a serious problem affecting

the health or welfare of children, the permission of both par-

ents is required, “unless one parent is deceased, unknown,

incompetent, or not reasonably available, or when only one

parent has legal responsibility for the care and custody of the

child.” 45 C.F.R. § 46.408(b).

11. Assent is defined as “a child’s affirmative agreement to partic-

ipate in research. Mere failure to object should not, absent

affirmative agreement, be construed as assent.” 45 C.F.R.

§ 46.402(b). “In determining whether children are capable of

assenting, the IRB shall take into account the ages, maturity

and psychological state of the children involved.” 45 C.F.R.

§ 46.408(a).

12. See Martin & Sacks, Do HIV-Infected Children in Foster Care

Have Access to Clinical Trials of New Treatments?, 5 AIDS Pub.

Policy J. 3 (1990).

13. McNutt, The Under-Enrollment of HIV-Infected Foster Chil-

dren in Clinical Trials and Protocols and the need for Corrective

State Action, 20 Am. J. Law Med. 231 (1994).





Appendices





Formulary: Antiretroviral agents

Paul Jarosinski, Pharm.D.

Pharmacy Department, National Institutes of Health, Bethesda, MD

Formulary – Antiretroviral Agents

Generic name
(synonyms)/forms FDA approved dose Other doses Comments

Nucleoside Reverse Transcriptase Inhibitors
Zidovudine
(Retrovir®, AZT, ZDV)/100 &
300 mg tabs, 10 mg/ml oral
solution, 10 mg/ml for iv
infusion.

Neonates: 2 mg/kg po q6h or
1.5 mg/kg iv q6h

6 wk-12 years: 160 mg/m2

(max 200 mg) po q8h
>12 yo: 600 mg/day in 2 or 3

doses

Premature neonates:
2 mg/kg po or 1.5 mg/kg iv
Q12H until 2 weeks of age
then 2 mg/kg po q8h∗

Can be taken without regard to food,
only HIV antiretroviral available for
iv infusion after dilution, not
recommended for use with
stavudine.

Zalcitabine
(Hivid®, ddC)/ 0.375 and
0.750 mg tablets

No approved dose for < 13 yo
Adult: 0.75 mg q8h

0.01 mg/kg q8h∗ Cmax decreased 40% and AUC 14%
when given with food – significance
unknown. Best given on an empty
stomach. Not recommended for use
with lamivudine and didanosine.

Didanosine
(Videx®, ddI)/ 25, 50,100, 150
chew tabs, 100/167/250
powder packets, 10 mg/ml
oral solution, and
125/200/250/400 mg enteric
coated tabs

Children ≥ 6 mo: 120 mg/m2

bid
Adult ≥ 60 kg: 200 mg

(tablets)/250 mg (buffered
powder) bid, 400 (EC) qd

<60kg 125 mg (tablets)/167
mg (buffered powder) bid,
250 mg (EC) qd

Neonates < 90 days: 50 mg/
m2 q12h∗

Ped dose: 90–150 mg/m2

q12h∗

10 mg/ml buffered solution is stable
for 30 days refrigerated, dose on
empty stomach, two tablets required
for sufficient antacid, children < 3
may require additional antacid with
oral solution, EC daily tablet
available for adults with compliance
problems on bid (less optimal).
Beware of interaction related to
antacid content. Not recommended
for use with zalcitabine.

(cont.)
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Formulary – Antiretroviral Agents (cont.)

Generic name
(synonyms)/forms FDA approved dose Other doses Comments

Lamivudine
(Epivir®, /Epivir-HBV,
3TC)/100, 150, and 300 mg
tablet and 5 and 10 mg/ml
solutions.

Children 3 mo – 16 yo:
4 mg/kg bid – max 150 mg
bid

Adult: 150 mg bid or 300 mg
qd

Neonate (<30 days): 2
mg/kg bid∗

Oral liquid is stable at room
temperature, can be given without
regard to food, not recommended
for use with zalcitabine. 5 mg/ml
solution and 100 mg tablet are
marketed for HBV, but can be used
for pediatric HIV treatment.

Stavudine
(Zerit®, Zerit XR, d4T)/15, 20,
30, 40 mg caps, 1 mg/ml
solution, and 37.5, 50, 75, and
100 mg XR caps

Children < 30 kg: 1 mg/kg
q12h

Adults 30 kg-<60 kg: 30 mg
q12h

Adults ≥60 kg: 40 mg q12h
or 100 mg XR qd for ≥
60 kg or 75 mg qd for <

60 kg (use of XR tablets
has not been studied in
children)

Neonatal dose under
study in PACTG 332

Oral solution is stable for 30 days
refrigerated, can be given without
regard to food, XR (extended
release) caps may be mixed with 2
tablespoons of yogurt or applesauce
as long as beads are not chewed or
crushed, not recommended for use
with zidovudine.

Abacavir
(Ziagen®,1592U89)/300 mg
tab and 20 mg/ml oral
solution

Children 3 mo –16 yo: 8
mg/kg bid – max 300 mg
bid

Adults: 300 mg bid

Infants (1 – 3 mo): 8 mg/kg
bid is under study.

Oral solution is stable at room
temperature, can be given without
regard to food.

Emtricitabine (Emtriva®,
FTC) 200 mg capsules

Adults 18 and over: 200 mg
daily

Chemically related to lamivudine.
May be taken with or without food.

Non-nucleoside Reverse Transcriptase Inhibitors
Nevirapine
(Viramune®, NVP)/200 mg
tablets and 10 mg/ml
suspension

Children 2 mo or older:
4 mg/kg once daily × 14

days
then
7 mg/kg bid (2 mo-<8 yo) or
4 mg/kg bid (>8 yo) – max

200 mg bid†

Adults: 200 qd × 14 days
then bid

Neonatal dose (PACTG 356):
under study∗∗ 120 mg/m2
qd × 14 days then 120–200
mg/m2 bid, max 200
mg/dose∗

Oral suspension is stable at room
temperature, lead-in dose lessens
occurrence of rash, new lead-in
period required for any 7-day
interruption in therapy, can be given
without regard to food, induces 3A4
liver enzymes.

Delavirdine
(Rescriptor®, DLV)/100 and
200 mg tablets

Not approved for children
Adults: 400 mg tid

100 mg tablet only can be dispersed
in water, can be given without regard
to food, separate from didanosine
and any antacid by one hour,
inhibits liver enzymes 3A4 and 2C9.

Efavirenz
(Sustiva®, Stocrin®,
DMP266)/50, 100, and 200 mg
capsules, 600 mg tablet, 30
mg/ml liquid in some
countries

For children 3 yo and above
10-<15 kg 200 mg daily
15-<20 kg 250 mg daily
20-<25 kg 300 mg daily
25-<32.5 kg 350 mg daily
32.5 kg-<40 kg 400 mg daily
≥40 kg 600 mg

No information on dosing
to younger children

Should be taken on an empty
stomach preferably at bedtime to
minimize side effects, induces liver
enzymes 3A4, 2C9, and 2C19. For
patients that cannot swallow the
smallest capsule (50 mg), there are
reports of opening the capsule for
administration in food or liquids,
with grape jelly mentioned as
effective in disguising the peppery
taste.∗
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Formulary – Antiretroviral Agents (cont.)

Generic name
(synonyms)/forms FDA approved dose Other doses Comments

Nucleotide Reverse Transcriptase Inhibitors
Tenofovir
(Viread®, PMPA prodrug)/
300 mg tablets

Not approved for children
Adult: 300 mg once daily

Children 4–18 yo: 175
mg/m2 daily being studied
at the NCI

No liquid formulation, tablets
cannot be crushed or dissolved,
should be taken with a meal.

Protease Inhibitors
Ritonavir
(Norvir®, RTV)/100 mg caps
and 80 mg/ml oral solution

For children 2 yo and above:
400 mg/m2 bid starting at
250 mg/m2 and increasing
by 50 mg/m2 q2-3d to full
dose, Max dose = adult
dose = 600 mg bid

Neonates: Under study in
PACTG 354

Oral solution (43% ethanol) is stable
at room temperature, refrigerate
capsules unless used w/in 30 days,
take with food, unpleasant taste of
solution may be minimized by
chocolate, peanut butter, etc.,
potent inhibitor of 3A4 liver
enzymes as well as 2D6 (check drug
interactions).

Indinavir
(Crixivan®, IDV)/100, 200,
333, and 400 mg caps

Not approved for children
Adults: 800 mg q8h

Neonates: Not used due to
hyperbilirubinemia. Older
children: 350–450 mg/m2
q8h+

No liquid formulation, should be
taken on an empty stomach not with
an antacid or at the same time as
didanosine, drink plenty of fluids –
at least 1.5 liters for adult doses,
inhibitor of 3A4 liver enzymes

Nelfinavir
(Viracept®, NFV)/250 and
625 mg tablets and oral
powder

Children 2–13 yo: 20–30
mg/m 2 tid using the chart in
the package insert. Children
≥ 23 kg get adult dose of
750 mg q12h. Alternate
adult dose: 1250 mg bid

Neonates: 40 mg/kg q12h
under study in PACTG 353

Oral powder may be mixed with
water, milk, formula, and dietary
supplements, administer with food,
tablets may be dissolved in water or
crushed, inhibitor of 3A4 liver
enzymes.

Amprenavir
(Agenerase®, APV, VX-478,
141W94)/ 50 and 150 mg caps
and 15 mg/ml solution

Lopinavir/RitonavirKaletra®/
caps of 133/33 mg and 80/20
mg/ml oral solution.

Children 4–12 yo or 13–16 yo
and < 50 kg: 22.5 mg/kg
bid or 17 mg/kg tid as
solution, max 2800
mg/day as OR 20 mg/kg
bid or 15 mg/kg tid as
capsules, max 2400
mg/day.

Children ≥ 50 kg
and adults: 1400 mg bid
as solution or 1200 mg
bid as capsules

Neonates: Not
recommended in children
≤ 3 yo.

Oral solution is stable at room
temperature, solution dose does not
equal capsule dose, may be taken
with or without food, avoid taking
with high fat meal, do not take
vitamin E supplements, inhibitor of
3A4 liver enzymes.

Oral solution contains 42% ethanol,
capsules and solution should be
refrigerated or used within 2 months
if stored at room temperature, take
with food, potent inhibitor of 3A4
liver enzymes as well as 2D6 (check
drug interactions).

Children 6 mo–12 yo
(LPV/RTV)§ 7-<15 kg:
12/3 mg/kg bid 15–40 kg:
10/2.5 mg/kg bid, max
400/100 mg bid >40 kg
and adult: 400/100 mg bid

Children 6 mo–12 yo:
230/57.5 mg/m2 bid
(max 400/100 bid)∗

(cont.)
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Formulary – Antiretroviral Agents (cont.)

Generic name
(synonyms)/forms FDA approved dose Other doses Comments

Saquinavir (SQV, Invirase®
200 mg hard gel caps,
Fortovase® 200 mg soft gel
caps)

Not approved for children
under < 16 yo.

Adult doses Invirase®:
600 mg tid Fortovase®:
1200 mg tid

Pediatric dose under study:
50 mg/kg q8h as single
protease therapy or 33
mg/kg q8h with nelfinavir

Invirase® and Fortovase® may not
be used interchangeably. Invirase®
should be stored at room
temperature and Fortovase® should
be refrigerated or stored at room
temperature and used within 3
months, should be taken with a
meal, inhibitor of 3A4 enzymes.

Atazanavir (Reyataz®) 200 mg
caps

Adult dose: 400 mg qd There are insufficient data
for a pediatric dosage
recommendation

Take with food. Antacids (including
didanosine tablets and powder)
allowed ≥ 2 hours after atazanavir or
≥ 1 hour before. Notify MD if white
portion of eyes or skin yellows.
Many drug interactions.

Fusion Inhibitors
Enfuvirtide (Fuzeon®, T-20)/
lyophilized powder
reconstituted to 90 mg/ml

6–16 yo: 2 mg/kg sc bid
(max dose 90 mg)

Adults: 90 mg bid

Injections should be into upper arm,
anterior thigh, or abdomen. 86% of
patients have their first injection site
reaction in first week of therapy.
Injections should be not given in a
site where there is a remaining
reaction from a previous dose. Do
not administer into moles, scars,
navel, or bruises.

Dosing to prevent mother to child transmission of HIV is discussed in Chapter 8.
FDA = United States Food and Drug Administration; PACTG = Pediatric AIDS Clinical Trial Group; yo = years old; mo = month; N/V
= nausea/vomiting; Cmax = Peak blood concentration; AUC = Area under the curve (reflective of total absorption); EC = Enteric
Coated tablet for once daily dosing; sc = subcutaneous.
∗ Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection, 12/14/01 edition.
† The FDA approved dose was based on pharmacokinetic modeling to achieve similar plasma concentrations as dosing of 150 mg/m2.
Nevirapine clearance is highest during the first 2 years of life and decreases gradually until reaching adult clearance around 12 years of
age. The current FDA regimen results in an abrupt 43% decrease in dose on the eighth birthday that is not consistent with the gradual
change in clearance. The majority of pediatric clinical studies were done with the 120 mg/m2 dosing regimen.
∗∗PACTG 356 dosing for neonates through 2 months of age: 5 mg/kg or 120 mg/m2 qd × 14 days then 120 mg/m2 q12h for 14 days,
then 200 mg/m2 q12h.
+ Two studies (NCI/PACTG) have now confirmed a significant incidence of renal toxicity at a 500 mg/m2 pediatric dose. The optimal
indinavir dose for children is somewhere between the 350 mg/m2 dose in the NCI study and 450 mg/m2 (10% below the 500 mg/m2

dose).
SSThe FDA doses are extrapolated from the pediatric trials that were dosed on body surface area at LPV 230/ RTV 57.5 mg/m2 bid.
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Formulary – Drugs for Opportunistic Infections Associated with HIV

Generic name
(Synonyms)/Dosage
Form FDA approved dose Other doses Comments

Acyclovir (Zovirax®) 200
mg caps, 400 and 800 mg
tabs, 40 mg/ml
suspension

HSV 1, 2: 250 mg/m2 iv
q8h or (adults) 200 mg
q4h × 5 daily for 10
days.
VZV: 500 mg/m2 iv q8h or
20 mg/kg po qid (max
is adult dose of 800 mg
qid) × 5 days
HZ: 500 mg/m2 iv q8h
and, in adults, 800 mg
q4h × 5 daily for 7–10
days

Oral HSV in children: 400
mg/m2 po tid.

Oral HZ in children: 20
mg/kg po qid (max
dose 800 mg qid)

Crystallization of drug in renal
tubules can lead to renal failure if
hydration is not adequate especially
with high iv doses for zoster.

Atovaquone
(Mepron®) 250 mg tabs
and 150 mg/ml
suspension

PCP treatment: (13
yo-adult) 750 mg bid
with meals for 21 days.
PCP prophylaxis:
(13–16 yo) 1500 mg qd
with a meal.

PCP treatment and
PCP/Toxo prophylaxis:
(3–24 months) 45
mg/kg/day and (1–3 mo
or 2–12 yo) 30 mg/kg/day
once daily

Must be taken with meals to
maximize absorption, suspension
must be shaken, drug interactions
possible due to high protein binding
(>99%) and metabolism. Effective
for mild/moderate PCP in adults.
May be taken by G6PD deficient
patients.

(cont.)
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(Synonyms)/Dosage
Form FDA approved dose Other doses Comments

Azithromycin
(Zithromax®) 250 mg
cap, 600 mg tab, 20 mg
and 40 mg/ml susp, 1 g
single dose packet

MAC prophylaxis
(adults):1200 mg po q
week

MAC prophylaxis
(Children) 20 mg/kg
(max 1200 mg) po q week
or 5–10 mg/kg/dose (max
500 mg) qd (lower dose
for prophylaxis/higher
for treatment)

Capsules should be taken on an
empty stomach while the
suspension and tablets can be taken
without regard to food. Shake
suspension before used. Can be
refrigerated, but not required. Less
drug interactions than
clarithromycin.

Cidofovir (Vistide®) 75
mg/ml for iv infusion in
375 mg vials

CMV: 5 mg/kg iv q week
× 2, then 5 mg/kg iv q2
week. Probenecid 2 g po
required 3 hours before
each dose and 1 g 2 and 8
hours after each cidofovir
dose.

Cidofovir should be given over 1
hour. Saline hydration required.
Giving food before probenecid may
reduce nausea.

Clarithromycin
(Biaxin®) 250 and 500 mg
tabs, 125 and 250 mg/ml
susp, and 500 mg XL tabs

MAC prophylaxis
(Children) 7.5 mg/kg
(max 500 mg) bid,
(adults) 500 mg bid

MAC Treatment
(Children) up to 12.5
mg/kg (max 500 mg) bid

May be given without regard to
food. Shake suspension before use
and do not refrigerate. Some drug
interactions. XL (sustained release)
form is not indicated for MAC
therapy.

Clindamycin (Cleocin®)
75, 150, and 300 mg
caps and 150 mg/ml
injection in 2, 4, or 6 ml
sizes

PCP treatment: 10 mg/kg
iv (max 600 mg) q6h with
primaquine 0.3 mg/kg
(as base) po qd. × 21 days

Effective to mild-moderate PCP in
adults. Contraindicated in G6PD
deficiency. Drug must be diluted
and given iv over 30 minutes or
more.

Dapsone 25 and 100 mg
tabs

PCP treatment: 2 mg/kg
po daily (max 100 mg
with 5 mg/kg
trimethoprim po × 21 d.
PCP/toxo prophylaxis
(Children > 1 mo): 2
mg/kg qd (max 100 mg)
or 4 mg/kg q week (max)

Effective to mild-moderate PCP in
adults. Avoid in patients with G6PD
deficiency. Do not give with
antacids (e.g. didanosine) as this
may significantly lower absorption.
Toxo prophylaxis regimen must also
include pyrimethamine 1 mg/kg qd
plus leucovorin 5 mg po q3d

Ethambutol
(Myambutol®)100 and
400 mg tablets

For TB with other agents:
Children ≥ 13 yo – 15–20
mg/kg (1 gm max) qd or
50 mg/kg (2.5 gm max) 2
× per week. See CDC
dosing chart for adults
and children ≥ 15 yo or
40 kg

For TB with other agents:
Children 5–12 yo – 15–20
mg/kg (1 g max) qd or 50
mg/kg (2.5 g max) 2 × per
week. May use in
younger children if
resistant to other agents

Not recommended by
manufacturer for children under 13
due to optic neuritis. Visual testing
recommended before and monthly

Famciclovir (Famvir®)
125, 250, and 500 mg
tablets

HSV (adults) 125 mg bid ×
5 days
Suppression of recurrent
HSV (adults): 250 mg bid
HZ (adults): 500 mg q8h
× 7 days

Not tested in children Start w/in 72 hours of rash onset.
May be taken without regard to food
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(Synonyms)/Dosage
Form FDA approved dose Other doses Comments

Foscarnet (Foscavir®) 24
mg/ml inj in 250 ml or
500 ml bottles

CMV: 90 mg/kg q12h or
60 mg/kg q8h iv ×
14–21 days induction,
then 90–120 mg/kg iv
qd.
Acyclovir resistant HSV:
40 mg/kg iv over 1 hour
q 8–12h × 2–3 weeks

IV solution must be diluted to 12
mg/ml or lower. 90 mg/kg dose
given over 1.5–2 hours and 60
mg/kg over 1 hour. Maintenance
doses given over 2 hours. 90 mg/kg
is preferred maintenance dose due
to lower toxicity. Hydration is
required.

Ganciclovir (Cytovene®,
DHPG) 250 and 500 mg
caps plus 500 mg vials for
reconstitution

CMV: 5 mg/kg iv × 14–21
days induction, then 5
mg/kg iv qd or 6 mg/kg iv
qd × 5 days per week or
1000 mg po tid or 500 mg
6 × qd

Some clinicians use 5
mg/kg iv qd for 5
days/week for
maintenance

Infusion should be given over one
hour with adequate hydration.
Capsules should be taken with food,
but absorption is still poor.
Valganciclovir is preferred agent for
oral dosing. Drug can cause birth
defects in pregnant women. Causes
elevation of didanosine levels and
neutropenia with zidovudine.

Isoniazid (INH) 100, 300
mg tabs and 10 mg/ml
solution and 100 mg/ml
injection

Positive TB skin Test or
exposure: 10–15 mg/kg
(max 300 mg) qd × 9 mo
or 20–30 mg/kg (max 900
mg) twice weekly for 9
months, same dose for
treatment in combina-
tion with other agents.
Adult dose: 5 mg/kg/days
(300 max) or 15 mg/kg
(900 mg max) once,
twice, or thrice weekly

Syrup should be shaken before use.
Doses ideally given on an empty
stomach.

Oseltamavir (Tamiflu®)
75 mg caps and 12 mg/ml
suspension

13 yo and above: 75 mg bid × 5 days
Children 1 yo and greater;

≤15 kg – 30 mg twice daily
>15 to 23 kg – 45 mg twice daily
>23 to 40 kg – 60 mg twice daily
>40 kg – 75 mg twice
daily

Inactivated influenza vaccine is the
first choice for influenza
prophylaxis. Treatment should
begin within 2 days of onset of
symptoms of influenza. The oral
suspension should be shaken
before use, stored in the refrigerator,
and used within 10 days.

Pentamidine Isothionate
(Pentam®) 300 mg vial
for reconstitution

PCP Treatment: 4 mg/kg
iv/im qd × 21 days, may
switch to another agent
PO to complete 21 days if
clinically recovered. PCP
prophylaxis (Children >

5 yo): 300 mg via
Respirgard II nebulizer q
month

Second choice drug for PCP
treatment, iv route is preferred for
treatment, administer iv over 60–90
minutes to avoid hypotension. Use
with caution with other nephrotoxic
agents. Do not give with didanosine
due to association with pancreatitis.

(cont.)
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(Synonyms)/Dosage
Form FDA approved dose Other doses Comments

Primaquine 26.3 mg
tablet

PCP treatment: 0.3
mg/kg (as base) po qd
with clindamycin 10
mg/kg iv (max 600 mg)
q6h × 21 days

Effective in mild-moderate PCP in
adults. Contraindicated in G6PD
deficiency. Each 26.3 mg tablet
contains 15 mg primaquine base

Pyrazinamide 500 mg
scored tablet

For TB with other agents:
15–30 mg/kg (2 g max) qd
or 50 mg/kg (2 g max)
2×/week. See CDC
dosing chart for adults
and children ≥ 15 yo or
40 kg

Can be taken without regard to
meals

Rifabutin (Mycobutin®)
150 mg capsule

MAC prophylaxis
(adults): 300 mg qd or
150 mg bid

For TB with other agents:
5 mg/kg (300 mg max) qd
or 2–3×per week,
children 5–6 mg/kg qd or
2×/wk

Patients with nausea may take 150
mg bid with food. May color body
fluids brown-orange and
permanently discolor soft contact
lenses. Several drug interactions

Rifampin (Rifadin®) 150
and 300 mg caps, 600 mg
powder for
reconstitution.

Positive TB skin test or
exposure: 10–20 mg/kg
(max 600 mg) po/iv qd ×
4–6 mo, same dose for
treatment of TB in
combination with other
agents qd or 2×/week

For prevention in INH resistant
strains or intolerance. Given orally
on an empty stomach. IV
formulation available, but no liquid
prep. Pharmacist can prepare
4-week suspension supply. May
color body fluids brown-orange and
permanently discolor soft contact
lenses. Many drug interactions

Streptomycin 1 g vials of
400 mg/ml

For TB with other agents:
20–40 mg/kg (max 1 g) qd
or 20 mg/kg (max 1.5 g) 2
× per week, adults < 60
yo and children ≥ 15 yo

Only available as IM injection
although there are reports of the IM
injection being given intravenously,
rotate injection sites, adults should
not exceed total dose of 120 g

or 40 kg – 15 mg/kg (1 g
max) qd (5–7 days per
week) decreased to 2–3 ×
week after culture
conversion.

Trimethoprim–
Sulfamethoxazole
(TMP–SMX, Bactrim®,
co-trimoxazole, Septra®,
and others)/as TMP 80
and 160 mg tab, 80
mg/ml inj, and 40 mg/ml
suspension

PCP treatment: 15–20
mg/kg/day as TMP IV
divided q6h × 21 days,
may complete
treatment PO if
clinically recovered.
PCP prophylaxis: 75/375
mg/m2/days
(TMP–SMX) po bid 3
consecutive days/wk
Toxoplasma
prophylaxis: same dose
as PCP given qd.

PCP prophylaxis: 75/375
mg/m2/days bid three
times week on alternate
days, bid every day, or
double dose up to adult
max (160/800) qd × 3
days per week.

TMP–SMX not used for PCP therapy
in children less that 4–6 weeks due
to displacement of bilirubin. Use
with caution in those with renal or
hepatic dysfunction, severe allergy
or asthma, or G6PD deficiency
when hemolysis could occur.
Hydration is important especially
with PCP doses to avoid crystalluria
and stone formation.

