Mycobacterial
Skin Infections

Domenico Bonamonte
Gianni Angelini
Editors

@ Springer



Mycobacterial Skin Infections



Domenico Bonamonte * Gianni Angelini
Editors

Mycobacterial Skin
Infections

@ Springer



Editors

Domenico Bonamonte Gianni Angelini
University of Bari “Aldo Moro” University of Bari “Aldo Moro”
Department of Biomedical Science and Dermatology
Human Oncology Bari
Bari Italy
Italy

English editing by Mary VC. Pragnell, B.A. (HONS).

ISBN 978-3-319-48537-9 ISBN 978-3-319-48538-6  (eBook)
DOI 10.1007/978-3-319-48538-6

Library of Congress Control Number: 2017951315

© Springer International Publishing AG 2017

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recita-
tion, broadcasting, reproduction on microfilms or in any other physical way, and transmission or infor-
mation storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publica-
tion does not imply, even in the absence of a specific statement, that such names are exempt from the
relevant protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, express or implied, with respect to the material contained herein or for any errors
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Printed on acid-free paper
This Springer imprint is published by Springer Nature

The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland



To Davide
Elizabeth
Gianmarco



Preface

The overview of mycobacterial skin infections presented in this work is justified by
the current worldwide increase in diseases induced by both old and new mycobac-
teria. Until the late 1980s, such diseases had been notably declining, but after that
period, the trend reversed, and an exponential increase began to be observed. There
are various reasons for this rise not only in developing countries but even in urban
areas in the most developed nations.

Being the cause of tuberculosis and leprosy, the Mycobacterium genus has prob-
ably caused mankind more suffering than all the other bacterial genera combined.
Moreover, in addition to the obligate pathogens, namely, the Mycobacterium tuber-
culosis complex and M. leprae, this genus is continually being enriched by the addi-
tion of many other species. Although usually encountered as environmental
saprophytes, in some conditions that depend on the host immune status, they can
induce extremely severe, sometimes fatal, clinical pictures.

It is well known that tuberculosis (TB) is one of the oldest diseases ever to affect
mankind, but nowadays, it is emerging once more as an enormous and growing
global health problem.

According to the World Health Organization (WHO) (Global Tuberculosis
Report 2016, World Health Organization), in 2015 there were an estimated 10.4
million new (incident) TB cases worldwide, of which 5.9 million (56%) were among
men, 3.5 million (34%) among women, and 1.0 million (10%) among children.
HIV-infected people accounted for 11% of all new TB cases. Six countries accounted
for 60% of the new cases: in descending order, India, Indonesia, China, Nigeria,
Pakistan, and South Africa.

The rate of decline in TB incidence remained worldwide at only 1.5% from 2014
to 2015. This need to accelerate to a 4-5% annual decline by 2020 to reach the first
milestones of the End TB Strategy. The WHO End TB Strategy (approved by the
World Health Assembly in 2014), in fact, calls for a 90% reduction in TB deaths and
an 80% reduction in the TB incidence rate by 2030, compared with 2015.

According to many authors, the high present TB incidence is attributable to
increased levels of poverty in our overpopulated world, to the breakdown of health-
care systems and to the impact of the HIV/AIDS pandemic. Further complicating
the situation, there has been a worrying rise in multidrug-resistant TB (MDR-TB)
(defined as resistance to isoniazid and rifampicin), and now we also face the recent
emergence of extensively drug-resistant TB (defined as resistance to many other
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drugs). In 2015, there were an estimated 580,000 new cases of MDR-TB. India,
China, and the Russian Federation accounted for 45% of the combined total of
580,000 cases. The WHO estimated that in 2015 there has been 1.4 million TB
deaths and an additional 0.4 million deaths resulting from TB infection among HIV-
infected people. Although the number of TB deaths fell by 22% between 2000 and
2015, TB remained one of the top 10 causes of death worldwide in 2015.

Extrapulmonary TB manifests only in 8.4—13.7% of cases, while cutaneous TB
comprises only a small proportion (<1-2%) of all cases of TB. All the same, in view
of the current high prevalence of TB worldwide, these numbers become significant.
Assuming that 1% of all cases of TB will have cutaneous involvement, dermatolo-
gists in countries such as India, where 1,847,000 new cases of TB were reported in
1999, must expect to see an annual incidence of about 18,000 cases of cutaneous
TB. In any event, factors such as HIV infection and migration are ensuring that
cutaneous TB will necessarily have to be included in differential diagnosis made by
dermatologists all over the world.

Apart from M. tuberculosis, TB in man is induced also by M. bovis, which has a
greater number of potential hosts than the tubercle bacillus. Various studies have
shown that 0.3-1.5% of TB in humans is due to M. bovis in developed countries.
Due to inappropriate methods for identifying the pathogen, in developing countries
the incidence is unknown, but is most likely higher than in industrialized countries.
In 1992, the European Union declared infection by M. bovis one of the four most
important zoonoses (European Union. Council Directive 29/117/EEC, 1992. Off ]
Eur Comm 1993; L62:38), and in 1995, the WHO labeled the infection a global
emergency (Guidelines for speciation within the Mycobacterium tuberculosis com-
plex. Geneva: World Health Organization, 1995). Among the various modes of
transmission of this organism to man (respiratory, gastrointestinal), we must include
direct skin contact that occurs mainly in some occupational fields.

Meanwhile, the modes of transmission of M. leprae are still not fully understood.
There is solid evidence of transmission among contacts, as well as of zoonotic lep-
rosy in southern states in the USA. Current findings suggest that aerosols/droplets
and shedding of bacteria in the environment, as well as skin-to-skin contact, are
possible culprits. Globally, the number of leprosy cases is now below the elimina-
tion threshold of 1 case/10,000 people, as defined by the WHO. In various countries
and subnational regions, however, the number of leprosy patients is still above this
threshold. Moreover, despite the near-universal use and efficacy of multidrug ther-
apy, the annual number of newly detected cases has remained fairly constant at
around 200,000-300,000 cases in the last years. This demonstrates that the current
control measures are insufficient to arrest the process of leprosy transmission.

The experience we gained over several years of assiduous attendance of the
Hansenian Colony in Gioia del Colle (Bari, Italy), one of the largest in Europe, vali-
dated by clinical-therapeutic studies of the disease, has been of inestimable aid in
writing the relative chapter about leprosy.

To compound the issue, nontuberculous mycobacteria (NTM) are common in
nature, and, except perhaps in extreme environments such as deserts and polar
regions, humans are regularly exposed to them. Unlike the obligate pathogens,
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NTM may occur as transient commensals on the skin and in various other organs
(the pharynx, lower urethra, gastrointestinal tract), so their isolation does not neces-
sarily indicate the presence of disease. The pathogenicity of NTM is directly cor-
related to the host immune system, and in fact since the 1930s, many species have
been strongly associated with some human diseases. The development of new diag-
nostic tools has resulted in a huge increase in the number of infections associated
with specific species, as well as the number of new species identified as causal
agents. NTM can cause a vast spectrum of diseases that are often quite difficult to
diagnose. A high suspicion index is important, and the diagnostic conclusions must
be based on a number of microbiological and radiological investigations. It must
also be borne in mind that the search for bacilli in various clinical specimens may
not always be positive. Even histopathology is not definitive because granulomatous
tubercle findings are rare, whereas nonspecific inflammatory aspects are common.
The aim of this work is, therefore, to offer dermatologists a tool to help them
recognize the different clinical mycobacterial manifestations, make a prompt diag-
nosis, and institute effective treatment. Unfortunately, older dermatologists tend to
have become less familiar with these very important diseases in recent decades,
while younger dermatologists have perhaps never encountered them before. By
contrast, the current globalization process, and all its accompanying implications as
regards infectious diseases that may be more or less widespread in the different
countries, “demands” as wide as possible a knowledge of these among clinicians.

Bari, Italy Gianni Angelini, MD
May 2017 Domenico Bonamonte, MD, PhD
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Mycobacteria

Domenico Bonamonte, Paolo Romita,
Pietro Verni, and Gianni Angelini

As compared to other Schizomycetes, mycobacteria (from the Greek muxes:mycetes
and bacterion: rod) present some atypical characteristics that cause them to resem-
ble mycetes. Nevertheless, there is no doubt as to their status as bacteria: they
belong to the order of the Actinomycetaceae, and the family of Mycobacteriaceae.
This family includes only the Mycobacterium genus, that accounts for more than
170 species, many of which are of no clinical interest [1, 2].

Despite a few peculiar differences observed in some species, the morphology of
mycobacteria tends to be homogeneous. They are long, slender bacilli ranging from
1 to 5 pm in length and 0.2-0.6 pm in diameter. Coccobacillary forms, although
rarely found in pathological samples, are common in colony-forming preparations.
Mycobacteria have no locomotor organules and are strictly aerobic or microaero-
phylic, as well as being Gram-positive and pleomorphic. Their pleomorphism is due
to the fact that they normally grow in filaments, sometimes branched (hence the
name of this genus, to indicate their resemblance to mycetes, that being moulds, have
a filament-like branched morphology), that fragment into bacilli or coccobacilli.

Mycobacteria are not mobile nor sporogenic, and except for a few species, show
fairly slow reproductive rhythms. In fact, while mean duplication time is about
20 min in Enterobacteriaceae, in the case of mycobacteria it exceeds 15 h. Except

D. Bonamonte, MD, PhD (04)

Department of Biomedical Science and Human Oncology,
University of Bary “Aldo Moro”, Bari, Italy

e-mail: domenico.bonamonte @uniba.it

P. Romita, MD ¢ P. Verni, MD
University of Bary “Aldo Moro”, Bari, Italy

G. Angelini, MD
Professor of Dermatology, Former Professor and Chairman, University of Bary “Aldo Moro”,
Bari, Italy

© Springer International Publishing AG 2017 1
D. Bonamonte, G. Angelini (eds.), Mycobacterial Skin Infections,
DOI 10.1007/978-3-319-48538-6_1


mailto:domenico.bonamonte@uniba.it

2 D. Bonamonte et al.

for M. leprae, all the species can be cultured, even if most of them require very
complex culture media. The colonies show morphological differences among the
species but generally feature a rough surface.

1.1 Habitat and Diffusion

Mycobacteria are widespread in the environment; apart from in man, they are pres-
ent in all types of water (including domestic), in the soil, air, plants, foods and in
various hot- and cold-blooded animals. Mycobacteria have the same degree of resis-
tance to heat and ultraviolet rays as other bacteria, but are more resistant to drying
and chemical disinfectants, probably due to their high lipid content.

1.2 Cellular Structure

Under the electronic microscope, mycobacteria are seen to have a very thick cell
wall, inwards from which extend the first sprouts of the transverse septa, that will
lead to cell division (mesosomes). The components of the cell wall include peptido-
glycan and diaminopimelate, as well as polysaccharides (glucan, mannitol, arabino-
galactan, arabino-mannitol). There is a wealth of cytoplasmic inclusions, especially
lipids, glycogen and polymetaphosphates.

Most of the properties of mycobacteria are directly or indirectly owed to the
structure of the cell wall. The lipid content, that is already very high overall in
mycobacteria cells (25%, that is 10-15 times higher than that of other bacteria)
reaches extremely high values at the level of the cell wall (more than 60% of the dry
weight). Another important characteristic of mycobacteria, that is unusual among
Schizomycetes, is the presence of some large compounds with associated sugars
and glycoproteins, that therefore give rise to the formation of glycolipids and glyco-
peptidolipids called mycosides.

The basic constituents of mycosides are mycolic acids, that are often esterified in
lipid molecules. These are beta-hydroxylated fatty acids, characterized by a long
saturated chain (ramified in the alpha position) of carbon atoms (from 83 to 93).
These mycolic acids are not present in other bacteria species. At the level of the
external surface of the cell wall, mycolic acids have the function of phagic recep-
tors. The proportion of different types of mycosides remains constant within each
single species, and is therefore also a valid aid for taxonomic purposes.

Another very important class of lipids, that is also present in corynebacteria, is
that of waxes, fatty acid esters (including mycolic acids) and alcohols. One myco-
side that has undergone close study is dimycolil-trehalose, known as the cord factor
because when tubercular mycobacteria lack this substance, they lose the ability to
develop as tortuous bands on particular culture media. This characteristic is likely
due to the virulence of these bacteria. In fact, the greater the cord factor content the
more virulent the species. Moreover, this factor is lethal in mouse, inhibiting the
migration of polymorphonuclear cells [3]. However, the virulence seems to be also



1 Mycobacteria 3

correlated to a sulfonate glycolipid that is present in high quantities in those species
featuring this property.

Mycobacteria waxes are subdivided into four classes (A, B, C, D): the most
important is wax D, that has an immunological adjuvant action, boosting the pro-
duction of antibodies against other antigens that may be present (in particular of
proteinaceous type).

1.3  Antigenic Structure

Various antigens have been identified in mycobacteria, many of which are common
to several species. Some antigens crossreact with the Nocardia and Corynebacterium
genuses, whose cell wall has some affinities with that of mycobacteria.

As stated above, the most abundant substances in the chemical composition of
mycobacteria are lipids, that determine many of their peculiar properties. These are
not important from the antigenic standpoint because they are non immunogenic, but
it seems that they may act as haptens.

Polysaccharide antigens consist largely of arabino-galactan; from the immuno-
logical standpoint they are haptens, that can stimulate the production of antibodies
only if inoculated together with the entire bacterial cell.

Proteic antigens are complex and quite difficult to purify. They are weakly
immunogenic, although their activity is reinforced by class D waxes, that act as
adjuvants. These antigens are responsible for delayed hypersensitivity reactions, as
induced by the tuberculin test.

1.4  Sensitivity to Antibiotics

Mycobacteria behave rather differently toward antibiotics as compared to other
microorganisms. For example, M. tuberculosis is resistant to all the antibiotics nor-
mally used to treat Gram-positive and Gram-negative infections, but it is sensitive
to a small number of drugs that are therefore denominated antitubercular; sensitivity
to these drugs is generally fairly constant, at least as regards those strains isolated
from untreated subjects. By contrast, resistance may arise during treatment, related
to various factors. It should also be borne in mind that in vitro susceptibility results
are not always correlated with the same drug results in vivo.

Most of the clinical pictures induced by mycobacteria are treated with one or two
active drugs. The association of drugs is necessary to reduce the likelihood of onset of
resistant mutants. It is estimated, for example, that in a tubercle bacilli culture the
frequency of isoniazide resistant mutants is 1 in 10°, of streptomycin mutants 1 in 10,
while the frequency of mutants resistant to both drugs is lower, being 1 in 10" [2].

It is not necessary to test the drug sensitivity of most of the strains isolated if the
patient has never previously taken antitubercular drugs. In any case, there is no need
to wait for the results of susceptibility tests before starting treatment, that can be
begun with drugs known to be more active against the strain isolated. Instead, it is
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important to determine the sensitivity of the isolated strain when the patient has
already undergone antitubercular treatment (owing to the common onset of resis-
tance), or shows worsening during the treatment, or else when the culture does not
become negative within 4-6 months from the start of treatment or if a nontubercular
species is isolated.

1.5 Nontubercular Bacteria

The existence of mycobacteria other than M. tuberculosis complex and M. leprae
has been known since the time of the discovery of the tubercle bacillus in the late
1800s. They are ubiquitous in the environment and have been variously denomi-
nated “atypical”, “anonymous”, “opportunistic”, or “non classified”. These ter-
minologies have since been abandoned and these mycobacteria are now
denominated “nontubercular mycobacteria” (NTM). This denomination can be
considered to correspond to the acronym MOTT (Mycobacteria Other Than
Tubercle bacilli) used by Anglo-Saxon writers. Some authors prefer to use the
denomination “environmental mycobacteria” in view of their ubiquity in the
environment [4, 5].

Today, more than 170 species have been identified (www.bacterio.net/mycobacte-
rium.html), thanks to the advent of molecular techniques and 16s rRNA gene sequenc-
ing for defining new species [6-9]. There is no evidence of human-to-human or
animal-to-human transmission of infections due to NTM. The source of infection in
man is always the environment, even if the precise source is not always identified [10].

1.6 Classification

In 1959 Runyon proposed a classification of mycobacteria in four groups, based on
the speed of growth and the pigmentation of the colonies (Table 1.1) [11]. It was later
seen that there were several strains within each group, and also that the different
strains could elicit different reaction patterns from those considered as typical. Certain
species may therefore belong to more than one group; for example, M. szulgai, that
features slow growth, is scotochromogenic if incubated at 37°C and photochromo-
genic when incubated at 22-25°C. Many species may be lightly pigmented and so
misinterpreted, causing classification errors.

Table 1.1 Classification of nontubercular mycobacteria according to Runyon

Group I: photochromogens M. asiaticum, M. kansasii, M. marinum, M. simiae

Group II: scotochromogens M. flavescens, M. gordonae, M. scrofulaceum, M. szulgai, M.
xenopi

Group III: non chromogens M. avium, M. intracellulare, M. haemophilum, M. malmoense,

M. terrae, M. nonchromogenicum, M. triviale, M. gastri
Group IV: rapidly growing M. chelonae, M. fortuitum, M. phlei, M. smegmatis, M. vaccae
mycobacteria
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Moreover, M. tuberculosis, M. africanum, M. bovis, M. leprae and M. ulcerans
are not included in the Runyon classification. It is now therefore largely of historical
interest and has been replaced by more precise methods for determining the differ-
ent species [12, 13].

In the Runyon classification the first group includes slow growth photochromo-
genic species, i.e. those that are able to produce pigment only after exposure to
light. The second group is that of slow growth scotochromogenic (or true chromo-
genic) species that can produce pigment even in the dark (but the M. xenopi species
is assigned by some authors to the third group). The third group includes slow
growth nonchromogenic species, and the fourth, rapidly growing species.

1.7  Complexes

Depending on their bio-physiological appearance, the different mycobacteria species
are generally grouped in “complexes” named after the most representative species.
However, some species, that show no resemblance to any of these groups, or whose
characteristics are poorly delineated, are not included in any of the complexes.

Table 1.2 reports only some of the complexes, in particular those species that
most commonly cause disease in man.

Table 1.2 The most common com- 1- Mycobacterium tuberculosis complex
plexes and most representative species . WL il

isolated in man b. M. bovis

c. M. africanum
2- Mycobacterium avium complex
a. M. avium
b. M. intracellulare
c. M. xenopi
3- Mycobacterium scrofulaceum complex
a. M. scrofulaceum
b. M. simiae
4- Mycobacterium gordonae complex
a. M. gordonae
b. M. szulgai
5- Mycobacterium kansasii complex
a. M. kansasii
b. M. gastri
6- Mycobacterium terrae complex
a. M. terrae
b. M. nonchromogenicum
c. M. triviale
7- Mycobacterium fortuitum complex
a. M. fortuitum
b. M. chelonae
8- Mycobacterium parafortuitum complex
a. M. parafortuitum
b. M. vaccae
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1.8  Microscopic Examination

This examination has a major diagnostic importance owing to the peculiar property
of mycobacteria, namely that they are acid-fast. This property seems to be linked to
the lipid component of the cell wall: the mycolic acids form a complex with fuchsin,
impeding its release despite alcohol and acid treatment.

The most commonly employed staining method is Ziehl-Neelsen, that involves
the use of fuchsin and heat. Preparations are observed in immersion (1000x) and the
bacilli stain red against a blue background.

Fluorescent microscopy is also based on acid-fastness: in this case after the fluo-
rochrome has stained the mycobacteria they do not release it despite alcohol and
acid treatment [14]. The reagent is fluorochrome (0.1 g auramine-O in 10 ml of 95%
ethanol; 3 ml of liquid phenol in 87 ml of H,O). Preparations must be observed
under a blue light fluorescence microscope (mean excitation wave length 460 nm).
There are some advantages of this method as compared to Ziehl-Neelsen staining,
namely faster reading thanks to the greater width of the microscope observation
field and the lesser importance of observer chromatic discrimination.

A slide treated with auramine can be counterstained with Ziehl-Neelsen if it may
help to interpret any fluorescent bodies with an untypical morphology.

Kinyoun staining, that also employs fuchsin, is similar to Ziehl-Neelsen staining
but has the advantage of not requiring the use of heat. Preparations are observed
using a 100x oil immersion objective.

The preparation findings are generally reported as semiquantitative assessments,
indicating the presence of bacilli as + (sporadic bacilli), ++ (bacilli in several micro-
scope fields), and +++ (numerous bacilli in all the fields observed). This assessment
provides the clinician with useful indications as regards the effects of therapy, and
can also help to identify the onset of resistance (observation of a high bacterial load
after microscope monitoring had demonstrated the reduction or absence of bacilli).

However, we wish to underline once more here that a negative result of a bacte-
rioscopic examination is not a certain indication of negative results; in fact, the limit
of detection of the current microscope observation method is calculated to be about
5 x 10* bacilli per ml of sample material [15]. Similarly, a positive result is not
equivalent to an etiological diagnosis of the species and hence a specific disease,
since examination at the microscope only reveals the presence of acid-fast bacilli,
that may or may not be pathogenic.

1.9 Culture Media

All mycobacteria are obligate parasites, saprophytic or intermediate forms, that dif-
fer as regards nutrient requirements and hence culture methods. Some species grow
on fairly simple culture media while others need media enriched by particular sub-
stances (potato flour, egg, albumin, glycerine, casein hydroxylate, oleic acid, vari-
ous salts, vitamins), and others can only be cultured in living cells. In general they
show a fairly slow growth, ranging from about 3 days to 8 weeks or more, depend-
ing on the cell division time, that ranges from 2 to more than 20 h.
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Mycobacteria culture media are generally fairly complex because they are par-
ticularly demanding microorganisms. Liquid media are normally unsuited to the
isolation of mycobacteria from biological samples. Exceptionally, they may be used
for seeding sterile matter (CSF, blood, cavitary fluids), while they are largely used
to enrich pure culture media and to prepare bacterial suspensions for sensitivity or
typing tests [15]. The most common liquid media are the Dubos, Middlebrook 7H9
and Middlebrook 7H12 broths (the latter being used only for radiometric culture
methods). Solid media, in practice the only ones employed for primary isolation,
have an egg or synthetic base. The former contain, together with egg, natural sub-
stances (potato flour, glycerol, milk, mineral salts); the addition of malachite green
has the function of inhibiting the development of any associated flora that have
survived the decontamination process. Among the various natural solid media those
most commonly employed are Jehnsen modified Lowenstein (Lowenstein-Jehnsen,
certainly the one in most widespread use), Petragnani medium, the American
Thoracic Society medium, and the International Union Tuberculosis Medium. Some
species of mycobacteria require specific substances to foster growth: for example,
M. bovis needs pyruvate, instead of glycerol, as carbon source [15]. The basic ingre-
dients of synthetic media are agar and oleic acid; Middlebrook 7H10 and 7H11 are
among the best known. Added with the single antimicrobial agents, these media are
used to perform sensitivity testing.

The pathological material used for seeding to isolate mycobacteria is often con-
taminated by other microbial flora and so needs to be adequately decontaminated to
eliminate concomitant flora. These have a faster growth and so could impede myco-
bacterial development by invading the entire medium. When reading and reporting
the results, a positive response to a culture medium is always preceded by ascertain-
ment that the colony-forming bacilli are acid-fast. In general, the results of micros-
copy and culture coincide but positive results to one and negative to the other may
occur. Unless gross errors have been made, positive results to microscopy and nega-
tive to culture may be due to the presence of non vital bacilli (this is not infrequent
in patients undergoing treatment) or the use of a harmful decontaminant, and the
reverse result, to a minor mycobacterial load in the sample.

1.10 Biological Testing

Biological testing in guineapigs, by subcutaneous inoculation of test matter in the
inguinal region, is no longer performed because the animals have a reduced recep-
tivity to some mycobacterial strains. In fact, they are refractory not only to NTM,
but also to isoniazide- and rifampicin-resistant strains of M. tuberculosis.

1.11 Identification

In itself, a positive culture provides some information about the species, according
to the type of material from which the strain was isolated, the temperature and the
growth speed of the primary culture, the morphology and pigmentation of the
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Fig. 1.1 Mycobacterium fortuitum

colonies obtained (that may range from yellow to a deep orange, due to the produc-
tion of carotene crystals).

A series of tests is then employed to make a definitive identification of the spe-
cies and subspecies. For M. tuberculosis tests of niacin, nitrates and catalase heat
inactivation are generally sufficient. In the case of NTM, as well as different culture
tests (media incubated at different growth temperatures, one of which will be
wrapped in aluminum foil to protect it from light; media containing specific nutrient
substances), biochemical tests and some other complementary tests are necessary
(e.g. sensitivity to ciprofloxacin to discriminate M. fortuitum, sensitive, from M.
chelonae, resistant), and must all be performed in a single session (Fig. 1.1).

1.12 Rapid Methods

Compared to conventional tests, so-called rapid tests allow faster positive results to be
obtained. The radiometric method is based on the discrimination of radiolabeled CO,
released by the metabolic activity of the microorganism on a substrate containing C'*
[16]. A beta-counter removes culture medium (7H12 broth) daily from the flask, and
from a gas sample, measures the radioactivity, transforming the resulting value into a
growth index. Use of this method speeds positivization time by 30% [15].

The molecular probes technique is based on the following principle: as well as
nucleotide sequences that may be more or less homologous to those of other species
(the homology varies according to the philogenetic distance), living organisms possess
some entirely species-specific sequences in their genome. These specific genome frac-
tions can be used as probes once they have been identified, cloned and made available
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in single helix form. The genomic material of a species to be identified is added with a
probe of known specificity: if there are complementary nucleic acid filaments in the
reaction mix (this condition will occur only if the unknown microorganism belongs to
the same species as the probe) they will unite to form a double helix. The probe target
can be denatured nuclear DNA or ribosomal RNA; in the latter case the sensitivity of
the method is enormously increased because there are about 10,000 ribosomes per cell.
This technology is widely employed in the mycobacteriological field thanks to the
availability of specific probes for clinically important mycobacteria.

Chromatography is based on analysis of the lipids making up the bacterial wall:
the different mycobacterial species can be identified on the basis of the differences
in lipid content. The various chromatography techniques separate and identify the
single lipid components of the cell wall of the species under study and the species
can then be identified on the basis of analysis of the lipid pattern [15].
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2.1 History

Tuberculosis (TB) is one of the most ancient diseases of humankind; it spread
around the globe together with human migration as people moved to populate the
earth [1-3]. The disease manifestation has always been characterized by great epi-
demics followed by periods of quiescence: in total, Mycobacterium tuberculosis
may have killed more people on earth than any other microbial pathogen [1].

The modern molecular biology techniques and genome sequencing of several
strains of M. tuberculosis, together with the low mutation rate of the germ, have
made it possible to estimate the time of origin of TB. An early progenitor of
M. tuberculosis was present in East Africa about 3 million years ago, and presum-
ably infected early hominids [4]. However, the various members of the M. tubercu-
losis complex (M. tuberculosis, M. africanum, M. canettii, M. microti, M. caprae,
M. pinnipedii, M. bovis) likely date back to a common African ancestor about
35,000-15,000 years ago [4—6]. The current strains of M. tuberculosis seem to have
originated from a common ancestor about 20,000—15,000 years ago [7]. The current
circulating strains fall into six major lineages, all present in East Africa, and with a
variable global circulation [8]; they diversified between 250 and 1000 years ago [9].
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Skeletal abnormalities due to TB have been observed in ancient Egyptian mum-
mies dating back 5000 years [10, 11], and their cause has been ascertained thanks to
studies of DNA amplified from tissues of the mummies [12, 13]. In India, texts dat-
ing back 3300 years speak of TB, as do 2300 year old texts from China [14]. TB is
also mentioned in the Biblical books Deuteronomy and Leviticus [15]. In classical
Greece, TB was well known, and named phthisis (consumption, wasting disease)
[16]. Hippocrates described the clinical picture and claimed that the disease has a
predilection for young adults and that “consumption” is the main symptom. Also
the Greek physician Galen wrote about TB in the second century AD; he recom-
mended treatment with fresh air, milk, and sea voyages [1]. Bony tuberculosis has
been demonstrated in Peruvian mummies, and it is certain that the disease was pres-
ent in America prior to the arrival of European explorers [17-20]. In various sites
scattered all over Europe, TB epidemics occurred during the millennium that fol-
lowed the fall of Rome in the fifth century [21].

It was the Frenchman René Théophile Hyacinthe Laé&nnec, the inventor of the
stethoscope, who first elucidated the pathogenesis of TB [22]; in 1819, in his book
“D’ Auscultation Mediate” he described the physical signs of the pulmonary disease
and introduced the terminology that is still in use today [23]. By the Laénnec era,
TB was diffuse in Europe and deadly epidemics struck down thousands every year.
This was why John Bunyan gave it the famous definition by which it is still known
in Anglo-Saxon countries today, “the Captain of all these men of death” [2]. In
1865, the French military surgeon Jean-Antoine Villemin (1827-1892) demon-
strated the infectious nature of TB by inoculating a rabbit with a small quantity of
purulent matter extracted from a tuberculous cavity in a man who died of TB: 3
months later, extensive TB was revealed at autopsy [1].

On March 24, 1882, Hermann Heinrich Robert Koch made his presentation, “Die
Aetiologic der Tuberculose”, to the Berlin Physiological Society, where he illus-
trated the tubercle bacillus that he had identified. He was awarded the Noble Prize
in Medicine in 1905 for this discovery [24]. In 1907, Clemens von Pirquet, a pedia-
trician in Vienna, used a vaccination lancet to introduce a small amount of tubercu-
lin intracutaneously [25, 26]. In 1908 Charles Mantoux introduced the use of a
cannulated needle and syringe to inject tuberculin intracutaneously, and during the
1930s Florence Seibert developed a purified protein derivative (PPD); this is the
form that is still currently used [1].

A more direct aid to public health arrived with Albert Calmette and his associate
Camille Guérin, who set up a TB vaccine with attenuated M. bovis. The BCG
(Bacille Calmette-Guérin) vaccine was experimented in 1921: the first recipient was
a child born of a mother who died of pulmonary tuberculosis; the child survived and
did not develop TB. In the following 7 years, more than 100,000 children were
immunized, including Calmette's children, and from France the use of the vaccine
spread all over Europe [27-29].

The history of TB changed radically after the introduction of chemotherapy.
The first drugs to be used, both bacteriostatic, were para-amino salicylic acid
(PAS), discovered by Jorgen Lehmann in 1943, and thiosemicarbazone, discovered
by Gerhard Domagk [1]. In 1944, streptomycin, the first both antibiotic and



2 Cutaneous Tuberculosis 13

bactericidal agent effective against M. tuberculosis was isolated [16, 30]. Isoniazide,
the first oral mycobactericidal drug, followed in 1952 and rifampicins in 1957, trig-
gering a new era in the treatment of the infection, that finally led to the closure of
the sanatoriums.

2.2 Epidemiology

TB is ranked among the leading 10 causes of death worldwide, and is one of the
worst kinds of epidemics that humankind has ever had to face; it is a reflection of
our incapacity to alleviate poverty [31]. More than 20 years after the World Health
Organization (WHO) declared TB a global emergency [32], the disease is still a
major cause of human suffering and death, and is a pandemic of devastating propor-
tions [31]. The progress made in combating the disease and the renewed efforts
made recently are aimed at eradicating TB as a public health problem by 2050, the
target adopted by the international community [33]. However, new challenges such
as the persistent adverse social conditions, high rates of migration of infected peo-
ple from areas of relatively high prevalence to low endemic areas, the co-existent
human immunodeficiency virus (HIV) epidemic, and the appearance of extensively
drug-resistant TB have all contributed to worsen the pandemic and offset the efforts
made in the last years.

In 2008, the WHO estimated that there were 9.4 million incident cases (139 cases
per 100,000 population) worldwide, 3.6 million of which were women. There were
also 11 million prevalent cases of TB (164 cases per 100,000 population) [34].
South-East Asia and African regions accounted for 3.2 million and 2.8 million new
cases, respectively, while 80% of the 9.4 million new cases were recorded in India
(1.9 million), China (1.3 million), and 20 other countries. In 2008, there were an
estimated 1.3 million deaths (20/100,000 population) among HIV-negative incident
cases, 0.5 million of which were women. An additional 0.5 million deaths occurred
among HIV-positive subjects with incident TB. Thus, in 2008 the total number of
deaths worldwide attributable to TB amounted to 1.8 million [31].

2.2.1 Impact of the HIV Epidemic

In recent years, the epidemiology of TB has been adversely affected by the HIV
pandemic: in fact, HIV infection is now the most important predisposing factor to the
development of active TB. Moreover, TB and HIV infection pose the two greatest
global public health threats owing to their high morbidity and mortality rates [35,
36]. This is particularly evident in Sub-Saharan Africa, where more than 20 million
of the globally estimated 33 million patients with HIV type 1 infection live [37].

TB is an opportunistic infection in subjects infected by HIV. While the risk of
developing post-primary TB later in life is about 10% in a non-immunocompromised
patient infected by M. tuberculosis who has overcome the primary infection, the risk
is multiplied 20-37 times in an HIV-positive patient [38, 39]. Patients with both HIV
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and TB infection have a 10% risk per year of developing TB [40]. The association
between the two infections is due to a synergic interaction of HIV and M. tubercu-
losis: HIV induces immunosuppression and so is an important risk factor for the
progression of infection by the tubercle bacillus; meanwhile, the tubercle bacillus
accelerates the progression of HIV infection.

In patients with HIV infection, a defective M. tuberculosis-mediated alveolar
macrophage apoptosis (a critical mechanism for the elimination of the tubercle
bacillus) has recently been identified [41]. This defect reduces the killing of
M. tuberculosis and increases the susceptibility to active TB, even among HIV-
infected patients with relatively well preserved CD4+ T cells [42].

TB is observed in all stages of HIV infection. If more than 350 CD4+ T cells/
mm?® are present, the clinical and histopathologic features of TB are similar to those
in subjects without HIV infection, featuring granuloma, with or without central
caseation [43]. As the immunosuppression condition progresses, however, granulo-
mas are unformed or absent but there are abundant tubercle bacilli and abscess for-
mation in soft tissues, and disseminated TB is more frequent [44]. Despite
antiretroviral therapy, that should reduce the risk of TB in most populations, the risk
remains on average 5—10-fold higher than in the HIV-unaffected population, even if
the therapy is shown to be active [45]. This may be partly explained by an incom-
plete restoration of the tuberculosis-specific immune response [46, 47].

TB induces the progression of HIV immunosuppression by means of several
mechanisms [48]: the increase of HIV RNA (due to HIV replication in monocytes
and macrophages through tumor necrosis factor-alpha and chemoattractant protein-
1) [49-51], and transcriptional activation of latent HIV in alveolar macrophages [48].