(cont.)
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(Synonyms)/Dosage
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Trimetrexate
(Neutrexin®, TMTX) 25
mg vial for reconstitution

PCP treatment (adults):
45 mg/m2 IV qd × 21
days with leucovorin 20
mg/m2 IV q6h × 21 days
(72 hours after last
TMTX)

Pediatric PCP treatment:
45 mg/m2 IV qd × 21
days with leucovorin 20
mg/m2 IV q6h × 21 days
(72 hours after last
TMTX)

Salvage regimen for patients who
fail or cannot tolerate TMP–SMX.
Drug interactions exist related to
CYP 3A4 metabolism

Valganciclovir (Valcyte®)
450 mg tablets

CMV induction (adults):
900 mg bid × 21 days
followed by 900 mg qd
maintenance

No pediatric
recommendations

A 900 mg dose of valganciclovir
provides drug levels similar to a 5
mg/kg IV ganciclovir dose. Tablets
should be taken with food. Drug
can cause birth defects in pregnant
women. Causes elevation of
didanosine levels and neutropenia
with zidovudine

Valacyclovir (Valtrex®)
500 mg and 1 g tablets

HSV (adults): 1 g bid × 10
days. Suppression of
recurrent HSV (adults):
500–1000 mg qd HZ
(adults): 1 g tid × 7 days

Not tested in children Start w/in 72 hours of rash onset
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Birmingham, AL 35233-0011
(205) 939-9590
Fax: (205) 975-6549

C A L I F O R N I A

University of California at Los Angeles
UCLA School of Medicine
Dept. of Pediatric Infectious Dis., 22-442 MDCC
175217 Le Conte Avenue
Los Angeles, CA 90095-1752
(310) 825-5235
Fax: (310) 206-5529

University of California at San Diego
Dept. of Pediatrics, Division of Infectious Diseases
Clinical Sciences Bldg, Room 430
9500 Gilman Dr., Mail Code 0672
La Jolla, CA 92093-0672
(858) 534-7170
Fax: (858) 534-7411

University of California at San Francisco
UCSF, Moffitt Hospital, M-679
505 Parnassus Avenue, Box 0105

San Francisco, CA 94143-0105
(415) 476-2865
Fax: (415) 476-3466

F L O R I D A

University of Miami School of Medicine
Division of Pediatric Infect. Dis. & Immunology
Batchelor Building, Room 296
1580 N.W. 10th Avenue
Miami, FL 33136-1013
(305) 243-6522
Fax: (305) 243-5562

I L L I N O I S

Chicago Children’s Memorial Hospital
Division of Infectious Diseases
2300 Children’s Plaza, Box #20
Chicago, IL 60614-3394
(773) 880-4757
Fax: (773) 880-3208

L O U I S I A N A

Charity Hospital of New Orleans
Tulane University School of Medicine
Pediatric Infectious Diseases
1430 Tulane Avenue
New Orleans, LA 70112-2699
(504) 588-5422
Fax: (504) 586-3805

M A RY L A N D

Johns Hopkins University Hospital
Department of International Health
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615 North Wolfe Street, Hygiene 5-5515
Baltimore, MD 21205-2103
(410) 955-6964
Fax: (410) 502-6733

M A S S A C H U S E T T S

Children’s Hospital of Boston
Infectious Diseases, Enders 6
300 Longwood Avenue
Boston, MA 02115-5724
(617) 355-7621
Fax: (617) 566-4721

University of Massachusetts Medical Center
Dept. of Peds./ Molecular Med.
Biotech II, Suite 318
373 Plantation Street
Worcester, MA 01605-2377
(508) 856-6282
Fax: (508) 856-5500

N E W J E R S E Y

New Jersey Children’s Hospital
UMDNJ-New Jersey Medical School
Division of Pulmonary, Allergy, Immunology & Infectious

Diseases
185 South Orange Ave., F570A
Newark, NJ 07103-2714
(973) 972-5066
Fax: (973) 972-6443

N E W YO R K

Bronx-Lebanon Hospital Center
Pediatric ID Services
Dept. of Peds., Milstein Bldg.-2C
1650 Selwyn Avenue
Bronx, NY 10457
(718) 960-1010
Fax: (718) 960-1011

Columbia Presbyterian Medical Center
Dept. of Pediatrics
630 West 168th Street
New York, NY 10032-3796
(212) 305-9445
Fax: (212) 342-5218

N O R T H C A R O L I N A

Duke University Medical Center
2200 West Main Street, Suite 200B
DUMC Post Office Box 3461

Durham, NC 27710-3461
(919) 684-6335
Fax: (919) 416-9268

P E N N S Y LVA N I A

Children’s Hospital of Philadelphia
Div. Allergy, Imm & Inf Diseases
Abramson Research Bldg., Suite 1208
34th Street and Civic Ctr. Blvd.
Philadelphia, PA 19104-4399
(215) 590-3561
Fax: (215) 590-3044

P U E R T O R I C O

University of Puerto Rico
University Pediatric Hospital
4th Floor South
P.O. Box 365067
San Juan, PR 00936-5067
(787) 759-9595
Fax: (787) 767-4798

T E N N E S S E E

St. Jude Children’s Research Hospital
Dept. of Infectious Diseases
332 North Lauderdale Street
Memphis, TN 38105-2794
(901) 495-3485
Fax: (901) 495-3099

T E X A S

Baylor College of Medicine
Texas Children’s Hospital
Allergy/Immunology Service
Abercrombie Bldg., Room A380
6621 Fannin Street, MS 1-3291
Houston, TX 77030
(832) 824-1319
Fax: (832) 825-7131

NAIDS Pediatric AIDS Clinical Trials Group Units –
International

S O U T H A F R I C A

Red Cross Children’s Hospital
University of Cape Town
Dept. of Pediatrics & Child Health
46 Sawkins Road
Rondebosch
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Cape Town, South Africa, 7700
+27 21 685 4103
Fax: +27 21 689 5403

Chris Hani Baragwanath Hospital
University of Witwatersrand
Wits Pediatric HIV Research Unit
PO Bertsham, 2013
Johannesburg, South Africa
+27 11 728 3771
Fax: +27 11 728 0460

T H A I L A N D

Siriraj Hospital
Mahidol University
Pediatric Infectious Diseases
Department of Pediatrics, Faculty of

Medicine
2 Prannok Rd, Bangkoknoi
Bangkok 10700, Thailand
+66 2 418 0545
Fax: 66 2 418 0544

Institute for Research Development
Perinatal HIV Prevention Trial
29/7-8 Samlan Road, Soi 1
Prasing, Muang
Chiang Mai 50200, Thailand
+66 (0) 53 814 270-1
Fax: +66 (0) 53 814 269

NICHD Clinical Trials Network Sites

C A L I F O R N I A

Los Angeles County/USC Medical Center
Maternal Child Program
Health Science Campus (CHB-HSC)
1640 Marengo Street
Los Angeles, CA 90033
(323) 226-6447 & 226-5068
Fax:(323) 226-8362 & 226-5960

Children’s Hospital of Los Angeles
Division of Adolescent Medicine, 4th Floor
5000 Sunset Boulevard
Los Angeles, CA 90027
(323) 669-2390
Fax: (323) 913-3614

C O L O R A D O

University of Colorado Health Science Center
The Children’s Hospital
Department of Pediatrics
Infectious Disease Section
4200 East Ninth Avenue
Campus Box C227
Denver, CO 80262
(303) 315-4620
Fax: (303) 315-7909

C O N N E C T I C U T

Yale University School of Medicine
Department of Pediatrics
Division of Infectious Diseases
420 LSOG, P. O. Box 3333
333 Cedar Street
New Haven, CT 06510-8064
(203) 785-4730
Fax: (203) 785-6961

D I S T R I C T O F C O LU M B I A

Howard University Hospital
Department of Pediatrics
2041 Georgia Avenue, NW
Corridor 6N, Room 6E15
Washington, DC 20060
(202) 865-4583
Fax: (202) 865-7335

Children’s National Medical Center
Special Immunology Service
111 Michigan Avenue, NW, WW 3.5–105
Washington, DC 20010-2970
(202) 884-2980 & 884-2937
Fax: (202) 884-3051

F L O R I D A

South Florida Children’s Diagnostic & Treatment
Center

1401 South Federal Highway
Ft. Lauderdale, FL 33316
(954) 728-1017
Fax: (954) 712-5072

University of Florida Health Science Center
Pediatric Infectious Diseases/Immunology
653-1 West 8th Street
Jacksonville, FL 32209
(904) 244-3051
Fax: (904) 244-5341
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University of Florida College of Medicine
Department of Pediatrics
1600 S.W. Archer Road
P.O. Box 100296
Gainsville, FL 32610-0296
(352) 392-2691
Fax: (352) 846-1810

University of South Florida Physicians Group
College of Medicine
Department of Pediatrics
17 Davis Boulevard, Suite 313
Tampa, FL 33606-3475
(813) 259-8800
Fax: (813) 259-8805

I L L I N O I S

University of Illinois College of Medicine
Department of Pediatrics, M/C 856
840 S. Wood Street
Chicago, IL 60612
(312) 996-6711
Fax: (312) 413-1526

M I C H I G A N

The Children’s Hospital of Michigan
Division of Clinical Immunology & Rheumatology
3901 Beaubien Boulevard
Detroit, MI 48201
(313) 993-8794 & (313) 745-4450
Fax: (313) 993-3873

Hutzel Hospital
Wayne State University
School of Medicine
Department of OB/GYN
4707 St. Antoine Boulevard
Detroit, MI 48201
(313) 745-0734
Fax: (313) 993-2685; (313) 993-0689

N E W YO R K

Children’s Hospital at SUNY Downstate
Department of Pediatrics
450 Clarkson Avenue, Box 49
Brooklyn, NY 11203
(718) 245-4486
Fax: (718) 270-3185

Harlem Hospital Center
Department of Pediatrics
506 Lenox Avenue, Room 16-119
New York, NY 10037
(212) 939-4040
Fax: (212) 939-4048

Lincoln Medical Center
Pediatric Infectious Disease and Immunology
Room 4G183
234 East 149th Street
Bronx, NY 10451
(718) 579-5141
Fax: (718) 579-5381

Jacobi Medical Center
Family Based HIV Services
JACP-5C-15
1400 Pelham Parkway South
Bronx, NY 10461
(718) 918-4903
Fax: (718) 918-4699

Montefiore Medical Center
Adolescent AIDS Program
111 East 210th Street
Bronx, NY 10467
(718) 882-0023
Fax: (718) 882-0432

Mt. Sinai University
Pediatric Infectious Diseases
1 Gustave Levy Place
Annenberg 17-92, Box 1657
New York, NY 10029
(212) 241-6930 & (212) 241-1468

New York University of Medicine
Department of Pediatrics
550 First Avenue, Room 8W51
New York, NY 10016
(212) 263-6426
Fax: (212) 263-7806

SUNY Health Science Center at Stony Brook
Department of Pediatric Infectious Disease
HSC - T09-030
Stony Brook, NY 11794-811
(631) 444-7692
Fax: (631) 444-7248
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SUNY Upstate Medical University
Division of Infectious Diseases
750 East Adams Street
Syracuse, NY 13210
(315) 464-6331
Fax: (315) 464-7564

University of Rochester
Strong Memorial Hospital
Department of Pediatrics
601 Elmwood Avenue, Box 690
Rochester, NY 14642
(585) 275-0588 & (585) 275-8760
Fax: (585) 273-1104

O R E G O N

Oregon Health and Science University
707 SW Gaines Road, CDRC-P
Portland, OR 97239
(503) 494-3197
Fax: (513) 494-1542

P U E R T O R I C O

Centro Medico
San Juan City Hospital
Pediatrics Department
PMB # 128 G.P.O., Box 70344
San Juan, PR 00936
Puerto Rico
(787) 764-3083 & (787) 274-0904
Fax: (787) 751-5143

T E X A S

Childrens Medical Center of Dallas
Department of Ambulatory Pediatrics
1935 Motor Street
Dallas, TX 75235
(214) 648-3720
Fax: (214) 456-5702

V I R G I N I A

Children’s Hospital of the King’s Daughters
Pediatric Infectious Disease Division
601 Children’s Lane
Norfolk, VA 23507
(757) 668-7238
Fax: (757) 668-8275

Senetra Norfolk General Hospital
601 Children’s Lane
Norfolk, VA 23507
(757) 668-7238
Fax: (757) 668-8275

WA S H I N G T O N

University of Washington
Children’s Hospital and Regional Medical Center
Department of Pediatrics
4800 Sand Point Way, N. W., CH-32
Seattle, WA 98105
(206) 528-5140
Fax: (206) 527-3890

B A H A M A S

Princess Margaret Hospital
Shirley Street, P. O. Box 3730/N1784
Nassau, Bahamas
Bahamas
(242) 322-2839
Fax: (242) 356-2893

B R A Z I L

Servico de Doencas Infecciosas – HUFF
Av. Brigadeiro Trompowski
S/N IIha do Fundao
Rio de Janeiro, CEP 21941-590
Brazil
55-21-562-61-48/49
Fax: 55-21-2562-6191

Hospital dos Servidores do Estado – RJ
Servico de Doencas Infecciosas e Parasitarias
Rua Sacadura Cabral
178 Anexo IV S◦ Andar
Saude, Rio de Janeiro, CEP 20221-161
Brazi1
55-21-535-0493 (ALSO FAX)

Universidade Federal de Minas Gerais
Escola de Medicina
Av. Alfredo Balena 90-4 Andar
Belo Horizonte, Minas Gerais, CEP 30130-100
Brazil
55-31-3248-9822
Fax: 55-31-3273-0422
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Universidade de Sao Paulo
Hospital das Clinicas da Faculdade da Medicina de Ribe
Av. Bandeirantes 3900
Ribeirao Preto, Sao Paulo, CEP 14049-900
Brazil
55-16-6330-136
Fax: 55-16-6022-700

Instituto de Infectologia Emilio Ribas
Av. Dr. Arnaldo 165-2 Andar-Sala 218
Sao Paulo, Sao Paulo, CEP 01246-900
Brazil
55-11-3085-0295
Fax: 55-11-3061-2521



Selected HIV-related internet resources

Leslie K. Serchuck, M.D.

Pediatric, Adolescent and Maternal AIDS Branch, NICHD/NIH, Rockville, MD

General AIDS information

AIDSinfo

http://www.aidsinfo.nih.gov
US Government sponsored portal with links to treatment
guidelines and clinical trials (see below).

HIV InSite

http://hivinsite.ucsf.edu
A project of the University of California, San Francisco AIDS
Program at San Francisco General Hospital and the UCSF
Center for AIDS Prevention Studies. This is a comprehen-
sive Web site for HIV and AIDS. This site also contains the
AIDS Knowledge Base: an electronic textbook on AIDS and
HIV that is frequently updated, with summaries of recent
research on HIV and AIDS.

Johns Hopkins University AIDS Service

http://www.hopkins-aids.edu/
A wide-ranging collection of resources from Johns Hop-
kins University. Includes treatment updates, guidelines,
plus full-text of the AIDS handbook, Medical Management
of HIV Infection, as well as a bimonthly newsletter, The
Hopkins HIV Report.

Division of AIDS, National Institute of Allergy and
Infectious Diseases, National Institutes of Health

http://www.niaid.nih.gov/daids/
Links to treatment and prevention information, publica-
tions and meetings; vaccine, prevention, and treatment

networks, and the Comprehensive International Program
of Research on AIDS (CIPRA). Funding opportunities for
both United States and International investigators, includ-
ing those in poor countries with large HIV burdens.

United States Centers for Disease Control
and Prevention

http://www.cdc.gov/
The CDCs website and its HIV homepage http://www.cdc.
gov/hiv/dhap.htm, the definitive US source for epidemi-
ologic information, downloadable publications and slide
sets.

United States Food and Drug Administration

http://www.fda.gov/
Information about drug regulation and development.

AEGIS: AIDS Education and Global Information System

http://www.aegis.com/
This website features newsletters, HIV news from newspa-
pers and wire services, and search capability for all docu-
ments. Contains an extensive publication library and many
links.

AIDS Clinical Research Information Center

http://www.critpath.org/aric/
Contains an AIDS basic science information library
and information and resources for People with AIDS
(PWAs).
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HIV Medicine Association

http://hivma.org
An organization of medical professionals caring for HIV-
infected patients and a part of the Infectious Diseases Soci-
ety of America. Site has links to IDSA practice guidelines
and other resources.

International Association of Physicians in AIDS Care

http://www.iapac.org
This site is devoted to education of physicians and other
healthcare providers. It advocates for the faster develop-
ment and approval of treatments, vaccines, and technolo-
gies for the prevention and treatment of HIV/AIDS and
provides good clinical information.

Project Inform

http://www.projinf.org/
A national, non-profit, community-based organization
which provides information on diagnosis and treatment of
HIV disease to HIV-infected individuals, their caregivers,
and their healthcare and service providers. Project Inform
provides excellent Fact Sheets and a frequently published
journal PI Perspective which provides information from the
most recent clinical trials and discussion regarding state of
the art treatment and research issues. The site is in Spanish
and English.

Medscape

http://www.medscape.com/hiv-aidshome
A commercial website with up-to-date information on
HIV/AIDS as well as numerous other specialties. Contains
international homepages as well.

Gay Men’s Health Crisis

http://gmhc.org
Focus mainly on gay men, which may be helpful for gay
adolescents, but also includes useful information on a vari-
ety of treatment-related topics. Educational information on
HIV infection and AIDS pathogenesis for non-medical
personnel.

All the Virology on the WWW

http://www.tulane.edu/∼dmsander/garryfavweb.html
Site for virology resources on the web, with links to virology
and microbiology courses, dictionaries, and specific virus

sites (including emerging viruses and HIV/AIDS among
numerous others).

Treatment centered sites

AIDSinfo

http://www.aidsinfo.nih.gov
Provides information about federally approved Treatment
Guidelines for Use of Antiretroviral Agents in Adults
and Adolescents with a separate document for Pediatric
Patients infected with HIV. ATIS is staffed by bilingual
(English and Spanish) health information specialists who
answer questions on HIV treatment options.

AIDS Treatment Data Network

http://www.atdn.org/
National, not-for-profit, community-based organization.
Extensive, comprehensive and up-to-date informational
databases about AIDS treatments, research studies, ser-
vices, and accessing care. Available in English and Span-
ish.

HIV-druginteractions.org

http://www.HIVdruginteractions.org
A service of the University of Liverpool, Department of
Pharmacology and Therapeutics, features interactive drug
interaction queries for antiretrovirals.

The Body

http://www.thebody.com/
A multimedia AIDS and HIV information resource. Its
focus is on providing information for prevention and treat-
ment of HIV infection but it includes some information on
biology and immunology of HIV. The site features answers
by experts to questions about AIDS and HIV.

Critical Path AIDS Project

http://www.critpath.org/
Critical Path AIDS Project was founded by persons with
AIDS (PWAs) to provide treatment, resource, and pre-
vention information in wide-ranging levels of detail –
for researchers, service providers, treatment activists, and
other PWAs. AIDS prevention, treatment, and referral infor-
mation is available. Important site for patients and activists.
Many links.
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(Note: The manufacturers of antiretrovirals, HIV diagnos-
tics, and agents for AIDS-related opportunistic infections
maintain web sites with information pertaining to their
products. These are often country-specific, but can gen-
erally be easily found using the popular search engines.)

Clinical trials

AIDSinfo

http://www.aidsinfo.nih.gov/
US Government-sponsored site containing current infor-
mation on federally and privately sponsored clinical Pedi-
atric ACTG and Adult ACTG trials open to accrual. Includes
both treatment and prevention trials. Also contains links to
treatment guidelines. Available in Spanish.

ClinicalTrials.gov

http://clinicaltrials.gov/
The U.S. National Institutes of Health, through its National
Library of Medicine, has developed ClinicalTrials.gov to
provide patients, family members and members of the
public current information about clinical research stud-
ies for many diseases. The site currently contains thou-
sands of clinical studies sponsored by the National
Institutes of Health, other Federal agencies, and the
pharmaceutical industry worldwide. Studies listed in the
database are conducted primarily in the United States and
Canada, but include locations in about 70 countries.

AIDS/HIV Treatment Directory (AMFAR)

http://www.amfar.org
The American Foundation for AIDS research. Contains
information about conferences, grants, and a link to the
AmFAR treatment directory, including information about
treatment strategies and clinical trials.

The National Cancer Institute HIV and
AIDS Malignancy Branch

http://aidstrials.nci.nih.gov
Links to the clinical trials in the HIV and AIDS Malignancy
Branch, National Cancer Institute, for both adults and chil-
dren.

National Institutes of Health Vaccine Research Center

http://www.niaid.nih.gov/vrc/

Basic and clinical research toward the development of
vaccine for AIDS and other diseases. Enrolling patients in
prophylactic and therapeutic vaccine clinical trials.

CENTER WATCH- Clinical Trials Listing Service

http://www.centerwatch.com/
A commercial web site offering a variety of information
related to clinical trials in many disease areas. The site
is designed to be a resource both for patients interested
in participating in clinical trials and for research profes-
sionals.

International AIDS resources

UNAIDS-The Joint United Nations Programme on
HIV/AIDS

http://www.unaids.org
Links to publications, surveillance, and response, WHO
Initiative on HIV/AIDS and Sexually Transmitted Infec-
tions. Also contains news, upcoming events, and publica-
tions for the international community. Includes up-to-date
country-specific HIV/AIDS statistics. Information is pro-
vided in English, Spanish, and French.

International AIDS Society

http://www.ias.se/
The International AIDS Society, a leading international pro-
fessional society devoted to HIV/AIDS.

Global Fund to Fight AIDS, Tuberculosis and Malaria

http://www.theglobalfund.org/
International organization that collects and disburses
funds to fight these serious infectious diseases in poor
countries.

Pan American Health Organization (PAHO)

http://www.paho.org/Project.asp?SEL=TP&LNG=ENG&
CD=AIDSS
PAHO is a UN agency. This site provides AIDS informa-
tion by region from throughout Latin America and the
Caribbean.
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International AIDS Vaccine Initiative

http://www.iavi.ogr
Provides funding globally directed toward the development
of an AIDS vaccine.

Gates Foundation

http://gatesfoundation.org
An important source of funding for HIV-related research
globally.

Canadian HIV Trials Network

http://www.hivnet.ubc.ca/ctn.html
Links to Canadian clinical trials.

Onasida

http://www.ssa.gob.mx/conasida
This is the Mexican government health ministry HIV/AIDS
server. This site is in Spanish.

The Body-International International HIV/AIDS Service
Organizations and Resources

http://www.thebody.com/hotlines/internat.html
Includes international health organizations and resources
and sites by region. Includes sites from Africa, Latin
America, Asia, Russia, Europe, and Canada.

International Council of AIDS Services
Organizations (ICASO)

http://www.icaso.org/
ICASO is a global network of non-governmental and
community-based organizations. It has Regional Secretari-
ats in Africa, Asia/Pacific, Europe, Latin America and the
Caribbean, and North America.

Asian AIDS resources

http://www.utopia-asia.com/aids.htm
HIV/AIDS in the Asia/Pacific Region. Includes China,
Thailand, Vietnam, and many others.

AIDSmap

http://www.aidsmap.com/
British HIV site, also with information on AIDS topics for
continental Europe, Africa, and Asia.

Avert

http://www.avert.org/
A UK AIDS charity.

Pediatric AIDS resources

AIDS Alliance for Children, Youth and Families

http://www.aidspolicycenter.org/
The Alliance is a leading advocate for children, youth, and
families affected by HIV/AIDS. Its mission includes policy
analysis, advocacy, education, and training.

Children With AIDS Project

http://www.aidskids.org/
Good site for families and older children. Link to “Convo-
mania,” a place for seriously ill and disabled children on
the Internet to connect with other children.

The Elizabeth Glaser Pediatric AIDS Foundation

http://www.pedaids.org/
This foundation is a non-profit organization that is an
important funding source for pediatric AIDS research
globally.

National Pediatric and Family HIV Resource Center

http://www.pedhivaids.org/
Non-profit organization serving professionals. Offers con-
sultation, training, and teaching.

Research-oriented sites

National Library of Medicine: AIDS Publications

http://sis.nlm.nih.gov/HIV/HIVMain.html
Direct links to AIDLINE, AIDSDRUGS, and AIDSTRIALS
databases at the National Library of Medicine with fact
sheets

National Library of Medicine- PUBMED

http://www.ncbi.nlm.nih.gov and
http://gateway.nlm.nih.gov/. The National Center for Bio-
technology Information. Provides free access to the
MEDLINE medical literature database through PubMed
and Entrez, and access to online versions of selected
biomedical texts, online nucleic acid and protein sequence
analysis tools, and online compilations of genetic
information. Extensive links to voluminous collections of
biomedical data. Links available to MedlinePlus, health
information for consumers.
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HIV Nucleic Acid Sequence and Immunological
Databases

http://hiv-web.lanl.gov/
The HIV databases contain data on HIV genetic sequences,
immunological epitopes, drug resistance-associated
mutations.

NCI Drug Resistance Program

http://home.ncifcrf.gov/hivdrp/
The National Cancer Institute Drug Resistance Program,
researching the mechanisms and implications of HIV drug
resistance.

Harvard AIDS Institute

http://www.hsph.harvard.edu/hai/
The Institute has targeted four primary research areas
related to HIV/AIDS: Basic Science (including molecular
biology, virology and vaccines); Clinical Science (includ-
ing pathogenesis and treatments); Epidemiology/Public
Health and Prevention; Social Science and Policy.

Death and bereavement

Association for Death Education and Counseling

http://www.adec.org/
ADEC is an international, multidisciplinary organization
dedicated to improving the quality of education, counsel-
ing and care-giving pertaining to dying, death, grief, and
loss.

Growth House

http://www.growthhouse.org
This site provides public education and resources about
hospice and home care, palliative care, pain management,
death with dignity, bereavement, and related end-of-life
topics. Includes international resources. Grief Sites are
devoted to grief and bereavement, and include special
pages for bereaved families, natal and infant loss, and help-
ing children with grief and serious illness.

Hospice Foundation of America

http://www.hospicefoundation.org
HFA promotes hospice care and works to educate profes-
sionals and the families they serve in issues relating to care-
giving, terminal illness, loss, and bereavement.

National Association for Home Care

http://www.nahc.org
This is the virtual headquarters of the National Associa-
tion for Home Care (NAHC). Since its inception in 1982,
NAHC has remained committed to serving the home care
and hospice industry, which provides services to the sick,
the disabled, and the terminally ill in the comfort of their
homes.



Selected legal resources for HIV-infected children1

Carolyn McAllaster

ALABAMA

AIDS Task Force of Alabama, Inc.
Post Office Box 55703
Birmingham, AL 35255
(205) 324-9822
Legal referrals provided.

ALASKA

Alaskan AIDS Assistance Association
1057 West Fireweed Lane, #102
Anchorage, AK 99503
(907) 263-2050
Legal referrals provided; form documents with notary on

site.

ARIZONA

AIDS Project Arizona
1427 N. 3rd Street, Suite 125
Phoenix, AZ 85004
(602) 253-2437
Legal referrals provided; estate planning and documents

with notice.

HIV/AIDS Law Project (HALP)
Maricopa County Bar Association
Volunteer Lawyers Program
305 S. 2nd Avenue
Phoenix, AZ 85003
(602) 258-3434, ext. 282;
1-800-852-9075, ext 282
Direct legal services provided; legal referrals

provided.

ARKANSAS

Arkansas AIDS Foundation
518 East 9th Street
Little Rock, AR 72202
(501) 376-6299
Legal referrals provided.

CALIFORNIA

North Coast AIDS Project
529 I Street
Eureka, CA 95501
(707) 268-2132
Legal referrals provided.

Central Valley AIDS Team
416 West McKinley
Fresno, CA 93728
(559) 264-2437
Legal referrals provided.

The Barristers AIDS Legal Services Project
1313 North Vine
Los Angeles, CA 90028
(323) 993-1640
Legal referrals provided.

HIV/AIDS Legal Services
Alliance Inc. (HALSA)

3550 Wilshire Blvd., Suite 750
Los Angeles, CA 90010
(213) 201-1640
Legal referrals provided; direct legal services provided.
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The Los Angeles Free Clinic Legal Dept.
8405 Beverly Boulevard
Los Angeles, CA 90048
(323) 655-2697
Direct legal services provided.

Los Angeles Gay and Lesbian Center
Legal Services Department
1625 North Schruder Boulevard
Los Angeles, CA 90028
(323) 993-7670
Direct legal services provided.

Desert AIDS Project Legal Services
1695 N. Sunrise Way, Bldg. 1
Palm Springs, CA 92262
(760) 323-2118
Legal referrals provided; direct legal services provided.

AIDS Service Center
1030 South Arroyo Parkway
Pasadena, CA 91105
(818) 441-8495; (626) 441-8495
Legal referrals provided.

AIDS Legal Referral Panel of the
San Francisco Bay Area
205 13th St.
San Francisco, CA 94104
(415) 291-5454
Legal referrals provided; direct legal services

provided.

Legal Services for Prisoners with Children
Women Prisoners with HIV/AIDS
Project 100 McAllister Street

San Francisco, CA 94102
(415) 255-7036.

San Francisco AIDS Foundation
Financial Benefits Advocacy Program
Sixth St.
San Francisco, CA 94103
(415) 487-8000
Legal referrals provided; direct legal services

provided; require clients to be 18 years old.

AIDS Legal Services
111 West St. John Street, Suite 315
San Jose, CA 95113
(408) 293-3135
Direct legal services provided; legal referrals provided.

Community Services AIDS Program
1601 East Hazelton Avenue
Stockton, CA 95201-2009
(209) 468-2235
Case management services.

Valley HIV/AIDS Center
6850 Van Nuys Boulevard, #110
Van Nuys, CA 91405
(818) 908-3840
Legal referrals provided.

AIDS Care Legal Clinic
73 North Palm Street
Ventura, CA 93001
(805) 643-0446
Legal referrals provided.

COLORADO

Boulder County AIDS Project Pro Bono
Attorney Team
2118 14th Street
Boulder, CO 80302
(303) 444-6121
Direct legal services provided.

Southern Colorado AIDS Project
1301 S. 8th Street, Suite 200
Colorado Springs, CO 80906
(719) 578-9092
Legal referrals provided.

Colorado AIDS Project Legal Program
701 East Colfax Avenue, Suite 212
Denver, CO 80203
(303) 837-1501
Legal referrals provided.

The Legal Center for People with Disabilities and
Older People

HIV/AIDS Legal Program
455 Sherman Street, Suite 130
Denver, CO 80203
(303) 722-0300
Direct legal services provided; legal referrals provided.

CONNECTICUT

AIDS Legal Network for Connecticut
80 Jefferson St.
Hartford, CT 06105
(860) 541-5000
Legal referrals provided; direct legal services provided.
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DISTRICT OF COLUMBIA

District of Columbia School of Law
HIV/AIDS Legal Clinic
4200 Connecticut Avenue, NW
Washington, DC 20008
(202) 274-7312
Direct legal services provided.

Whitman-Walker Clinic
Legal Services Department
1701 14th Street
Washington, DC 20009
(202) 939-7627
Direct legal services provided.

FLORIDA

Comprehensive AIDS Project
2222 West Atlantic Avenue
Delary Beach, FL 33445
(561) 274-6400
Legal referrals provided; direct legal services provided.

Jacksonville Area Legal Aid, Inc.
Ryan White Legal Project
126 W. Adams Street
Jacksonville, FL 32202
(904) 356-8371
Direct legal services provided.

AIDS Help, Inc.
Post Office Box 4374
Key West, FL 33041
(305) 296-6196
Legal referrals provided.

Legal Services of Greater Miami, Inc.
AIDS Legal Advocacy Project
3000 Biscayne Boulevard, Suite 500
Miami, FL 33137
(305) 576-0080
Direct legal services provided.

Big Bend Comprehensive AIDS Resources,
Education & Support, Inc.
Post Office Box 14365
Tallahassee, FL 32317
Legal referrals provided.

Legal Aid Society of Palm Beach County
HIV/AIDS Legal Project
423 Fern Street, Suite 200
West Palm Beach, FL 33401

(561) 655-8944, Ext. 286
Direct legal services provided.

GEORGIA

Atlanta Legal Aid Society
AIDS Legal Project
151 Springs Street, NW
Atlanta, GA 30303
(404) 614-3969
Legal referrals provided; direct legal services provided.

AIDS Law Project of Middle Georgia
111 Third Street, Suite 230
Macon, GA 31202
(478) 751-6261
Legal referrals provided; direct legal services provided.

HAWAII

Hawaii State Bar Association
Lawyer Referral & Information Service
1132 Bishop St., Suite 906
Honolulu, HI 96813
(808) 537-9140
Legal referrals provided.

ILLINOIS

AIDS Legal Council of Chicago
188 W. Randolph St., Suite 2400
Chicago, IL 60601
(312) 427-8990
Direct legal services provided; legal referrals provided.

Lambda Legal Defense & Education
Fund, Inc.
Midwest Regional Office
11 East Adams, Suite 1008
Chicago, IL 60603
(312) 663-4413
Legal contacts provided; direct legal services provided for

precedent setting cases, often appellate level cases.

Legal Assistance Foundation, Inc. of
Metropolitan Chicago

HIV/AIDS Project
111 W. Jackson. Suite 300
Chicago, IL 60604
(312) 347-8309
Legal referrals provided; direct legal services provided.

Cook County Legal Assistance Foundation, Inc.
AIDS Advocacy Project
828 Davis Street, Suite 201
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Evanston, IL 60201-4489
(847) 475-3703
Legal referrals provided; direct legal services provided.

Springfield AIDS Resource Association
1315 North Fifth
Springfield, IL 62702
(217) 523-2191
Legal referrals provided.

INDIANA

AIDS Task Force, Inc.
2124 Fairfield Avenue
Fort Wayne, IN 46802
(219) 744-1144
Legal referrals provided.

Indiana HIV Advocacy Program
3951 North Meridian Street, Suite 200
Indianapolis, IN 46208
(317) 920-3190
Legal referrals provided; direct legal services provided.

Legal Services Organization of Indiana, Inc.
HIV/AIDS Legal Project
151 North Delaware, 18th Floor
Indianapolis, IN 46204
(317) 631-9410
Direct legal services provided.

AIDS Ministries/AIDS Assist
Post Office Box 11582
South Bend, IN 46634
(219) 234-2780
Legal referrals provided; direct legal services provided.

IOWA

University of Iowa College of Law
AIDS Representation Project
Iowa City, IA 52242-1113
(319) 335-9023
Legal referrals provided; direct legal services provided.

KENTUCKY

Legal Aid Society
HIV/AIDS Legal Project
810 Barret Avenue, Room 301
Louisville, KY 40204
(502) 574-8199
Direct legal services provided; legal referrals provided.

AIDS Volunteers, Inc.
AIDS/HIV Legal Project
Post Office Box 431
Lexington, KY 40588
(859) 225-3000
Legal referrals provided.

LOUISIANA

Mailing address:
AIDS Law of Louisiana, Inc.
Post Office Box 30203
New Orleans, LA 70190

Physical address:
144 Elk Place, Suite 1530
New Orleans, LA 70112
(504) 568-1631; 1-800-375-5035
Legal referrals provided; direct legal services provided.

MAINE

The AIDS Project, Inc.
615 Congress Street
Post Office Box 5305
Portland, ME 04101
(207) 774-6877
Legal referrals provided.

MARYLAND

Health Education Resource Organization
(HERO)
1734 Maryland Avenue
Baltimore, MD 21201
(410) 685-1180
Direct legal services provided.

University of Maryland Law School
AIDS Legal Clinic
500 West Baltimore Street
Baltimore, MD 21201-1786
(410) 706-8316
Legal referrals provided; direct legal services provided.

MASSACHUSETTS

AIDS Action Committee
131 Clarendon Street
Boston, MA 02116
(617) 450-1250
Legal referrals provided.
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Gay & Lesbian Advocates & Defenders
AIDS Law Project
294 Washington Street, Suite 704
Boston, MA 02108
(617) 426-1350
Legal referrals provided; direct legal services provided.

North Shore AIDS Project
67 Middle Street
Gloucester, MA 01930
(978) 283-0101
Legal referrals provided.

AIDS Law Clinic
122 Boylston Street
Jamaica Plain, MA 02130
(617) 522-3003
Legal referrals provided; direct legal services

provided.

MICHIGAN

Wayne County Neighborhood
Legal Services
AIDS Law Center
51 W. Hancock St., #345
Detroit, MI 48201
(313) 832-8730
Direct legal services provided.

Michigan Protection and Advocacy Service, Inc.
HIV/AIDS Advocacy Program (HAAP)
106 West Allegan, Suite 300
Lansing, MI 48933
(517) 487-1755
Legal referrals provided; direct legal services provided.

MINNESOTA

Minnesota AIDS Project Legal Program
1400 Park Avenue South
Minneapolis, MN 55404
(612) 341-2060
Legal referrals provided; direct legal services

provided.

MISSOURI

Legal Aid of Western Missouri AIDS Legal Assistance
1005 Grand, Suite 600
Kansas City, MO 64106
(816) 474-6750
Direct legal services provided.

Legal Services of Eastern Missouri, Inc.
AIDS Project
4232 Forest Park Avenue
St. Louis, MO 63108
(314) 534-4200, ext. 1224
Direct legal services provided; legal referrals provided.

St. Louis University School of Law
Health Law Clinic
3700 Lindell Boulevard
St. Louis, MO 63108
(314) 977-2778
Direct legal services provided.

MONTANA

Butte AIDS Support Services
25 West Front Street
Butte, MT 59701
(406) 723-6507

NEVADA

Aid for AIDS Nevada
PO Box 478
Las Vegas, NV 89102
(702) 329-2437
Legal referrals provided.

Nevada AIDS Foundation
451 Roberts
Reno, NV 89504
(775) 329-2437
Legal referrals provided.

NEW HAMPSHIRE

Merrimack Valley AIDS Project, Inc.
Post Office Box 882
Concord, NH 03302
(603) 226-0607

Greater Manchester AIDS Project
Legal referrals provided
Post Office Box 59
Manchester, NH 03105
(603) 623-0710
Legal referrals provided.

NEW JERSEY

Hyacinth AIDS Foundation
78 New Street, 2nd Floor
New Brunswick, NJ 08901
(732) 246-0204
Legal referrals provided; direct legal services provided.
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NEW MEXICO

AIDS Law Panel
Post Office Box 22251
Santa Fe, NM 84502
(505) 982-2021
Legal referrals provided; direct legal services provided.

NEW YORK

Bronx AIDS Services
Legal Advocacy Program
2633 Webster Ave.
Bronx, NY 10458
(718) 295-5690
Legal referrals provided; direct legal services

provided.

Brooklyn Legal Services Corp. B HIV Project
105 Court Street
Brooklyn, NY 11201
(718) 237-5546
Direct legal services provided.

Nassau/Suffolk Law Services
Committee, Inc.
David Project
1757 Veteran=s Highway, Suite 50
Islandia, NY 11722
(516) 232-2400
Direct legal services provided; legal referrals

provided.

Queens Legal Services Corporation
HIV Advocacy Project
8900 Sutphin Boulevard
Jamaica, NY 11435
(718) 657-8611
Legal referrals provided; direct legal services

provided.

AIDS Service Center of Lower Manhattan
80 Fifth Avenue, 3rd Floor
New York, NY 10011
(212) 645-0875
Legal referrals provided; direct legal services provided.

The Family Center
66 Reade Street
New York, NY 10007
(212) 766-4522
Direct legal services provided; legal referrals provided.

Gay Men’s Health Crisis
Legal Services Department
119 West 24th Street
New York, NY 10011
(212) 367-1040
Legal referrals provided; direct legal services

provided.

HIV Law Project
161 William Street, 17th Floor
New York, NY 10038
(212) 674-7590
Direct legal services provided.

Lambda Legal Defense & Education Fund, Inc.
120 Wall Street. Suite 1500
New York, NY 10005
(212) 809-8585
Legal referrals provided; impact litigation.

Public Interest Law Office of Rochester
80 St. Paul Street, Suite 701
Rochester, NY 14604
(716) 454-4060
Direct legal services provided; legal referrals provided.

Volunteer Legal Services Project of Monroe County
80 St. Paul Street, Suite 640
Rochester, NY 14604
(716) 232-3051
Legal referrals provided; direct legal services

provided.

Project Hospitality
Legal Advocacy Program
100 Park Avenue
Staten Island, NY 10302
(718) 448-1544, ext. 118
Direct legal services provided; legal referrals provided.

AIDS Law Project
472 South Salina Street, Suite 300
Syracuse, NY 13202
(315) 475-3127
Direct legal services provided; legal referrals provided.

Westchester/Putnam Legal Services
4 Cromwell Place
White Plains, NY 10601
(914) 949-1305
Direct legal services provided.
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NORTH CAROLINA

AIDS Legal Assistance Project
Duke School of Law
Box 90360
Durham, NC 27708
(919) 613-7169
Direct legal services provided.

OHIO

Columbus AIDS Task Force
751 Northwest Blvd.
Columbus, OH 43212
(614) 299-2437
Legal referrals provided.

Toledo Bar Association
AIDS Assistance Committee
311 North Superior
Toledo, OH 43604
(419) 693-4423
Legal referrals provided; direct legal services provided.

OKLAHOMA

Legal Services of Oklahoma, Inc.
HIV/AIDS Legal Resources Project
2901 N. Classen Boulevard, Suite 110
Oklahoma City, OK 73106
(405) 524-4611
Direct legal services provided; legal referrals provided.

OREGON

Multnomah County Legal Aid Service
700 SW Taylor Street, Suite 300
Portland, OR 97205
(503) 224-4086
Direct legal services provided.

PENNSYLVANIA

AIDS Law Project of Pennsylvania
1211 Chestnut Street, Suite 600
Philadelphia, PA 19107
(215) 587-9377
Direct legal services provided.

Pittsburgh AIDS Taskforce
905 West Street, 4th Floor
Pittsburgh, PA 15221
Columbus, OH 43212-3856
(412) 242-2500
Legal referrals provided; direct legal services provided.

RHODE ISLAND

AIDS Project of Rhode Island
232 West Exchange Street
Providence, RI 02903
(401) 831-5522
Legal referrals provided.

SOUTH CAROLINA

Lowcountry AIDS Services
Legal Clinic
501 Manley Avenue
Charleston, SC 29405
(843) 747-2273
Direct legal services provided.

TEXAS

Dallas Legal Hospice
370 West Seventh St
Dallas, TX 75208
(214) 941-2600
Direct legal services provided.

AIDS Services of Austin
Post Office Box 4874
Austin, TX 78765
(512) 458-2437
Legal referrals provided; direct legal services provided.

La Fe CARE Center
1505 Mescalero
El Paso, TX 79925
(915) 772-3366
Direct legal services provided.

AIDS Outreach Center Legal Network
801 West Cannon
Fort Worth, TX 76104
(817) 355-1994
Direct legal services provided.

Houston Volunteer Lawyers Program, Inc.
AIDS Project
806 Main Street, 16th Floor
Houston, TX 77002
(713) 228-0735
Legal referrals provided; direct legal services provided.

UTAH

Utah AIDS Foundation
1408 South 1100 East
Salt Lake City, UT 84105
(801) 497-2323
Legal referrals provided.
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VERMONT

AIDS Project of Southern Vermont
Post Office Box 1486
Brattleboro, VT 05302
(802) 254-8263
Legal referrals provided.

VIRGINIA

Whitman-Walker Clinic
Legal Services Department
5232 Lee Highway
Arlington, VA 22207
(703) 237-4900
Legal referrals provided; direct legal services provided.

AIDS/HIV Services Group
Post Office Box 2322
Charlottesville, VA 22902
(804) 979-7714
Legal referrals provided.

WASHINGTON

Volunteer Attorneys for Persons with AIDS (VAPWA)
AIDS Legal Access
900 Fourth Avenue, Suite 600
Seattle, WA 98164
(206) 340-2584
Legal referrals provided; direct legal services on an

emergency basis.

WEST VIRGINIA

Charleston AIDS Network
Post Office Box 1024
Charleston, WV 25324
(304) 345-4673; 1-888-455-4673
Legal referrals provided.

WISCONSIN

AIDS Resource Center of Wisconsin
1212 57th Street
Kenosha, WI 53141
(414) 225-1578; 1-800-878-6267
Legal referrals provided; direct legal services provided.

Madison AIDS Support Network
Legal Services Program
600 Williamson Street
Madison, WI 53703
(608) 252-6540
Legal referrals provided; direct legal services provided.

AIDS Resource Center of Wisconsin
Legal Services Program
820 N. Plankinton Avenue
Milwaukee, WI 53203
(414) 273-1991; 1-800-359-9272
Direct legal services provided.

AIDS Law, Education, Research and Training
(“ALERT”)

Legal Aid Society of Milwaukee, Inc.
229 E. Wisconsin Ave., Suite 200
Milwaukee, WI 53202
(414) 765-0600
Direct legal services provided.

E N D N OT E

1. A primary resource for this compilation was the Directory of

Legal Resources for People with AIDS & HIV, 2nd edn. ABA, AIDS

Coordination Project (1997).
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Note: page numbers in italics refer to figures and tables. The following abbreviations are used in subentries:

‘Cytomegalovirus’ is referred to as ‘CMV’

‘Highly active antiretroviral therapy’ is referred to as ‘HAART’

‘Mycobacterium avium complex’ is referred to as ‘MAC’

‘Pneumocystis carinii pneumonia’ is referred to as ‘PCP’

abacavir (ABC) 292–3

adverse effects 293, 371

amdoxovir interaction 317

antiviral effects 292

clinical trials 293

CNS disease 437

combination therapy

alternative 366

regimens 301, 365

formulary 686

nausea and vomiting 516

pharmacokinetics 292–3

substitution in HAART 326

triple therapy 367

abdomen

lymphadenopathy 582–3

visceral adipose tissue depots 322

abdominal pain 181–3, 515, 519

differential diagnosis 181–2

evaluation 182

laboratory testing 182

medications 181, 182, 256

peritoneal signs 182

radiology 182

therapy 182–3

abscess

perirectal 565

skin 423

academic achievement 275

acanthosis nigricans 210

acetaminophen 173

N-acetyl aspartate (NAA) 278

creatine ratio 278

N-acetyl transferase (NAT) 308

acid-fast bacilli (AFB) 572, 582

acid–base disorders 521–2

acquisition modes, US 85, 86–90

Acrp30 (adiponectin) 322

ACTG 076 regimen 90, 289

prenatal 92

zidovudine 113–17, 118

acute infection syndrome see infection, primary

acute phase reactants 7

acute respiratory distress syndrome (ARDS) 174

acute retroviral syndrome see infection, primary

acyclovir

atovaquone interactions 628

erythropoiesis inhibition 499

formulary 689

herpes simplex virus 613, 616

prophylaxis 163

resistance 613

ocular toxicity 452–3

varicella zoster virus 615–16

resistance 614, 616

adenosine triphosphate 324

excision 339

adenovirus 486

pyuria 524

adherence to therapy 141, 188

adolescents 202

appointment keeping 192–3

assessment 190–3

caregiver self-report 190–1, 193

chemotherapy-associated toxicity 545

children 140–1, 142
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adherence to therapy (cont.)

chronic illness 188–9

drug level monitoring 192

electronic monitoring 192

frequency of administration 193

improving 190, 193–4

incorporation into routine 193

modalities 191

models 189–90

non-occupational postexposure

prophylaxis 402

nursing interventions 193–4

palatability 193

pharmacy refill records 192

pill counts 191–2

pregnancy in adolescents 221–2

provider assessment 191

regimen changing 368, 371

reward system 193

suboptimal 288

therapy initiation in children 357

adipocytes 322

adipose tissue see fat (body)

Adolescent Medicine Trials Network (ATN) 641

adolescents

acute retroviral syndrome 201

adherence to therapy 202

amenorrhea 207–9

antiretroviral therapy 201, 202

post-pubertal initiation 356–7, 368

pre-pubertal initiation 357–60, 365–7

pre-pubertal regimens 365–7

care of infected 201

care programs 203

CD4+ T cell count 201

contraceptives 215–22

types 216–21

counseling 199, 200

sexually transmitted infections 235

development 198, 198–9, 204

diagnosis confirmation 201

epidemiology 197–8

genital herpes 612

grief 667

growth hormone disorders 206

gynecologic care 202

gynecologic conditions 205

non-infectious 205–15

HAART 201

health education 223

hepatitis C risk 164

high risk 200

HIV impact on STIs 236

HIV prevention 199–201

interventions 235–6

HIV status disclosure 141, 202–3

challenges 662–4

human papilloma virus 202, 223

risk 164

hyperandrogenism 209–12

living situation assessment 200

menstrual disorders 207–15

mental health 235

evaluation/monitoring 141

mother-to-child transmission 202, 221

multi-disciplinary teams 202, 254

non-occupational postexposure prophylaxis 405

oligomenorrhea 209–12

peer support 200

polycystic ovary syndrome 208, 209–11

pregnancy 200, 202, 221–2

prenatal care 221

psychosocial support 200

reproductive conditions 205

non-infectious 205–15

seroprevalence 197

sexual abuse 201

sexual activity 664

sexual experimentation 198

sexual identity 198–9

sexual orientation 200

sexual transmission 86

testing 199

uterine bleeding abnormalities 207

viral infections in HIV-infected 75–6

see also sexually transmitted infections

adoption 649, 679

assistance payments 679

adrenal cortical lipid depletion 532–3

adrenal insufficiency 260, 521

adrenocortical insufficiency 532–3

diagnosis 533

treatment 533

adrenocorticotrophic hormone (ACTH) stimulation test 533

adults

antiretroviral therapy 69–70

initiation 356–7, 368

CD4+ T cell levels 69–70

chemokine receptors 70–1

co-infection 71

CTL response 70

disease progression 69–71

grief 672–3

HAART 69–70

immune activation 71

natural history of HIV disease 68–70

primary infection 68–9

symptoms 68

viral concentration 69–70

viral replication 69
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Africa (including sub-Saharan Africa)

antibiotic resistance 558

Burkitt’s/Burkitt’s-like lymphoma 537, 541

disclosure issues 664

disease progression 74–5

Kaposi’s sarcoma 537, 538

lymphadenopathic variant 539

mortality 75, 96

nasopharyngeal aspirate diagnosis of PCP 624–5

natural history of infection in children 74–5

orphans 96

permanency planning 653

pneumonia 562

prevention of mother-to-child transmission

659

serious bacterial infections 553

seroconversion to AIDS 74–5

seroprevalence 74

tuberculosis 569

AIDS Clinical Trials Information Service (ACTIS) 641

AIDS Community Care Alternatives waiver (ACCAP)