Because the clinical severity of TB varies according to the host immune response
to the infection, there is inevitably a wide range of TB symptoms, depending on the
level of HIV-induced immunosuppression. In cases with modest immunosuppres-
sion, TB is similar to the condition in HIV-unaffected subjects. But as the immuno-
suppression progresses, the TB picture becomes “atypical”, showing unusual
radiological manifestations, non-reactive skin tests, and disseminated and extrapul-
monary forms (Table 2.1) [52, 53].

Table 2.1 Clinical features of tuberculosis in patients with HIV infection (modified, by [35])

A. In early HIV infection:
Pulmonary disease with upper lobes involvement and cavitation
Positive PPD in >50% of cases
Good response to treatment
B. In advanced HIV infection:
Involvement of any organ
Common extrapulmonary involvement (bones, joints, lymphatics, meningi, pleura, liver,
kidneys, spleen, skin) and miliary dissemination, with manifestations similar to those in
patients without HIV infection
Unusual radiographic manifestations
PPD positive in <40% of cases
Good response to therapy but possible high early mortality
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In view of the high frequency of coinfection, all patients infected by HIV must
undergo screening for a latent TB infection or active TB, and conversely, subjects
with TB must be tested for HIV infection [54]. The diagnostic tools employed to
identify the two infections are well known but great care must be taken in interpret-
ing the results due to the risk of false-negative results and the lack of specific
symptoms [35]. To treat HIV/AIDS infection, the interested reader should consult
the standard texts; therapy for TB, also in cases with coexisting HIV infection, will
be considered in a later section. For preventive purposes, the M. bovis BCG vac-
cination is not recommended in patients with HIV [55, 56], because a study con-
ducted in South Africa demonstrated that about 992 per 100,000 BCG-vaccinated
HIV-infected children then developed disseminated BCG disease [57], compared
to the estimated 5 per million in the general population [58]. It has also been dem-
onstrated that in children with HIV infection the CD4+ and CD8+ T cell response
to BCG was severely impaired, and hence little or no benefit was gained from the
vaccination [59].

In any case, it should be borne in mind that TB is both preventable and treatable
even in subjects with HIV infection.

2.2.2 Impact of Drug and Multidrug Resistance

Effective control of TB is threatened by the emergence of M. tuberculosis strains
that are resistant to one or more of the standard anti-tuberculosis drugs [31, 60].
Such resistance is attributable to bacterial mutation in patients treated with inade-
quate or inappropriate drug regimens or poorly formulated combination drugs, and
in patients receiving suboptimal therapy. This type of resistance is termed second-
ary or acquired resistance, whereas in a person infected by an already resistant
strain, the resistance is denominated initial or primary resistance. Multidrug-
resistant TB (MDR-TB) is defined as TB resistant to at least two of the most potent
first-line drugs, namely isoniazid and rifampicin, while extensively drug-resistant
TB (XDR-TB) is defined as MDR-TB plus additional resistance to second-line
drugs, such as any of the fluoroquinolones and any of the three injectables (amika-
cin, kamamycin, and capreomycin) [31].

The factors contributing to acquired resistance are reported in Table 2.2 [60]. It
should be noted that in cases of MDR-TB, patients must be treated with more costly,
less effective and more toxic drugs for extended periods: as a consequence, many
patients in developing countries are not treated and so spread the infection to other
people. The WHO has carried out surveys of the prevalence of drug resistance in the
world [61]. The prevalence of MDR among new cases of TB ranged from 0 to 28%
across different settings over 15 years of surveillance [62]. A high prevalence of
MDR-TB has been identified in some areas of the world (including Mexico, India,
Peru, Mozambique, Sierra Leone, South Africa, Botswana, Guinea), and in particular
in countries of the former Soviet Union and some provinces of China [31]. In addition
to MDR-TB, combined data from 50 countries and territories suggest that 5.4% of all
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Table 2.2 Factors contribut- Inadequate or inappropriate drug regimens
ing to acquired drug and Poorly formulated combination drugs
multidrug resistance Suboptimal therapy
Poor compliance in taking drugs
Irregular supplies of drugs
Unacceptably high cost of drugs for the patient and hence
intermittent medication
Irregular intake of drugs due to various reasons
Use of time-expired or mishandled drugs
Unregulated over-the-counter sale of drugs

MDR-TB cases have already evolved toward XDR-TB [62]. The extensive resistance
to second-line drugs is obviously a very serious challenge, since there are currently
only a few promising new compounds in the research pipeline.

2.2.3 Impact of Solid Organ Transplantation

M. tuberculosis is a significant opportunistic pathogen in solid organ transplant
(SOT) recipients [63—65]. The frequency of TB in SOT recipients ranges from 1.2
to 15% [63, 64], being 20 to 74-fold higher than in the general population in a given
geographic area. However, the true incidence of TB in SOT recipients is not known.

In any case, SOT recipients must be regarded as a high risk group for TB, even if
the risk differs according to the transplanted organ type. The TB incidence is particu-
larly high in lung transplant cases, for instance [66, 67], being 5.6 times higher than
in other transplant patients, and 73.3 times higher than in the general population [68].

Most cases of TB in SOT recipients are caused by the reactivation of a latent
infection after immunosuppressive therapy has been started. Other risk factors
include a history of previous exposure to M. tuberculosis (positive PPD and/or
residual TB lesions seen on pre-transplant chest X-rays). Yet other factors are any
pre-transplant diseases and the intensity of the immune suppression (Table 2.3). It
is known that some SOT recipients are over-immunosuppressed after an initial
rejection episode [63, 68, 69]. Bearing in mind that the use of some new immuno-
suppressive drugs does not seem to increase the risk of TB, it is reasonable to sup-
pose that in transplant recipients there are also other contributing risk factors.

The time of onset of the symptoms of TB after the transplant varies: some recipi-
ents develop the infection already in the first year after the transplant (mean time 9
months), and others after the first year. More than to the type of immunosuppres-
sion, the early onset of TB seems to be due to a possible preexisting history of TB,
and hence to a reactivation [65].

Most SOT patients develop pulmonary forms of TB. However, the percentage of
patients who develop disseminated or extrapulmonary forms of TB is higher than in the
general population (with an incidence ranging from 38 to 64%) [70]. The most com-
mon symptoms are fever, coughing, dyspnea, musculoskeletal pain, night sweats,
weight loss, and lymphadenopathy [71]. Unlike in the general population, however, TB
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Table 2.3 Risk factors for History of previous exposure to Mycobacterium tuberculosis
tuberculosis in solid organ Positive PPD

transplant recipients

- Radiological evidence of previous untreated tuberculosis
(modified, by [65])

Pretransplant diseases
Chronic renal failure
Hepatitis C virus
Diabetes mellitus
Chronic liver disease
Deep mycoses
Cytomegalovirus
Immunosuppressive therapy
Anti-T-cell antibodies
Intensification of immunosuppression due to graft rejection

in SOT recipients is often asymptomatic, and diagnosed only at routine surveillance
cultures. Pulmonary TB manifests with fever, coughing, hemoptysis, and radiologi-
cal involvement in the upper lobes, often diffuse involvement or miliary dissemination.
Unlike in AIDS-positive patients, cavitation images are rare. Gastrointestinal TB pres-
ents with fever, gastrointestinal bleeding, and abdominal pain, while patients with
urological TB develop fever, urinary symptoms, back pain, and sterile pyuria [65].

2.3 Risk Factors

Apart from HIV infection and transplantation, there are many other risk factors for
TB (Table 2.4). Some infections like measles, whooping cough, and chronic malaria,
and causes of lung damage, in particular smoking and exposure to silicon and other
industrial dusts, are included among these risk factors. Other predisposing condi-
tions are malnutrition, diabetes, renal failure (especially in cases requiring hemodi-
alysis), liver failure, cancers (particularly hematological malignancies), as well as
immunosuppressive drugs and corticosteroids [60]. Transmission of the infection is
favored by overcrowding and poor ventilation conditions, and so is often linked to
poverty.

Tuberculin reactivity is a risk factor: usually, it is indicative of a previous infec-
tion by M. tuberculosis; however, the link between this reactivity and the risk of
development of TB is not a close one. In general, minor reactions imply a degree of
protection and do not pose an increased risk, whereas major reactions do increase
the risk, even if there are regional variations in this regard [60].

2.3.1 Immunosuppressive Drugs and Corticosteroids

Patients in treatment with immunosuppressive drugs after transplantation or for other
reasons are particularly susceptible to TB, that often has an insidious onset, and may
be of disseminated type. Anti-TB prophylaxis must be considered, above all in tuber-
culin-negative patients who receive organs from tuberculin-positive donors [72].
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Table 2.4 Risk factors for Age (in particular, under 5 years and older age)
tuberculosis Geographic area (in particular, Asians and Africans)
Immune suppression
HIV infection
Malnutrition
Congenital immunodeficiencies
Immunosuppressive drugs
Corticosteroids
Vitamin D deficiency
Various diseases
Liver failure
Renal failure
Diabetes mellitus
Cancers (in particular, hematological malignancies)
Industrial dusts (pulmonary diseases due to silicosis,
asbestosis)
Measles
Alcoholism and other substance abuse
Pulmonary damage due to smoking
Gastrectomy
Jejuno-ileal bypass
Organ transplants
Genetic factors
Environmental mycobacteria

TNF-« inhibitors are an effective treatment in some immune-mediated inflamma-
tory diseases (rheumatoid arthritis, Crohn’s disease, ankylosing spondylitis, and pso-
riasis). Nevertheless, TNF is a protective cytokine for the host defenses against
M. tuberculosis. In fact, together with other cytokines it plays an important role in the
development and maintenance of granulomas that localize bacilli. Although the
increased incidence is documented only for theumatoid arthritis, TNF inhibition with
anti-TNF treatment using infliximab can cause a 4 to 5-fold higher incidence of TB in
patients with latent infection [73, 74]. The onset of TB rapidly follows the start of treat-
ment, after a mean of 12 weeks and in 98% of cases within 6 months. Disseminated
extrapulmonary forms can also be observed [75]. An increased incidence of TB has
also been reported with the use of the TNF receptor antagonist etanercept, and the
monoclonal antibody adalimumab. Before starting treatment with infliximab it is nec-
essary to exclude a latent or active TB infection. The skin test is often a false negative
but in association with QuantiFERON-TB Gold it can help to detect a latent infection.

It is commonly believed that treatment with steroids predisposes to TB, even if
the evidence for this is weak. However, the American Thoracic Society recom-
mends that patients on long-term corticosteroid treatment and with healed pulmo-
nary TB should receive isionazid chemoprophylaxis for 1 year [75]. Others have
claimed that in patients on long-term steroid therapy, prophylaxis must also be
administered in other circumstances, such as a history of inadequate anti-tubercular
treatment, an abnormal chest radiograph, a tuberculin reaction of 10 mm or more in
diameter, and recent exposure to a tuberculosis patient [70].



2 Cutaneous Tuberculosis 19

The joint statement of the American Thoracic Society and the Centers for Disease
Control and Prevention (CDC) acknowledges that >15 mg/day of prednisone (or its
equivalent) administered for >1 month is a risk factor for TB [76], in particular
because this dosage has been shown to suppress tuberculin reactivity [75, 76].
However, specific dose and duration thresholds that could increase the risk for TB
are still unknown [77, 78]. To examine this issue, a case-control study of TB cases
identified during 1990-2001 was conducted in the United Kingdom using the
General Practice Research Database [79]. The study encompassed 497 new cases of
TB and 1,966 controls at risk for developing incident TB in the study base popula-
tion. This study showed that patients concurrently exposed to a glucocorticoid had
an approximately 5-fold increased risk for developing new TB. The association was
independent of other risk factors, such as smoking, diabetes, a lower body mass
index, and pulmonary disorders [80]. It is well known that systemic corticosteroids
have profound effects on the cellular immune response required to control TB. The
study also demonstrated that a minor adiposity (low body mass index) was associ-
ated with a 3-fold increased risk of TB as compared with subjects with a normal
body mass.

2.3.2 Age and Sex

Children up to the age of 3 years are highly prone to TB, in particular miliary TB
and tuberculous meningitis, while those aged 3—15 seem relatively resistant. In
developing countries most cases of TB are observed in people aged between 15 and
59 years.

Various studies have shown that men are more affected than women. The effect of
pregnancy on TB is not clear: according to some authors it is protective, others claim
that it can worsen the disease, while a third group believes it has no effect [81].

2.3.3 Contact Tracing

Most cases of TB are spread within households; small epidemics can also be
observed in schools, prison, hospitals, and in other crowded places. Procedures for
contact tracing are therefore essential.

2.3.4 Occupational Tuberculosis

TB has long been recognized as an important occupational disease for health care
workers (HCWs) [82, 83]. In the pre-antibiotic era, TB caused severe morbidity and
mortality among medical and nursing students [84]. With the advent of antibiotics,
as well as thanks to the reduced incidence of TB in high-income countries, the risk
of nosocomial transmission has declined. Instead, in low- and middle-income coun-
tries the risk of TB among HCWs remains high.



20 D. Bonamonte et al.

An important review of the literature demonstrated that TB remains a very impor-
tant occupational risk for HCWs in low- and middle-income countries and for work-
ers in some institutions in high-income countries. The median prevalence of latent
TB infection in HCWs was 63% (range 33—79%) in developing countries and 24%
(range 4-46%) in developed countries. The median annual incidence of TB infection
was 5.8% (range 0-11%) in low- and middle-income countries and 1.1% (range
0.2-12%) in high-income countries. Rates of active TB in HCWs were much higher
than in the general population in all countries [83].

These data underline the fact that TB infection and disease continue to be an
important occupational hazard for HCWs all over the world.

2.3.5 Tuberculosis and Air Travel

A low risk of transmission of TB infection during air travel has been documented [85,
86], and also emerged in studies conducted between 1993 and 1995 by the Centers for
Disease Control and Prevention [87].

Most of the subjects who did become infected were passengers seated beside
infected patients; exposure must be prolonged, on flights lasting more than 8 hours.
On shorter flights the risk is still lower.

2.3.6 Genetic Factors

A genetic predisposition to TB is known, as demonstrated in studies among mono-
zygotic and dizygotic twins [88].

It seems that race can also play a part; in the same conditions, blacks were twice as
likely to become infected as whites; in vitro studies have demonstrated that mono-
cytes from black donors are relatively permissive of mycobacterial growth [§9-91].
Associations between TB and some HLA alleles have also been shown [92-94].

2.3.7 Other Factors

Substance abuse is a risk factor in patients with TB [95], as also drug injection abuse
[39, 96]. In urban areas, alcoholics have a 10-fold risk of TB, especially among those
with an alcohol intake of more than 40 g of alcohol per day [97]. Cigarette smoking
increases the TB risk 1.5-2-fold, and also influences the risk of recurrence [98].

Industrialization and urban sprawl are the optimal transmission conditions,
owing to the crowded living conditions and lack of health care and proper housing.
Most of the increases in TB incidence have been observed in cities with a popula-
tion of more than 500,000 inhabitants [99]. Among the urban poor, the homeless
have been shown to be a risk group [100].
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2.4  Etiology

M. tuberculosis is the etiological agent of tuberculosis (from the Latin “tubercu-
lum”: small protuberance, and the Greek suffix “osis”: state, condition) in man, in
other primates, in the dog and in many other animals that come in contact with man.
Discovered by Robert Koch (hence its other name, the “Koch bacillus”) in 1882 in
the sputum of patients affected by pulmonary TB, he identified it 2 years later also
in cases of lupus vulgaris. M. tuberculosis is the most widespread species of the
Mycobacterium genus in the world, as well as being the most virulent of the myco-
bacteria. It is also one of the most sensitive to the currently available anti-tubercular
drugs.

Tubercle bacilli are necessarily aerobic (the predilection for the lung tissue is
correlated to their need for molecular oxygen for growth), non-motile, non-
sporing, often slightly curved rods 2-5 pm in length and 0.3-0.5 pm in diameter.
In tissues they are found isolated, in pairs or in clusters. In common with other
mycobacteria, they stain deep-red with the Zihel-Neelsen method, since they
retain the red carbol-fuchsin color even after bleaching with strong mineral acids
(H,S0O,) and alcohol. This acid-alcohol-fast staining property is due to some con-
stituents of the cell body, in particular to mycolic acid, and depends on the struc-
ture of the cell body.

M. tuberculosis is not inserted in the Runyon classification and belongs to the
mycobacteria class to which it gives the name. It can be isolated using solid or liquid
media containing minerals, proteins, amino acids, carbohydrates, and water-soluble
fatty acid esters (tweens) that foster the growth of bacilli-rich colonies. The
Petragnani and Lowenstein-Jensen media are generally used. In culture media, at an
optimal temperature of 37°C, the colonies grow slowly and develop only after 3—4
weeks of incubation.

A protein known as the old Koch's tuberculin is extracted from bacillary cultures;
this protein was used for many years to test for tuberculin sensitivity in the skin.
Subsequently, the old tuberculin was purified by precipitation with trichloroacetic
acid and semi-saturated ammonium sulphate and then by filtration, obtaining a puri-
fied protein derivative (PPD) of tuberculin. PPD consists of immunologically active
tubercle proteins with a constant potency and composition. It is a mixture of pro-
teins, carbohydrates and some lipids, obtained from cultures of M. tuberculosis
through precipitation after boiling. PPD is used for testing and standardized tuber-
culin units (IU) have been established by the WHO.

The virulence of M. tuberculosis, which is an elective intracellular parasite,
seems to be strictly correlated with its ability to survive and multiply inside macro-
phages. Since the mycobacterium has a very thick cell wall (lipids account for over
50% of its dry weight), once phagocytized it can resist intracellular lysis and multi-
ply. It seems to cause inhibition of the fusion of lysosomes with phagosomes within
the histiocytes.
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2.4.1 Mycobacterium tuberculosis Complex

A few years after Koch’s discovery of the tuberculous bacillus, Theobald Smith
noted that there were constant phenotypical differences between tuberculous bacilli
of human origin and those isolated from cattle. He therefore subdivided the species
into human and bovine tubercle bacilli [101, 102]. The two species share some com-
mon characteristics but there are differences, the most important of which is prob-
ably the low pathogenicity of human strains for animals, while the bovine bacillus
can infect both animals and humans, and is also an important cause of extrapulmo-
nary TB in humans [103].

Since then, new species of tuberculous bacilli have been described, some of
which can cause disease in humans [104, 105]. All these species, together with the
species M. tuberculosis, form the M. tuberculosis complex, but there are important
differences among them in terms of epidemiology, microbiology, and even therapy
(Table 2.5).

2.4.1.1 Mycobacterium africanum

This species includes strains which share phenotypic characteristics with M. tuber-
culosis and M. bovis [102]. Strains of this species have been isolated in Sub-Saharan
African countries, where they cause variable percentages of human TB. In devel-
oped countries, instead, the isolation of M. africanum is uncommon, and associated
with immigrants from Africa; obviously, they can infect natives of the new country
of residence.

The species was previously subdivided into two groups, from East and West
Africa, but taxonomic studies have recently demonstrated that the East strains are
M. bovis and the West strains are true M. africanum [106]. The latter has peculiar
phenotypic and genetic characteristics. Nowadays, it can be identified with a genetic
test available on the market.

The disease caused by M. africanum is identical to the one caused by M. tuber-
culosis. The only differences are that M. africanum induces less clustering cases,
and less frequently involves the lower lung lobe than M. tuberculosis [107]. Subjects
affected by M. africanum are generally older than M. tuberculosis patients and are
more frequently HIV-infected; they also show more severe disease on the chest X
ray [108]. Therapy for M. africanum disease is the same as for M. tuberculosis;
there do not seem to have been multidrug resistance outbreaks up to now.

Table 2.5 Species included in Species Human pathogen

Mycobacterium tuberculosis complex Mycobacterium tuberculosis Frequent

Mycobacterium bovis Frequent
Mycobacterium bovis BCG ~ Rare
Mycobacterium africanum  Frequent

Mycobacterium canettii®* Rare
Mycobacterium microti Rare
Mycobacterium caprae Occasional

Mycobacterium pinnipedii ~ No

“Not considered a separate species or subspecies
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2.4.1.2 Mycobacterium caprae

Strains isolated from goats in Spain were initially described as M. tuberculosis sub-
species caprae. The isolates were then classified as M. bovis subspecies caprae, and
finally as a new species, M. caprae [104, 109]. This species has also been isolated
in other mammals in various European countries [110].

M. caprae has also been reported to cause human disease, and retrospective stud-
ies have demonstrated that it consists of a variable percentage of strains previously
identified as M. bovis [111, 112]. The two species have similar epidemiologic char-
acteristics. Therapy is also the same as for M. bovis, even if M. caprae is susceptible
to pyrazinamide.

2.4.1.3 Mycobacterium microti

This strain has been reported to cause disease in voles and other animals [113, 114],
but is considered non pathogenic in man. Nevertheless, recent molecular studies
have shown that M. microti can actually cause human infection, especially in
immune suppressed cases [113—115]. The disease is clinically similar to classic TB
and the treatment is the same.

2.4.1.4 Mycobacterium pinnipedii

This is the most recently described member of the complex. It causes disease in
seals and some other animals. In a recent study, the possibility of human infection
was suggested, even if there have been no reports of the disease to date [105, 116].

2.4.1.5 Mycobacterium canettii

Some M. tuberculosis strains that produce glossy, smooth colonies (a rare finding
among this species) have been given the name of M. canettii. Although some cases
of human TB from these strains have been reported, they are not considered as a
separate species or subspecies in the M. tuberculosis complex [117, 118].

2.5 Transmission

Although they can affect all the organs, the entry routes of the bacilli are virtually
always the lungs. The bacilli are commonly discharged into the atmosphere by
aerosolization of pulmonary secretions when a diseased pulmonary patient coughs,
sneezes, speaks, and sings [73]. Aerosol droplets dry rapidly, leaving tiny droplet
nuclei, some of which contain a few bacilli [119]. Large droplets fall to the ground,
while droplet nuclei in the range of 1-10 pm can be inhaled. The larger ones are
blocked at nasal level or expelled into the pharynx by the mucociliary mechanism
of the lower respiratory tract and then swallowed and digested without causing
damage. Instead, the smaller droplets can reach the alveoli and cause infection
[73]. Droplet nuclei of patients with a productive cough and positive sputum
smears have a rich bacillary content [120]. The number of bacilli in airborne aero-
sols depends on the expulsion force of the cough and on the presence of lung cavi-
tation [119, 120].
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Other possible transmission routes are rare. In the past the transmission of
M. bovis commonly occurred through the consumption of infected cows milk but
nowadays this means of infection no longer exists in developed countries, thanks to
the elimination of diseased cattle and the pasteurization of milk. However, this
transmission route is still prevalent in developing countries due to the consumption
of unpasteurized milk, to direct contact with infected animals and to eating insuffi-
ciently cooked meat [121]. A recent genetic study showed the possibility of inter-
human transmission of M. bovis among HIV-infected subjects. Albeit less frequently,
M. bovis has also been identified as a cause of human TB in developed countries;
about 7% of cases of TB in San Diego, California, are caused by M. bovis [122]. In
the United States, from 1995 to 2005 M. bovis was isolated in 1.4% of 11,860 linked
cases. Most of the cases were extrapulmonary disease in young US-born Hispanics,
and likely related to food-borne exposure [123].

Extrapulmonary TB has rarely been considered contagious, but in the literature
some new cases of infection of hospital personnel handling tuberculosis lesions
have been reported [124, 125]. It is also possible for transmission to occur via inoc-
ulation of the bacilli through the skin. This source of infection is an occupational
hazard among pathologists and laboratory workers who handle infected issues and
tuberculosis cultures.

Fomites, like books, clothes, bedding, and eating utensils, do not pose a risk of
infection [73].

In the great majority of cases, airborne transmission of TB occurs. Close con-
tacts of smear-positive patients are at highest risk of infection, even if TB is actu-
ally less contagious than some viral diseases. Some studies have shown that among
close contacts, the risk of infection ranges from 25 to 50% [126, 127]. It would also
seem that prolonged contact with smear-negative culture-positive patients can be
dangerous. In short, epidemiologic data demonstrate that to contract the disease,
there must be close, prolonged contact, and the environment must be heavily laden
with droplet nuclei; in addition, there must be a defect of the protective inborn
defenses [73].

2.6 Pathophysiology

The pathogenesis of TB can be seen as a battle between the host and M. tuberculosis
[128]. The host defense relies on activated macrophages that can kill the bacilli by
phagocytosis, as well as on their ability to stop intracellular bacillary growth in non-
activated macrophages by killing these macrophages, and creating an inhibitory
environment of solid caseous tissue. On the other hand, tubercle bacilli have the
capacity to multiply logarithmically within non-activated macrophages and extra-
cellularly in liquefied caseous material. Therefore, it is the non-activated macro-
phages (that permit intracellular growth of the bacilli) and the liquefied caseous
material (the only host environment where extracellular bacilli growth can occur)
that make the host vulnerable. Instead, the bacilli are vulnerable in the presence of
activated macrophages and solid caseous tissue [128].
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Table 2.6 Preventive measures for contagion (modified, by [128])

1. During a cough or sneeze patients must turn their heads away from others, and cover their
mouth and nose with a hand, or preferably a cloth or tissue

2. The attending staff must wear tight-fitting, effective masks

3. Tuberculin-negative people exposed to tubercle bacilli must be vaccinated with an effective
bacillus Calmette-Guérin (BCG) strain

4. Air exchange must be achieved in rooms where patients reside using an exhaust fan, HEPA
filter, UV light, or all of these together

Table 2.6 shows the prophylactic measures to be adopted to prevent or reduce the
risk of contagion; these are particularly important in subjects exposed to
antimicrobial-resistant bacilli [128-130].

2.6.1 Human Pulmonary Tuberculosis

As stated above, only the inhaled droplet nuclei, that contain 1-3 bacilli, are capable
of transmitting the infection when they enter the alveolar spaces. Heavier droplets,
containing more bacilli and/or bits of caseous material, instead, are blocked at the
bronchial mucosa level or are ingested by the gastrointestinal mucosa. In such cir-
cumstances, very large numbers of bacilli are needed to achieve the infection [128].

The virulence of the tubercle bacilli varies according to genetic and phenotypic
factors. Over the years, the M. tuberculosis genome has changed relatively little [7,
131]. However, there have been evolutionary changes in members of the M. tuber-
culosis complex: M. microti, for example, despite its 99% genomic identity, is natu-
rally attenuated in man [132, 133]. BCG is attenuated from the virulent M. bovis,
through a series of passages in media with an ox bile base [134, 135]. Even the viru-
lence of human-type tubercle bacilli H37Rv can be reduced by culture series, des-
sication or by exposure to sunlight [136, 137].

In the same way as bacilli can be more or less virulent, the microbicidal power
of alveolar macrophages can vary: some have a rich content of lysosomal and oxida-
tive enzymes and microbicides, others a lower content [138], depending on the
native genetic resistance of each person and on phenotypic factors. The mean num-
ber of inhaled bacillary particles needed to induce primary pulmonary tubercle in
man is not known but the range is probably between 5 and 200 for virulent human
type tubercle bacilli [139].

2.6.2 Stages of Pulmonary Tuberculosis

There are five stages of pulmonary TB [128, 140]. In stage 1, the stage of no bacil-
lary growth, there are mature activated resident alveolar macrophages that destroy
or inhibit the bacilli they have ingested. Most of the alveolar macrophages are non-
specifically activated by many stimulating factors, including the ingestion and
digestion of inhaled particles and occasional extravasated erythrocytes.
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Stage 2 is the initial primary tubercle, in which the bacilli multiply logarithmi-
cally inside the vacuoles of immature non-activated macrophages that have emi-
grated from the bloodstream to the new lesion. This stage is known as the symbiosis
stage, because the bacilli multiply without damaging the host, and the macrophages
multiply without damaging the bacilli.

In stage 3, after 3 weeks the tubercle has a caseous necrotic center, surrounded
by partly activated macrophages and lymphocytes. The caseation is due to the
immune response, mainly a tissue-damaging delayed-type hypersensitivity (DTH)
reaction. In response to the tuberculin like products of the bacilli, DTH kills the
non-activated macrophages in which the bacilli are multiplying. As well as in the
macrophages, intact or fragmented bacilli are present also within the caseum. In the
solid caseous center of the tubercle the bacilli, being extracellular, do not multiply.
Around them there are non-activated macrophages (with multiplying bacilli inside),
and partly activated macrophages (immature epithelioid cells) produced through the
intervention of cell-mediated immunity (CMI).

The caseous necrosis seen in TB is a DTH reaction produced by the T cells,
including cytotoxic T cells and NK cells, that induces apoptosis of the macrophages.
The reaction also relies on anoxia (by thrombosis: macrophages produce clotting
factors), cytokines (TNF), reactive oxygen and nitrogen intermediates, comple-
ment, and toxic products released from dead bacilli [128].

In stage 4, the decisive stage for the development of the disease, CMI is acti-
vated. If the CMI is weak, the bacilli move from the caseous center of the tubercle
back to the surrounding non activated macrophages. Cytotoxic DTH acts on the
latter, killing them and thus causing a further enlargement of the caseous center, and
hence progression of the disease. Instead, if the CMI is strong, a mantle of activated
macrophages will surround the caseous necrosis and kill the bacilli. In this case the
development of the lesion is arrested at a subclinical stage.

In stage 5, the liquefaction stage, the bacilli evade the host defenses. In the presence
of liquid caseous necrosis, the extracellular bacilli multiply very rapidly. The resulting
very high local concentration of tuberculin-like products that they release activates the
DTH cytotoxic response; this erodes the bronchial wall, forming a cavity. Then the
bacilli enter the bronchial airways and invade other portions of the lung. They are also
spread to the environment when the subject coughs. The ability to prevent the disease
at this stage depends on the host control of the bacilli and their products [128].

2.6.3 Susceptibility to Tuberculosis

The mean number of infectious 1-3 bacilli particles that man must inhale for the
tuberculin skin test to be positive is unknown but estimated to be about 5-200.
However, only 10% of subjects with a positive tuberculin skin test will develop active
TB during their lifetime. Most individuals are able to arrest the infection thanks to an
adequate CMI response [128].

HIV-coinfected subjects or those with immunosuppression due to other causes
are more susceptible to the disease after inhaling exogenous bacilli or due to endog-
enous (latent) bacilli inhaled years before. Among these subjects with latent bacilli,
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5-10% of tuberculin-positive HIV-infected subjects will suffer a disease reactiva-
tion in a given year, whereas 5-10% of tuberculin-positive non-HIV-infected sub-
jects will undergo a disease reactivation in their lifetime [128].

The susceptibility to TB also depends on various genetic polymorphisms, such
as the genes for natural-resistance-associated macrophage protein 1 (NRAMP-1),
and the vitamin D receptor [93, 141-143].

2.6.4 Primary and Post-Primary Tuberculosis

Traditionally, TB is subdivided into two forms: (1) primary and (2) post-primary.
Post-primary TB refers to the endogenous reactivation of latent or dormant primary
lesions, even if an exogenous reinfection is possible, especially in immunosup-
pressed subjects.

As pointed out above, most infected subjects never develop clinical disease, and
the primary infection goes unnoticed. An effective immune response encapsulates
the organism and contains it throughout life. Only about 2—-5% of infected individu-
als will develop clinically evident primary TB, and a further 2-5% then develop
post-primary disease [60].

In cases with pulmonary infection, some bacilli will move from the primary
focus to the regional lymph nodes (mediastinal, paratracheal, and rarely supracla-
vear nodes), where secondary lesions will develop. The set of primary focus lesions,
lymphangitis and lymphadenitis is termed the “primary complex”. In most cases,
thanks to an effective immune response, the lesions become fibrotic and then calci-
fied, while the bacilli can persist inside the dormant lesions for years or decades.

After about 3—8 weeks from the initial infection, a conversion to dermal reactiv-
ity and to tuberculin occurs. The dermal induration of the positive tuberculin reac-
tion is due to tissue edema linked to immunological and other processes. Thus, a
positive test indicates a recent or past infection by the tubercle bacillus or a BCG
vaccination, but not the immune status of the infected host [60].

Post-primary TB develops directly from a primary lesion, or more commonly,
from the latent phase that has been dormant for many years. Post-primary lesions
develop in other parts of the same lung and often in the other lung, through the
bronchial tree. Then the bacilli infect other organs through the bloodstream; they
can also be ingested and cause ulceration of bowel tracts, or through the bronchial
secretions, can cause tuberculous laryngitis. Unlike primary TB lesions, post-
primary lesions are generally walled-in by fibrosis, so lymphatic or hematogenous
dissemination of the disease is rare [60].

2,7 Immunology

There is considerable controversy about the immunological mechanism underlying
the development of TB, because it is known to be highly complex and variable, and
to depend on the interaction of myriad factors that are often difficult to control [128,
144-148].
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One of the most debated problems is M. tuberculosis’ ability to prevent or evade
effective host responses [144]. For thousands of years M. tuberculosis has co-
evolved with humans, and this constant relationship has enabled the mycobacteria
genome to encode mechanisms that allow the bacilli to resist attacks by man's
immune system. M. tuberculosis can establish latent or progressive infection and
persist even in the presence of a fully functional immune system. This ability reflects
the highly evolved immune evasion strategies it has developed to interfere with
human innate and adaptive immunity [144].

2.7.1 Cell-Mediated Immunity

CMI and DTH, both mediated by Th1 lymphocytes, play a key role in the immuno-
pathogenesis of TB. In response to tuberculin-like antigens, DTH kills non activated
macrophages in which the bacilli are proliferating exponentially, inducing toxic lev-
els of tuberculin-like antigens, while CMI prevents the multiplication of the bacilli
by activating the macrophages [128]. The bacillary antigens that trigger DTH are
active already at low concentrations, while those producing CMI are active when
they reach high concentrations. In general, the tuberculoproteins, peptides and car-
bohydrates in tuberculin promote DTH, while other proteins, with carbohydrates
and lipids, favor CMI [149, 150].

CMI is brought about by antigen-specific T lymphocytes that produce cytokines
(IFN-y and TNF- @), attracted from the bloodstream to the lesion, where they acti-
vate lymphocytes, monocytes/macrophages and dendritic cells (DCs). IFN-y also
stimulates the monocytes/macrophages production of IL-2, an additional phago-
cytes activating cytokine [151, 152]. Activated macrophages produce reactive-
oxygen and reactive-nitrogen intermediates, lysosomal enzymes and other factors
that kill the bacilli [153, 154].

Acquired cellular resistance therefore relies on the macrophages, that enter the
tubercle lesion in a non-immune, non-activated state, and are activated and develop
a microbicidal ability only when they reach the bacillary antigens.