656

AIDS-defining conditions

cervical cancer 536, 537

cytomegalovirus 606

Kaposi’s sarcoma 536

non-Hodgkin’s lymphoma 536, 537

PCP 153, 154

in US 94, 94–5

AIDS Drug Distribution Program (ADDP) 656

AIDS enteropathy 516–17

AIDS online resources 700–1

international 702–3

pediatric 703

research oriented 703–4

airway hyper-responsiveness 487

aldosterone 533

ALPERS syndrome 328

ambulatory care, visits per year 168

AMD-3100 25

amdoxovir 317

amenorrhea 207–9

causes 208

diagnosis 209

diagnostic workup 208

laboratory evaluation 208–9

management 209

neoplasia 209

physical examination 208

amikacin 585

amino acids 69/70 mutations 339

amoxicillin 178, 464, 466

amoxicillin–clavulanate 178, 464

amphotericin 466

candidiasis treatment 513

Amplicor HIV-1 DNA detection kit 109

amprenavir (APV) 296–7, 687

analgesia for abdominal pain 182

anemia 499–502

causes 500

diagnosis 501

etiology 499

iron assessment 248

laboratory evaluation 501

treatment 500, 501–2

zidovudine-induced 289

angiotensin antagonist therapy inhibitors 527–8

angiotensin blockers 525

angiotensin converting enzyme (ACE) inhibitors 525, 527

anorexia 254–6, 513, 514

anthropometric measurements 247–8, 250

guidelines 251

lipodystrophy 324

anti-D 505

antiangiogenesis agents 540

antibiotics

bacterial infections 551

chorioamnionitis 122

diarrhea 181, 180–1

otitis media 464, 464–6

resistance 463–4, 465, 553–9

disseminated MAC infection 583

Haemophilus influenzae 559

nosocomial pathogens 559

pathogens associated with diarrhea 558–9

sinusitis 464, 464–6

prophylaxis 466–7

skin infections 423

tuberculosis resistance 575–6

antibodies 7

detection 105–6

production defects in specific 46

T cell help for production 14–15

see also immunoglobulin(s)

antibody-dependent cell-mediated cytotoxicity (ADCC) 14

perinatal infection 41

antibody testing 136

anticoagulant deficiencies 506

anticoagulation in thrombosis 506

anticonvulsant agents 184

antifungal agents 414, 589, 591

drug interactions 594

antigen presentation 9–10

primary immune response 12

antigen presenting cells 7, 8, 9

cytokine production 44

function defects 44–5

primary immune response 12

antigen-specific immunity 5, 8–12, 14–17

see also cell-mediated immunity; humoral immune response
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antigens

B cell responses 17

clearance 12

HAART effects 50

antineoplastic therapy 544–5

HAART 544

antiretroviral agents 1

absorption 305

actions 287

adverse effects 128, 134–6, 397

adjunctive therapies 371

allergic reaction to abacavir 293

changing regimen 371

occupational postexposure prophylaxis

396–7, 398–400

reporting 398

approved for use 365

CNS effects 279

concentration measurement 381

conjugation reactions 308

distribution 305–6

dosage 288

excretion 308–9

fetal toxicity 128

formulary 685–8

guidelines 355

interactions 308, 310

changing regimen 371–2

pharmacodynamic 317

pharmacokinetic 305–9

metabolism 306–8

mitochondrial toxicity 128

mother-to-child transmission prevention

worldwide 96–7

neutropenia 172

pancreatitis 519

peripheral neuropathy induction 290, 292, 439

potential targets 22

prenatal care 92

prophylaxis

breastfeeding 118, 120

perinatal transmission 112–18, 134–6

regimens 114

receipt 118

safety 128, 134–6

side-effects 317

infants 360

therapeutic drug monitoring candidates 378

therapeutic range 377–8

see also resistance to antiretroviral agents; therapeutic

drug monitoring (TDM); named drugs and drug

groups

antiretroviral therapy

adolescents 201, 202

adults 69–70

biology of HIV 287–8

cesarean section 125

changing 368, 369, 370

choice 371

clinical considerations 370–2

drug interactions 371–2

history of therapy 372

immunologic considerations 369–70, 371–2

intolerance of regimen 371

toxicity of regimen 371

virologic considerations 368–9, 371–2

children 140–1

classification of regimens 365

CNS disease 438, 437–9

CNS manifestations 269

cognitive function 279

combination 125, 301–2, 361–4

lipodystrophy risk 137

occupational postexposure prophylaxis 395–7

cortical atrophy 279

dyslipidemia 322–3

fixed-ratio tablets 302

glucose metabolism abnormalities 322–3

guidelines 125–8

immune response 42

infants 42

initiation 355–6, 357, 358, 359, 361, 362

adults 356–7, 368

children 357–60, 363, 364, 365–7

infants 357–60

insufficient data to recommend 367

not recommended 367

post-pubertal adolescents 356–7, 368

pre-pubertal adolescents 357–60, 365–7

recommended initial regimen 361–8

strongly recommended regimens 366

lipodystrophy 325–6

neoplastic disease 544–5

neurobehavioral abnormalities 279

occupational postexposure prophylaxis 391, 395

dosages 392

toxicity monitoring 398

pediatric non-occupational postexposure prophylaxis 396,

400–2

pregnancy 125

prophylaxis

adolescents 202, 221

mother-to-child transmission prevention 112, 126, 123–9, 221

mother-to-child transmission rates 118

regimen selection 302

resistance 302

salvage 302

suboptimal 288

thrombocytopenia 505

see also adherence to therapy
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antisense oligonucleotides 29

antithrombin deficiency 506

aphthous ulcers, recurrent 513

APOBEC-3G (CEM15) 34

apolipoprotein B

antiretrovirals 323

protease inhibitors 323

appendicitis 181, 519

appetite stimulants 254

appointment keeping 192–3

arm measurements, reference 249

arm muscle mass 246

arrhythmias 470–1, 477

arterial blood gas analysis 485, 493

arthritis, septic 565–6

arthropod skin diseases 423–6

articulation problems 274

Aspergillus (aspergillosis)

clinical findings 590

CNS infection 431

diagnosis 590

disseminated cutaneous 417, 599

invasive 486, 599

Association François-Xavier Bagnoud (AFXB) 659

asthma 487–9

management 488

medications 489

treatment 487

astrocytes 436

atazanavir (ATZ) 300–1, 688

ATHENA trial 378

atherosclerosis 471

premature 477

screening 475

athletic activities 647

atopic dermatitis 428

atorvastatin 261

atovaquone 452

adverse reactions 628

drug interactions 628

formulary 689

PCP

prophylaxis 158

treatment 627, 628–9

attention

deficit 271–3

testing 275

audio computer-assisted self-interviewing

190–1

autoimmune reactions, myocarditis 470

autonomic neuropathy 468, 470

axonal polyradiculopathy 607

azithromycin 161

disseminated MAC 584

treatment 585

formulary 690

MAC prophylaxis 161

azoles, drug interactions 594

B cells 10, 12

decline with disease progression 46

functions 9

defects 45

humoral immunity 12

immunoglobulins 16

maturation 16

neonatal 16–17

phenotype 9

precursors 16

primary immune response 12

response to specific antigens 17

secondary immune response 12

bacillary angiomatosis 423

bacillus of Calmette and Guérin (BCG) vaccine 145–6

respiratory disease 484

skin disease 423

tuberculosis 576–7

bacteremia 161–2, 560–2

catheter-associated 561–2

incidence 552

bacterial infections 551–2

antibiotics 551

resistance 463–4, 465, 553–9

CNS 431

diarrhea 179, 180–1

endocarditis 471

immune abnormalities 551, 552

invasive 161–2, 172

life-threatening 171

orbit 451

parotitis 457

prophylaxis 552–3

serious

clinical syndromes 554, 560–6

commonly associated bacteria

559–60

epidemiology 552–3

treatment 554, 560–6

sinusitis 462

skin 423, 564–5

soft tissue 564–5

vaccines 551

see also named infections and organisms

bacterial vaginosis (BV) 224–5

diagnosis 225

immunosuppression 225

prevention 225

treatment 225

Bartonella henselae (bartonellosis) 162, 423, 553

lymphadenitis 565
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Bartonella quintana (bartonellosis) 423, 553

basal ganglia, calcific vasculopathy 435, 436

behavioral functioning 274

observations 278

testing 275

Behavioral Risk Factor Surveillance system (US) 91

benefits (welfare) assessment 678

benzalkonium chloride 119

benzodiazepines, atovaquone interactions 628

bereavement 666–7

overload 673

resources

online 704

support 666

unresolved 673

beta-agonists 176

bile duct, common, obstruction 519

bioelectrical impedance analysis 246, 250

bioinformatics, genotyping/phenotyping

assays 346

biotransformation of drugs 306

bites, human

healthcare workers 387

risk to children 390, 644–5

BK virus 524

blastomycosis 600

blood, peripheral 112–18

blood/blood products

HIV-infected 387

healthcare worker exposure 387

transmission in US 86

blood–brain barrier (BBB)

disruption in CNS disease 436

drugs crossing 437

transport by P-glycoprotein 438

body composition 246

assessment 250–3

protease inhibitor therapy 532

body fluids 643–4, 646

body mass index (BMI) 247–8, 250

reference values 250

bone mineral content/density 262

bone resorption 262

bowel obstruction see intussusception

branched DNA assay 61, 106, 109

breast abscess 123

breast milk

exposure of infants to infection 387–8, 389

prevention 388

heat treatment 120

treatment 120

viral load 119

breast pathology, maternal 122, 124

breastfeeding 96, 111, 121

antiretroviral agent prophylaxis 118, 120

avoidance 123–9, 136

resource-rich settings 389

early weaning 121, 124

exclusive 122

exposure of infants to infection 387–8

prevention 388

frequency 111

mixed 122

mother-to-child transmission 119, 121, 122

nevirapine prophylaxis 117

Breastfeeding and HIV International Transmission Study 120

bronchiectasis 489–90, 562

bronchoalveolar lavage (BAL) 493

with fiberoptic bronchoscopy 625

non-bronchoscopic 625

bronchodilator therapy 176, 177–8

bronchoscopy 493

fiberoptic with bronchoalveolar lavage

fiberoptic with transbronchial biopsy

Burkitt’s lymphoma 451, 536, 541

epidemiology 537

treatment 541

butyrate 28

C-telopeptide 262

C3b 13

CA (p24) 33

cachexia 254

calcifications

cerebral 278

CNS disease 435

coronary artery disease 475, 477

vasculopathy in basal ganglia 435, 436

calcium insufficiency 262

calcium metabolism, abnormal 534

caloric deficiency 245

caloric requirements

boosting 258

estimation 253

camping activities 649

Campylobacter 559–60

antibiotic resistance 558–9

bacteremia 561

Candida (candidiasis) 154, 162

clinical findings 590

CNS infection 431

diagnosis 590

disseminated 598

ectocervicitis 228

epiglottitis 597

esophagitis 181, 182, 513, 596–7, 598

laryngeal 597

mucocutaneous 414–17

nausea and vomiting 516

oral 417, 455, 513
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buccal mucosa 414–17, 457

in children 122, 124

corticosteroid therapy 489

gingival 457

tongue 457

oropharyngeal 593–6

overgrowth in stomach 516

prophylaxis 141

seizures 183

skin infections 589

vulvovaginal 224, 225–7, 597

culture 225–7

diagnosis 225

infection rate 227

recurrent 227

resistance to antifungals 227

symptoms 225

treatment 225–7

Candida albicans 225, 414

Candida glabrata 225, 227

carbohydrate intolerance 259

cardiac catheterization 475

cardiac disease

mortality 469

pulmonary symptoms 491

respiratory symptoms 480

cardiomyopathy 470, 475–6, 491

cardiotoxic medications 468

cardiovascular disease 468, 469

arrhythmias 477

atherosclerosis screening 475

cardiac catheterization 475

cardiomyopathy 475–6

diagnosis 473

echocardiography 474–5

endocarditis 477

endomyocardial biopsy 475

evaluation 471–5

exercise stress testing 475

heart failure and polypharmacy therapy 476

Holter monitoring 474–5

laboratory tests 475

left ventricular dysfunction 475–6

malignancy 471

management 473, 475

monitoring modalities 471–5

myopathies 475–6

patient history 471

pericardial effusions 476

pericardiocentesis 475

physical examination 471, 472

referral to pediatric cardiologist 477

risk factors 468

symptoms 472

types 468–71

cardiovascular system assessment 139

care

accessing 659

family 141–2

follow-up 170

model for children 137

multi-systems model 659

programs for adolescents 203

caregivers

adherence to therapy 188

self-report 190–1, 193

grandparents 673

interacting with agencies 658

primary

anticipatory guidance 136–40

food availability 257

multiple 247

technical services at home 658

transmission prevention 646

see also family; parents

caries, dental 458

beta-carotene 246

Castleman’s disease, multicentric 617

cat ownership 162

CCR2 gene mutations 70–1

CCR5 gene

expression 510

identification 64

mutations 25, 64

adults 70–1

HIV resistance 436–7

CD3 molecule 9

CD4 molecule

gp160 association 33

virion envelope glycoprotein binding 23–4

CD4+ T cells 8–10

adults 68–70

count 15, 139

adolescents 201

cardiovascular disease risk 468

classification of pediatric disease 73

CMV retinitis 446

HPV and cervical dysplasia 231–2

immunologic classification 154

infants 48

neurobehavioral changes 278

opportunistic infection prophylaxis 153

PCP 158, 552, 621

plasma RNA concentration combination 63

prognostic threshold effects 49

therapy changing 369–70

therapy initiation 356–7

cytokine production 10

abnormal 44

decline 42–4
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CD4+ T cells (cont.)

disease progression 76–7

surrogate marker 46

HAART effects 50, 49–51, 51, 153–8

human herpes virus 6 target 617

interpretation of values 47

memory 44

naı̈ve 44

numbers 48

phenotypic changes 44

plasma RNA correlation 69

predictive value of number 70, 77

prognosis evaluation 47

quiescent 27

response to therapy evaluation 47

routine monitoring 47

technique for number/percentage determinations 46–7

test result variability 47

WHO guidelines for testing 128

see also T helper (Th) cells

CD4+:CD8+ ratio 14

calculation 47

decrease 44

CD5+ cells 16

CD8+ T cells 8–9, 10

adults 70

counts 15, 139

function defects 44

HAART effects 50, 50

lymphoid interstitial pneumonitis 481

numbers 48

primary infection 40

response 10

see also cytotoxic T lymphocytes (CTLs)

CD28 9

CD40 10, 12

ligand 15, 17

CD45RA+CD29high 9–10, 14

CD45RA+CD29low 9–10, 14

CD45RO+ 44

CDK9 30, 30

inhibition 30–1

cefdinir 464, 465

cefpodoxime 464, 465

ceftriaxone 465

cefuroxime 178, 464, 465

cell cycle arrest 34

cell-mediated immunity 8–12, 14–16

abnormalities 42

cell surface marker analysis 46–7

cellular immune response 5

cellulitis 423, 564

CEM15 (APOBEC-3G) 34

Centers for Disease Control and Prevention Global AIDS Program

(CDC-GAP) 659

central nervous system (CNS) disease 269–70, 431

antiretroviral therapy 438, 437–9

change 371

assessment 139

attention deficit 271–3

bacterial infections 431

behavioral functioning 274

blood–brain barrier disruption 436

calcifications 435

classification

criteria 271, 272

new system 433

clinical presentation 270–4, 433–4

CSF studies 435–6

cytomegalovirus infection 431, 607, 608

diagnosis 436–7

fungal infections 431

herpes simplex virus infection 431, 612

HIV-related compromise 271, 434

impairment 270

infections 183

language 270, 271

memory deficit 273–4

motor functioning 274

neoplasms 432

neuropathology/neuropathogenesis 436–7

neuroprophylaxis 438–9

neuroprotection 439

neuroradiologic findings 434–5

non-HIV-related 271

opportunistic infections 431–2

patterns 270–4

prevention by HAART 279

primary 432–7

epidemiology 432–3

lymphoma 537, 542

rates 270

risk 270

secondary 431–2

seizures with abnormalities 183

sinusitis involvement 461

symptomatic treatment 439

treatment 437–9

vertical infection 270

viral infections 431

see also encephalopathy

central venous catheters

bacteremia 561–2

indwelling 173, 174

soft tissue infections 564–5

cephalosporins

atovaquone interactions 628

meningitis 563

resistance 174

respiratory distress 178
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Streptococcus pneumoniae resistance 558

third generation 174

cerebral aneurysms 506

see also circle of Willis, aneurysmal dilatation

cerebral calcifications 278

cerebrospinal fluid (CSF)

CNS disease 435–6

HIV RNA levels 435–6

immune activation markers 436

RNA viral concentration 434–5

cerebrovascular disease 432

cervical cancer 543

AIDS-defining diagnosis 536, 537

epidemiology 537

invasive in HIV disease 233

cervical dysplasia 537

human papilloma virus 231–2

immunocompromised women 232

cervical intra-epithelial neoplasia (CIN) 231–2, 537, 543

cervical lesions, management 233–4

cervicitis 228–30

mucopurulent 229, 228–30

diagnosis 228

treatment 230

prevention 230

cervicovaginal cleansing 119

cervicovaginal fluid, viral load 118–19

cesarean section 121

herpes simplex virus prevention 163

before labor and ruptured membranes 125

morbidity 125

transmission prevention 92, 120, 123–9

chemical mediator release 12

chemokine(s) 8, 10, 11, 436–7

assays 64

CC 10

co-receptors 24–5

CXC 10

HIV-related 64

target cells 11

�-chemokine(s) 24

�-chemokine(s) 40, 64

chemokine receptors 11

adults 70–1

assays 64

binding inhibitors 25

protein-coupled 24

see also CCR2 gene mutations; CCR5 gene; CXCR4

�-chemokine receptors 64

chest lymphadenopathy 582–3

chest radiographs

PCP 622–4

pulmonary disease 493

chest X-ray 487–9

pulmonary disease 493

chickenpox see varicella

child welfare agencies 658–9

children

adult grief at loss of 672–3

anticipatory guidance for carer 136–40

antiretroviral therapy initiation 357–60

regimens 365–7

benefits assessment 678

bereavement

resources 674

care model 137

care of HIV-exposed 134–6

care of HIV-infected 136–42

general care 137

health maintenance 137

ongoing 142

clinic visits 142

consent by minors 680

danger 653

diagnosis 136, 140

disease progression 73–4, 76, 358–9

monitoring 139–40

education 141

emancipation 680

evaluation of infected 137–9

exposures

in healthcare settings 387–8

outside healthcare settings 388–90

follow-up evaluation 139–42

grief 676

assisting with 669–72

loss of parent 667

need for referral 671

history taking 139

emergency department 168–9

interim 142

laboratory testing 139, 140, 142

emergency department 170

loss 667

social/emotional development 667

mental health evaluation/monitoring 141

non-occupational postexposure prophylaxis

404

organ system disease 139

outside hospital 644, 646–9

parents dying before 673

permanency planning 652–3, 677–9

physical examination 139, 142

emergency department 169

pill swallowing 193

psychosocial issues of uninfected 652

radiologic abnormalities in emergency department

170

reactions to illness 188–9

risk minimization 134
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children (cont.)

sharp object injuries

prevention 388

transmission risk in children 646

support 141

therapeutic drug monitoring 378

treatment 140–1

involvement in plan 142

understanding of illness 188–9

China, tuberculosis 569

Chlamydia trachomatis (chlamydia) 223, 229

mucopurulent cervicitis 228–30

chlorhexidine 119

cholangiopathy, ascending 607

cholesterol 33

lipodystrophy 323, 325

protease inhibitors 323

CHOP chemotherapy regimen 541, 542

chorioamnionitis 122

choroid 446–51

cidofovir 422, 452

cytomegalovirus 608, 609–10, 611

formulary 690

herpes simplex virus infection 613

intravitreal 611

cigarette smoking 490

circle of Willis, aneurysmal dilatation 432, 432

clarithromycin 161, 464

disseminated MAC 584

treatment 585

drug interactions 585–6

formulary 690

MAC prophylaxis 161

clindamycin 225, 228, 464

formulary 690

PCP treatment 627, 628

primaquine combination 627, 628

clinical trials 635–6

availability 641

compensation 636

complexity 637

conduct 637–9

disease markers 637

drug availability following trial completion 639

ethical conduct 635

foster care 680

good clinical practice (GCP) guidelines 639

groups 694–9

guidelines 639

information 640

informed consent 638, 680

monitoring 638–9

online resources 702

participation 635–6

Phase I studies 636, 636–7

Phase II studies 636, 637

Phase III studies 636, 637

Phase IV studies 636

protocols 637–8

purpose 636–7

regulation 639–40

relationship between patients/clinicians 636

resources 640

running 639–41

sponsors 640–1

toxicity development 639

clofazimine 585

clomiphene 212

clotrimazole 227

cluster of differentiation see CDs

coagulation abnormalities 504, 505–7

Coccidioides immitis (coccidioidomycosis) 162–3, 600

clinical findings 590

diagnosis 590

disseminated 600

cutaneous 417

pulmonary 486

co-factors 263

cognitive deficits, neurobehavioral assessment 278

cognitive function 271

antiretroviral therapy 279

general 271

HAART effects 438

colitis, cytomegalovirus 608

complement 7, 13

fixation 12

computed tomography (CT)

CNS disease 434–5

contrast enhanced 475

electron beam 475, 477

lipodystrophy 324–5

PCP 623, 625

sinusitis 462

condoms 216–17

female 217

condylomata acuminata

oral warts 456–7

see also warts, genital

confidentiality 646, 647

conjugation reactions 308

conjunctiva 445

Kaposi’s sarcoma lymphadenopathic variant 539

consent

clinical trials 680

medical treatment 680

minors 680

contact sports 647

continuous positive airway pressure (CPAP) 626

contraception/contraceptives 215–22

barrier methods 216–17
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clinician’s role 216

emergency 220–1

hormonal 208, 218, 217–22

drug interactions 221

implants 220

long-acting 216, 220

sexually transmitted infections 221

oral 217–20

combination 217–20

dysfunctional uterine bleeding 213

dysmenorrhea 214–15

low-dose 220

polycystic ovary syndrome 211

premenstrual syndrome 215

progestin only 220

patches 220

types 216–21

cornea 445–6

coronary artery disease 471

calcifications 475, 477

cortical atrophy 278, 435

antiretroviral therapy 279

CSF RNA viral concentration 434–5, 436

corticosteroids

dermatitis 428

inhaled 487, 490

PCP 626, 628

respiratory distress 178

thrombocytopenia 505

corticotrophin-releasing hormone 533

cortisol 532–3

measurement 533

cough, chronic 486–7

counseling

adolescents 199, 200

sexually transmitted infections 235

breastfeeding avoidance 136

key elements 199

postexposure 398–400

pregnancy 222

prenatal 91–2

safer sex 200–1

sexuality 201

voluntary 123, 124

cryotherapy, cervical lesions 233

Cryptococcus neoformans (cryptococcosis) 162–3

adrenal cortices 532

clinical findings 590

diagnosis 590

disseminated

cutaneous 414–17

invasive 598–9

fever 172

fulminant 598–9

growth failure 531

meningitis 431, 452

myocarditis 470

oral 456

pneumothorax 490

pulmonary 486

seizures 183

Cryptococcus neoformans var. gattii 599

Cryptosporidium enteritis 154

Cryptosporidium parvum (cryptosporidiosis) 159–60

common bile duct obstruction 519

diarrhea 517

treatment 518

nausea and vomiting 516

pancreatic duct obstruction 519

crystalluria 524–5

culture methods of diagnosis 107

custody

maintenance by parents 678

planning see permanency planning

CXCR4 24

co-receptor function 24

identification 64

ligand 24

T-tropic strains 71

cyanovirin 24

cyclin T 30

CYP3A cytochrome P450 161, 306

induction 308, 325

cyproheptadine 254

cytochrome P450 system 161

biotransformation of drugs 306

inducers 307, 573, 574–5

inhibitors 307, 368

rifabutin 574–5

rifampin 573

ritonavir effects 299, 308

saquinavir clearance 300

substrates 307

cytokines 7, 10

cell source 11

effects 11

female genital tract 224

metabolic dysregulation 260

modulators 260

production 14

by antigen presenting cells 44

by CD4+ cells 10, 44

proinflammatory 436

T helper cells 10

cytolytic T lymphocyte (CTL) response 10

see also CD8+ T cells

cytomegalovirus (CMV) 154, 163, 604–11

adrenal cortices 532

AIDS-defining illness 606

antigenemia detection 608
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cytomegalovirus (CMV) (cont.)

bleeding focal ulcerations 517

cardiovascular risk 468

chronic interstitial pneumonitis 486

cidofovir 608, 609–10, 611

clinical manifestations 605–6

clinical syndromes 605

CNS infection 431, 607, 608

colitis 606–7, 608

common bile duct obstruction 519

congenital 605, 606

diagnosis 607–8

disease 607

disseminated infection 172

end organ disease 605, 606, 611

enteritis 181

epidemiology 604–5

erythropoiesis suppression 499

esophageal ulcers 607

esophagitis 607

female genital tract 228

foscarnet 608, 610, 611

ganciclovir 608–9, 611

gastric tissue 607

gastrointestinal manifestations 606–7

growth failure 531

HAART-treated patients 611

hepatic involvement 607

HIV infection progression 604, 605

infection 607

nausea and vomiting 516

oral 456, 513, 607

pancreatic duct obstruction 519

pancreatitis 607

PCP co-infection 626

perinatal infection 605

plasma PCR DNA 608

pneumonia 607, 608

prophylaxis 141

pulmonary disease 607, 608

pyuria 524

respiratory distress 177

retinitis 445, 446–7, 449, 606, 608

immune recovery uveitis 447–8, 449

treatment 448, 610

seizures 183

seropositivity rate 605

shedding 606

treatment 609, 608–11

virus isolation 607–8

cytotoxic T lymphocytes (CTLs) 16

adults 68–9, 70

function defects 44

induction of HIV-1-specific 52

perinatal infection 41

primary infection 40

recognition by 41–2

see also CD8+ T cells

D30N mutation 341

dapsone

formulary 690

hemolysis induction 499

PCP treatment 627, 629

prophylaxis 158

trimethoprim combination

Data Safety and Monitoring Board (DSMB) 638

daunorubicin, liposomal 539–40

day care

injuries 390

transmission risk 647–9

DC-SIGN 511

�-defensins 40

dehydration with diarrhea 179–80

delavirdine 26, 295

adverse effects 295

antiviral effects 295

clinical trials 295

CYP 3A inhibition 306

distribution 305

formulary 686

pharmacokinetics 295

resistance 295

rifampin effect on metabolism 308

delayed-type hypersensitivity (DTH) 15–16

HAART effects 49–50

response loss 44

dementia

cytomegalovirus 607

HIV 437

HAART impact 438

Demodex (demodicidosis) 426, 427

dendritic cells 7–8

chemokine system 11–12

follicular 41

function defects 44–5

gastrointestinal tract 511

neonatal 14

dental decay 458

dental development 458

dental hygiene 513

dental problems 455

Depo-Provera see medroxyprogesterone acetate, depot

L-deprenyl 439

dermatitis 428

dermatophytosis 414, 418, 590

desogestrel 217–20

developing countries see resource-poor settings

developmental delay 247, 433

developmental history 277
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dextrose 180

diabetes mellitus

management in polycystic ovary syndrome 211–12

protease inhibitors 532

diagnosis 1, 108

accuracy of exclusion 108

AIDS-defining condition 153

in US 94–5

assays 105–7

before birth 91–2

children 107–8, 136, 140

culture methods 107

early 107–8

HIV-1 109

HIV-2 109

infants 107–8, 136

laboratory tests 139

non-subtype B infection 108–9

serologic assays 59–60, 106

infants 59–60

diaper dermatitis 428

candidiasis 589

diarrhea 178, 515, 516–18

antibiotic resistance 558–9

causes 179

dehydration 179–80

differential diagnosis 179, 517

evaluation 179, 179–80, 517

laboratory testing 180

lactose intolerance 517

malabsorption 258–9

nutrient loss 258–9

nutritional monitoring 248

treatment 181, 180–1, 518

didanosine (ddI) 289–90, 439

absorption 305

adverse effects 290

antiviral effects 290

clinical trials 290

CNS disease 437

combination regimens 301

contraindication in pregnancy 398

formulary 685

non-occupational postexposure prophylaxis in children 404

ocular toxicity 452

pancreatitis 519

pharmacokinetics 290

resistance 290

mutations 335

retinal lesions 452

stavudine interaction 291

tenofovir interaction 293, 317

zidovudine combination 365

dietary history, comprehensive 248

Dietary Reference Intake 247

diffuse large B-cell lymphoma (DLBCL) 541, 542

diphenhydramine 457

diphtheria–tetanus–pertussis vaccine 146

directly observed therapy (DOT), tuberculosis treatment 573,

576

disability

definition 679

presumptive 679–80

disaccharidase deficiency 259

discharge planning 656–8

disclosure see HIV status disclosure

disease progression

adults 68, 69–71

Africa 74–5

age at seroconversion 75

CD4+ T cell levels 76–7

children 73–4, 76, 358–9

monitoring 139–40

clinical associated factors 77–8

HIV RNA 77

non-progression 41–2

long-term 25, 42, 78

plasma viral concentration 76–7

progressive 41–2

rapid in infants 41, 48–9, 76–7

slow in infants 41, 49, 76–7

surrogate markers 46

virological factors 71

disseminated intravascular coagulation (DIC) 504

laboratory evaluation 504

management 505

DNA polymerases 324

doxorubicin, liposomal 539–40

dronabinol 254

drug holidays 372

see also medications

drug use, illicit

injection 87

pregnancy 90, 222

drug–food interactions 306

DTaP/DTP vaccines 146

dual energy X-ray absorptiometry (DEXA) 250, 252–3

lipodystrophy 324

dyslipidemia 261–2, 322

antiretroviral therapy 322–3

lipodystrophy 323, 325

protease inhibitors 323

dysmenorrhea 213–15

diagnosis 214

differential diagnosis 214

pain 214

primary 213–15

secondary 214, 215

treatment 214–15

dysphagia 513, 514
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echocardiography 474–5

ectocervicitis 228

diagnosis 228

education

history 277

postexposure 398–400

remediation 439

efavirenz (EFV) 26, 295–6

adverse effects 296

antiviral effects 295

clinical trials 296

combination therapy 302, 366

contraindication in pregnancy 398

CYP3A induction 308

distribution 305

efficacy 366–7

formulary 686

initial therapy 366

pharmacokinetics 296

resistance 295

substitution in HAART 326

therapeutic drug monitoring 378

effusion lymphoma, primary (PEL) 541

electrolyte disorders 521

electrolyte replacement 180

Elizabeth Glaser Pediatric AIDS Foundation (EGPAF)

659

emancipation, children 680

embryopathy, AIDS-associated 452

emergency department

fever presentation 172–5

gastrointestinal emergencies 178–83

history 169, 170

HIV testing 170

life-threatening presentations 171, 171–2

neurologic emergencies 183–6

physical findings 169

postexposure testing 171

presentation 168–72

children with known HIV infection 170

respiratory distress 175–8

visits per year 168

emesis, bilious 182

emotional development with loss in childhood 667

emtricitabine (FTC) 294, 365–6

formulary 686

encephalitis

CNS infection 431

herpes simplex virus infection 612, 613

varicella zoster virus 615

Encephalitozoon 524

encephalopathy 183, 269

autonomic neuropathy 468, 470

cardiovascular disease risk 468

cognitive functioning 271

cytomegalovirus 607

features 270

language 270, 271

patterns 270–1

plateau type 433, 434

prognosis in young children 78

risk 270

static 270–1, 433, 433, 434

subacute progressive 270, 433, 433–4

endocarditis 471, 477

endocervicitis see cervicitis, mucopurulent

endocrine dysregulation 260–1

endocrinopathies 253–4

endomyocardial biopsy 475

energy

estimation 253

expenditure 253–4

protease inhibitor therapy 532

total 259–60

recommended intake 253

requirements 253

calculation 253

enfuvirtide (T-20) 24, 288, 301

adverse effects 301

antiviral effects 301

clinical trials 301

distribution 305

formulary 688

mechanism of action 342

pharmacokinetics 301

enteral formulas 258

malabsorption 259

enteric infections 512

Enterobacter, lymphadenitis 565

envelope glycoprotein glycosylation 32–3

environmental factors 278

enzyme immunoassays 59

enzyme-linked immunosorbent assay (ELISA)

antibody detection 105

detuned 105

p24 antigen detection 106–7

predictive value 105

epidemic 1

Epidermophyton floccosum 590

epiglottitis 597

epithelial barriers 13

Epstein–Barr virus (EBV) 616–17

cardiovascular risk 468

erythropoiesis suppression 499

leiomyoma/leiomyosarcoma 537, 543

lymphoid interstitial pneumonitis 481

lymphoproliferative syndrome 616–17

MALT lymphoma 544

oral hairy leukoplakia 456

primary CNS lymphoma 542
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skin infection 423

transmission 616

erythema multiforme 428

erythropoiesis suppression 499

medications 499

esophageal strictures/ulcers 607

esophagitis 181, 182

candidal 181, 182, 513, 596–7, 598

cytomegalovirus 607

herpes simplex virus 513, 612

infectious agents 517

estrogens/estrogen therapy 531

amenorrhea 209

contraceptive patches 220

delayed puberty 207

oral contraceptives 217

ethambutol 573, 574

disseminated MAC 584, 585

treatment 585

formulary 690

ethnic groups

adolescents 197

airway disease 175–6

US 84, 87–8

European Agency for the Evaluation of Medicinal Products (EMEA)

640

exercise stress testing 475

exposure management 649

extrapulmonary pneumocystosis 622

eyelashes, trichomegaly 429, 430, 445

eyelids 445

molluscum contagiosum 447

eyes see ocular lesions; ophthalmic disease

failure to thrive 137, 244–5, 530–1

HIV infection 245

famciclovir

formulary 690–1

herpes simplex virus infection 613, 616

family

adherence to therapy 188

assessment 141–2

care 141–2

challenges 653

education 141

empowerment 659

factors 278

food availability 257

information for 664, 674

interacting with agencies 658

needs assessment 653–4

older children 141

psychological challenges 653

psychosocial assessment tool 664

resources 653

social issues 653–4

stress 654

support 141–2

availability 653

fat (body)

distribution 250–2, 253

altered 319–20

nucleoside reverse transcriptase inhibitor-associated 324

visceral depots 322

redistribution

lipodystrophy 324–5

pre-pubertal children 321

wasting 532

see also lipodystrophy

fat-free mass (FFM) 246

fat (dietary) malabsorption 248, 259

Federal Adoption Assistance and Child Welfare Act (1980, US)

679

Federal funding 656

fee for service plans 654

feeding

difficulties 274

progression schedules 258

see also food

fetal membranes, duration of rupture 111, 120

fever 172–5

causes 172, 175

evaluation

ill-appearing child 173, 174–5

persistent illness 175

well-appearing child 173, 172–3

hospital admission 174

laboratory tests 172, 174, 175

management 173, 174–5

metabolic needs 247, 511

nutrient requirements 260

recurrent 175

vital signs 174

fiberoptic bronchoscopy

with bronchoalveolar lavage for PCP 624

with transbronchial biopsy for PCP 625

fibrates 261–2, 325

first-aid training/kits 647

fluconazole 162, 227

atovaquone interactions 628

candidiasis

prophylaxis 162

treatment 513

vulvovaginal treatment 227

fungal sinusitis 466

fludrocortisone 533

fluid disorders 521

fluid resuscitation 180

FluMist 486

5-fluorouracil (5-FU) cream 233
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focal segmental glomerulosclerosis (FSGS) 525–7

pathogenesis 526–7

treatment 526

folate deficiency 499–501

folliculitis 423

fomivirsen 610

food

availability 257

aversion/refusal 256

see also feeding

Food and Drug Administration (US) 638–40

food–drug interactions 306

foreign body aspiration 480, 487

foscarnet 608, 610

formulary 691

herpes simplex virus infection 613

intravenous 611

varicella zoster virus 616

fosphenytoin 184

foster care 679

consent to clinical trials 680

foster parents 653, 658–9

kinship 679

frosted branch angiitis 451

fungal infections 589

CNS 431

dimorphic 599–600

invasive 598–9

morbidity/mortality 589

mucosal 593–7

otitis media 462–3

respiratory 486

sinusitis 461, 462, 466

skin 414–19, 589–90

disseminated 414–19

treatment 589

drug choice 595

fungemia 598

funisitis 122

Fusarium 599

fusin see CXCR4

fusion inhibitors 288, 301, 342

distribution 305

formulary 688

G48V/L mutation 341

gag/pol polyprotein cleavage site mutations

343

Gag preprotein 32

insertion into rafts on plasma membrane 33

multimers 33

myristolation 33

RNA genome recruitment 33–4

Gag protein 34

Gag virion 287–8

Gag–Pol fusion preprotein 32, 34

ganciclovir 163, 172

cytomegalovirus 608–9, 611

erythropoiesis inhibition 499

formulary 691

intravenous 611

intravitreal 611

neutropenia induction 502

ocular toxicity 452–3

oral 611

resistance 608–9

gastroenteritis 179, 181

gastroesophageal reflux 487

gastrointestinal system

abdominal pain 181–3

absorptive capacity 512

assessment 139–40

bleeding 516, 516–18

diarrhea 178

disease progression role 511

dysfunction 510, 512

emergencies 178–83

evaluation of disorders 513–19

HIV-infected children 512

HIV transmission 510–11

management of disorders 513–19

mucosal infection 511

neonate and mother-to-child transmission 511

pathogenesis of HIV 512

permeability in neonates 510–11

tumors 517–18

gastrostomy tubes 258

genital tract

female

atypical infections 228–31

immune system 224

herpes simplex virus infection 612

viral load 118

GENOPHAR study 379

genotyping assays 343

clinical management use 346–7

interpretation 346

practical considerations 347–8

Ghon complex 571

Giardia lamblia diarrhea 518

gingival erythema, linear 458, 513

gingivitis 458, 513

necrotizing ulcerative 458

gingivostomatitis, primary 612, 613

glial cells 436

glitazones 325

glomerular disease syndromes 525

evaluation 527

HIV-associated 525–7

treatment 527–8
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glomerulonephritis

crescentic 527

mesangial proliferative 527

glomerulopathy, minimal change 527

glomerulosclerosis, focal segmental 525–7

glucose

abnormal metabolism 533–4

administration in diarrhea 180

intolerance 322

metabolism

antiretroviral therapy 322–3

lipodystrophy 323, 325

protease inhibitor therapy 322

glucose-6-phosphate dehydrogenase deficiency 501

glutathione 246

glycoprotein gp41 24

glycoprotein gp120 23–4

gonadotrophin assays 531

gonadotrophin-releasing hormone (GnRH) analogs

213

premenstrual syndrome 215

gonorrhea 223

good clinical practice (GCP) guidelines 639

gp160 envelope glycoprotein 32–3

CD4 association 33

grandparents 673

granulocyte colony-stimulating factor (G-CSF) 13

neutropenia management 502

granulocyte–macrophage colony-stimulating factor

(GM-CSF) 502

granulocytes 13–14

grief 666–7

adolescents 667

anticipatory 666

children 676

assisting 669–72

loss of sibling 669

need for referral 671

understanding 667

disenfranchised 666

grandparents 673

healthcare professionals 673

loss

of parent 667

of sibling 669

parents

dying before children 673

loss of child 672–3

grieving process 666

growth 244

children of infected mothers 511–12

decreased oral intake 254

height–growth velocity in survival prediction 246

HIV infection effects 245–7

infected children 512

maintenance 247

malnutrition effects 245

reference charts 245

trends 248

velocity 244–5

viral load relationship 246

growth factors 7

growth failure 78, 137, 244–5, 530–1

causes 531

diagnosis 531

mechanisms 530

treatment 531

growth hormone (GH) 530

deficiency 260

disorders 206

dysregulation 260

growth failure treatment 531

provocative testing 531

recombinant human 325

therapy

delayed puberty 207

lipodystrophy 261

malnutrition 260–1

guardianship 678

GW-275175X 611

gynecologic care, adolescent 202

gynecologic conditions

adolescents 205

non-infectious 205–15

Haemophilus influenzae

antibiotic resistance 559

meningitis 564

nasopharyngeal colonization 551

otitis media 462, 463–4

pneumonia 563

respiratory infections 482

serious bacterial infections 560

sinusitis 463–4

Haemophilus influenzae type b vaccine 147, 161, 482,

560

HD-Ag testing 107

HDL cholesterol in lipodystrophy 325

head circumference 247–8

Health Belief Model 189

healthcare

HIV-infected infants/children 137

home 645

practices and transmission in US 87

healthcare professionals

bereavement resources 674

burnout 673

cesarean section 125

risks 125

communication with insurer 655



730 Index

healthcare professionals (cont.)

exposure

epidemiology 387

prevention 387

grief 673

loss 673

medical insurance system 654–5

postexposure prophylaxis

occupational 384

source evaluation 395

pregnancy 398

transmission risk 387

healthcare providers

HIV status disclosure challenges 664

medical insurance system 654–5

health education, sexually transmitted infections 223

Health Maintenance Organizations (HMOs) 654

height 247–8

children of infected mothers 511–12

HAART 246–7

height–growth velocity in survival prediction 246

Helicobacter pylori

diagnosis 516

hypochlorhydria 516

MALT lymphoma 544

hematemesis 517–18

hematochezia 517

hematologic system assessment 140

hematuria 523, 524

glomerular 527

hemolysis 501

hemolytic–uremic syndrome 501, 527

hemophilia 505–6

cytomegalovirus infection 605

delayed puberty 530

protease inhibitors 506

hemorrhagic shock syndrome 612

heparin cofactor II 506

hepatitis

cholestatic 519

cytomegalovirus 607

nevirapine-induced 295

hepatitis A

non-occupational postexposure prophylaxis 405

passive immunization 149

vaccine 147

hepatitis B 164, 518

HIV-infected adolescents 76

passive immunization 149–51

postexposure prophylaxis 391–5

non-occupational 405

prophylaxis 395

seroprevalence 395

vaccine 147, 164

hepatitis B immune globulin (HBIG) 164, 405

hepatitis C 164, 518–19

postexposure prophylaxis 391–5

non-occupational 405

seroprevalence 395

hepatomegaly 515, 518–19

herpes simplex virus (HSV) 163, 611–13

acyclovir 613, 616

bleeding focal ulcerations 517

cervicitis 228–30

chronic 419

clinical manifestations 612

clinical syndromes 605

CNS infection 431, 612

diagnosis 234, 612–13

disseminated disease 612, 613

DNA detection by PCR 613

encephalitis 612, 613

epidemiology 611

esophagitis 181, 513, 612

genital infections 234–5

genital tract 612

giant cells 419

gingivostomatitis 419

HIV infection effects 604

latency 611

lesions 234

mucocutaneous 154

nausea and vomiting 516

oral 455–6, 513

orolabial 420, 457, 612

reactivated disease 234–5, 611, 612

recurrent 419

resistance to antivirals 234

seizures 183

skin infections 419

transmission 234

treatment 234, 235, 609, 613

suppressive 234–5

ulcerative lesions 420

viral shedding 234

herpes simplex virus 1 (HSV-1) 611–13

herpes simplex virus 2 (HSV-2) 611–13

herpes zoster 154

clinical manifestations 614

HAART 614

ophthalmicus 446, 450

herpesviruses 604

clinical syndromes 605

latent infection 604

treatment 609

heterosexual transmission

adolescents 87, 197

gastrointestinal disorders 510

Kaposi’s sarcoma 537

US 87
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women 87, 197

young women 197

highly active antiretroviral therapy (HAART)

adherence to treatment 193

adolescents 201

adults 69–70

adverse effects 75

antineoplastic therapy 544

CD4+ T cell effects 49–50, 50, 50–1, 51, 153–8

PCP prophylaxis discontinuance 159

CD8+ T cell effects 50, 50

CMV

infection 611

retinitis 446

CNS disease 438

neuroprophylaxis 438–9

prevention 279

CNS manifestations 269, 271

complications 319

early treatment 95–6

height 246–7

herpes zoster incidence 614

hyperlactatemia 326–7

immune reconstitution 49–51, 73, 537–8, 611

impact 319

infants under 12 months with HIV 359

initiation

adults 356

post-pubertal adolescents 356

lipodystrophy 321–2

regimen changes 325–6

mega-HAART 372

mother-to-child transmission 118

prevention 112

neoplastic disease 537–8

non-Hodgkin’s lymphoma 541–2

opportunistic infections 153–8

prophylaxis discontinuance 153

osteopenia 262

postexposure prophylaxis

non-occupational 400

occupational 395–7

pregnancy 125

pulmonary disease 479

treatment of children 75

varicella zoster virus 615

weight 246–7

hip circumference 247–8

hirsutism 209, 210

management 211

histone acetylation 29

Histoplasma capsulatum (histoplasmosis) 162–3,

599

clinical findings 590

diagnosis 590

disseminated 599–600

cutaneous 414–17

oral 456

pulmonary 486

HIV

accessory proteins 34–5

antibody testing 391–5

budding 33–4

clades 20–1, 71

classification 20–1

co-receptors 24

mutations 25

envelope glycoproteins

glycosylation 32–3

gp160 32–3

epidemiology of exposures 387–90

genes 22

expression 28, 29

products 22

genomic organization 26, 338

histone acetylation 29

life cycle

gene expression control 28–32

integration 27–8

nuclear localization/entry 27

post-transcriptional regulation by Rev 31

reverse transcription 25–7

transcription regulation 28–9

transcription regulation by Tat 29–31

viral entry into host cell 23–5

long terminal repeat 29, 30

M-tropic 71, 77

matrix (MA) protein 21

maturation 33–4

mutations 26–7

assays for individual 343

escape 41

rate 62

origin 20–1

PCR detection 107

phenotype switch 71

post-translational modification of late viral proteins 32–5

primary pathogenesis 385

provirus 27, 28

5’ LTR 28–9

recombination 334

replication 23, 334, 335

lungs 480

structural viral message translation 32–5

T-tropic 71, 77

translational mechanisms 32

tropisms 24

virion 21

assembly 33–4

budding 33, 34
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HIV (cont.)

envelope 21

macromolecules 21–34

maturation 34

production 345

structure 21–3

HIV-1 20

clades 20–1, 108–9

CNS compartmentalization of replication 279

diagnosis 109

genetic heterogeneity 108–9

non-B subtypes 348

prophylactic vaccination 51–2

RNA and HAART effects 50–1

subtype B 109

worldwide distribution 109

HIV-1-specific antibody 45

HIV-2 20

diagnosis 109

genetic heterogeneity 108–9

resistance to antiretroviral agents 348

worldwide distribution 109

HIV/AIDS Treatment Information Service (US) 355

differences from European guidelines 360–1

HIV DNA detection methods 106

HIV DNA polymerase chain reaction (PCR) 60, 107

diagnosis 136

repeat of positive results 136

HIV RNA 30, 31–2

export 31

expression 29

genome 25

mortality 77

splicing 31–2

HIV RNA quantitation 61

adults 68

assays 61, 62, 77

changing antiretroviral therapy 368–9

children 139

cortical atrophy 434–5, 436

CSF levels 435–6

diagnosis 136

disease progression 77

genotyping assays 343

infants over months HIV-infected 360

methods 106

neurobehavioral changes 278

predictive value

of copy number 70, 77

of plasma levels 62, 62–3

HIV status disclosure 139, 647, 661–4

adolescents 141

challenges 662–4

to sexual partners 202–3

aftermath 662

considerations in decision to 662

healthcare provider challenges 664

parents reasons for decision not to 661

process 663

to schools 664

supportive atmosphere 662

timing 662

HIV testing

adoption 649

athletes 647

emergency department 170

postexposure 171

prenatal 91–2

acceptance rates 91

HIV wasting syndrome 260

HIVNET 012 trial 117

HLA genes 70

Hodgkin’s disease 536, 537

Holter monitoring 474–5

homosexuals, adolescent 200

hospitalization, discharge planning 656–8

HP68 protein 33

human herpes virus 6 (HHV-6) 617

human herpes virus 8 (HHV-8) 164, 421, 537, 617

human papilloma virus (HPV) 164, 231–4

adolescents 202, 223

cervical cancer 543

cervical dysplasia 231–2

cervical intra-epithelial neoplasia 537

colposcopy 233

cytologic abnormalities 233

immunosuppression 232

intraoral warts 456–7

Pap smears 233

uncomplicated infections 232–3

vaccine 164

warts 421

humoral immune response 5, 16–17

development 16

humoral immunity 12

abnormal 45

hydrocortisone, adrenocortical insufficiency 533

hyperandrogenic-insulin resistant acanthosis nigricans (HAIRAN)

syndrome 210

hyperandrogenism 210, 209–12

hyperbilirubinemia, indinavir-induced 297

hypercalcemia 534

hyperglycaemia 533–4

hyperinsulinemia 322

hyperkalemia 521

hyperlactatemia 326–9

asymptomatic 326

diagnosis 329

infant exposure to nucleoside reverse transcriptase

inhibitors 327
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management 329

multi-system disease 329

symptomatic 327

zidovudine infant exposure 327

hyperlipidemia 261

hypertension 471, 477

hypertrichosis see trichomegaly of eyelashes

hypertriglyceridemia 322, 532

hyperventilation, systemic acidosis 480

hypoaldosteronism, hyporeninemic 521

hypocalcemia 534

hypochlorhydria 516

hypoglobulinemia 45

hypogonadism

hormonal substitution therapy 207

hypogonadotrophic 206

hyponatremia 521

hypothalamus infections, growth failure 531

hypothyroidism 531–2

diagnosis 532

mechanisms 531–2

treatment 532

I50V/L mutation 341

ibuprofen 173

IC50 (concentration of drug inhibiting virus replication by 50%)