DTH occurs in the same cells and cytokines. However, its cytotoxic activity is
not sufficient to block the progression of the disease, because viable bacilli escape
from the necrotic area and move to the peripheral zone of the tubercle, where they
must then be ingested and destroyed by activated macrophages.

2.7.2 Innate Immune Response

The phagocytosis of bacilli by the macrophages occurs thanks to recognition recep-
tors, including the mannose receptor, complement receptor, fibronectin receptor,
nuclear oligomerization domain (NOD) receptors, and Toll-like receptors, that are
all involved in the host innate immune response [144-148, 155]. Close study has
been made in particular of the Toll-like receptors (TLRs) family, of which some
members recognize various mycobacterial cell wall components [155-157].
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These receptors bind M. tuberculosis to the macrophages and internalize them in
phagosomes. Normally, these phagosomes fuse with lysosomes, undergo acidifica-
tion, and receive lysosomal enzymes that degrade the ingested microorganisms.
However, M. tuberculosis can subvert phagosome-lysosome fusion and the result-
ing maturation of the phagosome in the microbicidal compartment [158] and also
resist the degrading action of the lysosomal enzymes. In addition, it can inhibit the
entry of many microbicidal factors into the phagosome [158-161].

As well as blocking the phagosome-lysosomes fusion, M. tuberculosis evades
the various innate immune recognition pathways and can limit the development of
potentially more potent adaptive immune responses [162]. In this way, thanks to the
intervention of myriad powerful mechanisms (see 128, 144-147) for evading anti-
microbial responses and subverting the innate immune crosstalk with adaptive
immunity, M. tuberculosis can tilt the balance towards pathological rather than pro-
tective immune responses [145].

The major innate immune cell types in humans are macrophages, neutrophils, den-
tritic cells and NK cells. Recently, some other, non classic immune cells, such as air-
way epithelial cells, have been shown to contribute to the immune response to
M. tuberculosis in animal models [163] and in vivo studies with human cell lines [164].

In response to M. tuberculosis infection, the macrophages upregulate effectors
and signaling pathways in order to prevent bacterial replication, and recruit other
immune cells to the site of the infection. Various components of M. tuberculosis,
like lipoarabinomannans, lipomannans, phosphatidylinositol mannosides, and heat
shock proteins, are recognized by various cell receptors. Following the recognition
of M. tuberculosis, host effectors, such as NF-kB and peroxisome proliferator acti-
vated receptor vy, are activated in order to upregulate antimicrobial factors. The latter
have effector and signaling functions that can interfere with bacterial replication
and recruit activated neutrophils, dendritic cells and T cells. On the other hand,
M. tuberculosis interferes with macrophage effector and signaling pathways, down-
regulating MCH II expression on macrophages to prevent the interaction with anti-
gen specific T-cells. Moreover, M. tuberculosis interferes with IFN-y signaling; this
T cell cytokine mediator serves to upregulate the inherent antimicrobial capacity of
macrophages during infection [145].

During infection, neutrophilis secrete various antimicrobial enzymes that are
necessary to restrict bacterial growth inside the macrophages. These neutrophil
effectors promote apoptosis of the infected macrophages, thereby limiting survival
of the bacilli. However, these enzymes also mediate pulmonary tissue damage and
the inflammatory response [145].

Dendritic cells, that are involved in innate and adaptive immunity, are the pri-
mary antigen-presenting cells in the immune system, and play a central role in the
activation and differentiation of T cells by presenting antigenic peptides. But
M. tuberculosis subverts the dendritic cells functions, thereby impairing T cell
responses during infection [145].

Natural killer cells are innate granular lymphocytes with a potent cytolytic activ-
ity. They intervene at an early stage during infection and can restrict bacillary repli-
cation through the production of soluble mediators such as GM-CSF, IL-12, IL-22,
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INF-a, and IFN-y. These mediators upregulate the antimicrobial function of the
infected macrophages and activate antigen-specific T cell responses during the
infection [145].

In short, the success of M. tuberculosis infection likely relies on an early interac-
tion with the cells of the innate immune system. Macrophages and neutrophils can
engulf and kill the bacteria, but may be subverted by M. tuberculosis to promote
chronic lung inflammation. Dendritic cells can generate M. tuberculosis specific T
cells that can bolster immunity, but are manipulated to reduce the T cell responses.
Finally, even the functional capacity of the NK cells, that directly and indirectly
bring about killing of the bacilli, can be hampered in some way. All these cells, that
play a role in the host defense against M. tuberculosis, are therefore coopted into
helping bacilli to establish a long term infection [145].

Various immunogenetics studies have demonstrated the importance of the innate
immunity in the control of mycobacterial infections. Patients with mutations in two
innate immune autosomal genes (IL12B and IL12Rf1) suffer widespread and recur-
rent mycobacterial infections early in life [164—167]. In these subjects with poly-
morphisms in the IL-12 locus, treatment with exogenous IL-12 makes them less
susceptible to fatal infections, underlining the role of macrophage and/or dendritic
cells-derived IL-12 in the generation of INF-y responses that control infection
[168]. Other innate pathways implicated in the immune response to mycobacterial
infection are the TLRs. Polymorphisms in TLR2, TLR9 [169], TLR1 [170], and
TLR8 [171] have been associated with susceptibility to mycobacterial infections.
Yet other studies have shown that mutations in the inflammasome pathway, and
IL-1 in particular, may be critical in promoting an enhanced immunity against
M. tuberculosis [172, 173]. Subjects with low serum levels of vitamin D3 metabo-
lites also show an increased susceptibility to active TB [174]; as we know, vitamin
D boosts the responsiveness of macrophages to INF-y [175, 176], and acts synergis-
tically with IFN-y to increase antimycobacterial activity in human monocytes [177].
These data illustrate how human immunogenetic studies can contribute to the
knowledge of the various mechanisms underlying resistance to M. tuberculosis
[145].

2.8 Laboratory Diagnosis

The success of TB control programs depends to a large extent on the quality of the
diagnostic services. Nowadays, in clinical microbiology laboratories a number of
accurate, rapid diagnostic tests are available, including molecular biology tech-
niques, that have greatly reduced the waiting times for results. However, the sensi-
tivity of all these methods is dependent on appropriate selection and collection of
those clinical specimens most likely to contain M. tuberculosis, and these must be
considered only in cases of suspected active TB [60, 178]. The tests below serve to
confirm the diagnosis and monitor the results of treatment:
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1. Bacteriology: identification of M. tuberculosis by microscopic tests and culture
of various clinical samples (sputum, blood, lymph node aspirate, skin, caseous
exudates, pleural fluid, bone marrow).

2. Imaging techniques: radiology, ultrasound, computed axial tomography scan-
ning, magnetic resonance imaging, and radioisotope scans.

3. Tissue biopsy: for histopathology (to reveal granulomas and identify acid-fast
bacilli), bacteriology (culture), and identify mycobacterial DNA.

4. Molecular techniques: nucleic acid amplification systems (polymerase chain
reaction: PCR, ligase chain reaction: LCR), applied to the various clinical speci-
mens to identify mycobacterial DNA.

5. Hematology and biochemistry: hemoglobin, erythrocyte sedimentation rate
(ESR), C-reactive protein, liver function tests, urea, and electrolytes.

6. Tuberculin skin test.

7. Serology.

Naturally, in cases when none of these tests are available, the diagnosis will be
based on clinical acumen and simple microscopic tests.

2.8.1 Bacteriological Identification

2.8.1.1 Specimen Collection

Various body fluids and tissue biopsies are employed for mycobacterial culture. In
cases of suspected pulmonary TB the specimen most commonly employed in culture
is sputum, collected in the early morning. The patient must be instructed to expectorate
a specimen with no nasal secretion or saliva after taking a deep breath. Sputum (sample
volumes of 5-10 ml) must be collected for three consecutive days. Sample collection
with swabs is not useful because little material is collected and so there is a risk of a
false negative result of culture. In cases of subjects who are unable to produce sputum,
hypertonic saline (5-15%) can be nebulized to induce matter. If this procedure is inef-
fective, too, the test of choice is bronchoscopy with bronchoalveolar lavage.

In cases of children or adults who are completely unable to expectorate sputum,
gastric lavage is an alternative. The resulting specimens must be processed within
4 h because gastric acid is potentially harmful to the mycobacteria. If rapid process-
ing is impossible, the gastric specimens must be neutralized with sodium carbonate
or another buffer salt to a pH of 7.0.

In cases of suspected extrapulmonary TB, appropriate specimens from the spe-
cific organs must be collected. All specimens, collected and transported in sterile
conditions, must reach the laboratory as soon as possible. If this is not possible, then
specimens must be refrigerated.

Obviously, specimen collection must be done before any treatment, since even a
few days of therapy can induce negative results. Some specimens, such as sputum,
urine, and bronchial and gastric aspirate, need to be decontaminated using various
useful alkaline solutions, the most common of which is benzalkonium chloride with
trisodium phosphate or 4% NaOH [178].
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2.8.1.2 Culture

Isolation of M. tuberculosis in culture provides a definite diagnosis. The disadvan-
tage of culture is the delay, usually 3—6 weeks, between receiving the specimen and
the emergence of visible growth. Although mycobacteria are strictly aerobic, a CO,
concentration between 5 and 10% is necessary for the primary recovery of solid
media. The incubation must be done in high humidity conditions at a temperature of
35-37°C for non-cutaneous sources.

Solid Media

Mycobacterial culture media include egg-based, agar-based, liquid, and selective
media. Lowenstein-Jensen, Petragnani and American Thoracic Society media are
examples of egg-based media. Petragnani medium is the most inhibitory of con-
taminant bacteria thanks to its high content of malachite green, an antibacterial
agent. They all contain whole eggs, potato flour, salts, glycerol, and malachite green
[178]. Lowenstein-Jensen is the medium most commonly used for primary culture.
Middlenbrook 7H10 and 7H11 are other common complex media. Selective media
also contain antimicrobials to inhibit contaminating bacteria.

All media must be incubated for up to 8 weeks at 35°C to 37°C. In cases of
positive acid-fast smears and negative culture for mycobacteria after 8 weeks of
incubation on solid media, specimens must be incubated for a further 8§ weeks.
Cultures must be examined twice a week for visible evidence of growth. In the
presence of colony growth, the next steps are acid-fast smears, subcultures for
identification, susceptibility tests, and nucleic acid probe tests or other compara-
ble molecular methods.

Broth Media

The MGIT tube system (Becton Dickinson, Sparks, MD) contains a 7H9-based
medium with enrichment, antibiotics, and an oxygen-labile fluorescent indicator at
the bottom of the tube. As the mycobacteria grow and use up oxygen, the indicator
compound is excited, and the resulting fluorescence can be visually examined
using an UV source. This medium was designed to replace the BACTEC 460 TB
system, which was the previous gold standard but is no longer available. Various
other commercial systems are available and all appear to be suitable alternatives to
the BACTEC 460 TB system [178].

2.8.1.3 Staining Procedure
The same procedure is valid both for smears prepared directly from patients speci-
mens and for culture-grown organisms. It must be borne in mind that in the same
patient there can be smear-negative but culture-positive specimens, and that anyway
smear specimens provide no indications as to the identity or the viability of the
organisms, since all species of mycobacteria are acid-fast.

Two procedures are commonly employed: carbol fuchsin methods, including the
Ziehl-Neelsen and Kinyoun procedure, and a fluorochrome method using auramine
O or auramine-rhodamine dye. The Ziehl-Neelsen and Kinyoun methods stain the
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mycobacterial cells red against a methylene blue counterstain, while mycobacteria
stained with auramine O are bright yellow against a dark background and are easily
visualized using a 25% lens, whereas for the previous two methods a 100x oil immer-
sion lens is necessary. Fluorochrome staining is more sensitive than carbol fuchsin
techniques. All these methods also stain non-viable organisms. Obviously, a negative
smear does not exclude the diagnosis of a possible infection by a Mycobacterium
species, while the presence of mycobacteria at direct examination does not confirm
the diagnosis of TB. Finally, it should be remembered that some non mycobacterial
organisms can appear acid-fast, like Rhodococcus, Nocardia, Legionella micdadei,
cysts of Cryptosporidium, Cystoisospora, and Cyclospora [178].

Apart from on acid-fastness, the identification of the M. tuberculosis complex
relies on niacin production, nitrate reduction, and the inactivation of catalase at
68°C. The recovery time on solid media ranges from 12 days to 4-6 weeks, with an
average of about 3-4 weeks. The colonies are rough, cauliflower-like, and
colorless.

2.8.2 Radiological Imaging

Radiology is very sensitive, although exceptionally the radiograph may appear nor-
mal in patients with smear-positive pulmonary TB. However, it is not specific
because a wide spectrum of radiological changes is possible, and all the changes
associated with TB occur in other respiratory conditions. Chest X-ray is highly sug-
gestive of post primary pulmonary TB if there are unilateral or bilateral patchy
shadows in the upper zone, single or multiple cavities and calcification. The differ-
ential diagnosis must include atypical pneumonia, carcinoma, sarcoidosis, Kaposi’s
sarcoma, and unresolved pneumonia. High-resolution CT scanning may be required
to distinguish these conditions. Radioisotope scans are useful to detect the extent of
the disease especially in cryptic areas, such as bones and lymph nodes.

2.8.3 Hematological Examination

Hematological changes are fairly non-specific in TB. Blood examination may reveal
a raised lymphocyte count, a raised ESR, elevated C-reactive protein levels, and a
mild anemia. All these changes resolve with treatment. Elevated enzymes levels in
various body fluids have been reported.

2.8.4 Molecular Methods

Nucleic Acid Probe Since the early 1990s, nucleic acid probes have been used to
identify mycobacteria. The commercially available probes (AccuProbe, Gen-Probe)
can identify the M. tuberculosis complex, M. kansasii, M. avium-M. intracellulare
and M. gordonae.
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The M. tuberculosis complex non isotopic probe has demonstrated a sensitivity
and specificity of 100%, compared with its isotopic predecessor [179]. This test is
used to confirm cultures of organisms on broth culture, such as BACTEC 12B
medium and the MGIT system [180].

Nucleic Acid Amplification Molecular diagnostics are a good solution for a prompt
detection and identification of mycobacteria. These methods include M. tuberculo-
sis complex-specific nucleic acid amplification systems, as well as broad-range
mycobacterial amplification assays followed by postamplification analyses, such as
DNA sequencing or microarray hybridization. Genes that encode rRNA or RNA
polymerase are used as genetic targets. The newer rapid-cycle PCR systems have
less risk of contamination and provide very high specificity [181, 182].

The FDA-approved assays are the Amplified Mycobacterium tuberculosis Direct
(AMTD) test by Gen-Probe and the Amplicor M. tuberculosis test by Roche
Diagnostic Systems. The AMTD test has been approved for both acid-fast smear-
positive and smear-negative respiratory tract specimens, and the Amplicor assay
only for smear-positive respiratory specimens.

The AMTD test, whose target is 16S RNA, has various advantages: it detects
rRNA, that in theory may exist in concentrations several thousand-fold higher
than those found in genomic DNA of the organism, is highly sensitive, easy to
perform and undergoes little or no contamination. Specimens for testing must be
collected from untreated patients. The test may remain positive even after culture
has become negative as a result of treatment [183]. It can also be used on
non-respiratory tract specimens (urine, feces, tissue, bone marrow, cerebrospinal
fluids, pleural exudates) [184]. The Amplicor M. tuberculosis test is a PCR-based
assay: instead of detecting rRNA, it detects the rRNA gene in the genome
(DNA) [184, 185].

Although these nucleic acid amplification methods provide rapid results, myco-
bacterial cultures are still required: these are essential to exclude the rare possibil-
ity of mixed infections, for further characterization or identification, and, most
importantly, for complete antimicrobial susceptibility testing. The possible varia-
tions in test results from the same laboratory and in particular among different
laboratories must also be stressed, as well as the importance of good laboratory
practice [178].

In general, amplified tests must be used as well as culture. These tests, that are
rarely used if specimen volume is an issue, or to detect M. tuberculosis in paraffin
block sections, are expensive. The American Thoracic Society issued a statement in
1997 on the use for these tests [186] and the Centers for Disease Control and
Prevention provided updated guidelines for their use in 2009 [187].

Broad-range PCR assays differ from the species-specific PCR assays in that
they amplify nucleic acid from entire groups of organisms: in the case of mycobac-
teria, they will amplify DNA from all members of the genus. The amplified product
can then be differentiated by post-amplification analysis methods, such as probe
hybridization, reverse hybridization, traditional sequencing, and microarray analy-
sis [182, 188].
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2.8.5 Antimicrobial Susceptibility Testing

The reemergence of M. tuberculosis complex as a cause of disease and the increas-
ing percentage of cases of drug resistance have further strengthened the importance
of antimicrobial susceptibility tests [189]. These must be performed in untreated
patients and in those undergoing therapy who yield positive acid-fast smears or
cultures after 2 months of treatment; they must also be performed in patients with a
history of treatment failure for TB, in contacts of patients with resistant TB, and in
residents in high prevalence areas [178].

The traditional susceptibility test method is a 1% agar proportion method.
Organisms are inoculated onto 7H10 or 7H11 agar plates containing the various
antibiotic concentrations and incubated for 14-21 days. The BATEC 460 TB system
is preferably used when much earlier results are needed, after 47 days [189]. There
are also broth-based automated systems available on the market, that are valid alter-
natives to the now infrequently used BACTEC 460 TB system [178].

Molecular mechanisms of drug resistance for many of the more important anti-
mycobacterial agents have now been elucidated [178, 190, 191]. One of the more
thoroughly studied targets for drug resistance to rifampicin is rpoB, which encodes
the B-subunit of RNA polymerase; the katG, inhA, imabA and ahpC genes are asso-
ciated with isoniazid resistance. A real-time PCR assay has been developed to detect
important mutations in the inhA and rpoA genes associated with resistance [192].
The markers of resistance to other drugs, such as streptomycin (rpsL and rrs), eth-
ambutol (embCAB), and fluoroquinolones (gyrA), have also been studied [178].

2.8.6 The Tuberculin Skin Test

The tuberculin skin test (TST), also known as the intradermal Mantoux test since
1910, is the classic diagnostic tool for latent tuberculosis infection (LTBI). It is the
oldest diagnostic test in use in modern medical practice, and because of its limita-
tions, it is the weakest element in the strategy of targeted testing of LTBI [193].

The TST is based on the development of delayed hypersensitivity to mycobacterial
antigens, following an intradermal injection of a purified protein derivative (PPD).
The PPD is a culture filtrate of tubercle bacilli [194] containing over 200 antigens
shared with the bacille Calmette-Guérin (BCG) vaccine and most nontuberculous
mycobacteria [195]. This lack of specificity is the main cause of false positive tests in
individuals vaccinated with BCG. BCG is the most widely used vaccine in the world,
and more than 3 billion people have received it [196]. A meta-analysis showed that
BCG administration increases the false positive TST results for a period of up to 15
years after vaccination [197]. Thus, a positive test can result from clinical or latent TB,
from BCG vaccination or from contact with environmental mycobacteria.

Apart from its low specificity, the TST is characterized by a poor sensitivity. In
fact, as TST depends on a lymphocyte-induced delayed hypersensitivity reaction, it
has low sensitivity in immunosuppressed patients. In addition, severely ill patients,
including those with some forms of active TB, with HIV infection and those on
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immunosuppressant drugs including corticosteroids, may have false-negative
responses.

2.8.6.1 Mantoux Test

The TST should be done by the Mantoux method, the only standardized and well
validated technique. The PPD (0.1 ml = 5 tuberculin units) is injected intradermally
into the volar aspect of the forearm using a 27-gauge needle to raise a small wheal.

The diameter of the induration is read after 48—72 h. In normal conditions, a cut-off
of 5 mm induration targets individuals at high risk of TB infection, such as close con-
tacts of active cases, subjects with radiographic abnormalities consistent with TB,
subjects with HIV infection and individuals taking immunosuppressants, corticoste-
roids or other agents. A cut-off of 10 mm is observed in residents of endemic areas,
health care workers, the homeless, patients with diabetes, renal disease, silicosis and
other conditions associated with an increased risk of latent tuberculous infection. A
cut-off of 15 mm, finally, targets subjects with no risk factors [198].

Regardless of the above parameters, the size of the dermal tuberculin reaction has
little or no prognostic significance, either during the disease or after recovery. A wide
reaction during the disease may mean that the host has a high native and acquired
resistance to TB, with high numbers of lymphocytes and macrophages in tuberculous
lesions and at the site of the tuberculin reaction. A wide reaction can also be observed
in subjects with a low native and acquired resistance and numerous bacilli that provide
high doses of antigen for sensitization. If the wide reaction persists for years after
recovery, it is possible that few dormant bacilli are still present in hidden caseous foci.
From these, bacilli are released from time to time and then destroyed, thus boosting
the whole immune system, including the level of tuberculin sensitivity [128].

Subjects with a recent infection can later become tuberculin negative, with or
without antimicrobial treatment. In most of these subjects a tuberculin sensitivity
recall is produced by the antigens in the tuberculin injected for skin testing. Therefore,
when retested with intermediate-strength PPD, a subject with negative results a few
weeks before becomes positive due to the booster effect of the tuberculin itself [199,
200]. The previous PPD injection can expand the tuberculin-sensitive T-cell popula-
tion (memory T cells) to such an extent that the number of these cells is enough to
induce a positive TST when the test is repeated [201]. Thus, in view of this booster
effect, conversion of the TST must not necessarily be regarded as a sign of a recently
acquired active infection.

By contrast, in subjects with active TB, the TST may be negative. This may be
due to the fact that the pulmonary lesions collect most of the antigen specific circu-
lating T cells, so few are left to contribute to the dermal tuberculin reaction. This
possibility is supported by the fact that lymphocytes from diseased tissues obtained
by bronchoalveolar lavage or from pleural exudates, contain a large population of
antigen-specific T cells, secrete higher quantities of cytokines and showed a greater
tendency to proliferate than T lymphocytes in peripheral blood [202, 203]. Moreover,
TST negative subjects with active TB have a greater number of suppressor mono-
cytes and lymphocytes in peripheral blood, producing transforming growth factor
beta (TGF-f) and IL-10 [204].
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Table 2.7 Heaf test: grades of ' Grade Reaction
reactions (modified, by [198])

0 No reaction

I At least 4 discrete papules

II Confluent papules in a ring

I Induration disc

v Induration disc >10 mm or vesiculation of the disc

Apart from the Mantoux test, other TST test forms are the Heaf and tine tests.
The Heaf test (used in the UK) employs a spring-loaded “gun” which drives six
needles into the skin of the volar aspect of the forearm through a drop of undiluted
PPD. The method is easy but the gun needs to be autoclaved. The test result is read
after 48—72 h; the reaction score is illustrated in Table 2.7. Grades III and IV cor-
respond to a Mantoux reaction of 15 mm or more and are considered as evidence of
infection; grade II corresponds to a Mantoux reaction of 10-14 mm and indicates a
probable infection [198].

In the tine test the PPD is dried onto four spikes (tines) on a small, single use,
disposable unit. The device is pressed firmly onto the skin so that the tines penetrate
the cutis and is held in place for 10 s, while the dried PPD dissolves in the tissue
fluids. The results are more variable than with the other tests [198].

2.8.7 Interferon-Gamma Assays

One third of the world population bears a latent tuberculosis infection (LTBI): this
condition is characterized by a positive TST in a clinically asymptomatic subject,
and 5-10% of these subjects will develop active disease. This is a major world
health problem bearing mind that every year 2 million people die from TB [205].
Diagnosing LTBI is therefore imperative in order to be able to control the disease,
but the TST is far from being the “gold” standard. A new generation of immune-
based rapid blood tests for the diagnosis of LTBI seems to offer a significant upgrade
of the century-old TST [193, 206-209].

Advances in mycobacterial genomics have revealed an M. tuberculosis genomic
segment, termed “region of difference-1", deleted from all strains of the BCG vac-
cine and most nontuberculous mycobacteria [210]. Two proteins encoded by this
stretch of DNA, early secretory antigen target protein 6 (ESAT-6) and culture filtrate
protein 10 (CFP-10), are strong targets of T-helper type 1 T cells in subjects with TB
infection [209, 211, 212]. A T-cell response to these antigens is thus, at least in the-
ory, a specific marker of M. tuberculosis infection. An antigenic cross-reactivity of
PPD is theoretically avoided in these new tests. There are now two methods for the
rapid measurement of antigen-specific T-cell responses, the QuantiFERON-TB Gold
Test (Cellestis, Carnegie, Australia) and the T-SPOT.TB test (Oxford Immunotec,
Oxford, UK) [193, 209]. They are based on the fact that the predominant host
response to the tubercle infection is by antigen-specific memory T cells, that release
IFN-y in response to the previously encountered mycobacterial antigens. The
QuantiFERON-TB Gold Test, based on a whole-blood ELISA developed in the late
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1980s, has recently been approved by the FDA for in vitro diagnostics, and the
Centers for Disease Control and Prevention have published guidelines for its use
[213]. The T-SPOT.TB test is based on the ex vivo overnight enzyme-linked immu-
nospot (ELISpot) assay developed by Prof. Lalvani and Coworkers in the late 1990s
[211]. It is approved for in vitro diagnostic use in Europe.

These two new blood tests have some common features but differ in various
ways, also compared to their predecessor TST test (Table 2.8) [193, 208, 209]. The
interferon-gamma tests have several advantages over the TST. They are based on a
blood test taken at a single visit, and a return visit may not be necessary; automated
testing has the advantage of offering an objective interpretation of the results. The
booster phenomenon does not occur and so repeated screening of subjects at risk,
exposed to TB (e.g. health care workers), is feasible. These tests are a better marker
of LTBI. However, the interferon-gamma tests have some limitations: they require
at least a basic laboratory and so are not currently in widespread use.

Various studies have shown that the two interferon-gamma tests are more spe-
cific than the TST for the diagnosis of LTBI in BCG-vaccinated populations. In fact,
the T-SPOT.TB is more sensitive than the TST in immunocompetent subjects with
LTBI and in patients with active TB, including those with an impaired cellular
immunity, at high risk of false-negative TST results. The QuantiFERON-TB Gold

Table 2.8 Characteristics of the new blood tests and of the tuberculin skin test (TST) (modified,

by [209])

Variables QuantiFERON-TB Gold T-SPOT.TB TST
Antigens ESAT-6 and CFP-10 ESAT-6 and CFP-10 PPD
Positive internal Yes Yes No

control

Effect of repeated No booster response No booster response Booster response
testing

Need for return visit No No Yes

Time required for 1624 h 16-20 h 48-72 h

results

Setting of test In vitro In vitro In vivo
Interpretation of test Objective Objective Subjective

Readout units

(instrument-based)
International units of

(instrument-based)
IFN-y spot-forming cells

(operator-based)
Millimeters of

IFN-y induration
Technology ELISA ELISpot NA
platform
Test substrate Whole blood Peripheral blood NA
mononuclear cells
Outcome measure  Serum concentration of ~ Number of IFN-y- NA
IFN-y produced by T producing T cells
cells
Readout system Measurement of optical ~ Enumeration of spots by ~ Palpable
density values using an naked eye, magnifying induration
automated reader lens, or automated reader
Cost Expensive test Expensive test Cheap test

NA not applicable
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has a higher sensitivity than the TST in immunocompetent subjects with active
TB. Comparative studies of the two blood assays performed in large population
samples have demonstrated a higher sensitivity of the T-SPOT.TB [214, 215].

The impact of treatment on the blood test results has been studied by the ELISpot
in patients with TB and in those with LTBI. In general, the magnitude of ELISpot
responses is significantly reduced after treatment in both patients with active TB
[216, 217] and those with LTBI [218, 219]. However, due to considerable inter-
individual variations in the rate of decline of the response, and the fact that only a
minority of subjects becomes negative at the end of treatment, the assay cannot be
used for treatment monitoring or as a “test of cure” [209]. Nevertheless, the simul-
taneous measurement of IL-2 and IFN-y secretion by M. tuberculosis-specific
T cells is correlated with the results of treatment and offers a new paradigm for
monitoring [220].

29 Histopathology

The initial non-specific inflammatory alterations give rise, after 3—6 weeks, to the
characteristic tubercle. At this stage bacilli are rarely observable, even if cultures
may be positive.

A fully formed tubercle consists of a focus of epithelioid cells containing a vari-
able but usually low number of Langhans’ giant cells, and a surrounding infiltrate of
mononuclear cells. The center of the tubercle undergoes caseation necrosis and
sometimes calcification. As the necrosis proceeds, the perivascular and endovascu-
lar alterations around the tubercle become more marked and are accompanied by
cellular reactions that lead to fibrosis.

The granulomas are highly variable in appearance, depending on the virulence of
the bacilli, the size of the inoculum and the host immune response. In cases with
impaired cellular immunity, as well as HIV infection and in subjects taking cyto-
toxic and corticosteroid therapy, the histological picture is less granulomatous, due
to the small number of activated macrophages, whereas there are much larger quan-
tities of bacilli.

Histochemical studies have demonstrated that the mononuclear cells of the
tubercle are blood-derived monocytes with a high content of lysosomal enzymes.
They evolve to macrophages that, following T-cell activation, give rise to epithelioid
cells, some of which fuse to become multinucleated giant cells [221, 222]. The
caseation necrosis is caused by the death and degeneration of the epithelioid cells
and is likely mediated by cytokines such as TNF and macrophage protease.

Some specific histological pictures are dependent on the bacillary load and the
immunological response. The tuberculous chancre, that is a manifestation of the
primary inoculation of TB, initially features an acute neutrophil inflammation with
necrosis and the presence of very many bacilli; after 3-6 weeks, the infiltrate
becomes granulomatous, with caseation, and the bacilli disappear. Instead, in mili-
ary and orificial forms, the typical tubercle does not form or is necrotic; there are
large numbers of bacilli except in modest forms of neonatal miliary TB [223].
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In scrofuloderma, the cutis is destroyed by non specific abscesses and ulceration;
tubercles and caseation necrosis are evident at the borders, and there may also be
some bacilli. In warty TB, there will be hyperkeratosis, acanthosis and papillomato-
sis (that is sometimes pseudoepitheliomatous); at the dermal level there is an infil-
trate consisting of neutrophils, lymphocytes and a few giant cells; bacilli are rare
and the typical tubercle with caseation is not often observed.

The histological findings of lupus vulgaris are variable and sometimes difficult
to diagnose. A typical picture is that of a tubercle with epithelioid cells and lympho-
cytes; the epidermis may sometimes present the same alterations as in warty TB. The
caseation may be marked or minor; bacilli are rarely demonstrable but can some-
times be shown in culture. As the lesion resolves, the fibrosis will increase.
Squamous and basal cell epitheliomas may develop on the old lesions.

It is not possible to make a differential diagnosis with other mycobacterial infec-
tions on the basis of the histological findings. In sarcoidosis, all the TB alterations
may be present except for caseation necrosis; as compared to the picture in lupus
vulgaris, the epithelioid cells are more scattered and better defined, and are sur-
rounded by a smaller number of lymphocytes. In tuberculoid leprosy, the only reli-
able differential finding is the presence of neural and perineural involvement.
Tertiary syphilis shows more intense vascular changes and a plasma cell infiltrate.
In leishmaniasis and blastomycosis it is important to identify the causal agent.
A non-specific tuberculoid infiltrate, with irregular clusters of epithelioid cells in an
inflammatory infiltrate but without the formation of the typical tubercles, is observed
also in the rosacea form.

2.10 Cutaneous Tuberculosis

The wide clinical spectrum of cutaneous TB depends on the route of infection
(exogenous or endogenous), the host immune response and whether the subject has
had previous sensitization to TB. M. tuberculosis is the main organism responsible
for cutaneous TB; M. bovis can occasionally be implicated and, more rarely, the
bacille Calmette-Guérin, an attenuated form of M. bovis.

TB must always be considered a systemic disease, even when it is localized at the
skin and even when the skin is the entry portal of the tubercle bacillus. The immuno-
allergic response of the organism following on from the skin infection by mycobac-
teria is proof of the systemic involvement that follows the localized disease [224].

2.10.1 Epidemiology

Worldwide, there are more cases of TB nowadays than in any other period in the
history of humanity [225]. The WHO estimates that every year, 1.5-2 million peo-
ple die of TB. In 1999, the WHO estimated a staggering 8,417,000 new cases of TB
globally, revealing a reverse of the steady decline in incidence that had occurred
during the latter half of the twentieth century [225].
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Cutaneous TB accounts for only a small proportion of all the cases of TB, actu-
ally less than 1-2% [226]. However, these numbers become significant in view of
the high prevalence of TB in many developing countries. In India, for example,
where there were 1,847,000 new cases of TB in 1999, an annual incidence of cuta-
neous TB of about 18,000 cases can be expected [226].

Cutaneous TB continues to be a significant medical emergency even nowadays
after the advent of highly efficacious anti-tubercular drugs. Over the past 20 years,
there has been a re-emergence of cutaneous TB also in European countries, due to
HIV infection and deteriorating hygienic conditions of segregated people (immi-
grants, homeless individuals). In HIV-infected subjects, some severe or atypical
cases of cutaneous TB with necrotic aspects have been reported [227-234].

The incidence of the different clinical forms of cutaneous TB varies globally.
Scrofuloderma (TB colliquativa) was the commonest form in the most recent UK
series [232], whereas lupus vulgaris was more common in a South African study
[235]. Scrofuloderma and lupus vulgaris are the most common forms, together with
an increase of tuberculids, in Japan and the Far East [236].

Scrofuloderma and primary cutaneous TB are typical of childhood and adoles-
cence, while all the other clinical forms have a higher incidence in adulthood. Lupus
vulgaris and orificial ulcerative TB have the highest incidence between the ages of
30 and 50. Tuberculids can affect all ages.

Although it is not possible to confirm a different predisposition of the different
skin regions to developing tubercle infection, exposed sites (face and neck) and the
limbs are those most commonly affected. Instead, the scalp seems to be quite resis-
tant to the infection.

2.10.2 Historical Aspects

Scrofuloderma and lupus vulgaris are the oldest forms of skin TB described in the
medical literature, and were known as the King’s evil [225, 237]. Lupus, meaning
wolf-like, was initially used to refer to an ulcerative lesion reminiscent of a wolf
bite. In 1803, Robert Villand adopted the term lupus when describing the last stages
of facial skin TB: this clinical description of facial lupus then gave rise to the similar
terms lupus erythematosus and lupus pernio. The term tuberculosis verrucosa cutis
was coined in 1869. Kaposi was the first to define mucocutaneous involvement in
TB. In 1896, Darier introduced the concept of tuberculid, and later Pautrier used this
term to define the papulonecrotic tuberculid [225].