345

IGF binding proteins (IGFBPs) 260

illness, chronic 188–9

imiquimod 233

immune abnormalities 43, 42–9

bacterial infections 551, 552

function restoration with HAART 49–51

immune activation in adults 71

immune complex dissociated (ICD) p24 assay 107

immune defense, female reproductive tract 223

immune reconstitution 49–51, 73

HAART 49–51, 73, 537–8

CMV infection 611

immune reconstitution syndrome 582

granulomas 582

herpes zoster 614

management 586

immune recovery uveitis 447–8, 449

immune response

cytokine feedback mechanisms 223–4

evasion 41, 41–2

HIV-1 specific 359

primary 12

secondary 12

immune system

cytokine feedback mechanisms 223–4

development 6, 12–17

function 5, 6

infections associated with dysfunction 6

maturation 12–17

see also antigen-specific immunity; innate immune system

immunity

mucosal 7, 223

see also antigen-specific immunity; cell-mediated immunity;

humoral immunity

immunizations 145

HIV-1 prophylaxis 51–2

passive 149–51

response to 183

US guidelines 150

US program 147

see also vaccines

immunoblots see Western blot assays

immunocompromise and cervical dysplasia 232

immunodeficiency, malnutrition 245

immunoglobulin(s) 7, 12, 16

elevated levels 45

functions 12

HAART effects 50

levels 16

passive immunization 149–51

production by B cells 12

serum levels 46

immunoglobulin A (IgA) 16–17

levels 16, 46

elevated 45

immunoglobulin A (IgA) glomerulonephritis 527

immunoglobulin E (IgE) 487

immunoglobulin G (IgG) 16–17

B cell responses 17

elevated levels 45

levels 16

serum levels 46

immunoglobulin M (IgM) 12, 16–17

elevated levels 45

levels 16

serum levels 46

immunologic classification of HIV infection 154

pediatric 73

immunological testing 278–9

immunopathogenesis 40–2

immunosuppression

bacterial vaginosis 225

cryptosporidiosis 160

disease classification 76

HPV 232

infection risk 153, 650

PCP 622

secondary infections 647

severe 147

impairments, HIV-related 679

impetigo 423, 424

importin-� 31–2

IN inhibitors 28
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IN protein 27

India

penicillin resistance 558

tuberculosis 569

indinavir (IDV) 297

adverse effects 297

antiviral effects 297

clinical trials 297

CNS disease 438

contraindication in pregnancy 398

crystalluria 524–5

disadvantages 366

formulary 687

pharmacokinetics 297

plasma levels 379

resistance 297

therapeutic drug monitoring 378, 379

virtual IQ and clinical outcome 379, 438

induced sputum analysis in PCP 624

infant formula feeding 121, 121, 124

infants

anticipatory guidance for carer 136–40

antiretroviral therapy 42

deferred initiation 360

initiation 357–60

care of HIV-exposed 134–6

care of HIV-infected 136–42

general care 137

health maintenance 137

CD4+ T cell count 48

congenital syphilis evaluation 566

diagnosis 107–8, 136

exposures in healthcare settings 387–8

gastrointestinal tract permeability 510–11

HIV-infected over 12 months 360

HIV-infected under 12 months 359–60

malnutrition 245

non-occupational postexposure prophylaxis 404

PCP prophylaxis initiation 158

perinatally acquired AIDS 89

risk minimization 134

serologic diagnosis 59–60

infection

age at 77–8

classification of pediatric 71–3, 76

associated conditions 72

clinical categories 73

immunologic categories 73

co-infection in adults 71

control 646

early-onset of symptoms 74

enteric 512, 518

horizontal in children 75–6

incidence worldwide 96–7

lytic cycle 28

natural history in children 73–4

in Africa 74–5

non-progressive 41–2

precautions 648, 649–50

primary 40–1

adolescents 201

adult 68–9

progressive 41–2

risk in immunosuppression 153, 650

route 78

secondary 647, 648, 650

synergy with malnutrition 263

transient 78

in utero transmission 74

see also bacterial infections; disease progression; fungal

infections; opportunistic infections; viral infections

inflammatory disease, chemokines 10–12

inflection point 69

determinants 70

phenotype switch 71

influenza A and B 486

influenza vaccine 137, 147, 161

inactivated split trivalent 486

recommended schedule 148

inhibitory quotient (IQ) 346, 379, 438

injuries

day care-related 390

management 390

sports-related 390

innate immune system 5–8, 13–14

barriers 5–7

epithelial barriers 13

mucosal barriers 13

mucosal immunity 7

primary infection 40–9

spleen 7

see also dendritic cells; natural killer (NK) cells

insect bite reactions 426, 428

Institutional Review Board 638

insulin-like growth factor binding protein 3 (IGFBP-3) 530

insulin-like growth factor I (IGF-I) 260, 530

malnutrition 260

therapy 260

insulin resistance 261, 319–20, 322, 534

lipodystrophy 325

protease inhibitors 323, 532

insulin-sensitizing agents 325

insurance benefits 655

insurance coverage 654

hospitalization 657–8

Integrated Management of Childhood Illness (WHO) 552

integrins 9

intelligence test 275, 276

interferon � (IFN-�) 45

Kaposi’s sarcoma 539
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interferon � (IFN-� )

whole-blood assay 572

interleukin 1 (IL-1) 254

interleukin 6 (IL-6) 260

interleukin 12 (IL-12) 45

International Partnership Against AIDS in Africa (IPAA) 659

intestinal epithelial cells 511

intrapartum transmission 111

intrauterine contraceptive device (IUD) 216

intravenous immunoglobulin (IVIG)

bacterial infection prevention 161–2, 460, 552–3

bacterial pneumonia 486

bronchiectasis 490

fever 173

immunomodulatory therapy 475–6

left ventricular structure/function abnormalities 476

MMR vaccine 148

thrombocytopenia 505

intussusception 181, 182, 519

ipratropium 176

iron assessment in anemia 248

iron deficiency anemia 499–501

isolation 653

isoniazid 160, 573, 574

formulary 691

resistance 575

itraconazole 162

fungal sinusitis 466

jaundice 515, 518–19

JC virus 431

K65R mutation 339

K103N mutation 348

Kaposi’s sarcoma 164

adrenal cortices 532

AIDS-defining diagnosis 536

antiangiogenesis agents 540

cardiac 471

chemotherapy 540, 539–40

clinical manifestations 538

cryotherapy 539

diagnosis 538–9

epidemiology 536–7

esophageal 513

gastrointestinal system 517–18

growth failure 531

HAART impact 537

human herpes virus 8 association 617

hyperglycaemia 533

interferon � 539

lymphadenopathic variant 421, 539

ocular 451–2

oral 457

palliation 545

psychosocial aspects 538–9

pulmonary malignancy 491–3

radiation therapy 539

seroprevalence 537

skin lesions 421, 538

staging 538, 539

treatment 540, 539–40

Kaposi’s sarcoma-associated herpesvirus see human herpes virus 8

(HHV-8)

Kawasaki disease 477

keratitis, epithelial 445–6

keratoconjunctivitis sicca 445–6

ketoconazole 227, 414

adrenocortical function 533

growth failure 531

kidney stones 297

Kussmaul breathing 480

kwashiorkor 263, 430

L74V mutations 340

L90M mutation 341

laboratory testing 170

abdominal pain 182

amenorrhea 208–9

cardiovascular disease 475

children 140, 142

emergency department 170

delayed puberty 206–7

diagnosis 139

diarrhea 180

dysfunctional uterine bleeding 213

fever 172, 174, 175

nutritional assessment 248–50

polycystic ovary syndrome 211

respiratory distress 176

seizures 185, 185

lactate homeostasis 326

lactic acidosis 326, 329, 521–2

decompensated 327–8

diagnosis 329

management 329

lactose intolerance 259, 512

diarrhea 517

lamivudine (3TC) 291–2

adverse effects 292

antiretroviral agent prophylaxis 113

antiviral effects 291

clinical trials 291

combination regimens 317, 365

combination therapy

alternative 366

regimens 301

formulary 686

nausea and vomiting 516

neutropenia 172
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lamivudine (3TC) (cont.)

perinatal transmission prophylaxis 117

pharmacokinetics 291

plasma levels 379

prophylaxis 113

breastfeeding 120

mother-to-child transmission 117, 118

non-occupational postexposure 402, 404

perinatal transmission 117

postexposure 396

resistance 291

therapeutic drug monitoring 379

triple therapy 367

US Public Health Service guidelines 128

zidovudine combination 117, 118, 365

contraindication in pregnancy 398

non-occupational postexposure prophylaxis 402

postexposure prophylaxis 396

Langerhans cells 7, 8

language

encephalopathy 270, 271, 274

testing 275

larynx, candidiasis 597

latency 28

herpes simplex virus 611

period 69

learning problems 273

lectins, C-type 511

left ventricular dysfunction 468–70, 475–6

intravenous immunoglobulin 476

left ventricular structure abnormalities 475–6

intravenous immunoglobulin 476

left ventricular wall thickness 468

legal guardianship 653

legal issues 677–80

consent to medical treatment 680

resources for HIV-infected children 705–12

see also permanency planning

Legg–Calvé–Perthes disease 262

Leigh’s syndrome 328

leiomyoma 517–18, 536, 543

clinical presentation 543

epidemiology 537

treatment 543

leiomyosarcoma 517–18, 536, 543

clinical presentation 543

epidemiology 537

treatment 543

Lentivirus 20, 25

leptin 206, 322

leucovorin 627, 628

leukemia 537

leukencephalopathy 436

progressive multifocal 431

levo-thyroxine 532

levonorgestrel 220, 221

linear gingival erythema (LGE) 458, 513

linezolid 585

lipid abnormalities 319–20, 322–3, 477

metabolic 320

lipid-lowering agents 325

lipoatrophy 320–1

children 321–2

glucose metabolism abnormalities 322–3

lipid abnormalities 322–3

lipodystrophy 261–2, 319–22, 428, 532

anthropometric measurements 324

antiretroviral therapy 325–6

combination 137

associated disease processes 321

bone mineral density 262

characteristics 320–1

cholesterol 323, 325

CT 324–5

diagnosis 324–5

diagnostic criteria 320

dual energy X-ray absorptiometry 324

dyslipidemia 323, 325

fat redistribution 324–5

features and retroviral dosage 322

glucose metabolism 323, 325

HAART 321–2

regimen changes 325–6

HDL cholesterol 325

insulin resistance 325

management 325–6

megestrol contraindication 513

MRI 324–5

nucleoside reverse transcriptase inhibitors 320, 323–4

pathogenesis 320

potential treatments 261–2

triglycerides 325

lipohypertrophy 320–1

children 321–2

glucose metabolism abnormalities 322–3

lipid abnormalities 322–3

liver disease, bleeding disorders 506

long-term non-progression (LTNP) 42

lopinavir

initial therapy 366

plus ritonavir (LPV/r) 297–8, 687

virtual IQ and clinical outcome 379

lungs

alveolar septal hypertrophy 622

biopsy 493

function impairment in PCP

HIV replication 480

interstitial disease 480

open biopsy for PCP 625

lupus anticoagulant 506
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lupus nephritis 527

Lyme disease vaccine 147

lymphadenopathy

health care professionals exposure 398

histoplasmosis 599

Mycobacterium avium complex 582–3

oral herpes 455

paracoccidioidomycosis 600

rehal failure 522

tuberculosis 571

lymph nodes 41

advanced infection 41

biopsy 565

clinical latency 41

enlarged 78

Kaposi’s sarcoma 538, 539

Mycobacterium avium infection 519, 581, 582

postexposure, prophylaxis 385

pneumocystis 671

primary infection 40

tuberculosis 570, 571

lymphadenitis 565

lymphocytic interstitial pneumonitis (LIP) 562

Epstein–Barr virus 616–17

lymphocytosis syndrome, diffuse infiltrative 480

lymphoid interstitial pneumonitis (LIP) 169, 175, 177, 480–2

chest radiograph 481, 482

clinical course 482

clinical manifestations 481

etiology 480–1

pathogenesis 479

treatment 178, 482, 482

see also pulmonary lymphoid hyperplasia (PLH)

lymphoid tissue aggregates 7

lymphoma 72, 536

calcium metabolism abnormality 533

cardiac disease 471

chemotherapy association 545

dysphagia 513

gastrointestinal system 527–18

glucose metabolism abnormality 533

hyperglycemia 533

low-grade B cell 543–4

metastatic 432

myopathies 439

primary CNS 432, 542–3

primary effusion 541

renal failure 522

salivary gland infiltration 457

seizures 183

see also Burkitt’s lymphoma; non-Hodgkin’s lymphoma

lymphoproliferative disorder, polyclonal, polymorphic B-cell

544

lymphoproliferative responses 41

HAART effects 50

lymphoproliferative syndrome

Epstein–Barr virus 616–17

thymus enlargement 491

M cells 510, 511

M46I/L/V mutation 341

M184V mutation 339, 342, 348

macrolides

disseminated MAC infection resistance 583

Streptococcus pneumoniae resistance 558

macrophages 7, 8, 13

disseminated MAC infection 581, 582

magnetic resonance angiography, contrast enhanced 475

magnetic resonance imaging (MRI)

CNS disease 435

lipodystrophy 324–5

sinusitis 462

major histocompatibility complex (MHC) 7, 8–9

class I 8, 10

expression for CTL recognition 41–2

class II 8, 12

malabsorption 253–4, 512, 512

AIDS enteropathy 516–17

diarrhea 258–9

enteral supplements 258

enteric infection 511

nutritional supplementation 259

Malassezia furfur 590

malignancies see neoplasia/neoplastic disease

malnutrition 244–5, 512, 512

adolescents 206

bacterial infections 551

causes 255, 253–61

effects 245–7

endocrine dysregulation 260–1

HIV morbidity 246

immunodeficiency 245

infants 245

metabolic dysregulation 260–1

nutrient loss increase 258–9

nutrient requirement increase 259–60

oral intake decrease 254–8

prevention 247

resource-poor settings 263–4

synergy with infectious diseases 263

therapies 255, 253–61

managed care 654

Mantoux test see tuberculin skin test

marasmus 263

maribavir 611

marijuana use 208

mastitis 123

maternal health

optimization 123

psychosocial issues 134
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maternal history taking 134

matrix metalloproteinase (MMP) 436

matrix metalloproteinase inhibitors (MMPI) 436

measles 423

passive immunization 151

pneumonia 176, 423

risk 650

measles, mumps and rubella (MMR) vaccination 137,

147–8

Medicaid Program 655–6

model waivers 656

medical neglect 680

medical treatment, consent to 680

Medication Event Monitoring System (MEMS) 192

medications

abdominal pain 181, 182, 256

adrenocortical function 533

cardiotoxic 468, 470–1, 474

causing anorexia 254

diarrhea 516

drug holidays 372

erythropoiesis suppression 499

frequency of administration 193

growth failure 531

hyperglycemia 533

hyperkalemia 521

monitoring of levels 192

myocarditis 470

nausea and vomiting 516

nutrient loss through nausea/vomiting/diarrhea

258–9

ocular toxicity 452, 452–3

overlapping toxicities 309

palatability 193

pancreatitis 519

renal complications 523, 522–3

skin eruptions 428

see also adherence to therapy; therapeutic drug monitoring

(TDM); named drugs and drug groups

medroxyprogesterone acetate 213

medroxyprogesterone acetate, depot 213

long-acting contraception 220

premenstrual syndrome 215

mefenamic acid 214

mega-HAART 372

megakaryocytes 503

megestrol acetate 254, 513

adrenocortical function 533

growth failure 531

melena 517–18

memantine 439

memory deficit 273–4

testing 275

memory T cells 10, 14

MEMS Track CapsTM 192

meningitis 174–5, 183

bacterial 563–4

cryptococcal 431, 452

Haemophilus influenzae 564

Salmonella 564

Streptococcus pneumoniae 563–4

tuberculosis 571, 576, 577

vancomycin tolerance 558

varicella zoster virus 615

meningoencephalitis, bacterial 563–4

menstrual disorders in adolescents 207–15

abnormal uterine bleeding 207

dysmenorrhea 213–15

premenstrual syndrome 215

mental health

adolescents 235

evaluation/monitoring in children 141

young mothers 141

mental status, altered 185

meropenem 564

mesangial hypercellularity 527

mesangial proliferative glomerulonephritis 527

metabolic acidosis 521, 522

metabolism 244

abnormalities 261–3

hyperlactatemia 326–9

lactic acidosis 326–9

see also lipodystrophy

dysregulation 260–1

metformin 211–12, 261, 325, 534

methicillin-resistant Staphylococcus aureus (MRSA) 559

metronidazole 225, 228

adverse effects 228

microangiopathy, HIV 451, 451

microbicides 217

microcephaly, acquired 433, 434

microglia 436

micronutrients

deficiencies 121–2, 245, 248–50, 254

bacterial infections 551

therapeutic doses 257

excess 254

monitoring 248–50

status 245

morbidity/mortality relationship 263

Microsporidia 160

Microsporum 590

mid-arm circumference 247–8

mifepristone 221

mineralocorticoid replacement in adrenocortical

insufficiency 533

minimal change glomerulopathy 527

MIP-1� and � 64, 64

mitochondrial DNA 324

mitochondrial dysfunction 326
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mitochondrial toxicity 262–3

antiretroviral agents 128

delayed manifestations 328–9

nucleoside reverse transcriptase inhibitors 262–3, 324

delayed manifestations 328–9

lactate homeostasis disturbance 326

mechanism 326

treatment 263

zidovudine-induced 289, 328

molluscum contagiosum virus 421–2, 424, 445

facial/oral lesions 423, 447, 457

monocyte chemoattractant protein 1 (MCP-1) 436

monocytes 13

function defects 44–5

Moraxella catarrhalis

otitis media 462, 463–4

sinusitis 463–4

morbidity 1–2

African children 75

cesarean section 125

fungal infections 589

malnutrition 246

micronutrient status 263

resource-poor settings 263

US 93–6

worldwide for children 74

mortality 1–2

African children 75, 96

cardiac disease 469

CD4+ T cells predictive value 77

fungal infections 589

HIV RNA assays for 61, 62, 77

predictive value 77

improvement 168

measles 423

micronutrient status 263

PCP 154, 621

predictions in children 77

pulmonary disease 469, 479

US 93, 93–6

worldwide for children 74

Mother Infant Rapid Intervention at Delivery (MIRIAD) study 90–1

mother-to-child transmission (MTCT) 40–1, 84

adolescents 202, 221

cervicovaginal fluid 118–19

CNS disease 270

exposure to virus

amount 112

duration 120

interventions 111, 113

efficacy 112

intrapartum 111

maternal health optimization 123

mechanisms 111

micronutrient deficiencies 121–2

natural history 74

neonate GI tract 511

peripheral blood 112–18

prevention

in Africa 659

developing countries 96–7

perinatal prophylaxis 134–6

pregnancy 123

strategies 123–9

worldwide 96–7

rates 111, 112

resistance testing 347

risk factors 111, 113

ruptured membrane duration 111, 120

timing 111

US 84, 87–90

elimination efforts 93

prevention with cesarean section 92

trends in 89–90

in utero 111

viral transfer facilitation 121–3

see also breastfeeding; perinatal transmission

mothers, young 141

motor deficits 278

motor functioning 274

testing 275

mourning

barriers to 666

complicated 673

mucosa, HIV-1 exposure to 40

mucosa-associated lymphoid tissue (MALT) lesions in pulmonary

malignancy 491–3

mucosa-associated lymphoid tissue (MALT) lymphoma 491, 492,

536, 543–4

mucosal barriers 13

mucositis 461

fungal infections 593–7

mucous membranes, healthcare worker exposure 387

multi-system disease, hyperlactatemia 329

multi-systems model of care 659

multivesicular body (MVB) 34

mycobacteria, non-tuberculous 154

infections in AIDS patients 586

skin infection 423

Mycobacterium avium complex (MAC) 154, 160–1

abdominal pain 181, 519

adrenal cortices 532

CCR5 expression 510

diarrhea 517

disseminated infection 580

acquisition 581

antibiotic resistance 583

blood culture 582

bone marrow culture 582

clinical presentation 581–2
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Mycobacterium avium complex (MAC) (cont.)

diagnosis 582–3

epidemiology 580

lymph node culture 582

lymphadenopathy 582–3

macrophages 581, 582

multi-drug therapy 583–5

pathogenesis 581

prevention 583

treatment 583–4, 586

US Public Health Service guidelines 583

erythropoiesis suppression 499

fever 172

growth failure 531

microbiology 580–1

myocarditis 470

nucleic acid probes 581

prophylaxis 141, 161

discontinuance with HAART response 153

drug interactions 161

pyuria 524

respiratory disease 484, 582

Mycobacterium tuberculosis 569

nucleic acid amplification tests 572–3

see also tuberculosis

myelitis, varicella zoster virus 615

myeloid dendritic cells 7, 8

myelopathies 439

myocardial irritability 471

myocarditis 470

myoepithelial sialadenitis 544

myopathies 440, 475–6

myringotomy and tube placement 466

myristolation inhibitors 33

N-acetyl aspartate (NAA) 278

creatine ratio 278

N-acetyl transferase (NAT) 308

nail infections see onychomycosis

NASBA® (nucleic acid sequence-based amplification) 61, 106, 109

nasogastric tubes 258

nasopharyngeal aspirate in PCP 624

National Cancer Institute, HIV and AIDS Malignancy Branch

(HAMB, NCI) 640–1

natural killer (NK) cells 7, 14

functions 9

defects 44

phenotype 9

nausea 513–14, 516

necrotizing ulcerative gingivitis (NUG) 458

necrotizing ulcerative periodontitis (NUP) 458

needle injuries

home healthcare 645

non-occupational postexposure prophylaxis 384, 405

transmission risk in children 389–90, 646

needle sharing 384

Nef gene 29

activities 34–5

Nef protein 41

Neisseria gonorrhoeae 229

mucopurulent cervicitis 228–30

nelfinavir (NLV) 298–9

combination therapy 302

formulary 687

initial therapy 366

non-occupational postexposure prophylaxis in children 404

plasma levels 379

therapeutic drug monitoring 378

neoplasia/neoplastic disease 536–45

amenorrhea 209

antiretroviral therapy 544–5

CNS 432

diagnosis 538–45

dysfunctional uterine bleeding 212

epidemiology 536–7

HAART 537–8

HPV 231, 232, 234

lymphoproliferative thymic cysts 490

ophthalmic disease 446, 456

oral 457

palliation 545

therapy 538–45

nephritis, interstitial 523–5

neuro-ophthalmology 452

neurobehavioral abnormalities 269–70

antiretroviral therapy 279

differential diagnosis 277

psychometric test results 277–8

neurobehavioral assessment 274–5, 279

behavioral observations 278

birth history 277

change over time 276

developmental history 277

domain selection 274–6

educational history 277

environmental factors 278

family factors 278

frequency of repeated testing 276

immunological testing 278–9

medical history 277

methodology 274–9

neuroimaging 278

neurological findings 278

opportunistic infections 279

practice effects 276

psychometric test results

purpose 274

referral 276

test instrument change with age 276

virological testing 278–9
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neurodevelopment

assessment 277

deficits 439

neuroimaging 278

neurologic dysfunction

antiretroviral therapy change 371

decreased food intake 257–8

neurologic emergencies 183–6

neurologic symptoms

early onset 433

life-threatening 171–2

progressive 169

neuropathy, HAART impact 438

neuroprotection in CNS disease 439

neuropsychological impairment 271–4, 434

neuropsychological tests 269–70

neurosyphilis 566

neutropenia 502

antiretroviral drugs 172

causes 500, 502

diagnosis 502

management 173

treatment 500, 502

zidovudine-induced 289

neutropenic ulcers 517–18

neutrophils 7, 13

degranulation 7

nevirapine 26, 294–5

adverse effects 292, 366, 371

occupational postexposure prophylaxis 396–7,

398

rash syndrome 292, 366, 371, 428

antiviral effects 294

clinical trials 295

CNS disease 437

combination therapy 302, 366

alternative 366

CYP3A induction 308

distribution 305

drug interactions 305, 311

efficacy 366–7

formulary 686

pharmacokinetics 294–5

prophylaxis 113, 115, 116, 117–18

breastfeeding 117, 120

mother-to-child transmission 117

non-occupational postexposure 404

occupational postexposure 396–7, 398

resistance 294, 347

substitution in HAART 326

US Public Health Service guidelines 128

zidovudine combination 118

nimodipine 439

nipple lesions 123

nitazoxanide 518

Nocardia 553

non-Hodgkin’s lymphoma

AIDS-defining diagnosis 536, 537

antiretroviral therapy with combination chemotherapy

541–2

chemotherapy 542

clinical signs 540–1

epidemiology 537

Epstein–Barr virus 616–17

HAART impact 537–8, 541–2

oral 457

prognosis 541

pulmonary malignancy 491–3

staging 541

treatment 542, 541–2

non-nucleoside reverse transcriptase inhibitors (NNRTIs) 25, 287,

294–6

combination therapy 302, 361

distribution 305

formulary 686

genotyping assays 346

K103N mutation 348

mode of action 26

phenotyping assays 346

resistance 190

mechanisms 340

mutations 337

reverse transcriptase 340

rifampin contraindication 573

therapeutic drug monitoring candidates 378

tuberculosis treatment 573–5

non-steroidal anti-inflammatory drugs (NSAIDs)

dysmenorrhea 214

fever management 173

non-oxynol-9 (N-9) 217, 230

norgestimate 217–20

nosocomial pathogens, antibiotic resistance 559

nuclear factor-kappa B (NF-�B) 28, 29, 246

nucleoside associated mutations (NAMS) 336, 337–9

nucleoside reverse transcriptase inhibitors (NRTIs) 25, 287,

288–94

69/70 mutations 339

apolipoprotein B 323

cholesterol 323

combination regimens 288, 301, 317, 361

alternative 366

triple 367

decompensated lactic acidosis 327–8

dual backbone 365–6

special circumstances 367

formulary 685–6

genotyping assays 346

hyperlactatemia 326–7

hypersusceptibility 342–3

infant exposure 327
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nucleoside reverse transcriptase inhibitors (NRTIs) (cont.)