2.10.3 Classification

There is still no entirely satisfactory classification, illustrating the difficulties
encountered when attempting to classify a disease whose manifestations depend on
various different factors. In 1896, Darier distinguished between forms of true TB
and forms regarded as “tuberculids”. With the advent of active anti-tubercle drugs,
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the failure of these so-called tuberculids to respond and their tendency to resolve
spontaneously led to a critical assessment of their etiology. Thanks to new methods
of detecting the M. tuberculosis complex, the position of tuberculids was finally
better elucidated.

The most widely accepted classification of cutaneous TB is based on its propaga-
tion mechanisms via direct inoculation, through a contiguous infection, or by hema-
togenous dissemination (Table 2.9) [238]. According to this classification, skin
involvement can occur through exogenous inoculation (in non-previously sensitized
hosts, with the occurrence of regional adenopathy), by contagious spread from a
focus underlying the skin (from osteomyelitis, epididymitis, and lymphadenitis),
and by hematogenous spread from a distant focus (Table 2.10) [234, 239, 240].

Another useful classification then introduced the concept of “bacterial load”,
similar to the one described by Ridley-Jopling for Hansen’s disease; cutaneous TB
was thus classified as either a multibacillary or paucibacillary form [241]. The mul-
tibacillary forms include tuberculous chancre (by direct inoculation), scrofuloderma
and orificial TB (by contiguity), and acute miliary TB and gumma (by hematoge-
nous spread). These clinical pictures feature abundant bacilli, that can be seen by
direct visualization or isolated in culture. Paucibacillary forms include TB verru-
cosa cutis and lupus vulgaris (by direct inoculation or through re-exposure), and
some other forms of lupus vulgaris (by hematogenous dissemination). In these
forms there are few bacilli, and they are difficult to isolate in culture. In this classi-
fication, tuberculids are included at the extreme end of the paucibacillary spectrum
(Table 2.11) [225].

Table 2.9 Classification of cutaneous tuberculosis

Bacillary form Method of inoculation =~ Host immune status Clinical disease
Multibacillary ~ Direct exogenous source:
Primary inoculation ~ Naive Primary inoculation
tuberculous chancre
Endogenous source:

Contiguous spread Low Scrofuloderma
Autoinoculation Low Orificial tuberculosis
Hematogenous spread ~ Low Acute miliary tuberculosis
< Tuberculous gumma

forms \
Paucibz}cillmy Direct post-primary Immune Tuberculosis verrucosa cutis
inoculation Lupus vulgaris (occasionally)
Hematogenous spread ~ High Lupus vulgaris
3 Tuberculids

forms \.
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Table 2.11 Tuberculids Micropapular  Lichen scrofulosorum
Papular Papulonecrotic tuberculid
Nodular Erythema induratum of Bazin
Nodular tuberculid

Erythema nodosum (occasionally)

2.10.4 Primary Inoculation Tuberculosis

This form (synonyms: tuberculous chancre, tuberculous primary complex) is due to
direct cutaneous inoculation of M. tuberculosis in an individual lacking natural or
artificially acquired immunity to the organism. The initial lesion contains numerous
bacilli (multibacillary form).

Because acid-fast bacilli cannot penetrate the normal intact skin barrier, to fos-
ter the onset of the infection some form of injury of this defense is needed. The
entry portal is usually through minor skin injuries like abrasions, hangnail wounds,
impetigo, and furuncles. The inoculation may occur via various mechanisms but in
the majority of cases will affect subjects working in medical-related professions
(Laénnec described his own “prosector's wart” in 1826). Tuberculous chancres
have followed mouth-to-mouth respiration [242], circumcision [243, 244], infec-
tions due to inadequately sterilized syringes [245], wounds [246], operations [247],
ear-piercing [242], intramuscular injections given by a nurse with active TB [248],
and tattooing [249]. In areas with a high TB prevalence in the community, lesions
may occur anywhere on the body, from contact with sputum or following insect
bites [250] or pyococcal infections of the skin. Sexual transmission has also been
reported [251, 252].

The sites most frequently involved are the face and limbs, and manifestations are
more often seen in children [253-262]. This form of skin TB is considered uncom-
mon [238] but the incidence is likely underestimated, especially in areas with a high
TB prevalence.

In one third of cases there is mucocutaneous involvement, and the conjunctival
[239] are also affected, or the oral cavity after tooth extraction or after drinking non-
pasteurized milk infected by M. bovis [234, 263-265].

After 1-4 weeks incubation, at the inoculation site a brownish-red papular-
nodular lesion develops, that evolves into a painless, firm, non tender ulcer with
undermined edges and a granular hemorrhagic base. In time, an adherent crust
develops. After 1-2 months from the inoculation the onset of regional lymphade-
nopathy is observed, with the lymph nodes tending to adhere to the skin. These
lymph nodes soften in a few weeks and can break down after the formation of a
fistula, from which purulent matter with a bacillary content is discharged. The ulcers
heal in a few weeks. Occasionally, lupoid nodules develop around the healed ulcer.
The lymphadenopathy may persist for a long period. Lesions closely simulating
paronychia may affect the fingers [254]. The combination of the tuberculous chan-
cre and regional adenopathy is the cutaneous analogue of the primary tubercular
infection of the lung, the Gohn complex. Within 2-3 years, calcification may be
found in draining nodes [240].
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The early histological changes are those of an acute neutrophilic reaction, with
areas of necrosis and numerous bacilli. After 3—-6 weeks the infiltrate becomes gran-
ulomatous, with epithelioid cells and Langhans cells (but typical tubercles are
absent), and caseation necrosis, coinciding with the disappearance of the bacilli,
becomes evident. At the same time as the bacilli reduce, the tuberculin test, that was
initially negative, generally becomes intensely positive.

As regards diagnosis, the suspicion must be borne in mind in the case of any pain-
less, non-healing ulcer or lesion with regional lymphadenopathy, especially in chil-
dren. Acid-fast bacilli can be demonstrated in the primary skin lesion and in draining
nodes in the early stages of disease. Anti-tubercular treatment must be started with-
out awaiting the results of any further tests. At this stage, differential diagnosis is
with scrofuloderma, syphilitic chancre, lymphogranuloma (Nicolas-Favre disease),
tularemia, sporotrichosis, and actinomycosis [259]. Bartonellosis and especially
M. marinum skin infections closely resemble primary TB, but the distribution, clini-
cal course and culture characteristics show distinctive differences.

At the site of the original lesions, lupus vulgaris may develop. Occasionally, hema-
togenous spread of the bacilli can occur, and TB develop in other sites, including
miliary TB [266]. In some cases it may follow the onset of erythema nodosum [267].

2.10.5 Tuberculosis Verrucosa

Tuberculosis verrucosa (warty TB) occurs due to a reinfection by exogenous tuber-
cle bacilli in subjects who have developed a moderate-high grade of immunity to
M. tuberculosis. There are few bacilli in such lesions (paucibacillary form).

Three possible types of manifestation can be observed. The first is by accidental
superinfection from exogenous sources: physicians, pathologists, and post-mortem atten-
dants are traditionally at risk (hence the terms “anatomist’s warts”, “prosector’s warts”,
“verruca necrogenica”) [268, 269]. The second occurs through inoculation from sputum
of a patient with active TB. The third is observed in already infected children and young
adults, who have developed some degree of immunity but can be reinfected by sputum
after sitting on the ground or walking barefoot where bacilli are present [270, 271].

Tuberculosis verrucosa can also often be caused by M. bovis, especially in work-
ers who come in contact with infected cattle (milkmen/maids, veterinarians,
butchers).

Given the exogenous origin of the infection, the sites exposed to external contact
are typically affected, such as the hands (dorsum, fingers and particular thumbs) and
the extensor surfaces of the wrists. While it is the hands that are most often affected
in Europe, in Asia it is the knees, ankles, feet, and buttocks [271, 272].

The "anatomical tubercle" is the prototype TB verrucosa: it is an occupational
disease resulting from minor injuries occurring during autopsies or surgery on indi-
viduals with TB or while handling meat from infected animals. After a few days of
incubation, the lesion starts as a small, symptomless, indurated warty papule with a
slight inflammatory halo. It gradually extends to form a verrucous plaque, which
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Fig.2.1 Tuberculosis verrucosa. Warty plaques; ulcerative evolution on the thumb

may have irregular margins with finger-like projections (Fig. 2.1). Lesions undergo-
ing the rapid development phase, that may be single or multiple, rounded or irregu-
lar, show three distinct zones: a reddish-purple flat peripheral zone; a more raised
middle zone, purple or brown, papillomatous or verrucous, which may feature scat-
tered small ulcerations covered with adherent crusts, from which a few drops of pus
can leak; a central zone mostly filled with warty protrusions. The center of the
lesion may undergo involution, leaving a white atrophic scar.

Tuberculosis verrucosa has a very slow evolution and cannot heal spontaneously.
The lesions last for years; they may resemble lupus vulgaris, but the sites are differ-
ent. They can also be psoriasiform or keloidal in appearance. Rarely, a sporotrichoid
spread and tuberculous lymphadenitis have been reported [273]. Deeply destructive
papillomatous and sclerotic forms can cause deformities of the limbs [274]. In Hong
Kong and Singapore an exuberant granulomatous form has been described [271,
272]. Tumor-like forms can also occur [275].

At the histopathology level, the epidermis presents acanthosis, hyperkeratosis
and papillomatosis. These changes can be so marked as to simulate pseudoepithe-
liomatous hyperplasia. In the superficial derma there is an inflammatory infiltrate
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with neutrophils and lymphocytes, and often abscess formations. In the middle
derma there are generally tuberculoid structures with a low grade of caseous necro-
sis. The vessels are dilated and the connective tissues edematous [276]. Bacilli are
only occasionally observed.

Digital and subungueal lesions must be differentiated from warts, and those on
the hands from keratoses. Blastomycosis and actinomycosis can simulate exuberant
forms. Hypertrophic lichen planus and giant lichenifications are different in terms
of appearance, multiplicity of the lesions and itching. Lupus vulgaris is not usually
hyperkeratotic and shows apple-jelly nodules on diascopy. Lesions induced by non-
tuberculous mycobacteria can be differentiated by microbiological culture, although
fishtank granuloma forms with a unique plaque due to M. marinum are particularly
difficult to differentiate. Vegetating pyodermitis has an acute and rapid evolution
(weeks): the inflammatory process is more acute, the suppuration is abundant, the
margins are bright red, and the consistency is softer. It heals quickly with local anti-
septic therapy.

Tuberculosis verrucosa responds to anti-tubercular treatment but unless this is
administered the disease may persist for months or years [274, 277, 278], although
spontaneous remission can occur, leaving atrophic scars. It is always recommended
to seek for concomitant infection of the bone or lungs; miliary tuberculosis has also
been reported [279].

2.10.6 Scrofuloderma

The term scrofuloderma or scrofula (from the Latin “little sow”) was adopted in analogy
with tumors affecting the lymph nodes of the affected sow, and that spread by contigu-
ity to the skin, causing an ulcer.

Scrofuloderma (tuberculosis colliquativa cutis) results from the involvement and
breakdown of the skin overlying a contiguous TB focus. This is usually a lymph
gland, an infected bone or joint, or the epididymis [280]. This form is observed
above all in children and adolescents [281-283], or in young adulthood [232], and
is very rare in the elderly. The disease shows a slight predilection for the female
gender. It is usually observed in malnourished children [284] and immunosup-
pressed adults [285].

This form of TB is preferentially localized in the lateral-cervical region (Figs. 2.2
and 2.3) [286]. It can also affect the axillary, supraclavicular (Fig. 2.4), epitrochlear,
retroauricular, and inguinal regions (Fig. 2.5) [287, 288].

A painless dermo-hypodermal nodule with an increased consistency, indis-
tinct margins and varying in size from a few millimeters to 1-2 cm overlies the
infected gland or joint. It slowly increases in volume, involving and infiltrating
the overlying skin, which becomes bluish-red. As the infiltrate softens, the mass
becomes fluctuating and a cold purulent collection develops in the subcutaneous
tissue. The skin can ulcerate in one or more areas and the nodule will discharge
its content outside. At this stage, TB colliquativa shows an ulceration with a
granulating base. The edges of the ulcer are infiltrated, bluish and irregularly
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Fig.2.2 Lateral-cervical
scrofuloderma

Fig.2.3 Lateral-cervical
scrofuloderma with
ulcerative lesion

shaped. Adjacent multiple nodules can merge through subcutaneus fistulas and
produce large, irregular ulcerations. An exuberant granulation tissue may give
rise to granulomatous and fibrous pseudotumoral formations [289]. Sporotrichoid
spread has been reported [290].
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Fig.2.4 Supraclavicular
ulcerated scrofuloderma

Fig.2.5 Inguinal
ulcerated scrofuloderma

Scrofuloderma which manifests as contiguous involvement of the skin overlying
a site of TB of the bones and joints is not common. Any bone or joint may be
affected but the most frequent site is the spine, involved in half the cases, followed
in frequency by the large joints of the lower limb (hip, knee and ankle) and upper
limb (shoulder, elbow and wrist), and then the small joints of the hands and feet
(Figs. 2.6, 2.7, and 2.8). It is important to consider, however, that in case of spinal
TB, also termed Pott’s disease (after Sir Percivall Pott, 1713-1788), the “cold”
abscesses may emerge well away from the site of bone disease: for example,
abscesses secondary to disease in the lumbar vertebrae may emerge in the thigh
below the inguinal ligament, as well as TB of the cervical spine may present as a
retropharyngeal abscess.
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Fig.2.6 Tubercular
oteoarthropathy of the
hand and feet with
cutaneous involvement

In case of tuberculous epididymitis or orchitis, secondary to TB of the kidney or
due to direct hematogenous spread from primary foci of disease, scrofuloderma
may involve the scrotum (Fig. 2.9).

Histologically, the nodules consist of granulomatous infiltrates composed of
epithelioid cells, Langhans giant cells, and lymphocytes. Marked caseation
necrosis is present in deeper structures. Tubercle bacilli can usually be detected
in the pus.

After a long, slow healing process, these lesions leave typical irregular and
hypertrophic keloid-type scars. Sweet's syndrome has been reported in association
with scrofuloderma [291]. Scrofuloderma of the neck and submandibular regions
can extend to the face and upper chest. The tuberculin skin test is variable, but usu-
ally positive [292]. The response to anti-tubercular treatment is generally good;
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Fig.2.7 The same
patient as in Fig. 2.6.
Lupus vulgaris of the
arm

Fig.2.8 Tubercular oteoarthropathy of the third finger of the right hand and lichen scrofulosorum
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Fig.2.9 Tuberculous
epididymitis with
cutaneous involvement

some authors recommend wide surgical removal of affected tissue, combined with
the specific therapy.

Non-ulcerated lesions must be differentiated from lymphomas, syphilitic gum-
mas (with a harder consistency and rarer in children), pyodermitis (abscesses,
furuncles), suppurative hydroadenitis, and fungal nodules (actinomycosis, sporotri-
cosis). Ulcerated lesions are distinguished from ulcerated syphilitic gummas: the
ulcer is regular in shape, with sharp perpendicular edges, and evolves more rapidly
than tuberculous lesions. Tuberculous lesions on the lower limbs should be differ-
entiated from erythema nodosum of Bazin, B cell-lymphoma, and pyoderma
gangrenosum.

2.10.7 Orificial Ulcerative Tuberculosis

This form (orificial tuberculosis, acute tuberculous ulcer) involves the mucous
membranes of natural orifices and the periorificial skin of subjects affected by
advanced visceral TB. It is a multibacillary form of cutaneous TB. Nowadays, it is
extremely rare.

Tuberculous ulcers occur in the oral mucosa, on the lips, around the mouth, in the
perianal region, and in the genital mucosa of individuals with active foci in the
lungs, intestine, and genito-urinary apparatus, respectively. In these locations, ulcers
result from direct self inoculation of bacilli, that are copiously eliminated from
these foci. Occasionally, ulcers can have an exogenous origin due to direct inocula-
tion of bacilli [293].

Most of these patients have a low tuberculin reactivity and the tissue reactivation
is of anergic type. This form is relatively rare thanks to the strong resistance of the
intact skin and mucosa to the penetration of mycobacteria. Dental caries or a trauma
may favor the inoculation.
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Subjects with orificial TB are generally severely ill adults with advanced internal
TB and impaired cell-mediated immunity. Lesions occur most commonly in the
mouth. The initial lesion is an edematous reddish nodule that rapidly breaks down
to form painful, shallow ulcers with undermined bluish edges. The ulcers rarely
exceed 2 cm in diameter and show no tendency to heal spontaneously. They are
irregularly shaped with a hard edge; the base is irregular and yellowish, covered
with a purulent and necrotic discharge; after removal of this discharge, the base of
the ulcer shows a granulating, hemorrhagic surface.

Pain is the cardinal feature. There is usually evidence of infection of other organs;
79% of patients in one series had associated pulmonary TB [294]. The confirmation
of the diagnosis is bacteriological and by PCR [295]. The tuberculin skin test is
variable; in the later stages at least, the patient is often anergic.

In a series of 42 patients with orificial disease, 69% had oral ulcers, 21% bone
involvement and 10% salivary gland and/or lymph node involvement [294]. Other
sites include the genitals [296], and around the anus.

The histological changes are variable: there can be a non specific inflammatory
infiltrate, or else the presence of tuberculoid nodules with caseous necrosis. In all
cases, tubercle bacilli are present and easily demonstrated.

The ulcer of the lower lip can simulate a carcinoma due to the hard and infiltrated
base and to concomitant submaxillary adenopathy. In perianal localizations, the dif-
ferential diagnosis is with anal chancre, condylomata acuminata, and herpes sim-
plex chronicus. The prognosis is usually serious and depends on the concomitant
visceral TB and on the immunological conditions.

2.10.8 Miliary Tuberculosis

This is a rare, disseminated and multibacillary form of cutaneous TB; it occurs in
association with generalized miliary TB [297] and is due to acute hematogenous
dissemination of mycobacteria into the skin. It is rare and usually affects young
children or immunocompromised patients, such as those with concomitant HIV
infection [298-309] or following viral infection such as scarlet fever or measles
[310].

The skin lesions are often acute generalized profuse crops of minute reddish-
brown or purplish papules, vesicles, pustules, or hemorrhagic manifestations in an
already ill patient. The vesicles may become necrotic and form small ulcers [311].
Erythematous nodules have also been reported [312]. The lesions are scattered on
the trunk and limbs and, rarely, on the face. The underlying disease may not be
manifest, and the diagnosis is only made at histology showing acid-fast bacilli
[313]. It is always wise to seek for signs of internal infection [314].

The histology shows numerous microabscesses containing neutrophils or non-
specific inflammatory infiltrates with foci of necrosis and acid-fast bacilli. The
tuberculin skin test is usually positive, although it may become negative in the
late stages of the disease. The development of an unusual exanthematic rash in
an ill subject with known TB or tuberculous contact must suggest the diagnosis.
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Anti-tubercular treatment should be started immediately in cases of a strong sus-
picion. The prognosis is poor, even if treatment response does sometimes occur.

2.10.9 Lupus Vulgaris

This is a chronic, progressive, post-primary, paucibacillary form of cutaneous TB in
subjects with a moderate or high degree of immunity. The characteristic lesion is a
plaque consisting of soft, reddish-brown papules. Such lesions will sometimes
extend in some areas but heal, leaving scarring, in others. Over many years, consid-
erable tissue destruction can occur.

Lupus vulgaris usually starts in young adulthood and is only exceptionally
observed after the age of 60 years. Women are more commonly affected than men.
Currently, lupus vulgaris is more frequent in northern Europe than in Mediterranean
countries. In India, South Africa and Pakistan, it is the most common form of TB in
adults [235, 315, 316]. In Tunisia, there has recently been an increase in the number
of cases, probably reflecting a greater immunity to TB in the community [317, 318].

2.10.9.1 Pathogenesis

Lupus vulgaris originates from an underlying TB focus, typically in a bone, joint or
Iymph node, and arises either by contiguous extension of the disease from underly-
ing affected tissue or by hematogenous or lymphatic spread. The underlying focus
is not always evident; such cases result from a reactivation of a latent skin focus
secondary to a previously silent bacteremia [319]. Lupus vulgaris can also arise due
to exogenous inoculation during tattooing [320] or as a complication of the BCG
vaccination [321].

Lupus vulgaris is a paucibacillary form of skin TB, and so culture of the bacilli
obtained from the lesions is often extremely difficult. In a study of 4000 patients,
bacilli could be cultured in only 6% of the cases [322]. A concomitant diagnosis
made by PCR has been reported [323]. The bacilli will be destroyed as a result of
the local tissue reaction, thanks to the good level of specific immunity in these
patients.

2.10.9.2 Histopathology

The histopathological features are variable. Usually, tubercles constituted by epithe-
lioid cells, multinucleated giant cells and lymphocytes are present in the superficial
dermis. Within them, caseous necrosis is absent or at most scanty (Figs. 2.10 and
2.11). There may be an inflammatory infiltrate with giant cells at the superficial and
dermal level, with rare tuberculoid structures, and it may also involve the muscular
fascia, muscles, and cartilage. There will be fragmentation of the elastic fibers and
destruction of the skin appendices. The epidermis may be atrophic or, more rarely,
show acanthosis and hyperkeratosis; it is sometimes ulcerated. In cases of severe
acanthosis there is pseudoepitheliomatous hyperplasia; this picture must be differ-
entiated from squamous cell carcinoma [324]. Only exceptionally is it possible to
demonstrate tubercle bacilli in histological sections [325].
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Fig.2.10 Dermo-
hypodermic tuberculoid
granulomatous infiltrate
(Hematoxylin-eosin —
x40)

Fig.2.11 Granulomatous infiltrate with giant Langhans cells (black arrow) and caseation necro-
sis (white arrow) (Hematoxylin-eosin — x100)

2.10.9.3 Clinical Features

Lupus vulgaris can develop anywhere on the skin surface, but is prevalently localized
(80-90% of cases) on the face (nose, cheeks, eyelids, lips, and ear pavilions)
(Figs. 2.12,2.13, 2.14, 2.15, 2.16, 2.17, 2.18, 2.19, 2.20, 2.21, 2.22, 2.23, 2.24, 2.25,
2.26, and 2.27). Other possible sites involved are the neck (Figs 2.28, 2.29, and 2.30),
buttocks (Figs. 2.31, 2.32, and 2.33), thighs, genitalia, perianal skin, legs and back of
the hands (Fig. 2.34) and forearms (Fig. 2.35). The trunk is more rarely involved.
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Fig.2.12 Lupus vulgaris.
Erythemato-yellowish
plaque

Fig.2.13 Lupus vulgaris.
Erythemato-yellowish
plaque
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Fig.2.14 Lupus vulgaris.
Erythemato-yellowish
plaque

Fig.2.15 Lupus vulgaris.
Central atrophic scar

The characteristic lesion is a plaque, consisting of small dermal nodules (lupo-
mas), that will extend gradually over the years. Apart from destroying the tissues,
this lesion induces the formation of ill-defined scarred areas. The lupoma is a tiny
brown nodule, ranging in size from a pin-head to a lentil, that may be slightly raised
or embedded in the skin. Sometimes, it is so minimally infiltrated that on palpation
it may feel like a macule. Its yellowish color gives the plaque its characteristic
"apple-jelly" appearance. This shade of color is often masked by the erythematous
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Fig.2.16 Lupus vulgaris.
Central atrophic scar

Fig.2.17 Lupus vulgaris.
Central atrophic scar
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Fig.2.18 Lupus vulgaris
of the forehead. Scar of
previous lupus vulgaris on
the scalp

Fig.2.19 Lupus vulgaris of
the nose and cheek

and slightly scaly component of the overlying skin. Lupomas can be revealed at the
edges of the plaque by inducing temporary ischemia of the lesion by diascopy
(Fig. 2.36). In fact, they are evident because of their yellowish color against the off-
white surrounding skin [289].

Another characteristic of lupomas is their relatively soft consistency, that can be
appreciated by pressing them with a probe. The tip of a blunt probe will, in fact,
easily penetrate the lesion if gentle pressure is used (Fig. 2.37). The minor consis-
tency of lupomas is due to destruction of the connective and elastic fibers of the
dermis by the tuberculous infiltration.
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Fig.2.20 Lupus vulgaris
of the auricular lobe
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Fig.2.21 Lupus vulgaris of the ear
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Fig.2.22 Multiple
lesions of lupus vulgaris

Fig.2.23 Lupus vulgaris.
Active nodular lesions at
the borders of the vast
plaque
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Fig.2.24 Lupus
vulgaris. Active nodular
lesions at the borders of
the vast plaque

Fig.2.25 Lupus vulgaris.
Active nodular lesions with
scaly component and atrophic
scar
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Fig.2.26 Lupus
vulgaris. Active nodular
lesions at the borders of
the vast plaque

Fig.2.27 Lupus vulgaris.
Active nodular lesions at the
borders of the vast plaque
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Fig.2.28 Lupus vulgaris
of the face and neck

Fig.2.29 Lupus vulgaris.
Central atrophic scar

Fig.2.30 Lupus vulgaris of the
neck with atrophic scar
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Fig.2.31 Lupus vulgaris
of the buttock with
atrophic scar

Fig.2.32 Lupus vulgaris
of the buttock with scaly
component and strong
positive PPD




2 Cutaneous Tuberculosis 67

Fig.2.33 Lupus
vulgaris of the buttock
with atrophic scar and
strong positive PPD

The plaques vary in size and shape. Another characteristic is the tendency of the
lupomas to relapse at the lesion margins and within the scarring areas (Figs. 2.38
and 2.39). Necrosis can sometimes cause superficial, slowly evolving ulcers. There
is usually only one lesion except in the disseminated forms associated with active
pulmonary TB [326]. Sporotrichoid-like forms have also been reported [290].
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Fig.2.34 Lupus vulgaris of the back of the hands

Fig.2.35 Lupus vulgaris
of the arm
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Fig.2.36 The same case
as in Fig. 2.26. Diascopy
at the border of the plaque

Fig.2.37 The same
patient as in Fig. 2.24.
Soft consistency of the
lupomas pointed out by a
blunt probe

Fig.2.38 Lupus vulgaris.
Relapse on atrophic scar
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Fig.2.39 Lupus vulgaris.
Relapse on atrophic scar

2.10.9.4 Clinical Forms

Clinical forms of this cutaneous TB are very different from case to case and depend
on tissue response to infection. There are five clinical patterns, some of which fea-
ture ulceration while others do not. Atypical forms and transition forms between
one and another clinical form are also common.

The plaque form is the most common clinical variant on the face. The lesions,
formed by the coalescence of lupomas, are raised; they have a smooth surface, or
else are covered with a psoriasiform scale, and show irregular, tortuous margins.
These lesions, whose lupomas are visible on the margins at diascopy, extend slowly,
leaving irregular scars at their centers.

Ulcerative and mutilating forms (lupus exedens) are characterized by ulceration
and scarring (Figs. 2.40, 2.41, 2.42, and 2.43). The ulcers are covered by crusts with
a greater or lesser adherence. The skin ulceration process may extend to the deep
tissues, cartilage and bones. Destruction and necrosis of the ear pavilion and nasal
pyramid (Fig. 2.44) cause mutilation and permanent deformities. The ulcers do not
tend to resolve but form scarring areas, often of contracting type, that typically per-
sist and show the development of new lupomas.

Vegetating forms are hypertrophic forms characterized by a marked tendency to
ulcerate (Figs. 2.45 and 2.46) and to form phagedenic necrosis areas. There is severe
infiltration at the dermal level with minimal scarring. The mucous membranes are
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Fig.2.40 Ulcerative
lupus vulgaris of the
elbow

Fig.2.41 Ulcerative lupus
vulgaris of the neck
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Fig.2.42 Ulcerative lupus
vulgaris of the thigh with
positive PPD

Fig.2.43 Ulcerative lupus
vulgaris of the wrist
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Fig.2.44 Mutilation
of the nasal pyramid due
to previous lupus vulgaris

Fig.2.45 Vegetating lupus
vulgaris
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Fig.2.46 Vegetating lupus vulgaris with positive PPD

Fig.2.47 Lupus vulgaris
mixomatous

often affected and the cartilage is slowly destroyed. When the nasal or auricular
cartilage is involved there will be extensive destruction and disfigurement.

Tumor-like forms are characterized by large nodules, often clustered and soft,
with minor scarring. Huge soft, reddish tumors develop on the ear lobes, which
become grossly enlarged (“lupus mixomatous”) (Figs. 2.47, 2.48, 2.49, 2.50, and
2.51). Lymphedema and vasodilation are marked.

Papular and nodular forms present with multiple lesions arising simultaneously
in disseminated lupus (“miliary lupus”). These clinical pictures arise after a tempo-
rary immunosuppression condition following childhood exanthems (measles)
(“lupus miliaris post-exanthematicus”).
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Fig.2.48 Lupus vulgaris
mixomatous

Fig.2.49 Lupus vulgaris
mixomatous
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Fig.2.50 The same
patient as in Fig. 2.49

Fig.2.51 The same patient
as in Fig. 2.49. Diascopy of
the lesion




2 Cutaneous Tuberculosis 77

2.10.9.5 Mucosal Involvement

The mucosa most often involved are the nasal, lip, oral, and conjunctival mucosa.
There may be primary involvement with papules and nodules, or otherwise spread
from a contiguous skin lesion. Nasal nodules bleed very easily and then ulcerate,
causing destruction of the cartilage. Granulating, vegetating or ulcerating lesions of
the buccal mucosa, palate, gingiva or oropharynx may occur by direct extension or
by lymphatic spread from the nasal lesions. They can provoke stenosis of the larynx
and scarring deformities of the soft palate.

2.10.9.6 Prognosis and Complications

The course of lupus vulgaris is chronic and progressive; if untreated, the disease
will persist indefinitely and cause major tissue destruction. Long periods of
apparent quiescence will alternate with periods of exacerbation. Ulcerative forms
and those with a tendency to scar bring about severe facial mutilation. The
destruction of the auricular cartilage causes shrinkage of the ear, and of the nasal
cartilage leads to narrowing and deformation of the nostrils and alae nasi.
Contraction of the peribuccal and palpebral tissues causes microstomia and
ectropion, respectively.

Pyodermitis, followed by lymphangitis and lymphadenitis, is a frequent compli-
cation in ulcerative and vegetating forms. The most severe complication is the
development of squamous cell carcinoma (“lupus carcinoma”) (Figs. 2.52, 2.53,
and 2.54). This originates at the margins of ulcerative and cicatricial lesions that
have been present for many years or decades. The onset of basal cell carcinomas or
sarcomas is less common. This neoplastic complication, that may mimic a relapse
of lupus, is observed in 8% of patients [327, 328].

Fig. 2.52 (a) Lupus carcinoma with adenopathy on scar of previous lupus vulgaris. (b) Same
patient with hyperkeratosic lupus vulgaris of the third finger
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Fig.2.53 Lupus
carcinoma

Fig.2.54 Lupus carcinoma
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2.10.9.7 Diagnosis
When the plaques are well defined with central scarring there is little diagnostic dif-
ficulty. In the initial phases the lupus may be confused with lymphocytoma or lupus
erythematosus. It may be impossible to clinically distinguish the lupoid form of
leishmaniasis. On the face, lupus may be mistaken for rosacea or for a port-wine
stain [329], and on the limbs, for other mycobacterial infections. The serology and
medical history are useful to make a differential diagnosis with some manifestations
of tertiary syphilis. Tuberculoid leprosy can present similar clinical and histological
findings to lupus: the patient's origin from endemic areas and the lesion anesthesia
can orient the diagnosis. Histological examination will differentiate lupus vulgaris
from Bowen's disease, psoriasis, and some deep mycoses. Tuberculosis verrucosa
differs in terms of the marked hyperkeratosis as well as of the areas involved. The
sarcoidosis nodules resemble grains of sand (the color is often grayish) rather than
“apple jelly”.

A trial of anti-tuberculosis therapy may be considered in cases of diagnostic
difficulties, although a clinical response will be obtained only after 4-6 weeks
[330, 331].

2.10.10 Tuberculous Gumma

This form of cutaneous TB (metastatic tuberculous abscess), that manifests with
one or more lesions, is linked to hematogenous spread of a primary focus in subjects
with a lowered resistance. It is most commonly observed in malnourished children
after trauma [332] and in association with lymphoma [333].

Histology demonstrates suppurative granulomata with non-specific infiltrates.
Direct examination of the pus will usually demonstrate tubercle bacilli.

Tuberculous gumma can present as a firm subcutaneous nodule or as a fluctuating
abscess. The limbs are more often affected than the trunk. The overlying skin may
ulcerate, often with sinuses [333, 334]. Multiple abscesses have been reported as a
rare observation during the treatment of miliary TB [335], as well as lesions present-
ing as carpal tunnel syndrome [336]. The tuberculin skin test is usually positive, but
may be negative if the patient is in poor general conditions. The diagnosis must be
confirmed by culture.

2.10.11 Unusual Forms of Cutaneous Tuberculosis

These forms are difficult to fit into any of the above-described clinical pictures. The
morphology and histology may resemble lupus vulgaris, but not as regards the site
or behavior [337]. Gangrenous or vegetating forms with underlying lung or glandu-
lar disease have been described [338]. HIV-positive patients may present atypical
and diffuse skin lesions [303]. Cases with cellulitis-like lesions have also been
reported [339, 340], as well as patients with multifocal guttate TB verrucosa cutis
and necklace lupus vulgaris [341].
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A high suspicion index is necessary to make a correct diagnosis in such cases:
the finding of acid-fast bacilli is not sufficient and biopsy, culture and PCR must be
performed. Trial anti-tubercular treatment may be necessary to test the diagnosis,
while awaiting the results of specific tests [330].

2.10.12 Tuberculids

In 1896, Darier grouped various apparently dissimilar skin manifestations under the
heading of tuberculids, suggesting that they could be caused by microbial embolism
from visceral tuberculous foci. Unlike true cutaneous TB, tuberculids were considered
a hypersensitivity reaction to M. tuberculosis or its products in a subject with a signifi-
cant immune status. The characteristics of tuberculids are a positive tuberculin skin test,
evidence of past or manifest TB, and a positive response to anti-tuberculous treatment.
In addition, there is almost always absence of bacilli in skin biopsies, and culture is
negative, although PCR can detect mycobacterial DNA in some forms.

In the past, various clinical pictures were included among tuberculids that nowa-
days are classified as variants of rosacea. True tuberculids are listed in Table 2.11.

The pathogenesis of tuberculids is still poorly understood. They are believed to
be linked to hematogenous spread of bacilli in subjects with a moderate or high
grade of immunity against M. tuberculosis. However, it is not possible to find bacilli
in these forms because they are present only in fragmented form or are destroyed at
the tuberculid site by immunological mechanisms [341]. PCR is positive in some
papulo-nodular forms [342-344], but not in the micropapular, lichen scrofulosorum
form [341]. It has therefore been suggested that papulo-nodular forms should be
considered as forms of true post-primary TB [343].

Fluctuations in the patient's immunological status can allow the development of the
eruption. The onset of lichen scrofulosorum has been reported after the start of specific
treatment, probably due to a shift in the patient's cell-mediated immune status [341].
Papulonecrotic tuberculid developed in one patient with HIV infection after an increase
in CD4 T cells following the introduction of a second antiretroviral drug [230]. In a
recent study of 131 patients with cutaneous tuberculids, the most frequent form was
erythema induratum (96%), followed by papulonecrotic tuberculid (3%) [345].

2.10.12.1 Lichen Scrofulosorum
First described by Hebra in 1868, this is a lichenoid eruption of minute papules,
observed above all in children and adolescents with TB. It is generally associated with
a strongly positive tuberculin reaction. The eruption has been reported in association
with lymph nodes TB, bone TB, and even after BCG vaccination [346]. Lichen scrofu-
losorum has also been reported with M. avium [347] and M. szulgai [348] infection.
In the past this tuberculid was common but today it is rarely observed in Europe
except among immigrants. In 1976, four cases were reported in the UK [348]. Two
series have recently been reported, of 8 [349] and 39 [350] patients in Northern
India. In the second series, with 39 cases, this tuberculid accounted for 76% of all
the cases of cutaneous TB over a 7-year period; 84% were aged under 15 years,
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while 72% presented an associated underlying TB focus at the level of the lymph
nodes, lung, or bone [350-352].

The clinical picture is considered to be the result of an immune response to
hematological spread from an underlying tuberculous focus. A strong positive reac-
tion is elicited to the PPD, often measuring 18 mm or larger. Lichen scrofulosorum
can coexist with other TB forms like lupus vulgaris, tuberculous gumma, and tuber-
culosis verrucosa cutis [353].

At the superficial derma level, around hair follicles and sweat ducts, there will be
granulomas consisting of epithelioid cells, lymphocytes and occasional giant cells.
There is generally no caseation. No bacilli are observed in histological sections, cul-
tures are negative, and in general mycobacterial DNA is not demonstrable by PCR.

Clinically, the eruption manifests as asymptomatic, closely grouped lichenoid
papules measuring 0.3-3 mm (Figs. 2.55 and 2.56). The papules may be skin colored
or yellowish or reddish-brown, grouped in clusters or in an annular arrangement, or

Fig.2.55 Lichen
scrofulosorum
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Fig.2.56 The same patient as in Fig.2.55. Strong positive PPD

in plaques, at perifollicular sites. The surface may be smooth, slightly scaly, or with
a small pustule center. They are mainly localized on the abdomen, chest and back and
the origins of the limbs. One case of localization at the vulva was reported in a young
girl [354].

A high suspicion index is needed for diagnosis. A TB focus elsewhere on the body
should be sought. Differential diagnosis must be made with all asymptomatic erup-
tions of follicular papules showing a tendency to cluster. In lichen nitidus the lesions
are more shiny and tend to be peripheral; keratosis spinulosa presents with spiny
projections over lichenoid papules. Keratosis pilaris features non inflammatory
lesions, generally on the upper thighs and arms. Differential diagnosis must also
include lichenoid sarcoidosis, secondary syphilis and some drug eruptions. In one
patient with AIDS, the PPD was negative [355].

Anti-tubercular treatment generally leads to resolution within 4-8 weeks without
scarring.

2.10.12.2 Papulonecrotic Tuberculid

The eruption is characterized by asymmetrical crops of papulous elements located
above all on the extensor surface of the limbs. The lesions tend to necrotize and
resolve with varioliform scarring.

In about 40-75% of cases an associated TB focus is demonstrated [356-358].
The rapid response to anti-tubercular treatment leaves no room for doubt as to the
etiology in cases in which it is not possible to demonstrate a tuberculous focus. In a
study of 91 patients, papulonecrotic tuberculid evolved to lupus vulgaris in four



2 Cutaneous Tuberculosis 83

cases [356]. This has also been observed after BCG vaccination [359-361], show-
ing a possible hematogenous spread of the bacilli. Mycobacteria are rarely identi-
fied in the lesions; in one study, two cases of an association with lupus vulgaris were
reported [356]. M. tuberculosis DNA has been revealed in skin lesions by PCR
[342]. Papaulonecrotic tuberculid has been observed with M. avium complex in a
subject with HIV infection [362]. The PPD is positive and often elicits a severe
necrotic reaction after 8—12 h.

The eruption is more frequent in children and young adults with active or past
systemic manifestations of TB. The sites most commonly affected are the extensor
surface of the limbs, the hands (fingers), shoulders, buttocks, penis (sometimes the
only site) [363—-365] and also the face. In general, the lesions are symmetrically
distributed and characterized by crops of scattered papules with a diameter of about
1 cm, being deep red and with an increased consistency, embedded in the dermis
(Figs. 2.57 and 2.58). The eruption may continue for months or even years: the
papules ulcerate and are covered by a blackish crust; then they leave pigmented,
sometimes atrophic varioliform scars lasting a few weeks. The ulcers may last for
some months [357]. The eruption is subjectively asymptomatic. Transition forms
[356] and coexistence with lupus vulgaris [326] and with erythema induratum [366,
367] have been described.

The primary alteration of this papulous lesion is an endovasculitis that can lead
to obliteration of dermal vessels. Around these vessels there is a nonspecific cellular
infiltrate, above all of lymphocytes and occasionally of epithelioid cells and giant
cells. The superficial dermis and the epidermis above the infiltrate undergo necrosis,
which is responsible for the vesicopustule that precedes the crust. Histologically, a
palisade is seen around larger lesions [358].

Fig.2.57 Papulonecrotic tuberculid
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Fig.2.58 Papulonecrotic tuberculid

Differential diagnosis includes acute pityriasis lichenoides varioliformis, usually
more extensive, involving the trunk and palmoplantar surfaces and a histological
picture of lymphocytic vasculitis. Biopsy and tuberculin test must be performed in all
cases; PCR may be useful. An interferon-y-base assay can aid diagnosis when PCR
is negative [368]. Specific anti-tubercular treatment is decisive in doubtful cases.

2.10.12.3 Nodular Tuberculids

Erythema induratum of Bazin [369], considered a true nodular tuberculid, affects
the subcutaneous fat. It has recently been termed “nodular tuberculid”, a non-
ulcerated nodular form with histological involvement of the dermis and subcutane-
ous fat junction [370]. Finally, other pictures such as erythema nodosum and nodular
vasculitis can occasionally be linked to TB.

Erythema Induratum of Bazin

This picture was described by Antoine Bazin in 1861. It describes a condition that
generally affects the legs, and is characterized by chronic relapsing nodular lesions.
Itis almost exclusively observed in young or middle-aged women (90%) and resolves
after anti-tubercular treatment. A high percentage of patients has a history of TB. The
incidence of the disease has reduced remarkably in most developed countries, in line
with the decreased incidence of TB.

The tuberculin test is positive. M. tuberculosis is rarely evidenced in the lesions
but mycobacterial DNA can be found in up to 77% of biopsies [344]. It has been
suggested that purified protein derivative-specific T cells that produce IFN-y may be
involved, as a type of delayed hypersensitivity response to mycobacterial antigens
at the site of skin lesions [371].
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The dermatosis typically affects the mid and lower third of the legs, especially
the posterior external surfaces and, more rarely, the thighs, abdomen and but-
tocks. The eruption is generally painless, characterized by palpable, purplish-
red, ill-defined rounded nodules in the dermis-hypodermis (Figs. 2.59, 2.60,
2.61, 2.62, and 2.63). The lesions may sometimes be associated with pain of the
affected limb. The lesions are isolated or few, rarely being numerous. The skin
overlying the nodules is generally purplish and sometimes desquamating (scaly
collarette). They have a variable evolution, sometimes regressing spontaneously
whereas in other cases they soften in the center and turn into torpid, irregularly
shaped ulcers, that are mostly superficial although sometimes there is deep loss
of substance, with perpendicular walls (“erythema induratum of the Hutchinson”
type) (Figs. 2.64, 2.65, 2.66, and 2.67). The affliction has a chronic course, per-
sists for months or years, and generally relapses in winter. In fact, the cold is a
predisposing factor and in many cases the disease onset is observed on skin
affected by erythrocyanosis, or on cutis marmorata. Resolution is slow even with
adequate treatment [372].

Fig.2.59 Erythema

induratum of Bazin
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Fig.2.60 Erythema
induratum of Bazin

The early lesions are confined to subcutaneous tissue, but then ulcerative lesions
will develop also in the dermis and the epidermis. The histological pattern is vari-
able but there are two or three aspects in common in all cases, apart from the tuber-
cular infiltrate: septal panniculitis, vasculitis of subcutaneous arteries and veins,
necrosis of adipocytes, and an epithelioid infiltrate. To demonstrate these lesions the
biopsy must be deep. Vascular alterations include swelling of the endothelium and
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Fig.2.61 Erythema
induratum of Bazin

hypertrophy of the vessels, and even occlusion (thrombosis) of the lumen, with
fibrinoid necrosis. The granulomatous reaction can be non-specific or tuberculoid:
it consists of epithelioid cells, lymphocytes and foreign body or Langhans-type
giant cells. This infiltrate can invade the adipose tissue and in part replace it. Venous
occlusion causes necrosis of the infiltrate cells with the formation of areas of eosin-
ophilic necrosis that resemble caseous necrosis. Epithelioid cells sometimes sur-
round necrosis foci, causing these structures to look like tubercles; in other cases it
looks like a panniculitis with lymphocytes, plasma cells, and polymorphonuclear
cells. In the infiltrate zone, collagen tissue, elastic fibers, and adipocytes are
destroyed. The final stage is fibrosis, which follows on after atrophy of the subcuta-
neous fat [289, 373, 374].

A positive tuberculin test cannot be regarded as definitive proof for the diagnosis.
The only certain criterion is the demonstration of mycobacteria via PCR or culture.
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Fig.2.62 Erythema
induratum of Bazin. Strong
positive PPD

Fig.2.63 Erythema induratum of Bazin. Strong positive PPD



2 Cutaneous Tuberculosis 89

Fig.2.64 Erythema
induratum of the
Hutchinson type

Dermal-hypodermal nodules in the lower third of the leg in women with erythro-
cyanosis are pathognomonic for the clinical diagnosis. For some authors, all cases
in which the Koch bacillus is not demonstrated should be considered as nodular
vasculitis not tuberculous erythema induratum. In a recent study, about 10% of
cases were positive for M. tuberculosis by PCR [375]. The therapeutic ex juvantibus
criterion can also be valid. In all cases an accurate search for active TB foci is essen-
tial [376, 377].

The histological criterion is useful for diagnostic purposes when typical tubercu-
loid structures are evident. However, in all recent lesions there is only a non-specific
granulomatous infiltrate with mononuclear cells and degeneration of subcutaneous
fat, even if the PPD is positive.

Differential diagnosis is made with erythema nodosum and nodular panniculitis.
The onset of erythema nodosum is more acute and the disease involves the anterior
surface of the legs; the lesions are painful at palpation and the patient suffers from
general malaise. The cellular infiltrate of erythema nodosum is less dense, generally
consisting of few scattered cell clusters. Caseous necrosis is absent. The presence of
giant cells and vascular changes can also be found in erythema nodosum, although
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Fig.2.65 Erythema
induratum of the
Hutchinson type

Fig.2.66 The same
patient as in Fig. 2.65
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Fig.2.67 Erythema
induratum of the
Hutchinson type

the vasculitis will be limited to smaller veins and will not affect the arteries. Clinical
and histological findings and specific laboratory tests allow the differentiation of
panniculitis (pancreatic lobular panniculitis, drug-induced mixed panniculitis, pan-
niculitis in granulomatous vasculitis, and venous thrombosis) from erythema indu-
ratum and erythema nodosum.
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Nodular Tuberculid

In four female patients, dull red or bluish-red non-tender, non ulcerating nodules
were observed, about 1 cm in diameter, located on the lower legs. The histological
alterations of the granulomatous vasculitis were localized in the junction between
the deep dermis and the adjacent subcutaneous fat. The Mantoux test was strongly
positive; in two patients there was associated pulmonary TB. In all cases the disease
resolved with full anti-tubercular treatment [370]. Other similar cases have since
been reported [378, 379].

Erythema Nodosum

TB is now a very rare cause of erythema nodosum in Western Europe and the USA,
but is still observed in countries where TB is common. In children it is always
important to exclude TB: this was the cause in 9 of 113 children with extrapulmo-
nary forms reported in the UK in 1978-79 [380].

2.10.12.4 Other Possible Tuberculids

Granulomatous mastitis is a very rare inflammatory disease of the breast with a
multiple etiology. Clinically and radiologically it may mimic breast cancer. It is
often unilateral, and consists of ulcerative plaques, nodules or abscess in the female
breast [381]. It has a chronic course and does not respond to antibiotic treatment. In
endemic TB areas, some cases of granulomatous mastitis have a tubercular nature.
PCR may be positive and the PPD strongly positive [382, 383]. There is an excellent
response to anti-tubercular treatment in these patients [225, 384].

Lupus miliaris disseminatus faciei is generally considered as a variant of rosa-
cea. However, in endemic areas with a high TB prevalence, patients with papulone-
crotic lesions of the face and ear pavilions leading to varicelliform scarring can be
observed. In these lesions, that show a granulomatous histology, it is sometimes
possible to isolate mycobacteria. The tuberculin skin test is positive and anti-
tubercular treatment is efficacious. These cases should be classified as true lupus
miliaris of the face [225]. A high suspicion index is needed to make a correct
diagnosis.

2.11 Tuberculosis of the Oral Cavity

Oral manifestations of TB are uncommon, being seen in only 0.5-1.5% of patients
with TB [265, 287-292]. They may be primary but are more frequently secondary,
linked to auto-infection from the sputum, or to hematogenous or lymphatic spread
of the bacilli [385].

It is believed that an intact oral mucosa, the constant flow of saliva and its anti-
bacterial properties, protect the oral tissues from the invasion of tubercle bacilli, but
any local trauma can favor the onset of the infection. Other local predisposing fac-
tors are poor oral hygiene, hyperkeratosis disorders (leukoplakia), oral mucosa
inflammation or dental extraction [386-392].
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Table 2.12 Characteristics of primary and secondary oral tuberculosis (modified, by [265])

Primary oral tuberculosis Secondary oral tuberculosis
Occurrence Very rare, predominantly in children =~ More frequent, especially in
middle-aged and elderly patients
Risk factors Oral traumas, tobacco smoking, hyperkeratotic disorders, poor oral hygiene,

immunodeficiency (diabetes, neoplasms, alcoholism, HIV infection,
prolonged corticosteroid therapy)

Clinical features Ulcer superficial or deeper and Ulcer with undermined irregular
covered with granular tissue edges covered with Trelat granules

Local lymph Enlarged, painful Enlarged or not, usually not painful

node

Pain No Yes

The site most commonly affected is the tongue, followed by the labial mucosa,
hard palate, gingival and buccal mucosa [393, 394]. In primary oral TB forms, the
gingival and buccal mucosa are usually affected.

Ulcers are the most common manifestations. In primary TB, a non-painful ulcer
is accompanied by submandibular, submental or cervical lymph nodes. Primary
forms are more common in children and secondary forms in the middle-aged and
elderly [395]. In the secondary forms the ulcers are extremely painful. They are
normally single but can be multiple, superficial or deep, oval or long, and the base
is covered by necrotic tissue. The ulcer margins are irregular, indistinct and indu-
rated. These tubercular ulcerations show no tendency to heal and gradually grow,
over a long period. The base of these secondary ulcers may be covered by yellowish
or bluish Trelat granules [388, 396] (Table 2.12).

Oral TB can exceptionally manifest in lupoid form: pinkish or yellowish gran-
ules appear on an inflamed base. These form aggregates that then undergo ulcer-
ation, and will heal leaving scarring. Apart from these types of lesions, nodules,
papules, and periapical granulomas have been described [388, 392, 396, 397]. The
tubercular process may also extend to the craniofacial bones; in these rare circum-
stances, extraoral fistulas can develop on the cheeks.

It must be borne in mind that oral TB manifestations are highly infectious.
Differential diagnosis must be made with syphilis, actinomycosis, histoplasmosis,
epithelial cancer, recurrent aphthous stomatitis, erosive forms of lichen planus,
Crohn’s disease and sarcoidosis. Tubercular ulcers are persistent, do not respond to
topical treatment and are generally single and painful. Instead, syphilitic lesions are
indolent and have smooth, indurated margins. Oral cancer develops slowly and may
take on a cauliflower appearance; the margins are firm and raised, and the base is
infiltrated. Initially, neoplastic ulcers are not painful but are prone to bleeding. It
should be noted that in 3% of cases of oral TB there is coexistent oral malignancy
[393, 396]. Multiple, painful and recurrent ulcers may indicate aphthae or mucocu-
taneous diseases (ulcerative lichen planus, pemphigoid).

The final diagnosis is confirmed by histology, that may reveal the presence of granu-
lomatous infiltration with Langhans giant cells and lymphocytes; foci of caseous
necrosis can be observed. Mycobacteria may be demonstrated. The tuberculin skin test
is positive.
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2.12 Cutaneous Tuberculosis in Pediatric Age

There are a number of differences between TB in adults and in infants, children and
adolescents. In most cases, in the adult TB is linked to a reactivation of dormant
bacilli lodged in the lung apexes, whereas in childhood it is generally a complication
of the initial infection. In the adult, the interval between the infection and the onset
of the clinical disease is very long, years or even decades, whereas in small children
it is often only weeks or months. Children more frequently develop extrapulmonary
forms. Due to these differences in the pathophysiology, the approach to diagnosis,
treatment and infection and disease prevention in children is different [398].

The contacts investigations, i.e. making a close examination of subjects who
have had contacts with a suspected case of TB including the tuberculin skin test,
chest radiography, and physical examination, is the most important community
measure in order to prevent TB in children [399]. The most frequent settings for
exposure in a child are, of course, above all the household, the school, daycare cen-
ters or other closed environments. Hypersensitivity to tuberculin takes up to 3
months to develop, and for this reason the WHO recommends that at the exposure
stage, children under the age of 5 years should be treated to prevent the rapid devel-
opment of severe forms of TB [398]. It must be borne in mind, in fact, that an immu-
nocompetent adult with an untreated TB infection has an approximately 5-10% risk
of developing the disease in a lifetime, while in an immunocompetent infant the risk
is 40% within 1-2 years from the infection and the resulting disease forms are often
very severe and life-threatening [398]. Moreover, while in the adult the infection
and the disease are distinct events because of the long interval between them, in the
child the two stages are a continuum, and often immediately consecutive [400].

It is estimated that worldwide, each year there are 1.5 million cases of TB in chil-
dren and 500,000 deaths [401]. About 60% of TB cases are in infants and children less
than 5 years of age. By contrast, in the range between 5 and 16 years, often called the
“favored age”, children generally have the lowest rates of disease in any population.
The clinical expression of TB in children also differs according to age: while miliary,
meningeal and lymphatic forms are observed between the ages of 1 and 5, all the
extrapulmonary forms are more common in older children and adolescents [398].

The distribution by gender varies in different studies but is in general 1:1, unlike
in adults, where there is a predominance in the male sex [281, 398, 402—-407]. In
children, like in adults, the risk of TB is increased in cases of diabetes mellitus [408]
and immunocompromising conditions. The TB rates are highest between January
and June in the Northern Hemisphere, likely because of closer contact with infected
adults in the colder seasons.

In the United States, where 70% of TB cases affect children under 5 [409], the
highest incidence is among ethnic and racial minority groups and the foreign-born,
as opposed to Caucasians [410]. In fact, about 88% of cases are observed among
African American, Hispanic, Asian and Native American children, reflecting the
risk of transmission in the living environment of these children [409, 411]. At all
ages, about 50% of the cases of TB seen in foreign-born individuals are observed
within 5 years of immigration.
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Most children are infected at home, but outbreaks occur in elementary and high
schools, nursery schools, churches, school buses, and stores: a high risk adult work-
ing in the area is frequently a source in these outbreaks [398].

Various studies have shown that the increased incidence of TB in children is also
associated with a simultaneous increase of HIV infection among adults in the com-
munity [399].

In terms of transmission, children are generally infected by an adult or adolescent
in the immediate household, usually a relative, grandparent, or older sibling. Chance
contacts outside the family are much more rare; nevertheless, babysitters, school-
teachers, nurse teachers, school bus drivers, nurses and parishioners can be implicated
in single cases and in mini-epidemics within limited population groups [412].

Children with TB rarely infect another child [413] and the few that do show adult
type TB characteristics [414]. This is because in tuberculous children there are rela-
tively few bacilli in endobronchial secretions, and a productive cough is not a fea-
ture of endobronchial TB or the miliary form [415]. Also children lack the
expectorant force of adults when coughing. Guidelines drawn up by Centers of
Disease Control and Prevention have established that children with TB do not
require isolation in hospital unless they have an uncontrolled productive cough, a
cavitary lesion, or acid-fast organisms-positive sputum smears [416]. Instead, ado-
lescents with a typical reactivated pulmonary TB transmit the infection in the same
way as adults do.

In children the entry portal is the lung in more than 95% of cases. Then the infection
follows the same pathway as in adults. Extrapulmonary TB forms are observed in
25-35% of children; the most common form is localized in the lymph nodes of the neck
[417-419]. The most severe forms are disseminated miliary disease and meningitis.

Interpretation of the Mantoux skin test should be similar in children and adults
(Table 2.13) [195, 420]. The American Academy of Pediatrics (AAP) has suggested
that 10 mm should be the cut-off point for all children aged less than 4 years [421],
not because of the reduced ability to mount an induration reaction in children but in
order to minimize false-negative reactions in small children at increased risk of
developing life-threatening forms of TB when infected. For more information about
the influence of the different factors on the accuracy of tuberculin skin testing, and
the recommendations regarding gamma interferon release assays in children, inter-
ested readers should consult the reference list [398, 421-425].

Table 2.13 Interpretation of Reaction size (mm) Factors
the Mantoux skin test

> ith an inf
(modified, by [398]) >5 Contact with an infected case

Abnormal X ray or clinical findings
HIV infection or immunosuppression
>10 Previous residence in a high-
prevalence area
Contact with a high-risk adult
Residence in a long-term care facility
Age <4 years
>15 Absence of risk factors
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The incidence of pediatric cutaneous TB is variable, ranging from 0.36 to 31.6%.
In a study based on a hospital survey, cutaneous TB accounted for 1.67% of 7005
cases of pulmonary and extrapulmonary TB: the most common forms were lupus
vulgaris and tuberculosis verrucosa cutis, and the incidence in children under 10
was 18.3% of the total cases in these same clinical forms [426]. In an Indian study,
the cutaneous TB population in patients less than 16 years was 18.7% [281].
A higher prevalence, 31.6%, was recorded in another hospital-based survey from
India [406], while in another study it was 0.36% of all pediatric outpatients [407].
In Ethiopia, pediatric cutaneous TB accounted for 24.2% of cutaneous TB cases
[427]. In a Tunisian study, among 26 patients with cutaneous TB observed over a
period of 20 years, 6 (23%) were under 12 years of age [428].

Overall, the clinical presentation in childhood is similar to that in adults, but the
tendency to disseminate is higher in children. In a prospective study of 103 patients
(aged <19 years), the most common clinical patterns of cutaneous TB were scrofulo-
derma (36.9%), lichen scrofulosorum (33%), and lupus vulgaris (21.3%). There was
a lower incidence of TB verrucosa cutis (3.9%), papulonecrotic tuberculid (3.9%),
and erythema nodosum (2.9%). Systemic associations were observed in 53.4% of
cases [402]. In another Indian study, of 75 children (<16 years) with cutaneous TB,
the most common clinical form was scrofuloderma (53.3%) [281]. According to the
authors, this is probably due to the consumption of unboiled/unpasteurized milk, a
common habit in India that can cause infection of cervical lymph nodes by M. bovis
via the tonsils [281].

2.12.1 Bacillus Calmette-Guérin-Induced Skin Lesions

BCG is injected at birth and after 3 months, and at the inoculation site the child devel-
ops an erythematous papule. The papule then crusts over and subsides at 9—12 months
of age leaving an atrophic scar. Apart from the papule, some complications can
develop. If the vaccine is injected subcutaneously by mistake (not intradermally), an
abscess or BCGoma can develop [402], and give rise to a possible regional suppura-
tive lymphadenitis.

Localized forms of cutaneous TB, such as lupus vulgaris, are rarely observed in
immunocompetent infants [429], whereas a disseminated BCG infection or BCGiosis
[430] is possible in immunodeficient children. BCGiosis is seen in children under the
age of 2 years and is more common in males. It responds poorly to anti-tubercular
treatment [431].

2,13 Diagnosis and Prognosis

Classically, the absolute criteria for the diagnosis of TB are a positive culture of
M. tuberculosis from the lesion, successful guinea-pig inoculation, and mycobacte-
rial DNA identification by PCR. Inoculation in the guinea-pig is no longer done
today because identical results can be obtained with multiple cultures. With the
BACTEC system a rapid culture diagnosis is possible in 2-6 days [432].
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The in vitro amplification of specific DNA sequences by PCR has become a valid
means for making a rapid identification of slow-growing organisms such as
M. tuberculosis. Recently, several systems using PCR for the molecular detection of
mycobacterial DNA have been reported, using different parts of the genome to gen-
erate highly sensitive and specific probes [433-439]. Some systems have amplified
the insertion sequence IS6110 because of the repetitive nature of this element in the
M. tuberculosis genome [438]. The use of two different primer pairs targeting the
gene encoding for 16S ribosomal RNA (common to all mycobacteria), as well as the
insertion sequence I1S6110, specific for the M. tuberculosis complex, may further
increase the sensitivity of detection [439].

As few as two colony-forming units of M. tuberculosis cells, or as little as 15 fg
of DNA can be detected [344]. PCR positivity has been demonstrated in all the
clinical forms of cutaneous TB and in two forms of tuberculids, namely papulone-
crotic tuberculid and erythema induratum [293, 323, 342, 344, 440], The technique
helps to make a rapid diagnosis and may be particularly useful in paucibacillary
forms like lupus vulgaris. Moreover, the test can be done on various pathological
specimens, including archival formalin-fixed tissue sections. The limitation of PCR
is its minor sensitivity [439].

Other lesser diagnostic criteria are: active, proven TB in other body sites; the
presence of acid-fast bacilli in the lesions (but the same bacilli are also present in
infections by other mycobacteria); the histopathology; the clinical history and phys-
ical signs; a positive tuberculin skin test; and the effect of the specific therapy.

Differential diagnosis must be made with some forms of leprosy, syphilis, leish-
maniasis, deep mycoses, infections with non-tuberculous mycobacteria, and
sarcoidosis.

The prognosis depends on an early, accurate diagnosis. Generalized and menin-
geal TB have a doubtful prognosis. In patients with HIV infection and TB the mor-
tality is higher than in HIV-negative patients [441, 442]. In infants and young
children TB is always a very serious disease. Cutaneous TB generally shows a good
response to treatment, with an evident clinical response within 4-6 weeks; lupus
vulgaris responds more rapidly than scrofuloderma.

2.14 Management
2.14.1 General Measures and Principles of Chemotherapy

In each case of cutaneous TB it is essential to manage the disease from the perspec-
tive of the patient's condition overall, as well as making an accurate search for
underlying disease foci and coexistent infections [399]. Owing to the increased inci-
dence of drug-resistant TB, it is vitally important to obtain bacteriological confir-
mation of the diagnosis if possible, and to carry out susceptibility tests. If the
patients comes from a risk area or from a background with an increased risk of HIV
infection, HIV testing and counseling should be considered, after obtaining informed
consent.
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To treat active TB effectively, the selected drugs must be able to reach the bacilli in
the various compartments [441, 442], in other words the bacilli within the extracellular
environment that actively multiply in the liquid caseous debris of pulmonary cavities
(this large population of organisms is the prime location for the natural selection of
drug resistant bacilli), the slow growing bacilli within macrophages (these organisms
are few but the acid environment and the lack of reproductive activity limit the utility
of many anti-TB medicaments), and the slow growing organisms within the solid case-
ous material (here the penetration of drugs is hindered by a limited blood flow).

Treatment must be continued for long enough to ensure the eradication of all the
vital bacilli. The simultaneous administration of several active drugs can create a
statistically effective barrier against the onset of resistance, since the resistance muta-
tions of each specific drug occur independently.

The current first-line regimens consist of three or four drugs that, by acting
together, can eradicate the bacilli in the various compartments and prevent the
development of drug resistance. For instance, rifampicin (rifampin in the USA) is
bactericidal against all three populations; isoniazid is bactericidal against extracel-
lular organisms; streptomycin and the aminoglycosides are bactericidal against
extracellular organisms, while ethambutol lacks a bactericidal activity [443].

The standard treatment regimens are divided into two phases. The first consists
of 8 weeks of treatment, the second of another 4-7 months, depending on the
response to the treatment. The first phase relies on rifampicin, isoniazid and pyra-
zinamide, the second on isoniazid and rifampicin.

Adherence to treatment is obviously highly important in view of the length of the
treatment and the possible development of resistance. For this reason, the American
Thoracic Society, CDC Infectious Diseases Society of America [444] and NICE 2011
guidelines [445] recommend direct observation therapy (DOT, that is supervision by
the physician of the adherence to treatment of all patients). Effective intermittent dos-
ing regimens (twice or thrice weekly) can facilitate these efforts. DOT, where the
ingestion of every drug dose is witnessed, has been shown to improve cure rates in
various countries [446]. DOT is recommended for all patients, especially those
unlikely to show good compliance (the homeless, alcoholics, drug abusers, drifters,
the seriously mentally ill, as well as patients with multiple drug resistance) [447].

2.14.2 Drugs

Rifampicin, isoniazid, pyrazinamide, ethambutol, and streptomycin are the standard
first-line medicaments. Fluoroquinolones, with a bactericidal activity against
M. tuberculosis, are used in cases of drug resistance and when first line drugs are not
tolerated [441].

2.14.2.1 Isoniazid
Its bactericidal activity interferes with the production of the tubercle bacilli cell wall
component, mycolic acid [446]. Available in oral and parenteral formulations, it is
metabolized by the liver and has a half-life of 1-3 h. Dosage may be daily, or twice
or three times weekly.
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The most common adverse events are elevated transaminases (up to five times
the upper limit of normal, and normalizing after the treatment is suspended) in
10-20% of cases, hepatitis (rare, but serious) in less than 1% of cases and peripheral
neuropathy in 0.2% of patients. Isoniazid-related hepatitis is associated with older
age, alcohol consumption, and is more common when it is administered together
with rifampicin. Other rare events are a rash, hematological abnormalities, and a
lupus-like syndrome [441].

2.14.2.2 Rifampicin

This is a potent bactericidal agent and inhibits the DNA-dependent RNA poly-
merase of M. tuberculosis. It has a half-life of 1.5-5 h, penetrates most tissues, and
is available in oral and intravenous formulations but drug—drug interactions with
various antiretroviral agents limit their contemporary use, so it is often replaced
with rifabutin.

Hepatotoxicity linked to rifampicin is uncommon and manifests with a choles-
tatic presentation, increased bilirubin and alkaline phosphatase. A rash with pruritus
is observed in 6% of cases but is transitory [448]. Rifampicin causes a temporary
benign orange tinge of urine and tears.

2.14.2.3 Pyrazinamide

This is bactericidal and exerts its activity by disrupting membrane activity and
transport functions [449]. It is used in the first 2 months of treatment, is available in
an oral formulation, has a half-life of 9-10 h, and is cleared through the kidneys.
Pyrazinamide failure to act in this regimen means that the treatment needs to be
prolonged for at least 9 months [441].

The most serious adverse event is hepatotoxicity, observed in 1% of patients.
High uric acid is a common occurrence but does not require treatment suspension
except in patients suffering from gout. Other side effects are nausea, vomiting, cuta-
neous photosensitivity, and a mild rash.

2.14.2.4 Ethambutol

This bacteriostatic agent is employed with rifampicin and pyrazinamide when iso-
niazid is not tolerated or is resistant. It has a half-life of about 4 h, is available in an
oral formulation, and is excreted through the kidneys.

An dose-related event is optic neuritis when the dosage is more than 15 mg/kg of
body weight [450]: the loss of red-green color discrimination can be an early mani-
festation. The sight must be checked before starting treatment and monthly during
the treatment. If the sight does become affected, suspension of the drug is generally
enough to solve the problem.

2.14.2.5 Streptomycin

This bactericidal aminoglycoside acts on the protein synthesis of the tubercle bacil-
lus. It is excreted through the kidneys and care must be taken when using it in
patients with renal failure. It is available in parenteral formulations. Primary resis-
tance to streptomycin is observed in high-incidence countries.
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In 10% of cases ototoxicity (vestibular disorders and hearing loss) has been reported,
especially at cumulative doses of more than 100 g [451]. In 2% of cases there is renal
toxicity.

2.14.3 Alternative Drugs in First-Line Regimens

Rifabutin has a similar mechanism of action to that of rifampicin but being more
lipid-soluble, it has a half-life of about 45 h. It can be safely used with various anti-
retroviral regimens. Adverse effects include hepatitis, leukopenia in 2% of cases,
uveitis, and arthralgias. Like rifampicin, rifabutin stains the body fluids.

Rifapentine also has a similar activity to that of rifampicin; it is contraindicated
in HIV-infected patients due to the development of rifampicin-resistance. It has the
same adverse side effects as rifampicin.

The aminoglycosides kanamycin, amikacin, and capreomycin can be used
instead of streptomycin. M. tuberculosis strains that are resistant to streptomycin
may be susceptible to other aminoglycosides, but the susceptibility to each drug
must be confirmed by resistance testing. Resistance to kanamycin indicates resis-
tance also to amikacin. These agents are available only in parenteral formulations,
and the side effects are the same as with streptomycin [441].

Fluoroquinolones are potent bactericides against M. tuberculosis [452] and when
the disease is susceptible, are an important reserve in cases of MDR. They can also
be used as first-line drugs in cases of intolerance or resistance. In cases of rifampicin
monoresistance or intolerance, a fluoroquinolone can be used as a component of the
12—18 months regimen that includes isoniazid and ethambutol, and at least 2 months
of pyrazinamide. Those most commonly employed are moxifloxacin, levofloxacin,
and ofloxacin. Fluoroquinolones are available in both oral and parenteral formula-
tions. Side effects include nausea, QT prolongation, neuropsychiatric disorders, and
tendon rupture. Their use is not recommended in children and in pregnancy due to
their action on developing bone and cartilage.