initial therapy 366

not recommended 367

K65R mutation 339

L74V mutations 340

lipodystrophy 320, 323–4

M184V mutation 339, 342, 348

mechanism of action 27

metabolic complications 319

mitochondrial toxicity 262–3, 324

delayed manifestations 328–9

lactate homeostasis disturbance 326

mechanism 326

mode of action 25–6

monotherapy 361

non-thymidine derivatives 288

pharmacokinetic properties 288

phenotyping assays 346

Q151M complex mutations 339, 348

renal elimination 309

resensitization 342–3

resistance mechanisms 337–40

due to excision mechanisms 337–9

positional effects 339–40

steric effects 339–40

reverse transcription chain termination 337

T215Y/F mutation 339

therapeutic drug monitoring candidates 378

thymidine derivatives 288

triple regimens 367

nucleotide reverse transcription inhibitors see tenofovir

nutrients

deficiencies 245

cutaneous signs 430

myocarditis 470

increased loss 258–9

increased requirements 259–60

intake 248

nutrition 244, 512

decreased oral intake 254–8

optimal in CNS disease 439

see also feeding; food

nutritional assessment, routine 248, 247–53

anthropometric measurements 247–8

baseline evaluation 250

body composition 250–3

comprehensive dietary history 248

energy estimation 253

fat distribution 250–3

laboratory testing 248–50

protein requirements 253

nutritional intervention 247

nutritional status and survival in HIV infection

245

nutritional support, supplemental 258

malabsorption 259

tube feeding 258

obesity 137, 210

occupational exposure

prevention 387

reporting 392

see also postexposure prophylaxis (PEP),

occupational

ocular lesions

Kaposi’s sarcoma 451–2

toxoplasmosis 448, 450

see also conjunctiva; eyelashes; eyelids; retina

ocular screening frequency 446

ocular toxicity of drugs 452, 452–3

odynophagia 513

oligomenorrhea 209–12

onychomycosis 414, 418, 590

ophthalmic disease 445

choroid 446–51

clinical examination 445

conjunctiva 445

cornea 445–6

epidemiology 445

eyelids 445

manifestations 453

neoplasms 451–2

neuro-ophthalmology 452

orbit 451

sinusitis involvement 461

retina 446–51

sclera 445–6

vitreous 446–51

ophthalmic manifestations, developmental

452

opiates, atovaquone interactions 628

opportunistic infections 1

adrenal cortices 532

altered mental status 185

CNS 431–2

decreased oral intake 256

drug formulary 689

emergency department presentation 170

female genital tract 228

gastroenteritis 179

growth failure 531

HAART effects 153–8

prophylaxis discontinuance 153

hyperglycaemia 533

incidence 154

myocarditis 470

neurobehavioral assessment 279

precautions 649–50
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prediction 49

prevention 153–4

prophylaxis 141, 155

seizures 183

treatment 168

trends 95

US Public Health Service guidelines 583

see also Pneumocystis carinii pneumonia (PCP); named

infections

opsonins 7

opsonization 12

oral hairy leukoplakia 423, 456

oral health 455

oral hypoglycaemic therapy 534

oral intake, decreased 254–8

causes 254

oral lesions 457

aphthous ulcers 513

decreased oral intake 256–7

infected children 513

mucosal 455–7

herpes simplex virus 419

neoplasia 457

orolabial herpes 420, 457, 612

periodontal tissues 458

prevention 458–9

salivary gland pathology 457

teeth 458

ulcers with cytomegalovirus 607

see also Candida (candidiasis), oral

oral-motor deficit 274

orbit 451

sinusitis involvement 461

organ system disease in children 139

orphans 96

oseltamavir 691

osteocalcin 262

osteomyelitis 566

osteonecrosis 262

osteopenia 262

otitis media 173, 460

antibiotics 464, 464–6

chemoprophylaxis 466

chronic suppurative 462–3, 465

clinical presentation 461

diagnosis 461–2

epidemiology 460

microbiology 463, 462–3

middle-ear effusion persistence 465

natural history 460–1

pathogenesis 460–1

recurrent 462, 466

treatment 463–6

duration of therapy 465

ovulation

dysfunctional uterine bleeding 212

induction 212

oxandrolone 260

growth failure treatment 531

oxidative phosphorylation 324

impairment in mitochondrial damage 326

oxygen administration in PCP 626

P-glycoprotein (PGP)

blood–brain barrier transport 438

enteric expression 305

p24 antigen detection 60, 106–7

adults 68

paclitaxel 540

pancreatic enzymes 259

pancreatitis 181, 182

abdominal pain 519

cytomegalovirus 607

didanosine-induced 290

lamivudine-induced 292

treatment 182–3, 519

Papanicolaou (Pap) smears 233

cytologic abnormalities 233

paracoccidioidomycosis 600

parainfluenza virus 486

parasitic infections

arthropod skin diseases 423–6

orbit 451

parenteral nutrition 259

parents

adherence to therapy 188

adoptive 141

bereavement resources 674

child welfare agencies 658–9

custody maintenance 678

food availability 257

foster 141

grief

dying before children 673

at loss of child 672–3

guardian designation 678

HIV status disclosure

considerations in decision to 662

reasons for decision not to 661

loss of 667

older children 141

refusal to seek treatment 680

rights/responsibilities of non-custodial 677–8

paromomycin 518

parotitis, bacterial 457, 513

parvovirus B19 499

pathogens, barriers 5–7

PCV7 vaccine 148, 466–7, 483
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Pediatric AIDS Clinical Trial Group (PACTG) 193, 640

PACTG 300 289

PACTG 367 118

Pediatric Adherence Questionnaire 190

Pill Count Form 192

serious bacterial infections 552

Pediatric European Network for the Treatment of AIDS (PENTA)

355, 359, 641

differences from US guidelines 360–1

peer support, adolescents 200

pelvic inflammatory disease (PID) 223, 225, 230–1

diagnosis 231

etiology 230–1

risk 230

treatment 231, 232

trichomoniasis 227

women with HIV 230

penicillin

meningitis 563

resistance 174, 562–3

Streptococcus pneumoniae resistance 558

syphilis 566

Penicillium marneffei (penicillinosis) 417–19, 590, 600

pentamidine

adverse reactions 628

aerosolized 159, 487, 622

pneumothorax 490

formulary 691

hyperglycaemia 533

hyperkalemia 521

neutropenia induction 502

PCP

prophylaxis 158–9

treatment 622, 627, 628

pericardial effusions 476

pericardiocentesis 475, 476

pericarditis 471

Perinatal AIDS Collaborative Transmission Study (PACTS) 92

perinatal transmission

antiretroviral agent prophylaxis 112–18

HIV prevention cascade 93

primary 40–1

zidovudine and lamivudine combination 117

periodontal tissues 458

periodontitis, necrotizing ulcerative 458

peripheral blood monon uclear cells (PBMCs)

diagnostic culture 107

HIV DNA PCR 60

viral culture 60

peripheral nervous system (PNS) abnormalities 431

peripheral neuropathy 439

didanosine-induced 290, 439

zalcitabine 292, 439

perirectal abscess 565

peritoneal signs, abdominal pain 182

periventricular white matter 435

permanency planning 652–3, 677–9

benefits assessment 678

guardianship arrangements 678

obstacles to 677

powers of attorney for decisions 678

rights/responsibilities of non-custodial parents 677–8

phagocytes 13

function defects 45

pharmacokinetic modeling 380

pharmacy refill records 192

PHARMADAPT study 378–9

phenobarbital 184

phenotyping assays 340, 343–5

clinical management use 347

interpretation 346

practical considerations 347–8

phenytoin 184

pheohyphomycosis 599

phorbol esters 28

photosensitivity, drug eruptions 428

pill counts 191–2

pill swallowing, training of children 193

Pills Identification Test (PIT) 190

pituitary infections, growth failure 531

placental membrane inflammation 122

plague vaccine 148

plasma exchange 505

plasma RNA

CD4+ T cell correlation 69

disease progression 76–7

qualitative assays 63

quantitative assays

adults 69

CD4+ T cell count combination 63

predictive value 62, 62–3

stabilization in adults 69

plasma viremia control 359

plasmacytoid dendritic cells 7, 8

platelet function inhibitors 506

platelets 503–4

pneumatocele 490

pneumococcal vaccine 148

conjugate 483

heptavalent conjugate 466–7

polysaccharide 483

polyvalent 161

Pneumocystis jiroveci 620

Pneumocystis carinii pneumonia (PCP) 154–9, 620–30

adjunctive therapies 626, 629

AIDS-defining condition 153, 154, 621

in US 94–5

CD4+ T cell count 158, 552, 621

chest imaging 622–3

clinical features 622
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co-infection 620, 626

concurrent infections with lymphoid interstitial pneumonitis

481

cysts 625

developing countries 621

diagnosis 177, 481–2, 623–5

stains 625

epidemiology 154, 621

etiology 154

extrapulmonary pneumocystosis 622

fever 172, 174

fiberoptic bronchoscopy

with bronchoalveolar lavage 624

with transbronchial biopsy 625

growth failure 531

immunizations 136

immunosuppression 621–2

incidence 479, 621

induced sputum analysis 624

isolates 620

laboratory studies 622

life-threatening 171

lung function impairment 621

morphological forms 620

mortality 154, 621

multiple strains 620

nasopharyngeal aspirate 624

non-bronchoscopic bronchoalveolar lavage 625

open lung biopsy 625

pathogenesis 621

PCR 625

pneumothorax 490

prognosis in young children 78

prophylaxis 136, 141, 158–9, 621

discontinuance 159

discontinuance with HAART response 153

indications 153

trimethoprim–sulfamethoxazole 136, 158, 161

in US 94

pulmonary disease 622

radiography 622–3

recurrence 620

resistance 629

respiratory distress 175, 176–7

strains 621

supportive measures 626

taxonomic classification 620–1

treatment 177, 625–6, 628–9

adjunctive 628, 629

failure 626

pentamidine 626, 627

presumptive 171

trimethoprim–sulfamethoxazole 171, 178, 553,

626–9

pneumocystosis, extrapulmonary 622

pneumonia

aspiration 487

bacterial 161–2, 482–3, 483–4, 484, 562–3

fever 174

mycobacterial 483–4

prophylaxis 486

recurrent invasive 482–3, 486

symptoms 483

treatment 178, 483

cytomegalovirus 607, 608

diagnostic approach to evaluation 486

differential diagnosis 562

fungal infection 486

Haemophilus influenzae 563

incidence 552

infectious 482–7

measles 176, 423

Pseudomonas 563

Streptococcus pneumoniae 563

viral infections 486

pneumonitis, chronic interstitial 486

pneumothorax, spontaneous 490–1

Point of Service (POS) plans 654

Pol proteins 287–8

polio vaccine 148

polyclonal, polymorphic B-cell lymphoproliferative disorder 544

polycystic ovary syndrome (PCOS) 208, 209–11

diagnosis 210–11

laboratory tests 211

pathogenesis 211

treatment 211–12

polymerase chain reaction (PCR)

DNA detection 106

PCP 626

RNA detection 106

polymorphonuclear leukocytes (PMN) 45

postexposure prophylaxis (PEP) 171, 384

animal models 386

biologic plausibility 384–5

blood-borne infection evaluation 387, 391–5

effectiveness 385

exposed individual evaluation 391–5

exposure

management 391–5

site care 391

follow-up 399

HIV primary pathogenesis 385

management 399, 649

resources 403

mucous membrane exposure 394

non-occupational (nPEP) 384

adherence to therapy 402

adolescents 405

age-specific considerations 402–5

basic regimens 396
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postexposure prophylaxis (PEP) (cont.)

children 396, 404

combination therapy 401

duration 401

expanded regimens 396

FDA approval status of drugs 402, 404

HAART regimen 400

infants 404

monotherapy avoidance 401

needle injuries 384, 405

pediatric practice 385, 400–5

physicians with expertise 402

policy recommendations 400, 401

principles for pediatric 400–2

risk determination 405

sexual abuse 384, 405

triple drug combination 402

two-drug regimen avoidance 402

occupational (oPEP) 384

basic regimens 391, 396–7

combination regimens 395–7

counseling 398–400

dosages 392

duration of treatment 397–8

education 398–400

expanded regimens 391, 396–7

initiation timing 397–8

regimen recommendation development 395

report 391

resistance to antiretroviral agents 398

source evaluation 395

toxicity monitoring 398

toxicity reporting 398–400

triple-drug regimen 396–7

USPHS recommendations 390–400

percutaneous injuries 393

risk determination 391

occupational exposure 391–5

sexual abuse in children 87

skin exposure 394

source evaluation 391–5

potassium balance 521

poverty, US 87

powers of attorney for decisions relating to child 678

PPV23 vaccine 148, 483

Pr55 Gag preprotein 32

RNA genome recruitment 33–4

Pr160 Gag–Pol fusion preprotein 32

pravastatin 261

pre-integration complex (PIC) 27

prednisone, atovaquone interactions 628

Preferred Providers Organizations (PPOs) 654

pregnancy

adherence to treatment 221–2

adolescents 200, 202, 221–2

amenorrhea 208

antiretroviral therapy 125

contraindications in pregnancy 290, 296, 301, 398

resistance testing 347

counseling 222

diagnosis before birth 91–2

drug-resistance HIV transmission 347

HAART 125

healthcare professionals 398

HIV effects on 222

illicit drug use 90

preventive care 659

rate in US 88

resistance testing 347

stavudine diverse effects 291

therapeutic drug monitoring 381

transmission prevention 123

universal routine testing 124

Pregnancy Risk Assessment Monitoring System (PRAMS; CDC) 91

premenstrual dysphoric disorder 215

premenstrual syndrome 215

diagnosis 215

differential diagnosis 215

etiology 215

symptoms 215

treatment 215

prenatal care

adolescents 221

antiretroviral drugs 92

counseling 91–2

diagnosis before birth 91–2

HIV testing 91–2, 106, 389

acceptance rates 91

US 90–1

prevention of HIV infection

adolescents 199–201

perinatal cascade 93

primaquine 692

clindamycin combination 627, 628

primary healthcare provider (PCP) 654

progesterone therapy 531

amenorrhea 209

contraceptive patches 220

progestins 220

emergency contraception 221

implants 220

oral contraceptives 217–20

progressive multifocal leukencephalopathy 431

progressive outer retinal necrosis (PORN) 449, 450

prostaglandin E2 213–14

prostaglandin F2� 213–14

protease 287–8, 337

cleavage site mutations 342

flap domains 340

protease inhibitors (PI) 34, 262, 288, 296–301
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apolipoprotein B 323

body composition 532

body habitus changes 323

bone turnover 262

cholesterol 323

CNS disease 438

CNS manifestations 269

combination therapy 302, 361, 368

alternative 366

CYP 3A inhibition 306

D30N mutation 341

distribution 305

dyslipidemia 323

energy expenditure 532

formulary 687–8

G48V/L mutation 341

genotyping assays 346

glucose metabolism 322

hemophilia 506

I50V/L mutation 341

initial therapy 366

insulin resistance 323

L90M mutation 341

lipodystrophy 261, 320

M46I/L/V mutation 341

metabolic abnormalities 532

metabolic complications 319

mutations 341

plasma concentrations 377

resistance 296

resistance mechanisms 340–1

amino acids 336

mutation patterns 341

rifampin

contraindication 573

effect on metabolism 308

therapeutic drug monitoring candidates 378

transport across BBB 438

tuberculosis treatment 573–5

V82A mutation 341

protective clothing/equipment 645–6

protein

deficiency in anemia 499–501

malabsorption 259

requirements 253

calculation 253

recommended intake 253

visceral status 248

protein C deficiency 506

protein S 262, 506

deficiency 506

protein–calorie malnutrition 245

enteric infection 511

proteinuria 525, 526

glomerular 527

Proteus, otitis media 462

proton magnetic resonance spectroscopy (1HMRS) 278,

435

protozoal infections, orbital 451

prurigo nodularis 426

Pseudomonas

bacteremia 561

fever 174

pneumonia 563

serious bacterial infection 560

Pseudomonas aeruginosa

cellulitis 564

otitis media 462

pneumonia 483, 483–4

skin lesions 565

psychiatric disturbances 434

psychological assessment 274

psychometric tests 275

results 277–8

psychosis, acute 434

psychosocial care 654–5

support for adolescents 200

psychosocial issues 652–3

puberty, delayed 137, 205–7, 530–1

differential diagnosis 206

laboratory testing 206–7

mechanisms 205–6

medical assessment 206

therapy goals 207

pulmonary disease 468, 479–80

approach to patient 494

aspergillosis 486, 599

bronchiectasis 489–90

cardiac disease 491

cytomegalovirus 607, 608

chronic interstitial pneumonitis 486

diagnostic evaluation 495

evaluation 493

immune-related 479–80

malignancy 480, 491–3

management 493

mortality 469

with infections 479

multilocular thymic cysts 491

PCP 622

primary hypertension 471

respiratory problems 480–9

prophylaxis for infections 485

spontaneous pneumothorax 490–1

see also Mycobacterium tuberculosis; Pneumocystis

carinii pneumonia (PCP); pneumonia; respiratory

distress; respiratory infections; respiratory

problems

pulmonary edema 174

pulmonary function tests 487–9, 493
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pulmonary lymphoid hyperplasia (PLH) 177, 480

treatment 178

see also lymphoid interstitial pneumonitis (LIP)

pulmonary system assessment 139

pyramidal tract motor deficit 433

pyrazinamide 573, 574

formulary 692

pyuria 524, 523–5

Q151M complex mutations 336, 339, 348

quality of life

assessment 275

heart failure therapy 476

quinacrine 518

quinolones 585

rabies vaccine 148–9

passive immunization 151

radiology 170

abdominal pain 182

altered mental status 185

seizures 185, 185

radionuclide gallium scans in PCP 623

Ran GTP 31–2

RANTES 64, 64

rapid antibody tests 59, 106

rash

delavirdine 295

efavirenz 296

nevirapine 295

REACH study 191, 198–9

condom use 217

disclosure to sexual partners 202

HPV infection 202

reactive airway disease see asthma

Recommended Daily Allowance 247, 253

recreational activities 649

red blood cells

aplasia 499

decreased production 499

hematuria 523

transfusions 501–2

renal disease 521

end-stage 526

renal failure, acute 521

renal system 521–8

acid-base disorders 521–2

assessment 139

candidiasis 598

drug elimination 308–9

drug-induced complications 521–2

electrolyte disorders 521

fluid disorders 521

glomerular disease 525–7

hematuria 523

proteinuria 525

pyuria 523–5

tuberculosis 571, 573

zygomycosis 599

renin, peripheral activity 533

replication assays 346

reporting of HIV/AIDS in US 84–6

reproductive conditions in adolescents 205

non-infectious 205–15

resistance index 246

resistance to antiretroviral agents 26–7, 128, 334

adolescents 365

assays 343–6

evidence base for use in clinical management 346–7

genotyping 343, 347–8

phenotyping 343–5, 347–8

children 365

cleavage site mutations 342

cross resistance for infections due to other viruses

348–9

fusion inhibitors 342

genotyping assays 372

clinical management use 346–7

interpretation 346

HIV-2 348

hypersusceptibility 342–3

infants 360

mechanisms 337–43

mutations 334

characterization 334–7

duration of 342

identification 334–7

non-B HIV-1 subtypes 348

occupational postexposure prophylaxis 398

phenotyping assays 372

clinical management use 347

interpretation 346

replication assays 346

resensitization 342–3

suboptimal therapy 288

testing 63–4, 372

guidelines 347

maternal–fetal transmission 347

practical considerations 347–8

pregnancy 347

use in clinical practice 347–9

viral fitness assays 346

virologic factors 334

see also named drugs

resource-poor settings

bacterial infections 551

Burkitt’s lymphoma 536

clinical trial regulation 640

Integrated Management of Childhood Illness 552

malnutrition 263–4
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morbidity 263

mother-to-child transmission prevention 96–7

PCP 621

sexual abuse 97

WHO guidelines 361, 362

see also Africa

resource-rich settings, breastfeeding avoidance 389

resources 653

alternate sources 657

global 659

psychosocial care 654–5

therapeutic plan 658

see also insurance benefits; insurance coverage; Medicaid

Program; Social Security, US system

respiratory burst 7

respiratory distress 175–8

bronchodilator therapy 176

causes 175, 175–6

cytomegalovirus 177

evaluation 176, 176

hospital admission 178

laboratory testing 176

lymphoid interstitial pneumonitis 175, 177

PCP 175, 176–7

presentation 176

therapy 177, 177–8

respiratory infections

fungal 486

Haemophilus influenzae 482

Mycobacterium avium complex (MAC) 484, 582

PCP 175, 176–7

pneumonia 485, 482–7

respiratory syncytial virus 172, 486

respiratory distress 176

Streptococcus pneumoniae 482–3, 562

upper respiratory tract 460, 461

respiratory problems 480–9

asthma 487–9

cough 486–7

respiratory rate measurement 493

retina 446–51

acute necrosis 614–15

HIV microangiopathy 451, 451

progressive outer necrosis 449, 450

toxoplasmosis chorioretinitis 450

varicella zoster virus-related disease 614–15

see also cytomegalovirus (CMV), retinitis

retinal pigment epithelium, didanosine effects 452

retinochoroiditis, necrotizing 448

retrovirus 20

Rev gene 29, 31

inhibition 32

mutants 32

post-transcriptional regulation 31

regions 31

Rev-responsive element (RRE) 31

reverse transcriptase 21, 25

functions 337

low fidelity 26

mitochondrial toxicity 324

non-nucleoside reverse transcriptase inhibitors 340

nucleoside associated mutations 337–9

structure 336

reverse transcriptase inhibitors

classes 287, 288

mechanisms of action 27

resistance 336

targets 22, 25

therapeutic drug monitoring 378

see also non-nucleoside reverse transcriptase inhibitors

(NNRTIs); nucleoside reverse transcriptase inhibitors

(NRTIs)

reverse transcription 25–7, 334, 336

reverse transcription–polymerase chain reaction (RT-PCR) 61,

106

Revised Classification System for Human Immunodeficiency Virus

Infection in Children (1994) 480

Rhodococcus equi 553

ribozymes 29

rifabutin 161, 452

disseminated MAC 584, 585

drug interactions 585–6

formulary 692

tuberculosis 574, 574–5

rifampin

adrenocortical function 533

atovaquone interactions 628

contraindications 573

CYP3A4 induction 308

formulary 692

growth failure 531

resistance 575

tuberculosis 573, 574

rifamycin resistance 575

ritonavir 299

adverse effects 299

antiviral effects 299

boosting agent 299, 308, 368

interpatient variability 377

clinical trials 299

CNS disease 438

CYP3A4 inhibition 306

formulary 687

initial therapy 366

metabolic syndrome 532

non-occupational postexposure prophylaxis in children

404

pharmacokinetics 299

see also lopinavir, plus ritonavir (LPV/r)