2.14.4 Second-Line Drugs

Apart from those mentioned above as alternative drugs in first line regimens, other
second-line drugs are cycloserine, ethionamide, and p-aminosalicylic acid, and vari-
ous others. These drugs are less active than the first-line drugs and have more
adverse effects [453].

Cycloserine is bacteriostatic and acts on the mycobacteria cell wall synthesis. It
is taken by mouth and rapidly absorbed. The most common adverse effects are on
the central nervous system (psychosis, mania, depression, seizures, and other emo-
tional disturbances). They are dose-dependent (rare under a dosage of 30 pg/ml),
and are mostly observed in subjects with previous neurological or psychiatric prob-
lems. The adult dosage is 750 mg/day in 2-3 doses; the starting dose is 500 mg
daily. Serum levels must be checked before increasing the drug dosage [453].
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Ethionamide is similar to isoniazid in terms of mechanism of action and struc-
ture, and is bactericidal. The most common side effects are gastrointestinal: nausea,
epigastric pain, and a metallic taste; in 4.3% of cases significant hepatitis develops.
Hypothyroidism is another common adverse effect. The drug can be used in asso-
ciation with other drugs at an initial dosage of 250 mg daily, to reach 500-1000 mg/
day during the first 7-10 days of treatment [453].

para-Aminosalicylic acid (PAS) has a bacteriostatic action, is rapidly absorbed
and spreads in caseous TB lesions; it does not penetrate non-inflamed meninges. The
dosage is 8—12 g/day split into several doses. Side effects include nausea, vomiting,
anorexia, and diarrhea (the latter at the beginning of treatment, often improving after
the first weeks). A starting dose of 4 g daily is recommended, gradually increasing
over 10 days. Especially in association with ethionamide, PAS causes hypothyroid-
ism [453].

Clofazimine, a compound also used in leprosy, is active in TB although its mech-
anism of action is unknown. It is generally well tolerated except for some gastroin-
testinal symptoms and the problem of skin staining.

Linezolid is an oxazolidinone with a modest or minimal bactericidal activity;
instead, it acts by blocking ribosomal protein synthesis. It is used in cases of
XDR-TB, at a dosage of 600 mg twice daily. However, to limit toxicity, some
authors have used 600 or 300 mg just once a day. Side effects include myelosup-
pression, peripheral and optic neuropathy (that may persist even after suspension
of the therapy), and lactic acidosis. It is associated with the serotonin syndrome in
25% of cases (in fact, it is important to avoid food and beverages with a high tyra-
mine content) [453].

Imipenem is listed by the WHO as a third-line agent for the treatment of TB. It
does have a bactericidal activity, albeit not strong, and its clinical efficacy has still
to be determined.

2.14.5 Treatment Regimens

A short-course regimen of 26 weeks (6 months) is the treatment of choice in newly
diagnosed subjects never previously treated for TB. The entire treatment should be
with DOT. This regimen involves an initial phase of 8 weeks (2 months) using four
drugs: isoniazid, rifampicin, pyrazinamide, plus ethambutol or streptomycin. The
latter drugs (ethambutol is generally preferred) must be administered in the initial
phase until results on the susceptibility to isoniazid, rifampicin and pyrazinamide
are obtained. Then ethambutol can be discontinued. After the first phase, isoniazid
and rifampicin will be continued for a further 4 months (18 weeks).

During the initial phase, daily administration is recommended for the first 2
weeks, and to follow, a twice-weekly or thrice-weekly schedule is a valid option. In
HIV-coinfected patients intermittent treatment is not advised.

Dosages in adults and in children are reported in Tables 2.14 and 2.15, respec-
tively [399, 441, 444]. All drugs must be taken on an empty stomach.
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Table 2.14 Drugs commonly used for the treatment of tuberculosis in adults

Drug Dose/day Time of treatment (months)
Isoniazid 300 mg 6
Rifampicin 450 mg (weight <50 kg) 6
600 mg (weight >50 kg)
Pyrazinamide 1.0 g (weight <50 kg) 2
2.0 g (weight >50 kg)
Ethambutol 800 mg (weight <50 kg) 2

1.6 g (weight >50 kg)

Table 2.15 Drugs com- Drug Daily dose (mg/kg) Maximum daily dose
monly used fpr ‘the treatment r—— 10-15 300 mg
of tuberculosis in children S 10-20 600 mg
Pyrazinamide 15-30 2g
Ethambutol 15-20 lg
Streptomycin®  20-40 lg

ntramuscular administration

This standard 6-months regimen has also been shown effective to treat cutane-
ous TB: in one patients series, in which 50% had a coexisting disease elsewhere, a
good clinical response was obtained with no post-treatment relapses [232]. In the
past, some forms of cutaneous TB were treated with isoniazid alone but nowadays
this monotherapy is no longer acceptable owing to the risk of developing drug
resistance.

If diagnosed in the early phase, the excision of small lupus vulgaris or warty TB
lesions may be effective. Surgery is helpful in scrofuloderma, also in order to reduce
the duration of chemotherapy.

2.14.6 Treatment Failure and Relapse

In 95% of patients receiving appropriate first-line treatment cultures become nega-
tive within 3 months. Should negativity fail to develop, the possible causes of a
delayed response must be considered, namely non compliance, drug resistance,
malabsorption, and laboratory error (contamination). The susceptibility tests must
be repeated on the last culture specimens, and any resistance to rifampicin and iso-
niazid established using sensitive molecular assays [454].

Treatment failure is defined as a positive culture after 4 months of appropriate
treatment [441]. To prevent further resistance a single drug should never be added
to a failing regimen. Empirical addition of a fluoroquinolone and an additional oral
agent (PAS, ethionaminde, or cycloserine) may be a valid measure [444].

Relapse is classified as the reappearance of TB in a successfully treated subject; it
must be differentiated from exogenous reinfection. The relapse may be due to a lack
of sterilization of residual TB organisms; it is generally observed in subjects with a
heavy disease burden and delayed culture negativity, and occurs within 6-12 months
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of the end of the therapy. Susceptibility tests need to be repeated to verify the activity
of the first-line drugs. In cases of drug resistance, three new active agents must be
included in the retreatment regimen [444].

2.14.7 Treatment in Special Circumstances

The standard 6-months regimen, if properly supervised, is effective also in HIV-
positive subjects [455]. The response rate is the same as in non-HIV-infected
patients but the drug reactions are stronger and the reinfection rates higher.

Treatment is similar in children and adults, except for a lower use of ethambutol
in the former; it will last 6 months [398].

Treating congenital TB poses a greater risk than treating pregnant women with
active TB. Streptomycin is the only documented teratogenic drug. Even if the data
on the teratogenicity of pyrazinamide are incomplete, the drug is not recommended
by the WHO in the treatment of pregnant women in the United States. The starting
treatment can be with isoniazid, rifampicin and ethambutol and mothers can suckle
their infants when receiving this regimen. The doses in the breast milk are not suf-
ficient to treat the child, that must receive supplemental pyridoxine, because this
vitamin is inhibited by the isoniazid dosage in breast milk [441].

2.14.8 Therapy of Multidrug Resistant Tuberculosis

Multidrug-resistant TB (MDR-TB), due to strains that are resistant to at least isonia-
zid and rifampicin [456], is difficult to treat and requires the use of expensive, more
toxic and less effective drugs. In 2006, the definition of extensive XDR-TB was
revised to: TB resistant to isoniazid, rifampicin, a second-line injectable drug (kana-
mycin, amikacin, or capreomycin), and any fluoroquinolones [457]. This new defi-
nition identifies a group with a poorer outcome and high mortality rates [458].

In 2009, the WHO reported an estimated 440,000 cases of MDR-TB, 50,000
cases of XDR-TB, and 150,000 deaths due to MDR-TB [453]. This is probably an
underestimate bearing in mind the lack of laboratory facilities for performing sus-
ceptibility tests, especially for second-line drugs, in many developing countries.
The nations with the highest numbers of cases are India, China, the Russian
Federation, South Africa, and Bangladesh. The increase in MDR-TB and XDR-TB
is also linked to HIV infection, for various reasons [459].

Molecular studies have shown that MDR-TB strains form as a result of sequen-
tial resistance mutations to single drugs [460].

The resistance that develops during or after a treatment cycle was initially labeled
“acquired drug resistance” but now the WHO has labeled it “resistance among pre-
viously treated cases”. The resistance that arises without any previous TB-treatment
was called “primary drug resistance”, now changed to ‘“resistance among new
cases”. Thus, “new cases” are those individuals who have never received anti-
tubercular drugs or have taken them for less than 1 month, while “previously treated
cases” are those who have undergone at least one month of treatment [461].
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Causes of resistance include: inadequate primary treatment regimens, addition of
a single drug to a failing treatment regimen, failure to recognize resistance, failure to
recognize or ensure adherence, and inappropriate isoniazid monotherapy of TB
infection. These treatment errors are more common in patients cared for by private
providers [453]. Therefore, it is best for treatment to be started during an initial
period of hospital stay, also in order to supervise more closely any side effects that
may develop.

The treatment for MDR-TB must include several drugs and be administered for
long periods (18-24 months or more). Obviously, whenever possible the treatment
must be based on susceptibility tests. It should preferably be started with 6, or not
less than four drugs with a proven susceptibility, two of which must be bactericidal
[462]. The standard approach is to use any first-line drug to which the bacilli isolated
are shown to remain susceptible (even if they were a part of a previously ineffective
regimen), add an injectable drug, add a fluoroquinolone (levofloxacin or moxifloxa-
cin), and select the remaining drugs in order to complete the regimen of five or pref-
erably six drugs. These additional drugs should be chosen among second-line and
third-line drugs (linezolid, amoxicillin-clavulanic acid, imipenem, clarithromycin,
and clofazimine).

The treatment duration will depend on the disease entity, the number of bacteri-
cidal drugs included in the regimen, the patient's immunological and nutritional sta-
tus and the clinical and bacteriological response to therapy.

Even if there are insufficient data on safety in pregnancy for various second-line
drugs, some studies have reported favorable outcomes for the mother and fetus.
Women of fertile age should be helped to avoid pregnancy during treatment for
MDR-TB [463].

The treatment for XDR-TB is still more difficult. Both first and second-line drugs
need to be used after having made susceptibility tests also for all the injectable drugs,
ethionamide and newer-generation fluoroquinolones. The principles are the same as
for MDR-TB treatment. The regimen must include at least six drugs selected among
first-, second- and third-line, both injectable and oral, and will be quite long, even if
definitive guidelines are not yet available [464]. Linezolid can be considered in such
cases, but has significant toxicity.

In HIV-infected subjects with MDR-TB and XDR-TB a regimen based as far as
possible on susceptibility tests is recommended, generally consisting of seven or
eight drugs. Naturally, during such aggressive treatment regimens the patient must be
closely monitored from the clinical and toxicological standpoints.

2.15 Chemoprophylaxis

This issue is highly debated in the control of TB. Strictly speaking, the term should
be applied to the prevention of TB in uninfected subjects at high risk of infection
and development of the disease, such as children exposed to a source case in the
home. More usually, the term is used to refer to the treatment of latent infection to
prevent the onset of active TB. That being so, in some nations like the USA, where
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TB is very uncommon and BCG vaccination is no longer used, chemoprophylaxis
is given to tuberculin reactors. In such circumstances, starting from the assumption
that very few viable bacilli are present and the risk of mutation to isoniazid resis-
tance is likely low, isoniazid is given as monotherapy, generally for one year. This
treatment has proven effective and protective in the long term. The problems arising
with isoniazid monotherapy include poor compliance, hepatic complications and
the onset of resistance. Because of the risk of liver damage, some authors believe
that only subjects aged less than 35 years should receive chemoprophylaxis [465].

In general, the role of chemoprophylaxis in high TB incidence areas has not
played an important role in the control of the disease. However, since the advent of
the HIV/AIDS pandemic its role has been revised: various studies of isoniazid
monotherapy have found it effective in co-infected patients [466, 467]. Unfortunately,
the effect is short term and ends when the treatment is suspended. The best results
are obtained in tuberculin-positive subjects with a relatively high lymphocyte count.
For these reasons the WHO has recommended that prophylaxis be confined to
tuberculin-positive HIV-positive subjects.

In HIV-positive subjects, 9 months’ treatment with isoniazid is sufficient and
prolonging it for 12 months adds very little. Assessments have also been made of 4
months of rifampicin and 2 months of rifampicin and pyrazinamide but the only
advantage is the shorter treatment duration. It is important that HIV-positive sub-
jects receiving chemoprophylaxis do not have active TB. In any case, policies for
the use of chemoprophylaxis vary from one nation to another.

2.16 Vaccination

Vaccination is unable to prevent the establishment of TB [468] and can only prevent
disease progression after the formation of a microscopic tubercle [128]. After one
or two years from the BCG vaccination, all but a small residue of the BCG has been
eliminated. The difference between vaccinated and non vaccinated subjects is that
the former show an accelerated formation of the tubercle. In other words, there is a
rapid local recruitment of lymphocytes and macrophages, that are quickly activated.
This accelerated immune response often arrests the early focus of infection, thus
preventing the progression to clinical disease [150]. Instead, in non vaccinated sub-
jects the lymphocytes and macrophages activation is much slower and so the risk of
active clinical infection is higher.

The challenge for researchers studying vaccines is to find antigens that are “more
potent” than BCG in producing T-cell populations that activate macrophages to
destroy the bacilli (CMI) and antigens that are “less potent” than BCG in producing
T-cell populations that cause caseous necrosis and liquefaction [469], considered
“pathological” as a tissue-damaging DTH. In short, a vaccine must produce a higher
“CMI/tissue-damaging DTH ratio” than the currently available BCG vaccines do.
A vaccine that is better than the current BCG strains must induce a strong CMI with
little or no sensitivity to tuberculin [470]. The antigen fractions favoring the tuber-
cle bacillus (probably protein complexes and carbohydrates and lipids) may
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stimulate CMI with minimal tissue-damaging DTH, while those that do not favor
them (probably the tuberculoproteins that cause the tuberculin reaction) may pro-
duce more tissue-damaging DTH (caseation and liquefaction) with less CMI [128].
The tuberculoproteins that induce the tuberculin reaction have never been shown to
have a protective action [471]. Indeed, they can induce severe necrosis in the
tuberculin-positive host if concentrations rise beyond certain limits. Other fractions
may have beneficial immunogenic effects without inducing tuberculin sensitivity,
although these principles have still to be confirmed [472].

It is possible that recombinant vaccines may be better than the existing BCG vac-
cines [473-477]. To produce them, the DNAs for additional antigens are added to
the BCG genome. These recombinant BCG strains seem to produce high CMI with
little or no sensitivity to tuberculin, and so should be more efficacious than those
currently available. The vaccines should expand the T-cell population that produces
CMI together with little expansion of the T-cell population that produces DTH
(caseous necrosis).
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Mycobacterium bovis Skin Infection

Domenico Bonamonte, Angela Filoni, and Gianni Angelini

The bovine tubercle bacillus must firstly be placed in context among the other
agents of tuberculosis [1-5]. In the early decades of the twentieth century, bacteri-
ologists recognized four varieties of tubercle bacilli (human, bovine, avian and
cold-blooded), depending on the life forms from which they were isolated. By the
middle of the century, only two varieties were still recognized as agents of human
and bovine tuberculosis (TB), namely Mycobacterium tuberculosis and M. bovis
[6], respectively.

In the 1960s, another TB agent was isolated in Africa, and named M. africanum
[7], but this was later seen to include two varieties [8]. Finally, in the 1980s it was
found that two varieties of M. tuberculosis itself could also be distinguished: clas-
sical and Asian [9]. This group of organisms, to which M. microti, M. pinnipedii,
M. canettii, and M. caprae were later added, is denominated the M. tuberculosis
complex (Table 3.1). The bacillus Calmette-Guérin (BCG) was classed with M.
bovis [10]. The avian and cold-blooded tubercle bacilli were then classified sepa-
rately: the first, that includes M. avium and M. intracellulare, is included in the M.
avium complex (together with M. lepraemurium and M. paratuberculosis), while
the second includes M. chelonae and M. fortuitum [11].
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Table 3.1 Mycobacterium Species Variants Common name
tubefculoszs complex: some M. tuberculosis Classical Human tubercle bacillus
species and variants .
Asian
M. bovis Classical Bovine tubercle bacillus
BCG
M. africanum Type I African tubercle bacillus
Type II
M. microti Vole bacillus

3.1 The Organism

A few years after Koch’s discovery of the tubercle bacillus (1882), the American
Theobald Smith demonstrated that there were constant phenotypical differences
between the tubercule bacilli of human origin and those isolated from cattle, and so
introduced a subdivision of the two species [12—13]. Much later, in 1970, the bovine
tubercle bacillus was named M. bovis [6].

M. bovis (from Latin bos: bue) grows at the ideal temperature of 37°C in 21 or
more (between 24 and 40) days. It is an ancient pathogen that causes disease in
humans, as well as the majority of cases of TB in cattle and a large number of
domesticated and wild mammal species [1, 14, 15]. For many years it was believed
that in origin, the first pathogen was the bovine bacillus, while the human M. tuber-
culosis was a descendant that adapted to life in the human host around 10,000—
15,000 years ago, associated with cattle domestication [3, 16]. Recent studies,
however, have demonstrated that M. bovis, together with the other members of the
M. tuberculosis complex, belong to a separate lineage of bacteria that shares a com-
mon ancestor with M. tuberculosis [16, 17].

M. bovis has a greater number of potential hosts than M. tuberculosis. Domestic
cattle are considered its natural hosts and the principal reservoir of infections for
humans and other animals [13, 18]. However, wild animals also have a potential role
in the maintenance and spread of the disease [19]. At the beginning of the twentieth
century, 20-40% of cattle in European herds were tuberculous [20]. Some of the
most recent examples of infection from wild animals are from the badger in the
United Kingdom and the Republic of Ireland [21, 22], the possum and the ferret in
New Zealand [23], the red deer and wild boar in Spain [24], the Cape buffalo in
parts of South Africa [25], and the white-tailed deer in Michigan (USA) [19]. Other
demonstrated animal hosts of M. bovis infection include antelopes, camels, cats,
dogs, pig, sheep, bison, hare, alpaca, llama, equines, foxes, goat, marsupials, mink,
moles, and rats [1, 3, 20, 26].

Owing to being closely related, there are relatively few differences between
M. bovis and M. tuberculosis, and so identifying the former is not easy [27, 28],
even if culture differences between M. tuberculosis and M. bovis have been recog-
nized since the discovery of both organisms. M. bovis requires pyruvate supplemen-
tal media because it is not able to use glycerol as a carbon source. For this reason it
shows poor growth in pyruvate-free media like Lowenstein-Jensen, the medium
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Table 3.2 Identification of species within the Mycobacterium tuberculosis complex (modified,
by [28])

Species Variant TCH NO; 0, PZA Niacin acc
M. bovis Classical Sens Neg Mic Res Neg

BCG Sens Neg Aer Res Neg
M. tuberculosis Classical Res Pos Aer Sens Pos

Asian Sens Pos Aer Sens Pos

TCH susceptibility to thiophene-2-carboxylic acid hydrazide, NO; nitratase reductase, Niacin acc
niacin accumulation, O, oxygen preference for growth, PZA susceptibility to pyrazinamide, Sens
sensitive, Res resistant, Pos positive, Neg negative, Mic microaerophylic, Aer aerobic

most commonly used for mycobacterial culture. In this medium, M. bovis shows
disgonic colonies, which has led microbiologists to believe that it may be an
M. bovis isolate. M. bovis can also be cultured in different Middlebrook media (both
liquid and solid), with good results [29].

Various biochemical tests are available to differentiate M. tuberculosis and
M. bovis [11, 13], such as nitrate reductase (positive for M. tuberculosis and nega-
tive for M. bovis), susceptibility to thiophene-2-carboxylic acid hydrazide (M. bovis
is susceptible, M. tuberculosis is resistant), susceptibility to pyrazinamide (M. bovis
is resistant, M. tuberculosis is usually susceptible), and niacin accumulation (posi-
tive for M. tuberculosis, negative for M. bovis) (Table 3.2). Moreover, M. bovis is
microaerophilic, and grows well in sites with low oxygen levels (e.g., in tissue),
whereas M. tuberculosis is aerobic, preferring sites where there is an abundance of
oxygen (e.g., the lungs) [3]. However, these tests need to be performed and inter-
preted by experienced operators, and are not easy to carry out in medium-size and
small clinical mycobacteriology laboratories. Another disadvantage of these pheno-
typical tests is that some M. bovis isolates show similar characteristics to those of
M. tuberculosis [30].

Since the complete genome sequence of M. bovis became known, the search for
specific genetic markers has been ongoing [17]: M. bovis strains lack the mtp40
sequence found in M. tuberculosis, lack the chromosomal regions RD7, RD8, RD9
and RD10 [16], and carry a particular mutation at position 169 in the pncA gene
conferring pyrazinamide resistance [31]. A specific mutation at position 285 in the
oxyR gene [32] and the absence of spacers 3, 9, 16 and 39 to 43 in the DR locus [33]
are also characteristic of M. bovis. However, the use of these markers is confined to
reference or research laboratories. A system based on PCR and hybridization has
been introduced into routine laboratory practice in recent years, and permits easy
identification of the species of the M. tuberculosis complex [34].

3.2  Molecular Typing Methods

To be able to institute efficacious control measures of TB, a knowledge of the
dynamics of transmission of the pathogen and of the factors involved is required;
molecular epidemiology data are helpful in this context. Unlike in M. tuberculosis,
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restriction fragment length polymorphism (RFLP) typing based on the insertion
sequence IS6710 (IS6110 RFLP), the gold standard for M. tuberculosis genotyping,
provides only limited discrimination among M. bovis isolates because this species
usually has only one or few IS6710 copies, especially in isolates from cattle [35]. In
fact, the resolution of the IS67/0 RFLP method is known to be inversely propor-
tional to the number of IS67/0 copies, due to the existence of IS67/0 insertion hot
spots, and so patterns with six or fewer bands are not appropriate to establish recent
transmission [36].

Various other epidemiological genotyping methods have recently been consid-
ered for M. bovis strains [5] but no standardized tests are yet available.

3.3 Epidemiology and Transmission

It is estimated that 0.3—7.2% of cases of TB in humans in developed countries are due
to M. bovis [15, 27, 28, 37-44]. Instead, the percentage of cases in most developing
countries is not known, in part because of the use of inappropriate isolation and iden-
tification methods of this pathogen, but is surely much higher (10-15%) than in
industrialized areas, and poses a major threat to public health [18, 37, 45-48].

At the Congress on Tuberculosis held in London in 1901, Koch stated that the
bovine tubercle bacillus posed a very limited danger to humans, and that steps to
eradicate the disease from cattle were unnecessary [49]. But on the basis of present
knowledge Koch was incontrovertibly in error [50]: the bovine tubercle bacillus
does pose a threat to human health [3]. Now that human TB is a re-emergent dis-
ease, there is evidence that M. bovis poses a greater threat to human health than was
popularly believed. This threat, like that of the disease caused by M. tuberculosis,
may be exacerbated by the human immunodeficiency virus pandemic [3]. In 1992,
the European Union included TB caused by M. bovis as one of the four main zoo-
noses requiring specific surveillance and investigation [51]. In these circumstances,
an effective linkage between veterinary and human public health services has been
recommended, and should be still further strengthened [3].

In agricultural folklore, various names are used to refer to cattle diseases, such as
wens, grape disease, pearl disease wasters, piners, and snoters, but all of these can
be identified as TB [3].

In the past it was thought that M. bovis was a highly resistant organism, surviving
in cow feces for at least 5 months in winter and 2 months in summer, and in soil for
up to 2 years [52]. Subsequent evidence suggested, instead, that M. bovis disappears
from the environment much more quickly [53], and that the activity of sunlight and
of other bacteria, protozoa and fungi which normally contribute to the breakdown of
feces, appears to destroy tubercle bacilli [3].

Transmission of M. bovis can occur between domestic and wild animals, from
animals to humans, and, more rarely, from humans to animals or between humans
[1, 3, 13, 54-56]. The infection is acquired by aerosol inhalation (through the inha-
lation of small droplets, just like human TB), ingestion, or direct contact with
infected animals [13, 15]. Bovine TB in cattle is a respiratory disease above all, and
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aerosol spread of bacilli is the main source of infection from other animals to
humans [54-57].

Human infection has often been associated with the ingestion of unpasteurized
milk and milk products from animals with infected udders. A link between tubercu-
lous cervical adenitis and the consumption of milk from diseased cattle had already
been established in 1946 by Klenke [3]: the bacilli can enter the body through the
tonsils and then affect the cervical lymph nodes. Both milk-borne and meat-borne
bacilli can cause intestinal TB, and hematogenous spread to other organs is possi-
ble. Although only 1% of tuberculous cows had infected udders, it was clear that
their milk posed a serious public health threat, and so programs were instituted to
control the disease eradication in cattle, and to inspect meat and the pasteurization
of milk. However, these controls are still often lacking in many developing coun-
tries. In Argentina, where the prevalence of TB in the cattle population is relatively
high, despite the pasteurization of milk combined with a high standard of meat
inspection, most of the patients infected with M. bovis are workers at slaughter-
houses or in rural areas [1, 58].

More rarely, man can be infected through the ingestion of insufficiently cooked
bovine meat. However, as pointed out above, nowadays these sources of infection
are present only in developing countries where bovine TB is prevalent, control mea-
sures are not applied, and pasteurization of milk is rarely practiced [37, 47].
Inevitably, in these same developing countries, the rates of bovine TB are higher in
rural populations [3]. In developed countries, instead, the incidence of infection has
declined remarkably and most cases observed nowadays are in older people, being
a reactivation of infection acquired in the past when the animal infection was still
common [13, 55].

The transmission of M. bovis to man from various animals other than cattle is
sporadic and largely associated with specific jobs, such as in farmers, veterinarians,
abattoir workers, animal handlers, and hunters [41, 59-63]. There is also evidence
of sporadic transmission from humans to animals [1, 13, 64], and among humans
associated with nosocomial outbreaks [65-70]. In these cases an important role in
the host susceptibility is played by immune suppression due to HIV-coinfection,
cancer therapy, alcohol misuse, and insulin-dependent diabetes mellitus.

34 Clinical Features

Human disease caused by M. bovis is clinically and histologically indistinguishable
from that of M. tuberculosis [37, 39, 64—75]. According to various authors, M. bovis
induces above all extrapulmonary TB forms [37, 43, 71, 73, 75], whereas others
have observed above all pulmonary forms [1, 72, 74]. In any case, the clinical mani-
festations depend on the transmission pathway: ingesting milk contaminated with
M. bovis induces lymph nodes and intestinal forms, whereas contagion through the
respiratory tract leads to TB of the lungs.

Other relatively frequent extrapulmonary forms are genitourinary and osteoar-
ticular. In adults, pulmonary forms are generally due to a reactivation of old



132 D. Bonamonte et al.

infections. Pulmonary TB is the most common form in immunocompromised sub-
jects. In children, lymph nodes and intestinal infections are more common, likely
reflecting contagion through foodstuffs.

Infection through skin wounds causes cutaneous [76], tendon and localized
lymph nodes lesions in personnel who handle infected carcasses, and in veterinari-
ans exposed during surgical or other occupational procedures [28, 44].

We observed seven cases of occupational warty TB in farmhands milking cattle
affected by tubercular mastitis. In six cases the clinical manifestations involved
the dorsum of the hands and in one, the flexor surface of the right wrist. The
complaint presented with confluent papules forming plaques with a hyperkerato-
sic surface (Figs. 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, and 3.8). In all cases the

Fig.3.1 Occupational
warty tuberculosis in
milker

Fig.3.2 Occupational
warty tuberculosis in
milker
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Fig.3.3 Occupational
warty tuberculosis in
milker

Fig.3.4 Occupational
warty tuberculosis in
milker

histopathological finding was a granulomatous tubercular infiltrate with giant
Langhans-type cells and no sign of central caseation (Figs. 3.9 and 3.10). No acid-
fast bacilli were seen at histology. All the patients were immunocompetent and
there were no associated systemic symptoms. The personal and family history for
TB due to M. tuberculosis was negative. The PPD reaction was strongly positive
in all cases. The complaint resolved in all the patients after 4—6 months of treat-
ment with a 3-drug regimen, isoniazid (300 mg/day), rifampicin (600 mg/day),
and ethambutol (15 mg/kg/day).
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Fig.3.5 Occupational warty tuberculosis in milker. Strong positive PPD

Fig.3.6 Occupational
warty tuberculosis in
milker

Fig.3.7 The same patient
as in Fig. 3.6. Positive
reactions to PPD of various
mycobacteria
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Fig.3.8 Occupational
warty tuberculosis in
milker

Fig.3.9 Hyperkeratosis, acanthosis, and papillomatosis of the epidermis. Granulomatous inflam-
mation of the dermis with giant Langhans cells (Hematoxylin-eosin — x100)
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Fig.3.10 Tubercular granulomatous infiltrate with epithelioid cells, lymphocytes and Langhans
cell (Hematoxylin-eosin — x200)

3.5 Susceptibility and Treatment

M. bovis infection is treated with the same antibiotic regimens, for the same dura-
tion, as in the treatment of TB infection by M. tuberculosis. However, M. bovis
resistance to pyrazinamide, a key characteristic for the microbiological identifica-
tion of the strains, should be borne in mind.

Resistance in vitro of M. bovis to other drugs seems to be rare; the most common
type is to isoniazid (in the past this was used alone to treat bovine TB). Nevertheless,
due to the risk of resistant strains it is always wise to perform susceptibility tests
using the same methods as for M. tuberculosis.

Treatment should be started with isoniazid, rifampicin and ethambutol: if the
isolate is sensitive to rifampicin and isoniazid, these two drugs should be continued
for a total of 9 months. In cases of isoniazid-resistance, rifampicin and ethambutol
should be administered for 12 months [5].

Multidrug (MDR) M. bovis resistant strains and extensive-multidrug (XDR) M.
bovis resistant strains are rare, even if an outbreak of XDR M. bovis strains was
described among HIV-infected patients in Spain in the mid-1990s [77]. This out-
break started in a hospital in Madrid and spread to other hospitals in Spain and in
other countries [72, 77]. The strain was resistant to all first- and second-line drugs,
and posed a great challenge in these patients, who were mostly HIV-infected sub-
jects. The use of alternative drugs like linezolid or amoxicillin-clavulanic acid,
yielded good results in some patients, especially HIV-negative subjects [72, 78].
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3.6 Control and Recommendations

In

agreement with Moda and Coll [28] and Collins [79], various control measures

need to be adopted. Reliable and economic systems of veterinary surveillance must
be implemented: abattoir controls have a key role in controlling the prevalence of
bovine TB. It is important to acquire accurate information about M. bovis infection
in humans and animals from farmers and those involved in slaughtering and market-
ing meat. Infected animals must be eliminated to limit the spread of the infection,
and heat treatment of milk (pasteurization) promoted in all nations.
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Approximately one third of the world population is infected by Mycobacterium
tuberculosis, and a greater and continuing factor that is bolstering the ongoing
tuberculosis (TB) epidemic is the human immune deficiency virus (HIV). Further
complicating the issue, multidrug resistance (MDR) has arisen worldwide, and by
early 2010, 58 countries had reported at least one case of extensively drug resistant
TB [1]. For all these reasons, TB prevention through vaccination is a key global
health priority [2].

Various vaccines have been shown to reduce the risk of disease and mortality
due to TB in man, but only one has been used in global immunization programs:
the M. bovis bacillus Calmette-Guérin (BCG). BCG is an attenuated live vaccine
administered at birth to children in most countries where TB is endemic. It is the
vaccine most widely used all over the world, and an estimated three billion doses
have been administered to date [3]. Despite having reduced the burden of TB in
many zones, the BCG has various limitations and so the development of more effi-
cacious vaccines against TB is an extremely urgent issue [4, 5]. The ideal vaccine
should prevent both the initial tubercle infection and the development of active
disease, or reactivation in previously infected healthy hosts as well as in particu-
larly vulnerable populations (HIV-infected and other immunocompromised indi-
viduals) [2].
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Table 4.1 Protection against 1- Naturally acquired mycobacterial infection:
tuberculosis (modified, by [2]) Mycobacterium tuberculosis

Nontuberculous mycobacteria

2- Vaccine-induced mycobacterial infection:

BCG (live)

Mycobacterium microti (live)

Whole-cell mycobacterial vaccines (inactivated),

including Mycobacterium vaccae

4.1 Immunoprotection Against Tuberculosis

A prior mycobacterial infection, either naturally acquired or vaccine-induced, offers
some immune protection, albeit partial (Table 4.1). Epidemiological and experi-
mental studies in animals suggest that a previous infection by M. tuberculosis con-
fers a relative protection against the development of later disease due to re-exposure
[6]. However, this protection is lower in cases of cellular immunodeficiency, as
demonstrated in HIV-infected subjects [7].

Skin test studies in humans suggest that also a previous infection by nontubercu-
lous mycobacteria (NTM), acquired naturally through exposure to colonized water or
soil, confers protection against TB [8, 9]. The same protection, gained from NTM, has
been experimentally demonstrated [9, 10]. NTM infections, that are common in vari-
ous parts of the world, are generally acquired in childhood [11]. In the United States,
about 40% of adults show positive reactions to skin tests with the M. avium complex
(MAC), while most of them have negative skin tests to tuberculin [12]. Naturally
acquired NTM infections can induce equal protection levels against TB to the BCG
levels, and this may explain the lack of efficacy of BCG in some zones where there are
many NTM infections [9]. Previous mycobacterial infections can also reduce the effi-
cacy of BCG by limiting its replication, as demonstrated in mice [13].

In 1950, a study with a live mycobacterial vaccine, M. microti (the vole bacillus)
was conducted: a single dose demonstrated a 5-year efficacy of 84% in 54,239
tuberculin-negative British adolescents [14]. This shows that antigens other than
those to M. tuberculosis and M. bovis can protect against TB.

Inactivated whole-cell mycobacterial vaccines had been tested before the spread
of BCG, and proved efficacious in preventing TB [15].

4.2 BCG Vaccine

M. bovis BCG was developed by Leon Calmette, a physician, and Camille Guérin,
a veterinarian: in 1902, they began by passing a strain of M. bovis isolated from a
cow with tuberculous mastitis in culture every 3 weeks for a total of 230 passages.
Inoculation of this attenuated M. bovis strain in calves and guinea pigs did not elicit
evidence of infection. Then protection was demonstrated also in other animals
(pigs, rabbit, and horses), and after immunized cows had been challenged with a
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wild-type, virulent strain of M. bovis and showed no sign of infection, in 1921 the
vaccine was administered orally to humans [2].

The first recipient was a 3-day-old infant whose mother had died of TB a few
hours after delivery. The grandmother, who took over the care of the child, was also
affected by TB. The baby suffered no ill effects from the vaccine and did not develop
TB. Between 1921 and 1924, 600 more children were vaccinated without any seri-
ous complications. Among them were Calmette’s own grandchildren [16]. In 1928,
the vaccine was certified as safe by the League of Nations.

The original BCG strains were distributed and maintained in different laborato-
ries, and so gave rise to several genetically distinct strains. The first randomized,
controlled trial of vaccine efficacy was conducted by Aronson between 1935 and
1938 [17]. In 1947, the World Health Organization (WHO) launched a TB control
program that included spreading the use of the BCG. From the 1950s to 1997 the
vaccine lots were under the direction of the WHO and administered by the Danish
State Serum Institute in Copenaghen, Denmark. Since then, the manufacturers have
been responsible for the vaccine manufacture and quality. Four strains (Glaxo,
Danish, Pasteur, and Tokio), account for over 90% of vaccines currently adminis-
tered [2, 18].

4.3 Immune Response to BCG Vaccination

The BCG vaccine induces a mild systemic infection in healthy hosts. Autopsy studies
of recently immunized children who died of other causes showed a widespread granu-
loma formation [19]. This attenuated infection elicits both a cell-mediated and a
humoral immune response to mycobacterial antigens. In vaccinated subjects there is a
lymphocyte proliferation response to proteins secreted by BCG and M. tuberculosis
[20, 21], as well as a variety of cytokines responses outside the Thl cells [22-24].
As to the humoral response, BCG induces both IgG and IgM responses [25, 26].

Most tuberculin-negative subjects immunized with BCG develop a positive
tuberculin skin test after some weeks. This effect declines over time and so the cur-
rent recommendation is to consider reactions of >10 mm present several years after
the vaccination as a latent infection by M. tuberculosis rather than a persistent effect
of the BCG. It should also be borne in mind that BCG-induced tuberculin reactions
can be boosted by repeated skin tests and that although the issue has not been rigor-
ously studied, it is generally believed that the development of a BCG-induced tuber-
culin sensitivity is not a surrogate for protective immunity against TB [2].

4.4  Efficacy of BCG

Although in the United States the problem of the efficacy of the BCG is somewhat

controversial, it is widely accepted that childhood immunization is effective [2].
As stated above, a prior infection with M. tuberculosis or NTM confers a compa-

rable anti-TB protection to the BCG. Indeed, some studies have shown that skin
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test-negative subjects demonstrate cellular and humoral immune responses to
mycobacteria, and so are not mycobacteria naive [23, 26, 27]. For this reason, the
efficacy of the vaccine should be assessed in mycobacterium-naive hosts, that is
newborns. Prospective studies of this type have revealed an efficacy of 73% against
disease and 97% against death [17, 28-30]. Many BCG trials have been conducted
also in older children and adults (including subjects already infected by M. tubercu-
losis or NTM), and these studies, too, confirmed the protective efficacy of BCG
immunization [17, 31].

Instead, trials in HIV infection have yielded contrasting results [32, 33].
Nevertheless, because BCG immunization in HIV-infected infants carries a risk of
disseminated BCG disease, the vaccine should not be administered to infants with
known HIV infection [32-35].

It has also been suggested that the BCG could reduce the risk of active TB infec-
tion [36, 37]. BCG re-vaccination in tuberculin-negative children (nowadays,
booster doses of vaccine are still administered only in few countries) does not con-
fer an additional protection against TB disease [38—40], despite the enhancement of
IFN-y responses to mycobacterial antigens [41].

The BCG vaccine has been found effective also against other diseases. Various
studies have shown an efficacy ranging from 50% to 80% against M. leprae. The
BCQG is effective in preventing infection by M. ulcerans in about 50% of cases, and
is protective also against osteomyelitis [42]. The BCG also offers cross protection
against childhood lymphadenitis due to MAC [43], whereas failure to vaccinate is
associated with a marked increase of this infection [44]. For immunotherapy pur-
poses, the BCG is used in the management of superficial and in situ transitional cell
carcinoma of the bladder, usually, instilled into the bladder on a monthly basis [45].
Primary infection of the glans penis by M. bovis-BCG has been described after
intravesical BCG treatment [46]. Distant cutaneous granulomas have been described
after BCG immunotherapy for malignant melanoma [47, 48].

4.5 Administration and Side Effects of BCG

The Tice vaccine (Organon), the only one used in the United States, is a mixture of
killed and live bacilli ranging from 37,500 to 3,000,000 CFU per dose: 0.2-0.3 ml
of vaccine reconstituted in 1.0 ml of sterile water is administered in the lower del-
toid area by the multiple-puncture technique (0.2-0.3 ml reconstituted in 2 ml of
sterile water for infants less than 1 year of age) [49]. Tuberculin skin test conversion
usually occurs 6-12 weeks after vaccination.

The side effects of the vaccination depend on the BCG strain, dose, method of
administration, and recipient [50]. Newborns suffer more complications than older
children and adults. Among the strains in current use, the Pasteur and Danish cause
the highest rates of side effects: lymphadenitis, for example, is more common with
the Pasteur strain than the Tokyo or Brazil strains [51]. The average amount (CFU)
of viable bacilli varies from strain to strain, and many vaccines also contain nonvi-
able bacilli. Intradermal inoculation is associated with a higher risk of local
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Table 4.2 Side effects of parenteral BCG vaccination (modified, by [2])

Reaction Incidence Comment

Mild
Induration, erythema, pain at the 95% All vaccines
injection site
Ulceration at inoculation site 70% Varies according to strain
Lymphadenopathy 1-2%

Serious
Osteomyelitis 0.01-300/million Varies according to strain
Disseminated infection 0.19-1.56/million Associated with

immunocompromised state

reactions but while the multiple-puncture technique has a lower rate of local reac-
tions, it is more costly, less precise and more technically demanding [51].

The most common side effect of the BCG is a local reaction at the inoculation site,
with pain, swelling, and erythema. This reaction is observed in 95% of vaccinated
subjects, persists for several weeks and generally resolves after three months without
complications other than scar formation [52]. In 75% of cases there is also myalgia;
70% have ulceration with drainage at the vaccination site, 2% an abscess and 1-2%
lymphadenitis [53]. In cases of adenitis, ulceration and drainage may be observed,
above all when the lesion develops rapidly, within 2 months of the vaccination.
Indolent forms and those with a delayed onset must be kept under observation. The
role of adjunctive antimycobacterial therapy is controversial [54] (Table 4.2).

Osteomyelitis is reported to occur in 0.01 per million vaccines in Japan (multiple-
puncture technique) and 300 per million in Finland (intradermal technique) [55].
The treatment relies on isoniazid and rifampicin (like M. bovis, the BCG is resistant
to pyrazinamide).

Disseminated disease, including a fatal outcome, is reported after 0.19-1.56 per
million vaccines. Dissemination, that generally starts with the above described local
signs, then evolves after weeks or months to fever, weight loss, and multiorgan dis-
ease with elevated nonspecific inflammatory markers [56-58]. The disease has an
ominous outcome and mortality exceeds 40-50% despite proper therapy. Although
these complications are more commonly observed in children, some cases among
HIV patients have recently been reported, that occurred some years after the vacci-
nation [59]. Because of these severe complications, the BCG vaccine is contraindi-
cated in HIV-positive and other immunosuppressed patients, as are other live
vaccines [60].

The treatment of the mild complications of vaccination, like abscesses, includes
drainage, needle aspiration, and erythromycin (250 mg/6 h) or isoniazid (5 mg/kg
daily) for 3 months [60].

Disseminated disease therapy includes the use of isoniazid and rifampicin for a
minimum of 6 months, with the addition of ethambutol, ethionamide, cycloserine,
streptomycin, or a quinolone during the first 2 months of therapy. It is wise to pro-
long the therapy for at least 9 months [57, 60]. The addition of corticosteroids
(prednisone, 40 mg daily) has proven useful in severe disease [60].
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Specific complications of BCG include tuberculous processes. Lupus vulgaris
may develop at the vaccination site, generally between a few months to 3 years after
immunization [61, 62]; it is more common after multiple vaccinations [63].
Scrofuloderma [64] and tuberculids [65], and erythema induratum of Bazin have
also been reported [66]. Since these are hypersensitivity reactions to M. bovis, anti-
tubercular treatment is unnecessary except in immunocompromised patients. The
onset of basal cell carcinoma on the BCG scar has also been described [67]. The
keloid formation seens common after the BCG vaccination [50, 68—71].

4.6 Current Use of BCG

BCG is routinely administered to newborns in TB-endemic countries [72]. In coun-
tries with endemic HIV infection, the WHO recommends testing infants for HIV
infection before administering the BCG [35].

The BCG is still administered universally at birth in some developed countries,
and is administered selectively to high-risk infants in the United Kingdom [73-75],
Finland [76], and Sweden [77]. By contrast, in the United States it has never been
routinely administered; in the past it was used in health care workers. Because the
U.S. policy for TB prevention attributes a great importance to tuberculin skin test-
ing and the treatment of latent infection, and because the BCG can interfere with
the tuberculin skin test, there has always been great reluctance to administer the
BCG to all potential high-risk groups. Current guidelines recommend the BCG in
children with continual exposure to an untreated or ineffectively treated TB victim
that cannot undergo anti-tubercular treatment. In addition, the BCG is recom-
mended in children exposed to a subject with multidrug resistant TB, if they cannot
be removed from such contact [2]. Additional recommended BCG recipients are
health care workers exposed to contagious multidrug resistant TB, tuberculin-neg-
ative homeless subjects, and infants or tuberculin-negative adults moving to
TB-endemic countries [78—80].

In Italy, the most recent guidelines limit the indications for vaccination only to
health workers at high risk of exposure to multidrug resistant tubercular strains, or
that operate in high risk environments, and who cannot undergo preventive ther-
apy in cases of cuticonversion owing to clinical contraindications to the use of
specific drugs [81].

4,7 New Vaccines Against Tuberculosis

The BCG is highly efficacious against TB when administered to newborns but the
protection declines with age, and little or no protection against TB reactivation
remains in adults. BCG boosters are ineffective (Table 4.3) [40]. For this reason
there is an ample consensus that a booster vaccine to follow BCG immunization
needs to be developed, or else a completely novel two-vaccine booster regimen.
Obviously, it is also important to reduce the risk of side effects and improve the
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Table 4.3 Favorable and unfavorable characteristics of BCG (modified, by [2])

Favorable characteristics In newborns, reduction of disease and death due to tuberculosis
In newborns, reduction of the risk of meningeal and miliary
tuberculosis
In newborns, reduction of the risk of nontuberculous
lymphadenitis, leprosy, and Mycobacterium ulcerans infection
Low cost

Unfavorable characteristics Limited efficacy against reactivation of tuberculosis
Limited efficacy in mycobacteria-experienced children and adults
Uncertain efficacy in HIV infection
Limited duration of efficacy
Local side effects
Risk of adenitis and osteomyelitis
Risk of disseminated BCG in HIV-infected recipients
Absence of booster effect
Effect on tuberculin skin test reaction
Requirement for parenteral immunization
Unknown immune correlate of protection

duration of protection [2]. Since HIV-associated TB now accounts for more than
50% of global cases of TB, another important goal is a safe and durable vaccine for
the prevention of HIV-associated TB [82, 83]. Many new vaccines currently under-
going testing in humans have been reported by Lahey and von Reyn [2]. They are
based on selected antigens (leading subunit antigens include M. tuberculosis Ag85,
ESAT, CFP 10, and Mtb72t) [84], whole-cell inactivated vaccines [85, 86], and
recombinant versions of the BCG [87].
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Leprosy

Domenico Bonamonte, Angela Filoni, Pietro Verni,
Paolo Romita, and Gianni Angelini

Leprosy (synonyms: Hansen’s disease, Hanseniasis, Hansenosis, Lepra) (from the
Latin word lepra, which means “scaly” and the Greek /epo meaning “to scale”) is
a chronic infective granulomatous disease caused by the bacillus Mycobacterium
leprae, an intracytoplasmic parasite of Schwann cells and macrophages. It mainly
affects the peripheral nervous system, skin, and other tissues such as the reticulo-
endothelial system, mucous membranes, the eyes, testes, bones and joints, mus-
cles, and adrenal glands [1-10]. Among communicable diseases, leprosy is one of
the leading causes of permanent physical disability worldwide. The disease and
resulting visible deformities contribute to the intense social stigma associated with
this affliction, that provokes discrimination and avoidance of any contact with
patients and their families. Pathogenic transmission occurs via person-to-person
contact, especially through the nasorespiratory route, although there is some pos-
sibility of transplacental infection [11]. Recently, zoonotic infections have also
been reported [12, 13].

Once distributed worldwide, leprosy is now seen primarily in the tropical and
subtropical regions of Asia, Africa, and Central and South America. This geo-
graphic distribution is likely due more to the poor living standards and hygiene than
to the warmer climate [2, 3]. Although it can exceptionally be fatal, leprosy is still
one of the most serious long term health problems in developing countries [14, 15].
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The host immune response is responsible for the variable clinical features of the
disease, ranging from forms with only mild signs and a good immune response, to
diffuse, very severe forms with little or no immune response.

5.1 History

Leprosy is an ancient disease. The first written records are in the Indian Veda books
dating back to 600 B.C., although recent archeological findings in India have
revealed a skeleton dated 2000 B.C. with evident signs of leprosy [16, 17]. In China,
the most ancient description of the disease is to be found in a classic tome of Chinese
medicine dating back to 400 B.C., the “Nei Jing” [18].

Instead, the cases mentioned in the Bible actually refer to psoriasis, vitiligo and
other skin disorders not leprosy. In fact, for many years the biblical term fzaraat was
taken to refer to leprosy; however, the disease or diseases described under this name
has no relation to leprosy as it was known in the Middle Ages, nor even in its current
form. Leprosy was associated with the biblical leprosy as a result of two inaccurate
translations: the Hebrew fzaraat was first translated in Greek as leprosy in the sixth
century (because there was no equivalent for fzaraat in Greek), and then the word
leprosy was translated into Arabic as lepra in the ninth century [19]. There is a
growing consensus that the term leprosy used in the Bible to define a group of skin
diseases has no connection to Hansen’s disease as it is known today [20-25]: in fact,
the skin manifestations reported in the Bible are very different from those character-
izing Hansen’s disease today [22, 24].

In the eastern Mediterranean the disease was carried by the Jews in their flight
from Egypt, where it had been introduced by the slaves carried off from modern-day
Ethiopia [18]. It was then brought in from India by soldiers marching with Alexander
the Great between 327-326 B.C., and spread throughout the Greek and Roman
Empires [6]. The first scientific evidence of leprosy was found in an Egyptian skel-
eton and two Coptic mummies from the second century B.C. and the fifth century
A.D., respectively [6].

The Phoenician traders were the first to spread leprosy along the western
Mediterranean coasts. In ancient Greece, in fact, leprosy was known as ‘“the
Phoenician canker” or “canker of Tyre”. In the seventh and eighth centuries A.D.
leprosy already posed a social problem, and indeed, in Italy and then in France laws
were passed to isolate sufferers [18]. The disease became endemic in Europe in the
Middle Ages, between the twelfth and thirteenth centuries, owing to both military
forays and trade routes between Asia and Europe. The environmental conditions in
the various European cities at the time, where both individual and collective hygiene
were extremely poor, contributed to foster the spread.

In the Middle Ages it was the Church that took charge of identifying and isolat-
ing lepers, this being the only way to protect the community from contagion, since
no effective treatment was discovered until 1942. In a ceremony held in church, the
patient, robed in a dark tunic, was officially declared a leper; provided with a sack,
a stick, a water container, gloves, a cup and a bell to ring as a warning to people to
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keep away, the sufferer was then banished from society [26]. Some behavioral rules
were dictated: patients should use the stick to indicate what object they wished to
buy, only use their own cup for drinking, should never speak to anyone unless stand-
ing downwind (in order to prevent transmission because it was already known to be
contracted by contact and through the airways). Patients should live at least 1/3 of a
mile away from the city walls. At that time lepers rapidly became invalids, went
blind and declined slowly toward death [25].

In the 12th century, the first leper asylums appeared in the west, to keep them
away from the community. By 1200 there were 19,000-20,000 asylums in Europe.
The disease had by then spread even to very cold countries like Iceland and
Greenland, and affected all social classes. With the passing of centuries and the
spread of tuberculosis, leprosy became less common in Europe, and reduced to rare
epidemics in poor areas with high promiscuity and poor hygiene [26]. Outbreaks
became more and more rare in Europe as from 1700, whereas in southern Europe
(Italy, Spain, Greece, Malta) they did not disappear until the 1970s.

In the United States of America, where leprosy did not exist in the pre-Columbian
era, the disease was introduced as from the 18th and 19th centuries by the French
and Norwegian immigrants and remained active until the 1950s, while in the islands
of Oceania and New Guinea, it appeared in the 20th century. A true regression of the
disease occurred only after 1950 with the introduction of sulfone [26].

During the 19th century, Daniel Cornelius Danielssen (1815-1894) and Carl W.
Boeck (1808-1875) reported the first modern description of leprosy [6], and in the
1870s, a third Norwegian, Gerhard Henrik Armauer Hansen (1841-1912), con-
ducted microbiological and epidemiological studies of M. leprae, publishing his
results on the discovery of the bacillus in 1874 [27-31]. Mitsuda then devised the
skin test for leprosy in 1919 [9, 32]. The importance of sulfones to treat leprosy was
reported by Faget and Coll in 1942 [33].

In 1960, Shepard published results on the sensitivity of mice to leprosy, demon-
strating a limited proliferation of mycobacteria taken from human tissue specimens
and inoculated in mouse footpads to test their sensitivity to drugs [34]. In 1966,
Ridley and Jopling suggested a classification of leprosy based on the immunologic
status of the patient [35]. Since the 1970s, studies of the proliferation of M. leprae
have been made on nine-banded armadillos, which contract leprosy [36]. Finally, in
2001, the sequencing of the entire genome of M. leprae was reported [37].

Over the course of time, leprosy has not only posed a challenge to medicine but
also to social and charitable activities [38]. Among the great philanthropists who
dedicated their professional and family lives to dealing with leprosy patients, Dr.
Albert Schweitzer (1875-1965), an Alsatian theologian, Lutheran minister, musi-
cologist, and philosopher, deserves particular mention. In 1913 he founded a lep-
rosy hospital in Lambaréné in the French Congo (now Gabon), and in 1952 he was
awarded the Nobel Peace Prize [38]. Another great figure was Agnes Gonxha
Bojaxhiu (1910-1997), better known by her monastic name, Maria Theresa of Child
Jesus of Calcutta. At the age of 18, she left her country, Albania, and started her
missionary work in Calcutta in August 1948. In 1956, Mother Theresa and the
Missionaries of Charity (the name of the order she founded) established a center for
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leprosy patients (“Skantinagar”: “City of Peace”) near Asansol (Calcutta). In 1979,
Mother Theresa received a Nobel Prize for her humanitarian work [38].

Among other great philanthropists was the Polish doctor Wanda Maria Blefiska
(19112013, nicknamed the “Mother of the Lepers”), who worked in a leprosy cen-
ter in Bulubie, Lake Victoria in Uganda (she often repeated that leprosy patients
need vitamins, the most important of which is vitamin “L”, meaning love), as well
as the Polish missionary Marian Zelazek (1918-2006), whose missionary work was
carried out in India, in particular [38].

5.2 Epidemiology

The most important source of data on the epidemiology of leprosy is the World
Health Organization (WHO) and its Weekly Epidemiologic Record, the last of which
refers to 2014 [39]. Worldwide, data have been collected since 1985, when the prev-
alence of leprosy was about 5 million; by 2014 it had dropped to 175,554 (number
of cases recorded; prevalence/10,000 population: 0.31) [39, 40]. The goal of the
“elimination of leprosy as a public health problem” policy by the WHO, declared in
1991, namely to reduce the prevalence below 1 patient per 10,000 population, has
since been achieved thanks to the advent of multidrug therapy (MDT), intensive
control programs, and changing case definitions [40].

The data in the latest WHO report derive from 121 countries from 5 WHO
Regions: 29 countries in Africa, 31 countries from the Americas, 19 from the
Eastern Mediterranean, 11 from South-East Asia, and 31 from the Western Pacific.
There were no data from European countries (Table 5.1). The annual reports contain
data on the number of cases administered MDT at the year’s end, the new cases
reported during the year, the multibacillary cases, paucibacillary cases, the number
of women and children among the new cases and the new cases with a reduction of
grade 2 disabilities (R2D cases) [39].

The main indicator of the outcome of the fight against leprosy, and also the near-
est approximation of the disease incidence, is the number of new cases detected
(NCD) in a given year. Analysis of the WHO data shows that this indicator was rela-
tively stable between the years 1985 and 1997, ranging from 550,000 to 700,000

Table 5.1 Registered prevalence of leprosy and number of new cases in 102 countries (modified,
by [39])

No cases registered, first quarter No new cases detected in
of 2015 (prevalence/10.000 2014 (new-case detection
Region population) rate/100.000 population)
Africa 19,968 (0.26) 18,597 (2.44)
Americas 29,967 (0.33) 33,789 (3.75)
Eastern Mediterranean 2212 (0.04) 2342 (0.38)
South East Asia 119,478 (0.63) 154,834 (8.12)
Western Pacific 3929 (0.02) 4337 (0.24)

Total 175,554 (0.31) 213,899 (3.78)
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cases. In the following years the number of NCD dropped, and then remained stable
from 2005 (NCD: 299,036) to 2014 (NCD: 213,899). WHO information about these
data are lacking [41]. Some authors believe that in the last decade, due to WHO rec-
ommendations (simplification of the anti-leprosy campaign by abolishing the micro-
biological assessment and establishing the diagnosis and disease classification, used
to select the therapeutic regimen, only on clinical aspects, namely the number of
lesions) the diagnostic sensitivity and quality of treatments have declined [10].

However, it is also true that leprosy is marked by some peculiar features: its
chronic nature, particularly long incubation times, minor early symptoms and signs,
and the difficulty in establishing the time of onset of the disease due to the lack of
suitable diagnostic tests to verify the presence of infection in a subject. At the time
when the specific treatment is begun, the patient may already have infected other
subjects, who will develop the disease much later. It is therefore likely that the
impact of the treatment on the reduction of the NCD will be very gradual [40].

In any case, on the basis of the number of new cases worldwide it is clear that lep-
rosy is still a major public health problem, especially in three regions, Southeast Asia,
the Americas and Africa. In 2014, Southeast Asia reported the highest number of new
cases, 154,834, accounting for 72% of the global burden. The highest number of suf-
ferers was reported in India, 125,785 cases, or 81% of the new regional cases and 59%
of the new cases in the world. South America reported 33,789 cases (16% of the total),
Brazil having the highest number of cases, 31,064 (92% of the regional and 15% of the
global NCD). Africa reported 18,597 cases: 8.7% of the global total [39]. In 2014, 13
countries continued to report more than 1000 new cases (94% of all the NCD), with
minor variations as compared to the previous years, calculated up to 2005 (Table 5.2).

Globally, 37.7% of NCD are women. Child cases indicate early, continual trans-
mission of the infection: the proportion of children among the new cases is 8.8%
globally. New G2D (reduction of grade 2 disabilities) cases, on the other hand,
indicate a delayed detection of the disease: the proportion is 6.6% globally [39].
During 2014, moreover, 1312 cases of relapse were reported, in 106 countries;
relapse is the result of inadequate and/or incomplete treatment [39].

Tabl‘: 32 ;I)i\z f:asle?,s Country Number of new cases

reported in in .

countries (modified, by [39]) g‘::;l 5,56225
Indonesia 17,025
Ethiopia 3758
Bangladesh 3622
Democratic Republic of Congo 3272
Nepal 3046
Nigeria 2983
Myanmar 2877
Sri Lanka 2157
United Republic of Tanzania 1947
Philippines 1655
Madagascar 1617

Total 213,899
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In view of the above data, it is extremely difficult to make accurate predictions of
future trends for leprosy. The predicted annual decline of incidence ranges from 2
to 12%: this means that the eradication strategies are reducing transmission but the
decline is still very slow [39]. It is important to have a clear understanding of the
modes of transmission of the disease, also taking into account possible animal or
environmental reservoirs of M. leprae. The global NCD trends will likely remain
more or less stable over the short term. Since MDT alone is not sufficient to prevent
new cases, in order to reduce the incidence of leprosy in the 21st century new pre-
ventive measures are needed, like chemoprophylaxis and immunoprophylaxis, as
well as the earliest possible detection of cases [40, 42].

A predictive study of the future incidence of leprosy in three highly endemic
countries, namely India, Brazil and Indonesia, which account for more than 80% of
all cases worldwide, revealed that although the infection should be eliminated in the
very near future at nation-level, in the highly endemic regions of these three nations
(Chhattisgarh, Pard State and Madura) this same elimination will not achieved by
2020 with the current leprosy control strategy. Regional NCD rates are 2—7 times
higher than at the nation level [43]. These data demonstrate an absolute need for
further control measures.

5.3 Modes of Transmission

Leprosy is one of the oldest diseases in the world, and among the most dramatic.
Even today sufferers are often ostracized. It is essential, therefore, that the general
public be made aware that leprosy is not a genetic disorder and that it is 100% cur-
able, and that patients, on the contrary, are in need of constant, complete social
support [44].

Over time, the knowledge of the etiopathogenesis of leprosy has evolved from
the original miasmic non microbial theory of the origin of disease, or anti-contagion,
to the modern recognition of contagion and genetics [45]. According to the ancient
miasmic theory, dating back to Hippocrates (c 460 B.C. to ¢ 370 B.C.), a disease is
caused by the miasma emanating from rotting matter coming from inside the hearth,
that enters the human body and induces various diseases, including leprosy. The
treatment of miasma diseases consisted of righting the imbalance among the four
Hippocratic humors underlying human health, namely blood, phlegm, bile, and
black bile, by means of bloodletting, and the administration of diaphoretics and
emetics [44—47]. The miasma theory endured over the centuries, until it was dis-
carded by some modern dermatologists between the end of the 18th and beginning
of the 19th century [45]. As well as Jean-Louis Alibert (1768—1838), Ferdinand
Hebra (1816-1880), and Louis Adolphus Duhring (1845-1913), even Jonathan
Hutchinson (1828-1913) believed in the miasma theory, attributing the cause of
leprosy to poor hygiene, an unbalanced diet, humid climate, and plentiful consump-
tion of badly cured fish [48, 49].

Then, the development of histological and cytological studies began to clarify
the etiology of leprosy. Daniel Cornelius Danielssen (1815-1894) was the first to
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describe the presence of “vacuolated” or “foamy” cells with a light yellow diapha-
nous mass and ill-defined borders, and containing chestnut-colored small granules
[45]. These same cells were later described by Rudolf LK Virchow (1821-1902).
Finally, Gerhard Armauer Hansen (1841-1912) revealed that the acid-alcohol
resistant rods in lepra cells were the leprosy bacillus [27-30, 45], and attempted to
culture them and inoculate them under laboratory conditions. The failure to inocu-
late them in laboratory animals led to rejection by medical society of the entire
infectious hypothesis advanced by Hansen. Nevertheless, Hansen published his
results in 1874 [27, 30]. Then he made the morally inacceptable decision to inocu-
late a patient with a maculoanesthetic form of the disease with material taken from
a leprosy nodule of a patient with a tuberous form [29]. The same experiment had
been made by Danielssen years before, when he inoculated three volunteers with
material from lepromatous nodules. Fortunately both attempts yielded negative
results [30].

Virchow believed that the rods observed by Hansen were nothing other than
crystals of fatty acids [29] and Albert LS Neisser (1855-1916), who had been
given biological material from lepromatous patients by Hansen, published his
results in October 1879, claiming to be the first to observe the leprosy bacillus.
Neisser also described the aggregation of the bacilli in “globes”, which had not
been previously reported by Hansen. After an exchange of correspondence with
Hansen in 1880, however, Neisser admitted Hansen’s prior discovery of the lep-
rosy bacillus [45, 50, 51]. At the First International Congress of Leprology in
1897 in Berlin, Hansen’s infective hypothesis was accepted, and the possibility of
person-to-person transmission of the disease [45].

The problem of experimental inoculation in animals was finally solved in 1960
by Shepard, who demonstrated the sensitivity of mice to leprosy [34]. In 2001, Cole
and Coll of the Pasteur Institute in Paris sequenced the M. leprae genome, and this
made it possible to determine the region where the infection arose and its source,
man or armadillo [52, 53].

In 2005, again at the Pasteur Institute, following a study of 175 samples from 21
countries, four polymorphisms were identified, differentiating strains of M. leprae:
the first and rarest in Ethiopia, New Caledonia and Nepal; the second in Asia and
the Pacific coasts of East Africa (Madagascar and Mozambique); the third in Europe
and the Americas; the fourth in the Caribbean and West Africa [54]. Leprosy has
affected every part of the world in different periods of history, but its irregular geo-
graphic distribution has always been considered an enigma. There can be no doubt
that it also affects colder countries, but it is also true that in some countries (Japan,
Norway, and the United States) its incidence had declined even before the advent of
the specific treatment. Nowadays the five countries with the highest rates of inci-
dence are located in (sub)tropical regions: India, Brazil, Indonesia, Bangladesh, and
Ethiopia [39]. Leprosy is nonrandom in its distribution [55]. Even in endemic zones
patients are not equally distributed but rather extensively clustered, and there is an
unequal distribution even in focal areas [56].

Man is considered to be the main source of infection. Contact with a subject
known to have leprosy is the principal risk factor, even if the mode of transmission
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of the microorganism from one individual to another is still uncertain [57]. It is
very likely that transmission occurs through droplets via aerosols. The entry portal
of bacteria in man seems to be the nasal mucosa, although the skin may also play
a part.

Leprosy patients do not all transmit the disease to the same extent, and the greatest
source is untreated multibacillary lepromatous patients [58, 59], who shed large
quantities of bacilli from their nose. Contact with these patients poses the highest risk
of contagion, 5-8-fold higher than the general population [59]. It is still not entirely
clear whether paucibacillary patients are infectious in all stages of the disease, and
whether those with a subclinical infection (with no clinical signs) are already infec-
tive [40]. Another source of infection may be silent carriers with bacilli in the nasal
mucosa who live in endemic leprosy areas, as demonstrated in a seroepidemiology
and polymerase chain reaction study that showed positivity rates among contacts and
non contacts [60]. Another study revealed that in highly endemic areas not only
household contact with seropositive patients but also with those in neighboring
houses is more likely to induce antibodies against M. leprae [61]. These same
Authors found that seroprevalence was higher among people who live in close prox-
imity to seropositive patients (<75 m), and that there is an even greater increase,
albeit not always, in the presence of two seropositive patients [61]. This is the “stone-
in-the-pond” concept, originally developed for tuberculosis and then used for lep-
rosy, to describe the transmission in concentric circles around a patient.

Leprosy can present with different clinical pictures according to the host immu-
nity to Hansen’s bacillus. Other factors that have an effect are genetic differences,
age, nutritional and health status [62]. Various studies have reported a protective
effect of BCG vaccination, at percentages ranging from 20 to 90% [63]. Even envi-
ronmental mycobacteria can confer some degree of protection against leprosy [64].

The highest age incidence is between 15 and 20, while there are regional differ-
ences in sex ratios; a prevalence is often reported in the male sex, also for multi-
bacillary forms, and males also develop serious disabilities more frequently than
females [40].

Surprisingly, in endemic areas not more than 5% of exposed subjects will develop
the disease in their lifetimes, even if there have been outright epidemics in some
cases [65, 66]. There do not seem to be causal relations between leprosy and pov-
erty, but malnutrition could play a role in bringing about the disease [67]. HIV
infection does not seem to have altered the course of the disease in co-infected
patients to any great extent [68], even if recent data indicate a higher incidence of
leprosy in HIV patients in treatment with highly active antiretroviral therapy than
was previously supposed [69].

5.3.1 Modes of Direct and Environmental Skin Transmission
A number of studies have been focused upon a possible transmission of leprosy

through direct inoculation into the skin [70]. Relevant injuries include tattoos [71—
73], falls [74, 75], injuries involving objects [76, 77], contaminated needles in a
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medical setting [78], thorns pricking armadillos in the nose and ears [79], vaccina-
tion scars [80, 81], general injuries [82, 83], and animal bites [84]. However, these
modes of transmission must be considered exceptional and have a low frequency,
even if the possible transmission through tattooing tools has important implications
from the hygiene and public health standpoints.