RNA polymerase II 29, 30
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roseola 617

rotavirus vaccine 149

rubeola 172

Ryan White CARE Act 656

Saccharomyces cerevisiae 599

safer sex counseling 200–1

salivary gland pathology 457

Salmonella

antibiotic resistance 558–9

diarrhea 180

meningitis 564

non-typhoidal 559

bacteremia 561

saquinavir (SCV) 299–300

adverse effects 300

antiviral effects 300

clinical trials 300

formulary 688

pharmacokinetics 300

plasma levels 379

regimens not recommended 367

Scabies sarcoptei (scabies) 423–6

Norwegian 425

Scedosporium 599

Schering-C 25

Schering-D 25

schools, infected children 647

disclosure to 664

sclera 445–6

SDF-1 64

seborrheic dermatitis 428

secretory IgA 7, 13

seizures 183–5

causes 184–5

CNS disease 434

differential diagnosis 183, 183

evaluation 183–4, 185

laboratory testing 185, 185

radiology 185, 185

treatment 183–4, 185

selective serotonin reuptake inhibitors (SSRIs)

premenstrual syndrome 215

selenium deficiency 246

self-interviewing, audio computer-assisted 190–1

sepsis syndrome 174

seroconversion to AIDS

Africa 74–5

age at 75

serologic assays 1

clinical interpretation 106

diagnostic 59–60, 106

infants 59–60

seroprevalence

adolescents 197

Africa 74

rates in exposure evaluation 395

US 88

seroreversion 78, 138

Serratia marcescens pneumonia 483–4

service referrals 658

set point visal load 69

determinants 70

sex, unprotected 384

sex steroid deficiency 530, 531

sexual abuse

cutaneous signs 430

developing countries 97

exposure of children to infection 388–9

genital herpes 612

genital warts 421

infection in adolescents 201

postexposure prophylaxis 87

non-occupational 384, 405

prevention 389

transmission in US 86–7

sexual activity 664

sexual identity 198–9

sexual maturation delay 530

sexual orientation in adolescents 200

sexual transmission

cervical cancer 537, 543

CMV 604

gastrointestinal disorders 510

HSV 611, 612

intimate contact 644

Kaposi’s sarcoma 536, 537

male to male 197, 510, 536

prevention of HIV 24

US 86–7

sexuality counseling 201

sexually acquired HIV infection in pregnancy 222

sexually transmitted infections 201–2, 222–36

child exposure 389

complications 223, 230

consent to medical treatment 680

health education 223

HIV infection 223–4

impact on in adolescents 236

hormonal contraceptives 221

immunity and HIV infection 223–4

pelvic inflammatory disease risk 230

rates 222–3, 235

secondary prevention 235–6

syndromes 224–31

see also herpes simplex virus (HSV); human papilloma virus

(HPV)

SHADSSS assessment 200

sharp object injuries

healthcare workers 387

prevention in children 388

transmission risk in children 646
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Shigella

antibiotic resistance 558–9

diarrhea 180

shingles see varicella zoster virus (VZV)

shock 174

fever 174

short interfering RNAs (siRNAs) 29

sialadenitis, myoepithelial 544

sick euthyroid syndrome 531–2

simian immunodeficiency virus (SIV) 20

single platform analysis 47

Single Use Diagnostic System (SUDS) 106

sinus aspiration 462, 465

sinusitis 460

antibiotics 464, 464–6

prophylaxis 466–7

bacterial 462

chronic 486–7

clinical presentation 461

diagnosis 462

epidemiology 460

imaging 462

microbiology 463

natural history 461

pathogenesis 461

PCV7 vaccine 466–7

surgical drainage 466

treatment 463–6

duration of therapy 465

skin, healthcare worker exposure 387

skin diseases 413–30

arthropod 423–6

bacterial infections 423

diagnostic aids 416

evaluation 413–14

fungal infections 414–19, 589–90, 600

disseminated 414–19

guidelines for procedures 416

infections 414–26, 553, 560, 561, 564–5

HSV 612, 613

Kaposi’s sarcoma 538–40

leiomyoma 543

non-infectious 428–30

Pseudomonas aeruginosa 565

viral infections 419–23

skin lesions

drug-induced eruptions 428

HIV transmission 646, 647, 648

Kaposi’s sarcoma 421, 538

primary 415

secondary 415

varicella zoster virus 613, 614, 616, 620

skinfold thickness 247–8

small interfering RNA (siRNA) 24

small molecule competitive inhibitors 24–5

SmartCapTM 192

social development, childhood loss 667

social issues 653–4

Social Security, US system 655–6

social service agencies 654

socio-emotional functioning 275

sodium balance 521

sodium dodecyl sulfate 120

soft tissue infections 564–5

catheter-related 564–5

Sp1 sequence 29

Special Projects of National Significance (SPNS) 656

special test administration procedures 276–7

spills, management 644

spironolactone 211

spleen 7

splenectomy in thrombocytopenia 505

sporotrichosis, disseminated 600

cutaneous 417

sports injuries 390

sputum, induced analysis 624

Stages of Change Model 189–90, 193

standard precautions 645, 645–6, 650

Staphylococcus

fever 174

otitis media 462

Staphylococcus aureus

bacteremia 561

catheter-related soft tissue infection 564–5

cellulitis 564

impetigo 423, 424

insect bite reactions 426

lymphadenitis 565

otitis media 463

pneumonia 483

serious bacterial infections 560

skin infections 423, 564

Staphylococcus epidermidis 560

catheter-related soft tissue infection 564–5

lymphadenitis 565

starvation 254

statins 325

stavudine (d4T) 290–1

3TC combination 365

adverse effects 291

antiviral effects 291

clinical trials 291

CNS disease 437

combination regimens 301

contraindication in pregnancy 398

ddI interaction 291

formulary 686

lipodystrophy risk 320

nausea and vomiting 516

neutropenia management 502

non-occupational postexposure prophylaxis in children 404

pharmacokinetics 291
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stavudine (d4T) (cont.)

plasma levels 379

resistance mutations 335

zidovudine antagonism 288, 317

steatosis 518

Stevens–Johnson syndrome 428

streptococcus group A

cellulitis 564

lymphadenitis 565

streptococcus group B 564

Streptococcus pneumoniae 559, 560–1

antibiotic resistance 174, 558

bacteremia 560–1

CNS infection 431

fever 174

incidence 552

invasive infection 172

macrolide resistance 558

meningitis 563–4

mother-to-child transmission

elimination 93

nasopharyngeal colonization 551

otitis media 462, 463–4

PCP infection 626

penicillin resistance 558, 562–3

pneumonia 483, 563

prevention 161

respiratory infections 175, 482–3, 562

serious bacterial infection 552–3, 555, 557, 559

sinusitis 463–4

skin infections 423

trimethoprim–sulfamethoxazole resistance 558

vaccination 148, 505

see also pneumococcal vaccine

Streptococcus pyogenes 483

Streptococcus viridans 565

streptomycin 573, 574, 585, 692

stress 653, 654

stroke 432

incidence 506

stromal derived factor 1 (SDF-1) 24

sulfisoxazole 466

summer camp 649

Supplemental Security Income (SSI) 655–6, 679–80

appeal process 680

disability definition 679

information for application 679

presumptive disability 679–80

surfactant, PCP 629

surveillance, elimination program in US 93

swallowing difficulties 274, 513

syndrome of inappropriate antidiuretic hormone (SIADH) 521

syphilis, congenital 566

syringes, transmission risk in children 389–90

systemic acidosis 480

T-20 see enfuvirtide (T-20)

T-1249, mechanism of action 342

T cell alveolitis 480

T cell receptor/CD3 complex 9

T cell receptors 8

T cells 8

B cell activation 12

function 9

help for antibody production 14–15

numbers 14

phenotype 9, 14

primary immune response 12

thymus 14

see also memory T cells

T helper (Th) cells

function defects 42–4

type 1 (Th1) 10, 14

responses 8

type 2 (Th2) 10, 14

responses 8

see also CD4+ T cells

T215Y/F mutation 339

Tamm–Horsfall protein 525

Tanner sexual maturation scale 198

TAR decoys 30, 30

Tat regulatory protein 28, 30

extracellular 30

inhibition 30

secreted 30

transcription regulation 29–31

TATA sequence 29

teeth 458

tenofovir 293–4

adverse effects 294

antiviral effects 293

clinical trials 293

didanosine interaction 293, 317

formulary 687

mode of action 26

pharmacokinetics 293

resistance 293

testicular infections 531

testing, HIV

adolescents 199

children outside hospital 646

return to receive results 124

universal routine 124

voluntary 123, 124

testosterone therapy 531

tetanus, passive immunization 151

thalidomide 540

therapeutic drug monitoring (TDM) 377

children 378

clinical situations 381

clinical trials 378–9
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clinician practical issues 381

concentration

measurement 381

ratio 380

dose alteration 381

drugs as candidates 377–8

antiretrovirals 378

intra-patient variability 380–1

limitations 380–1

logistics 381

pharmacokinetic modeling 380

plasma levels 379–80

plasma sampling 380

target concentrations 380

toxicity 379–80

trough concentrations 380, 380

thiazolidinediones 325

thrombocytopenia 502–5

causes 503, 503

immune mechanisms 503–4

management 504–5

treatment 503

thrombophilia 262

thrombosis, anticoagulation 506

thrombotic thrombocytopenia purpura 501, 527

thrush see Candida (candidiasis), oral

thymic cysts, multilocular 491

thymus

atrophy 491

development 14

thyroid

abnormalities 260

infections and growth failure 531

thyroid hormone replacement 531

thyroid-stimulating hormone (TSH) 531–2

thyrotrophin-releasing hormone (TRH) 532

levo-thyroxine 532

tinea capitis/corporis/fascialis 417, 590

tinea versicolor 590

tiprinavir, CYP3A induction 308

Toll-like receptors 8

tomeglovir 611

tone abnormalities 278

toxic epidermal necrolysis 428

toxic megacolon 606–7

toxins, inactivation 12

Toxoplasma gondii (toxoplasmosis) 159

acquired 159

congenital 159

encephalitis 431

HAART impact 438

fever 172

growth failure 531

myocarditis 470

ocular infection 448, 450

prophylaxis 141, 159

seizures 183

trimethoprim–sulfamethoxazole prophylaxis 158

tracheomalacia 487

trans-activation responsive (TAR) region 30

see also TAR decoys

transbronchial biopsy with fiberoptic bronchoscopy 625

transfusion see blood/blood products

transmission 643

bites 387, 390, 644–5

day-care centers 645

environmental surfaces 644, 646

exposure management 649

gastrointestinal system role 510–11

home healthcare 645

household 87, 645, 645, 646

oral secretions 644–5

precautions 645–6

risk 644

to and from children 643–5

healthcare workers 387

schools 645

sexual

male to male 197

US 86–7

in US

blood/blood products 86

healthcare practices 87

heterosexual 87

household 87

modes 85

prevention with cesarean section 92

see also heterosexual transmission; mother-to-child

transmission (MTCT); perinatal transmission; sexual

transmission

TREAT (Treatment Regimens Enhancing Adherence in Teens)

189–90, 193

treatment

accessing 659

benefits of effective 1

treatment-centered sites 701–2

triceps skinfold thickness 247–8

trichloracetic acid 232–3

trichomegaly of eyelashes 429, 430, 445

Trichomonas vaginalis (trichomoniasis) 224, 227–8

culture 227

diagnosis 227

ectocervicitis 228

prevalence 227

symptoms 227

treatment 227–8

Trichophyton 590

Trichophyton rubrum 414

triglycerides, lipodystrophy 325

trimethoprim–dapsone combination 627, 629
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trimethoprim–sulfamethoxazole

adverse effects 158, 429, 626

dose escalation 158

erythropoiesis inhibition 499

formulary 692

hyperkalemia 521

neutropenia induction 502

otitis media chemoprophylaxis 466

PCP

prophylaxis 136, 158, 161, 553

therapy 171, 178, 626, 627, 628, 629

prophylaxis

information for carer 136

otitis media 466

PCP 136, 158, 161, 553

toxoplasmosis 159

reintroduction 158

resistance 557–8

skin eruptions 428

Streptococcus pneumoniae resistance 558

toxoplasmosis prophylaxis 159

zidovudine concomitant administration 158

trimetrexate 627, 628

trinitrate 693

trinitrate glucuronate/leucovorin

trizivir 302

troponin T level, cardiac 475

trough concentrations 380

truncal skinfold 247–8

TSG101 34

tube feeding 258

tuberculin skin test 160, 484, 572

tuberculosis 160, 569

acid-fast bacilli 572

age distribution 570

antibiotic resistance 575–6

bacillus of Calmette and Guérin vaccine 576–7

clinical manifestations 484, 571–2

concurrent infection 484

control 576–7

diagnosis 572–3

diagnostic microbiology 572

drug resistance 484

epidemiology 569

extrapulmonary disease 571–2

Ghon complex 571

global burden of disease 569

growth failure 531

history 572

HIV infection impact 571

immunity development 570

latent 570, 573

lymphohematogenous spread 571

meningitis protection 576, 577

miliary 571, 576, 577

multi-drug resistance 575–6

myocarditis 470

nucleic acid amplification tests 572–3

oral 456

pathogenesis 569–71

pneumonia 483–4

prevention 574, 576–7

pulmonary 479, 483–4

pyuria 524

replication 570

risk factors 570–1

seizures 183

skin infection 423

transmission 570

treatment 484, 573–4, 576

child receiving NNRTIs/PIs 573–5

directly observed therapy 573, 576

tumor necrosis factor (TNF) 254

tumor necrosis factor � (TNF-�) 45, 246

altered fat distribution 319

tympanocentesis 461–2, 465

tympanomastoidectomy 465

typhoid vaccine 149

ultrasonography, dysfunctional uterine bleeding 213

UNAIDS 659

UNICEF 659

United States

new cases 88–9

permanency planning 652–3

tuberculosis 569, 570

control 576–7

United States, HIV/AIDS among children 84–96

AIDS-defining conditions 94, 94–5

causes 84

children living with 86

diagnosis 84

ethnic groups 84

HAART early treatment 95–6

incidence 85

Kaposi’s sarcoma 537

modes of acquisition 85, 86–90

morbidity/mortality 93–6

mother-to-child transmission 84, 87–90

elimination efforts 93

trends 89–90

non-Hodgkin’s lymphoma 537

perinatal HIV prevention cascade 93

reporting of HIV/AIDS 84–6

zidovudine prophylaxis 89–90

United States, HIV/AIDS in women of childbearing age 87–9

antiretroviral drugs in prenatal care 92

ethnic groups 87–8

injection drug use 87

new cases 88–9
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number living with AIDS 88

perinatal HIV prevention cascade 93

poverty 87

pregnancy rate 88

prenatal care 90–1

seroprevalence 88

women living with 88

United States Agency for International Development (USAID) 659

Food for Peace under the LIFE Initiative 659

uridine diphosphoglucuronyltransferase (UDPGT) 308

urinary tract infection 182

bacterial 564

urine, microscopic examination 523

US Institute of Medicine, universal routine testing 124

US Public Health Service (USPHS) 124

antiretroviral agent resistance testing 128

guidelines 89

for antiretroviral therapy changing 369, 370

for antiretroviral therapy initiation 357, 358, 363, 364
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Figure 25.1. Oral candidiasis. The most common mucocutaneous manifestation of HIV disease in children,

mucosal candidiasis typically appears as white friable plaques that are easily removed with scraping.

Figure 25.2. Tinea capitis. Classic non-inflammatory scaly plaque associated with secondary alopecia.



Figure 25.3. White superficial onychomycosis. Tinea infection involves the superficial nail plate in this

type of fungal nail infection, and is a harbinger of severe underlying immunodeficiency.

Figure 25.4. KOH prep-dermatophyte. Typical hyphae isolated from scales of a superficial dermatophyte

infection.



Figure 25.5. Tzanck prep – herpes simplex infection.

Multinucleated giant cells scraped from the floor of an erosion

caused by herpes simplex virus. Similar cells are observed from

lesions caused by varicella zoster virus.

Figure 25.7. Varicella (chicken pox). Varicella may be particularly

severe and prolonged in children infected with HIV.

Figure 25.6. Chronic herpes simplex virus infection. Chronic

ulcerative lesion in a child with AIDS.



Figure 25.8. Chronic varicella zoster virus

infection commonly occurs as scattered

crusted erosions and ulcers in children with

AIDS.

Figure 25.9. Kaposi’s sarcoma. Although

uncommon in US children with AIDS,

Kaposi’s sarcoma can occur in children and

lesions appear as violaceous patches,

plaques, papules, or nodules.

Figure 25.10. Verruca vulgaris. Warts in

HIV-infected children are common and are

often resistant to treatment.



Figure 25.11. Verruca plana (flat warts). Flat warts are relatively common on the face of

HIV-infected children and appear as non-inflammatory, smooth, flat-topped papules.

Figure 25.13. Molluscum prep. White material can be expressed from the center of molluscum lesions, placed onto a slide with

KOH, and examined for molluscum bodies, which are oval keratinocytes (left side of the picture) infected with molluscum

contagiosum virus.

Figure 25.12. Molluscum

contagiosum. Smooth dome-shaped

papules with central umbilication are

classic for molluscum, and are very

common in children with HIV disease.



Figure 25.14. Impetigo. Classic presentation of impetigo

secondary to Staphylococcus aureus infection in a child

with HIV disease.

Figure 25.15. Norwegian scabies. Unlike typical scabies,

children with Norwegian scabies have prominent scaly

non-pruritic lesions, lesions on the scalp, and numerous

mites within lesions. Norwegian scabies is a sign of severe

underlying immunodeficiency.

Figure 25.16. Scabies prep-mite. Typical appearance of a

scabies mite.



Figure 25.17. Scabies prep-larvae within eggs. Typical

appearance of scabies larvae within eggshells.

Figure 25.18. Demodicidosis. Prominent scale on the

face of a child with AIDS contained numerous Demodex

mites and was successfully treated with topical

permethrin.

Figure 25.19. Demodex prep. Scales of suspected

lesions can be scraped and examined for Demodex

mites, which have elongated bodies (compared to

scabies mites) and easily recognized legs near the head

of the mite.



Figure 25.20. Insect bites. To avoid unnecessary

treatment, it is important to distinguish insect bites from

cutaneous bacterial or viral infection. Lesions are often

pruritic, grouped, and located on the distal extremities.

Figure 25.21. Drug eruption secondary to

trimethoprim-sulfamethoxazole. Drug eruptions are

extremely common in HIV-infected children and often

occur 7–14 days following the onset of initial treatment.

Figure 25.22. Trichomegaly of the eyelashes. A peculiar

condition observed in children with AIDS, as well as

children with other severe underlying

immunodeficiencies.



Figure 27.1. External photograph of molluscum contagiosum involving the eyelids. A chronic keratoconjunctivitis can

occur with lesions on the eyelid margin.

Figure 27.2. CMV retinitis.

A: Retinal photograph of a patient with CMV retinitis involving

the optic disc (arrow) with counting fingers vision. The patient

was treated with intravenous ganciclovir and the vision improved

to 20/40 with residual optic disc pallor.

B: Retinal photograph showing an area of CMV retinitis in the

midperiphery. This patient was asymptomatic and was diagnosed

during a routine screening examination.

C: Retinal photograph showing CMV retinitis extending from the

optic disc to the superior quadrants.

D: Retinal photograph of the patient shown in Figure 27.2C after

treatment with intravenous ganciclovir. Note the retinal

hemorrhages and necrosis are replaced by an atrophic

chorioretinal scar.

Figure 27.3. Local anti-viral therapy.

A: Vitrasert implant (Bausch and Lomb, Rochester NY) – delivers

ganciclovir for the treatment of CMV retinitis for up to 8 months.

B: The release of ganciclovir occurs at the base of the implant and clinical

trials have shown the implant to be superior in efficacy to systemic

therapy for the treatment of CMV retinitis.

C: External photograph showing the implant through a dilated pupil

(arrow). The implant is sutured to the scleral and projects into the vitreous

cavity releasing ganciclovir.

D: External photograph showing an intravitreal injection of ganciclovir

into the eye in a patient with refractory CMV retinitis. The injections are

performed at least weekly under local anesthesia and are not suitable for

children under the age of c. 15 years without general anesthesia.



Figure 27.4. Immune recovery uveitis (IRU).

A: Retinal photograph of a patient with IRU. This patient had inactive CMV

retinitis in the periphery, a mild vitritis, reduced visual acuity to 20/60 from

cystoid macular edema and an epiretinal membrane; all features commonly

seen with IRU.

B: A fluorescein angiogram retinal photograph of a patient with IRU and

reduced visual acuity. Leakage of fluorescein in the central macula is

consistent with cystoid macular edema, a consistent finding in IRU patients

with reduced vision.

C: A retinal photograph of a patient with IRU with inactive CMV retinitis

(arrow). The remarkable finding in this patient was a moderate vitritis

obscuring retinal details.

D: A retinal photograph of a patient with IRU that developed recurrent

vitreous hemorrhages. A small area of neovascularization is present at the

edge of the healed CMV scar (arrow), a less common finding in patients with

IRU. Retinal details inferiorly obscured by overlying vitreous hemorrhage.

Figure 27.5. Toxoplasmosis chorioretinitis.

A: Retinal photograph of a patient with a presumptive diagnosis of CMV

retinitis responding poorly to specific anti-CMV medications. Patient was

referred and workup revealed a positive toxoplasmosis titer.

B: Retinal photograph of patient discussed in Figure 27.5A. With a

presumptive diagnosis of toxoplasmosis chorioretinitis, following

3 months of treatment with anti-toxoplasmosis medications, the lesion

showed resolution with a chorioretinal scar remaining in the posterior pole.

Unfortunately, the lesion had extended into the central macula and the

vision was reduced to counting fingers.

C: Retinal photograph of a patient who presented to the ER following a

seizure. Brain imaging showed a large solitary abscess. Ophthalmologic

consultation was requested for complaints of reduced acuity in one eye.

Examination showed an exudative subretinal lesion in the macula not

typical of CMV retinitis. Further workup revealed a positive toxoplasmosis

titer and a brain biopsy confirmed toxoplasmosis.

D: Retinal photograph of patient discussed in Figure 27.5C. Six months

following treatment with anti-toxoplasmosis medications, the chorioretinitis

resolved with traction of the macula inferiorly.



Figure 27.6. Progressive outer retinal necrosis (PORN).

A. External photograph of a patient with zoster ophthalmicus who developed

scleral and corneal involvement during the healing phase of the skin disease.

B: Retinal photograph of the patient discussed in Figure 27.6A. He

complained of floaters in one eye 3 months after the onset of the zoster

ophthalmicus and examination showed a unilateral retinitis involving the

deep retinal structures consistent with PORN. Note the relative sparing of the

retinal vessels and lack of hemorrhage, typical of this disease.

C: Retinal photograph of a patient with a history of varicella zoster in the T10

dermatome. The patient subsequently developed an outer retinal necrosis in

both eyes consistent with PORN.

D: Retinal photograph of the patient discussed in Figure 27.6C. The retinitis

progressed rapidly towards the macula and within 2 months, this eye had no

light perception despite aggressive use of a combination of anti-HSV, HZV,

and CMV medications. Figure 27.7. HIV microangiopathy.

A: Retinal photograph showing cotton wool spots and a retinal

hemorrhage, common findings in patients with CD4+ lymphocyte

counts < 100 cells/�L.

B: Retinal photograph showing a branch retinal vein occlusion, an

uncommon manifestation of HIV microangioapathy.



Figure 27.8. External photograph of a Kaposi’s sarcoma lesion in

the medial orbit extending anteriorly. These lesions can be treated

with systemic chemotherapy or radiation.

Figure 27.9. Retinal photograph of ddI toxicity associated with

didanosine (ddI) therapy. The well-circumscribed depigmented

lesions with some hyperpigmented borders are typically observed.

Figure 28.1. Erythematous candidiasis on the gingiva and buccal

mucosa of a child with HIV infection.



Figure 28.2. A 10-year-old child displays oral features typical of HIV

infection: oral candidiasis on the lateral border of the tongue and at the

corners of mouth, and a large, recurrent herpetic lesion extraorally.

Figure 28.3. Caries of the primary dentition of an HIV-infected child. Caries

is evident on the anterior teeth, indicating a very high rate of caries

development. These lesions may have been prevented by proper feeding

practices and good oral hygiene.



(A)

(B)

(C)

Figure 31.12. Histopathology of pulmonary MALT

(mucosa-associated lymphoid tissue). Panel A. Low power

view, hematoxylin and eosin stain. B: bronchiole. Panel B.

High power, hematoxylin and eosin stain. GC: germinal

center. Panel C. Immunohistochemical staining for the B

cell marker. Leu- 22. Histologic findings suggestive of a

low-grade lymphoma of MALT: extensive infiltration by a

dense lymphoid infiltrate (Panel A) composed of germinal

centers (Panel B) with marked plasmacytosis and irregular

lymphoid cells characteristic of monocytoid

B-lymphocytes. Co-expression of Leu-22 by most of the B

cells (Panel C).



Figure 36.1. Kaposi’s sarcoma involving the skin with associated

edema.

Figure 36.2. Ulcerating nodular lesions in AIDS-Kaposi’s sarcoma.

Figure 36.3. Child from Uganda with lymphadenopathic form of

Kaposi’s sarcoma with conjunctival involvement. (Photo courtesy of

Dr. Sam Mbulaiteye, Viral Epidemiology Branch, National Cancer

Institute, NIH).



Figure 40.1. Upper gastrointestinal endoscopy showing confluent white-beige plaques on the esophageal mucosa due to Candida

albicans.
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