Indirect transmission of M. leprae could occur through environmental reser-
voirs, as emerged in a case-control study conducted in Brazil [85]. M. leprae can
survive for months outside the human body in favorable circumstances, and so
could be a source of infection [86, 87]. It has been seen that M. leprae can be har-
bored in soil [88-91], in water [87], on plants [92-94], in various animal species
such as amoeba [95], insects [96, 97], and fish [49, 98, 99], in primates [100], and
armadillos [101, 102]. A knowledge of these sources will obviously have implica-
tions on the possibility or controlling or eradicating the disease. There are two
reasons for the search for non human sources of M. leprae, firstly the repeated
observation of infection in subjects with no apparent history of exposure to other
known cases [55, 103—105], and secondly the presence of disease clusters in par-
ticular areas, like near to water sources [85, 106]. However, to date there is still no
clear evidence of infection caused by environmental non-human sources. Above
all, it is important to differentiate non-human reservoirs (all the studies investigat-
ing the presence of M. leprae in soil, water or other environmental non-human
samples used molecular techniques to detect bacterial DNA or RNA) of M. leprae
from a transient environmental presence. Lepromatous patients can spread large
numbers of bacilli in the environment through bodily secretions, or while sneezing,
coughing or talking [55, 107-109]. The fact that some bacilli can stay viable in
certain cell-free environments for hours, days or weeks does not mean that they can
persist as infectious reservoirs [110, 111]. The problem is whether the bacilli can
replicate: on the basis of what we know about the M. leprae genoma, it is highly
unlikely that leprosy bacilli can replicate in any extra-cellular environment [37].
The notion of free-living M. leprae persisting in the environment is therefore bio-
logically implausible, even if it might be possible that in water the bacilli could be
associated with protozoa or with aquatic invertebrates hosts, as has been suggested
for M. ulcerans [112]. There is also debate as to whether M. leprae can persist in
other vertebrates. In fact, the host range is very limited [88]: some species of pri-
mates appear to be only marginally susceptible to the experimental infection, and
few animals develop the disease in captivity [113, 114], while in free-ranging pri-
mates the infection has never yet been reported. The predilection of M. leprae for
cool body temperatures was recognized immediately after discovery of the bacil-
lus, and in 1911 Couret suggested that fish could be suitable hosts for propagating
the bacilli [98]. However, up to now laboratory attempts in fish have failed, and the
only non-human source in which it is notoriously possible to replicate M. leprae is
the mouse footpad (Mus musculus) and the nine-banded armadillo (Dasypus
novemcinctus). In this regard it should also be noted that mouse is not a source of
the bacillus outside the artificial laboratory environment: conventional mouse, in
fact, is relatively resistant to M. leprae, can kill the bacilli after infection and does
not develop the disease [115].
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5.4  Mycobacterium leprae and Armadillos

In 1971, Kirchheimer and Storrs discovered that the nine-banded armadillo
(D. novemcinctus) (Fig. 5.1) was susceptible to experimental infection with M. lep-
rae [36], and thereby revolutionized the research field, making the armadillo the
host of choice for the propagation in vivo of the leprosy bacilli [70, 88, 116]. In
1975, the existence of a natural systemic leprous infection was discovered among
wild armadillos in the Southern United States [117]. It was then ascertained that the
armadillo bacillus is indistinguishable from the human bacillus, that the infection is
widespread among armadillos in the Southern United States [101, 118] and that in
the armadillo, the infection originates by natural means [13, 102]. It has recently
been confirmed that leprosy is a zoonosis in this region and that the armadillo is
likely involved in up to 64% of the new human leprosy cases recorded in the United
States each year [119], thus highlighting the role of these animals as a reservoir of
the human infection.

Belonging to the Xenarthra order, there are 21 different species of armadillos in
nine different genera [119]; the most important armadillo in leprosy research is D.
novemcinctus (also known as the long-nosed or nine-banded armadillo). Armadillos
are about the size of domestic cats, have short limbs and a hard flexible banded cara-
pace protecting the body. Their body temperature is low, 33—35°C, a most important
characteristic that has attracted the attention of leprosy researchers since as stated
above, the bacillus is known to have a predilection for the cooler regions of the
human body. Another important feature in the armadillo is that the bacilli multiply
and give rise to a systemic infection. Experimental infection routes in the armadillo
are intravenous (that can increase the number of bacilli 10,000-fold), intradermic,
percutaneous and respiratory [120]. To cause infection, 1 x 10° bacilli are enough,
even if the incubation times reduce with higher doses of bacilli (1-4 x 10°) injected
intravenously. In the armadillo the bacilli are localized in the peripheral nerves and
the cells of the reticuloendothelial system, so the infection can become generalized
without causing any significant impairment of the vital organs. After 18—-24 months
from experimental inoculation, most of these animals develop a severe infection,
with up to 10'? bacilli recoverable from each animal [116, 120, 121].

Fig.5.1 Armadillo Dasypus
novemcinctus (Picture under
public domain. Reproduced
from U.S. Fish and Wildlife
Service, John and Karen
Hollingsworth)
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Unlike man, only 15-20% of armadillos are resistant to the infection [120]. But
like in man, where is a genetic association for susceptibility to M. leprae [122, 123],
in armadillo there will also be a comparable response to the infection in the mother
and offspring, and the genetic traits in M. leprae-resistant animals are similar to
those in resistant humans [124].

In the armadillo, skin lesions are not easy to see, while the most common symp-
toms are the typical plantar ulceration, and abrasions of the nose, eyes and feet and
in other parts of the animal’s body subject to friction [125]. Plantar ulcers show an
increased severity and frequency in the advanced stages of the infection and are
likely similar to those in humans, linked to a reduced sensitivity of the lower limbs
[120]. Serological, histopathological tests and polymerase chain reaction of M.
leprae-specific DNA are necessary to make the diagnosis also in the armadillo
[126]. Only man and the amadillo develop a comparable intense neurological
involvement by M. leprae, while in all other laboratory animals no involvement of
the nerves has been found. The granulomatous response of the armadillo to M. lep-
rae is structurally identical to that in man, with the same Ridley-Jopling histological
spectrum. In about 70% of armadillos there is a response to the lepromin skin test
for the lepromatous type, while the remaining responses are of borderline or tuber-
culoid type [127].

5.4.1 Zoonotic Leprosy

The armadillo does not easily reproduce in captivity, and needs to be taken from the
wild to study the infection. In 1975, Walsh discovered that free-ranging armadillos
in Louisiana were naturally affected by infection from M. leprae, and it was later
found that the disease was widespread among North American armadillos [117].
Although the infection was perhaps originally localized in the areas of the Western
Gulf of Mexico, it is certain that nowadays it occurs among armadillos all over the
northern range. The highest prevalence in the USA is among animals that inhabit
low-lying poorly drained areas, especially those of the southern Mississippi river
valley and other bottom-lands [117].

Recent observations have demonstrated that leprosy is a zoonosis in the Southern
United States, and that the armadillo can transmit M. leprae to man. Multiple M.
leprae genotypic-strains have been identified in patients in the United States, con-
firming that the infection was introduced from different regions. However, the sin-
gle unique M. leprae genotypic-strain (31-2-v1) present among 88% of the wild
armadillos was also found in 64% of the patients studied: it is therefore the primary
strain for endemic human infection in the southern United States, where several
patients actually use armadillos for food or have direct contact with these animals
[13]. Leprosy was not present in the New World in pre-Colombian times but it had
become widespread by 1750 in the vicinity of New Orleans. Armadillos must there-
fore have acquired the infection from man in the last 300 years [128].

Biomarkers of M. leprae have been reported in armadillos in Argentina [129],
Brazil [130-132], Colombia [133], and Mexico [134]. Epidemiological studies in
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Brazil have also demonstrated environmental sources for some cases of human
infection, and that contact with armadillos is a significant risk factor for leprosy [85,
104]. In some parts of Texas the density of armadillos is up to 50/km?, whereas it is
very much lower in South America [135, 136]. Moreover, the armadillos in South
America present less genetic diversity (that seems to make the animals more resis-
tant to the disease) than those in the United States.

5.5 Etiology

The etiological agent of leprosy is M. leprae (Hansen’s bacillus), a non cultivable,
Gram-positive obligate intracellular, acid-fast bacillus (Fig. 5.2). In size and shape
it closely resembles the bacillus of tuberculosis. Under the electron microscope the
bacillus seems to show a great variety of forms; the most common is a slightly
curved rod-shaped organism with parallel sides and rounded ends, 1-8 pm long and
0.3 pm in diameter. Apart from these typical aspects, degenerating elements can be
seen (fragmented, granular with bipolar staining) or undergoing involution (curved,
and larger than normal) in histological preparations. They stain red with the Ziehl-
Neelsen method, whereas they do not react to Sudan black.

M. leprae grows at 30-33°C, with a doubling time of 12 days. The genome
sequence, published in 2001 [37], is of a 3.27 Mb genome that displays an extremely
reductive evolution. Less than half the genome contains functional genes: many
pseudogenes are present. One hundred and sixty five genes are unique to M. leprae,
and functions may be attributed to 29 of them. Comparing the genome sequence of
M. leprae with that of M. tuberculosis reveals an extreme case of reductive evolu-
tion. Gene deletion and decay have eliminated many important activities, such as
siderophore production, part of the oxidative and most of the microaerophylic and
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Fig.5.2 Intact bacilli,
single and in bunches, in
nasal secretion of
lepromatous leprosy
patient
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anaerobic respiratory chains, and numerous catabolic systems and their regulatory
circuits [7, 8]. In total, 1500 genes are common to both M. leprae and M. tuberculo-
sis. Comparative analysis reveals that both mycobacteria derived from a common
ancestor and, at one stage, they had gene pools of similar size. Down-sizing from a
genome of 4.42 Mb, such as that of M. tuberculosis, to one of 3.27 Mb would
account for the loss of some 1200 protein coding sequences [7].

Leprosy bacilli are localized both intracellularly (macrophages, giant cells,
endothelial cells, neutrophils, Schwann cells) and extracellularly: they can be iso-
lated or grouped in parallel, as a “palisade” or as “bundles of cigars”. Most striking
are the intracellular and extracellular masses known as “globi”, which consist of
clumps of bacilli in morphocapsular material. The bacterial surface appears to be
surrounded by a thick lipid membrane that permits reciprocal cohesion and deter-
mines drug resistance.

Up to now, attempts to culture the bacillus in inert media have failed. Tissue cul-
tures (human fibroblasts) have limited use because the replication rate of the myco-
bacteria is much slower than that of the host cells (mitosis occurs every 20-30 days).
Animal models of the infection are therefore very important, even if they are not easy
to set up, for the purposes of drug screening, sensitivity studies of microorganisms
isolated from patients, and experimental drug design. In vivo, the bacilli multiply if
injected into the mouse footpad, the site of choice due to the microorganism’s predi-
lection for colder temperature regions of the human body (the nose, ear pavilions,
fingers, testicles). Mice subjected to thymectomy or fatal irradiation present leproma-
tous lesions even after intravenous injection. Among animal species, those that
develop a generalized infection are the armadillo and the porcupine (Hystrix, used in
Europe), animals that have a lower body temperature (30°C-36°C).

Some distinguishing characteristics are typical of M. leprae (apart from failure to
grow in vitro in standard culture media, the limited growth on the mouse footpad
and the antigen determinants): the loss of acid-fast resistance after treatment with
pyridine and the oxidation of dihydroxyphenylalanine. Treatment with pyridine of
slides containing M. leprae deprives the bacilli of the ability to retain the stain after
destaining with the Ziehl-Neelsen technique. However, fresh highly pure pyridine
needs to be used. Since other mycobacteria (M. vaccae, M. phlei) can behave in the
same way, the loss of acid-fastness must be considered an additional criterion, not a
specific one. Another typical feature is the M. leprae ability to oxidize diphenols,
and this capacity is specific to the bacillus; the substance used is D-3-4-
dihydroxyphenylalanine (DOPA) [137].

As Hansen had already observed, the Ziehl-Neelsen technique does not uni-
formly stain all the bacteria on a skin slide. Hansen believed this was an index of
bacterial degeneration. In fact, using the M. leprae inoculation technique on the
mouse footpad, it has been shown that the irregularly stained bacteria are not vital.
These findings prompted the notion of the morphological index (MI) and bacterial
index (BI). The former is based on the percentage of “solidly” stained M. leprae in
biopsies or skin strips treated with the Ziehl-Neelsen method. During the treatment,
the number of non uniformly stained bacilli increases, so the MI is useful to control
the effects of therapy, although this determination is fairly delicate and requires
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considerable experience [137]. The BI is expressed in terms of a variation in the
total number of bacilli in a skin strip, regardless of their morphology. It provides a
valid indication of the bacterial load and can be used for clinical classification pur-
poses or to assess the efficacy of therapy.

Electron microscopy has revealed some characteristics aspects of M. leprae
derived from both human and mouse and armadillo tissues. Some bands are evident
on the surface of the microorganism, that are probably signs of cell wall division
[138]. The cell wall is about 20 nm thick and, like other mycobacteria, is two-
layered, with an inner electron-dense layer and an outer electron-transparent layer.
The cytoplasm is electron-dense and contains structures that are common to Gram-
positive microorganisms: DNA, mesosomes and storage granules, and a continuous
plasma membrane below the cell wall. This is in clear contrast with what is seen in
irregularly staining organisms where the contents are partially decomposed and
badly destroyed, and the plasma membrane is incomplete [139]. The latter ultra-
structural appearances support the evidence of morphological irregularities observed
upon the death of the bacilli. Cell division by formation of a cross wall is the con-
ventional process for bacteria. The wall surface has the fibrous structure common to
all mycobacteria and the previously mentioned wall bands, that look like ridges
surrounding the bacteria [140].

5.5.1 Biological Properties of Mycobacterium leprae

All the available information derives from studies conducted in the mouse footpad.
M. leprae has a generation (doubling) time of 11-13 days during the logarithmic
generation phase [141, 142]. This is the slowest known multiplication rate, even as
compared to all other slow-growing mycobacteria (M. tuberculosis has a generation
time of 20 h), that is consistent, in fact, with the chronic nature of the disease. It is
important to note that there is no variation in this rate among the many strains of
M. leprae obtained in different regions of the world, demonstrating that the leprosy
type is determined by the host rather than the bacterium. Moreover, identical gen-
eration times for M. leprae have been reported in both healthy mice and
thymectomized-irradiated T-cell deficient mice [143].

The fact that leprosy predominantly affects the skin, nasal mucosa, peripheral
nerves (particularly more superficial nerves) and testicles bears witness to the fact that
M. leprae prefers a growth temperature of less than 37°C. As is well known, this has
also been demonstrated in mice, where the infection spreads predominantly to cooler
sites [143], and justifies the susceptibility to the infection of the armadillo (where M.
leprae multiplies in the liver, spleen and lymph nodes), that has a core temperature of
30-36°C [144]. In addition, Shepard has shown that the maximum growth of M. lep-
rae in the footpad occurs when the mice are kept at a temperature range of 27-30°C,
while distinctly lesser growth occurs at a temperature of 25°C or 36°C [145].

As regards the viability and pathogenicity of M. leprae isolated from patients,
measured as infectivity (above all in normal or T-cell deficient mice or in the arma-
dillo) and stability following serial passages in animals, it has been ascertained that:
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1. viability is retained for 7-10 days in tissues or in tissue homogenates stored at
4°C; 2. there are no differences in the growth pattern or pathogenicity in mouse or
armadillo of M. leprae strains isolated from patients, regardless of the clinical type
of leprosy, or the race or geographic origin of the patients; 3. continuous serial pas-
sages of M. leprae for several years in normal mice do not increase or change the
pathogenicity [139].

It has been demonstrated that acid-fast bacilli from lepromatous patients were
viable following mouse footpad inoculation and that the resulting growth pattern
resembled M. leprae [34]. This shows the importance of nasal secretion as a possi-
ble source of man-to-man infection. Moreover, quantitative assessments of the total
output of M. leprae in nasal discharges, in the form of nose blows, from untreated
lepromatous patients have demonstrated that large numbers of viable bacilli are
continually discharged [107, 108].

5.5.2 Chemical Composition of Mycobacterium leprae

The chemical structure of the M. leprae wall, like that of other mycobacteria, con-
sists of a cross-linked peptidoglycan with attached polysaccharide chains (arabino-
galactan) bearing mycolic acids. The latter, having a high molecular weight, account
for more than half the weight of the walls and are probably responsible for the
hydrophobic nature of the mycobacteria. However, while other mycobacteria have
three types of mycosides, M. leprae has only two, the a- and keto-mycosides. In M.
leprae, moreover, unlike the other mycobacteria, L-alanine is completely replaced
by glycine in the peptide moiety of the peptidoglycan [4, 146].

Mycobacteria are characterized by the production of a variety of unusual lipids,
often wall-associated, that form the outermost layer of the bacteria or are secreted
into the surrounding environment. Two of these lipids, predominantly extracellular,
are specific to M. leprae. The first is a serologically active glycolipid of the phenol-
glycol type [147], containing a unique trisaccharide (2,3-di-O-methylrhamnose,
3-0-methylrhamnose and 3,6-di-O-methylglucose) [148]. This glycolipid has been
found in armadillo liver and in the skin of lepromatous patients, indicating that live
M. leprae secrete the glycolipid locally, where it accumulates and may constitute
the characteristic foamy material seen in the macrophages in lepromatous patients.
An even more important feature of this glycolipid is its antigenicity, resulting in the
production of anti-glycolipid antibodies of the IgG and IgM classes, identified by
immunodiffusion [149] and ELISA techniques [150] in the serum of leprosy
patients. ELISA is the more sensitive of the two methods. Antibodies, in particular
of the IgM class, have been demonstrated in tuberculoid (60%) and lepromatous
(90%) leprosy patients, but not in patients with tuberculosis nor those infected by
M. kansasii, M. avium, or M. intracellulare [151]. These findings underline the
species-specificity of the glycolipid (probably determined by the trisaccharide moi-
ety) and its potential as a serological test for leprosy.

The second lipid of special interest from M. leprae is phthiocerol dimycoceros-
ate (PDIM), that is structurally related to the glycolipid but lacks carbohydrate.
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Although it has also been isolated from M. tuberculosis and other mycobacteria
species, the PDIM isolated from M. leprae is chemically different [151], and is thus
another lipid that could be used to identify M. leprae.

5.5.3 Bacteriological Aspects

Because M. leprae cannot be cultured, the only tests available for the diagnosis and
classification of leprosy, and for monitoring response to treatment and applying
control measures, are bacteriological tests of tissue from the skin and nasal mucosa.

The skin can be employed for slit-skin smears and for biopsies. Scraping smears
from skin lesions, stained by the Ziehl-Neelsen method, is the standard test to esti-
mate the number of M. leprae in the lesions (bacterial index, BI) and the proportion
of viable bacteria (morphological index, MI, solid ratio). The skin site chosen for
the smear is cleaned with spirit on a small cotton swab. After the spirit has dried, the
skin is pinched up into a fold between the index finger and thumb, exerting suffi-
cient pressure to prevent or minimize bleeding. Then, with a small sterile scalpel
blade, a cut is made about 5 mm long, and deep enough (about 3 mm) to penetrate
well into the infiltrated layer of the dermis. Any blood exuding is dried with a cotton
swab. The scalpel blade is then rotated by 90 degrees, and with the blunt edge the
side of the cut is scraped several times to obtain a tissue pulp from below the epider-
mis. The material on the scalpel point is then transferred onto a glass microscope
slide, where it is spread with a circular movement, to produce a uniform, moderately
thick smear over an area of 5-7 mm in diameter [4].

In the case of untreated lepromatous patients or those with suspected drug-resistant
relapse, smears must be taken from six sites, namely both ear lobes and four active
skin sites. In the case of treated lepromatous patients and those who seem to be
responders, as well as patients with non-lepromatous leprosy, smears must be taken
from sites previously found to be positive, from both ear lobes and from representative
skin areas.

5.5.3.1 Bacterial Index

Various indexes are available to measure the BI; the most reliable and recommended
method is based on a logarithmic scale [152], and extends from the presence of very
many to very few alcohol-acid-fast bacilli, and the steps (14, 2+, etc.) are regularly
spaced, each additional unit indicating a ten-fold increase in the number of bacilli
(Table 5.3). The measurement is carried out under oil immersion (objective lens
%100, eye-piece x6 or x8) determining the number of bacilli/field after examining
25-100 fields, on a logarithmic scale ranging from O to 6 [4]. Smears containing
many red cells are discarded. All bacilli are counted, whether uniformly or irregu-
larly stained, and the number is scored according to the scale in Table 5.3. The
scores of the smears from a number of different skin sites added together and divided
by the number of sites yields the patient’s final BI. An untreated patient with lepro-
matous leprosy will have a Bl in the range 6+ to 5+; the BI will be O to 2+ in the case
of borderline tuberculoid leprosy and 0 in tuberculoid leprosy.
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Table 5.3 Bacterial index Average number of AFB BI*
score (BI) (modified, by [4]) >1000/field B
1000-100/field 5+
100-10/field 4+
10-1/field 3+
10-1/10 fields 2+
10-1/100 fields 1+
0/100 fields 0+

“The BI for the patient is the average of the Bls at the individual
sites
AFB acid-fast bacilli

5.5.3.2 Morphological Index

After staining with carbol-fuchsin, the bacilli even of untreated patients show a
variable morphology: most stain irregularly and only a few show solid-staining
acid-fast filaments. Under the electron microscope, the irregularly stained bacilli
are organisms showing gross degenerative alterations while the solid-stained rods
are the only vital ones, that are infectious for mice. On this assumption, bearing
in mind that the number of irregularly stained bacilli increases with treatment, the
morphological index was introduced as an indirect measure of their viability, and
to measure the response to treatment [152]. On the same slit-skin smears used to
measure the BI, in fields picked at random, the irregularly and regularly stained
bacilli are counted among at least 100 organisms, if available. Only individual
bacteria whose entire outline can be seen, and that are not touching or superim-
posed, are counted. The bacteria with uniform, bright staining along their entire
length are counted whereas those with pale or any irregular staining are not. The
Ml is expressed as the proportion or % of regularly stained bacteria over the total
score. In 1971, Ridley introduced a modified score, subdividing the irregularly
stained bacilli into fragmented (F) and granular (G) forms and formulating the
S(solid)FG index [153].

Fragmented bacilli include those with small unstained zones (bacilli with
enlarged clubbed extremities or pointed extremities are not taken into account) and
very short rods ( less than 2 pm). Granular bacilli show two or more full thickness
unstained areas in the bacillary body. The bacilli present in the globi cannot be pre-
cisely counted and so their numbers are estimated (0 = none, 1 = few, 2 = numerous,
3 = very numerous). A large globus can contain about 100 bacilli, a medium-sized
globus 60 and a small one 30. In general, non clumped bacilli that can be counted
are also visible in the globi. When staining smears it is very important to stain a
positive control too: a negative result could be due not only to a true absence of
bacilli, but also to a staining error.

The Ml is theoretically of great practical use, because it can guide the determina-
tion of the infectiousness of a patient, her/his response to treatment and in a treated
patient with a positive MI, it can provide early evidence of relapse. The limit to the
MI is that it may provide an overestimate of viable bacteria because the interval
between the degenerative alterations causing irregular staining and biological death
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is not known. Moreover, it must be borne in mind that the measurement of the MI is
particularly demanding and requires skilled staff and optimal laboratory conditions.

5.5.3.3 Skin Biopsy Specimens

These are particularly important to determine any emergence of M. leprae strains
that are resistant to treatment. They need to be sent to specialized centers and this
requires accurate planning to ensure that the M. leprae are still viable when they are
received for the purposes of animal inoculation. The time between the biopsy and
the animal inoculation should not be longer than 7 days (preferably 5), and the
biopsy tissue (placed in a sterile container without any additives) must be kept cool
in a refrigerator at 4°C until it is shipped, and have sufficient wet ice in a thermos
flask for the shipment duration.

5.5.3.4 Smears of Nasal Secretions

While skin smears are “closed” lesions from which few if any bacilli are discharged,
because in most cases the epidermis remains intact, nasal secretions are “open” and
in lepromatous leprosy large numbers of M. leprae are discharged (in fact, the nasal
mucosa is ulcerated). In other leprosy forms, too, the nasal mucosa is infected and
so nasal secretions are a valuable assessment to determine the response to treatment
and the patient’s potential infectiousness. Nasal lesions resolve rapidly with effec-
tive chemotherapy. The nasal secretion specimen should be obtained from an early
morning “nose blow” into a sheet of cellophane: the secretion is classified as clear,
watery or mucoid and in this last case it is immediately collected on a small cotton
swab and mounted on a stick. At the same time, the cotton swab can be scraped over
the nasal mucosa after the patient has blown her/his nose. The specimen is then
spread onto a slide and stained with the Ziehl-Neelsen method.

5.5.4 Biochemistry of Mycobacterium leprae

The survival of M. leprae seems to depend largely on the host. There must there-
fore be mechanisms whereby it escapes the host defense system and can procure
the substances needed to survive [154]. The host cells preferably parasitized
by the bacillus are macrophages and Schwann cells, both of which have a phago-
cytic activity. In these, M. leprae lives and multiplies, localizing at the level of the
phagosomes, phagolysosomes and the cytoplasm.

Intracellular parasites must contend with two main defense mechanisms: fusion
of the lysosomes with the phagosome where the microorganisms and oxidized mol-
ecules produced by the cell in response are located. The lysosomes, cytoplasmic
vesicles that are particularly abundant in the phagocytes, contain proteolytic and
hydrolytic enzymes with a degrading function. Fusion of their membrane with that
of the phagosomes leads to the formation of the phagolysosome where the enzy-
matic degradation of the phagosome content occurs. Some mycobacteria, including
M. tuberculosis, can inhibit the fusion of this membrane when they are vital, but M.
leprae and M. lepraemurium do not possess this capacity [154].
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Phagocytes have another cytotoxic mechanism that is common also to polymor-
phonuclear leukocytes, namely the production inside the phagosome of oxygen
radicals that oxidize the ingested particles. M. leprae cannot trigger this “respiratory
burst”, that shortens the life of the parasitized cell. However, there is sufficient evi-
dence that M. leprae can collect nutrient matter from the host cell, like glucose,
glycogen, amino acids, thymidine, purines, and inorganic phosphate. The uptake of
thymidine and purines is very important in the synthesis of nucleic acid, and that of
the amino acids for protein synthesis [155].

An important protective function for M. leprae is exerted by the cell wall, espe-
cially the surface lipids. This complex wall seems to have a protective action both
in inhospitable intracellular environments and in the external environment, and is
able to resist enzymatic and oxidative attacks. Phenol glycolipid I, in fact, seems to
be able to neutralize the oxygen reactive molecules [154].

5.5.5 Lepromins

Lepromins prepared from M. leprae are used as skin-test agents. In 1919, Mitsuda
described the first integral lepromin, and since 1940 this test has been applied in
both leprosy patients and healthy subjects. Over the years, Mitsuda’s lepromin has
been modified several times, especially as regards standardization. It consists of an
autoclaved emulsion of M. leprae obtained from skin lesions with a rich bacillary
content from patients with lepromatous leprosy. However, this skin test does not
have a diagnostic value because the reaction is not positive in all patients with lep-
rosy, and in addition may be positive in some healthy subjects. A positive reaction
is obtained in patients with tuberculoid leprosy and a negative reaction in those with
lepromatous leprosy. The reaction differs from the one produced by tuberculin in
tuberculosis because it is biphasic, with an early tuberculin-like response (the
Fernandez reaction, induced by soluble M. leprae antigens, expressed by a palpable
infiltrate some mm thick; in many individuals it is not present, and when it is, it
persists only for 1-2 days) followed by the gradual development of a nodule within
four weeks. The early tuberculin-like response is much weaker than the late response
at four weeks (Table 5.4). Mitsuda’s integral lepromin has been used all over the
world to make a clinical classification of leprosy and to assess the host immune
response to M. leprae (Table 5.5) [156].

In 1979, a WHO memorandum dictated standard safety requirements [157] for
the lepromin test, whose preparation method is reported in other works [4], accord-
ing to which two concentrations of bacteria, 4.0 x 107 and 1.6 x 10® bacilli/ml
should be prepared [4]. Nowadays, lepromin is prepared with M. leprae from the
armadillo in the same way as the human-derived bacillus. Mitsuda lepromin has a
shelf-life of 2 years stored at 4°C. The skin dose is 0.1 ml given intradermally like
tuberculin, in general on the volar region of the forearm.

The second type of lepromin that was adopted on a large scale was described
by Dharmendhra [158, 159]. Instead of using whole bacteria as in the Mitsuda
skin test, this lepromin employs fractionated M. leprae. The aim of fractionating
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Table 5.4 Evaluation of the reaction to lepromin

Fernandez reaction (after

48-72 h) Mitsuda reaction (after 3—4 weeks)
0 = infiltrate 5 mm 0 = no reaction

1+ = infiltrate 6-9 mm + = infiltrate <3 mm

2+ = infiltrate 10—14 mm 14 = nodule 3-5 mm

3 + = infiltrate >14 mm 2 + =nodule 610 mm

3+ = nodule >10 mm, with possible ulceration (3 + U)

Table 5.5 Results of the LL/BL Negative
M1Fsu4al reactlolg m t}‘1e BB Variable: negative or faintly positive
various leprosy torms BT Weakly positive (1 +, 2 +)

TT Strongly positive (3 +)

IL Variable

LL polar lepromatous leprosy, BL borderline lepromatous leprosy,
BB borderline borderline leprosy, BT borderline tuberculoid lep-
rosy, TT polar tuberculoid leprosy, /L indeterminate leprosy

the bacilli is to isolate a tuberculin-like antigen that, like a soluble skin test mate-
rial, would be more specific than Mitsuda lepromin because it has only a mono-
phasic skin reaction at 48—72 h, like tuberculin [4]. This lepromin, too, is obtained
from bacilli-rich skin lesions of patients with lepromatous leprosy. The bacteria
are separated from the tissues by chloroform-extraction. The purified bacteria are
broken by grinding and the supernatant is fractionated into protein, polysaccha-
ride, glyceride, phosphatide and wax. Of these five antigens, in patients with
tuberculoid leprosy only the protein fraction will yield a reaction at 48—72 h. The
skin dose is 0.1 ml, given intradermically. This lepromin, widely used only in
India, has some drawbacks, including the fact that the bacilli are only partially
broken by grinding. Using M. leprae from armadillos, optimal methods of purifica-
tion and disintegration of the bacilli have been devised. Integral lepromin, that is
the most commonly used, is obtained from the liver of experimentally infected
armadillo (Iepromin A = armadillo, while the human type is lepromin H = human),
and can be requested directly from the Leprosy Division World Health Organization,
Geneva, Switzerland.

5.6 Transmission
5.6.1 Exit Portals

The exit portals of M. leprae are the skin and nasal mucosa. As to the skin, even if
cases of lepromatous leprosy show a large number of bacilli in the derma, it seems
doubtful that a sufficient number can reach the surface. Although there have been
reports of resistant acid-fast bacilli in the epidermis, various authors have referred
that in their experience it was not possible to find bacilli in the epidermis of patients
and contacts [160], nor on the skin surface of lepromatous patients [161]. However,
it is certain that in cases of lepromatous patients with skin ulcerations of nodules or
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other lesions, large quantities of bacilli can be eliminated. It is also likely that a
minor quantity of microorganisms may be present on the skin surface owing to
secretions from the sebaceous or sweat glands, as demonstrated by the recent find-
ing of bacilli in the superficial keratin layer of lepromatous patients [162].

The importance of the nasal mucosa as the principal source of bacilli has been
recognized since 1898 [163], especially in cases of ulcerated mucosa. A huge quan-
tity of bacilli can be obtained from lesions of the nasal mucosa in subjects with
lepromatous leprosy, with counts ranging from 10,000 to 10,000,000 [107, 164].

Among other sources, it is known that M. leprae is also present in breast milk. It
has been calculated that a child breastfed by a lepromatous mother can receive up to
two million bacilli from a single suckle [165]. The epidemiological significance of
this source is not known, however.

5.6.2 Entry Portals

The entry portals of M. leprae are the skin and the upper airways. According to
some authors, M. leprae can cross both healthy and slightly damaged skin to reach
the superficial lymphatics [166], whereas others doubt that it can cross the skin via
simple passive contact [167]. Instead, it is known that this passage can occur through
accidental inoculation, like tattooing for instance. In any case, the evidence reported
by various authors that the first lesions are always in more exposed and injury-prone
body sites suggests skin contact. In 1947, Cochrane observed that lesions were com-
mon on the forehead of children with lepromatous mothers in Africa, who were in
the habit of carrying them on their naked backs. By contrast, such lesions were rare
in Korea, where children were also carried on their mothers’ backs but with the dif-
ference that these mothers were fully clothed [168].

As regards the various routes of entry of M. leprae, it has been observed in studies
of the mouse footpad model that the onset of leprosy, as also the various clinical
types, varies according to the entry portal: while the intradermic route sensitizes the
animal, the intravenous and intraperitoneal routes tend to induced tolerance, as
shown by skin tests [169]. For this reason, it seems possible that tuberculoid and
lepromatous leprosy result from different entry portals of the bacilli. As regards the
airways, there has been evidence of experimental transmission of leprosy through
aerosols containing M. leprae in immunosuppressed mice, and this suggests a similar
possibility in humans [170]. Nevertheless, some authors doubt this possibility under
natural conditions among human beings [171]. In short, there is no true conclusion
about the entry portal: the respiratory route appears to be the most likely but other
portals including broken skin cannot be excluded.

5.6.3 Subclinical Infection and Re-Infection

In leprosy, as in other communicable diseases, it is possible to contract a sub-clinical
infection (with no clinical signs). This has been demonstrated in vitro by tests for
cell-mediated immunity, such as the lymphocyte transformation test (LTT) and
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serological tests for detecting humoral antibodies like the fluorescent leprosy anti-
body absorption (FLA-ABS) test.

Godal and Negassi were the first to use the LTT in different categories or people
exposed to leprosy [172]. They found that this test, that was generally positive in
subjects with tuberculoid leprosy, showed a variable response among Europeans
visiting Ethiopia, depending on the period of their stay there and their proximity to
leprosy patients. People in contact with leprosy patients showed a high rate of
response to the LTT: up to 48% after contact with tuberculoid leprosy and about
41% after contact with lepromatous leprosy.

As to the humoral response, the FLA-ABS test has been performed in different
categories of people in Okinawa [173]. The test is positive not only in 100% of
patients with lepromatous and borderline lepromatous leprosy, in 88% of patients
with tuberculoid borderline leprosy and in 77% of those with tuberculoid leprosy,
but in up to 92% of their household contacts. This same test was negative in healthy
non-contacts and in patients with pulmonary tuberculosis.

The occurrence of a subclinical infection has also been demonstrated by skin tests
with different lepromin preparations and with soluble antigens from M. leprae. Using
a particularly soluble skin test antigen, in an area of Venezuela the test was positive
in 19% of the general population (non-contacts), in 36% of contacts outside the
household and in 48% of household contacts [174]. This variable reactivity suggests
a clear correlation between exposure and a possible subclinical infection. It also
points out that a higher proportion of subjects acquire the infection than those who
develop the disease, although the factors that influence this proportion are not clear.

The onset of leprosy, presumably for the first time, in elderly subjects in endemic
areas has also raised the possibility of a re-infection in these subjects, since it is dif-
ficult to believe that they could have remained uninfected for so long despite living
in an endemic area. But this same onset could also suggest that in these elderly
subjects it could really be a re-activation of an old, undetected primary disease due
to age-related waning of a previously acquired immunity. Because there is no evi-
dence of a distinct primary disease in leprosy, as there is in tuberculosis, the hypoth-
esis of a re-infection could be important. Moreover, the occurrence of relapse in
lepromatous leprosy also suggests the possibility of a re-infection, at least in some
proportion of relapsed individuals [175].

5.6.4 Incubation Period

It is difficult to define the incubation period, or interval between the moment of infec-
tion and the onset of the disease, partly because of the lack of suitable immunological
tools and partly due to the insidious disease onset. The minimum incubation time is a
few weeks, as evinced by reports of the rare onset of the disease in children [176]. The
maximum time can be up to 30 years or more, as seen in war veterans exposed for
brief periods in endemic areas but who lived in non endemic areas. The onset of lep-
rosy in US veterans exposed for brief periods occurred after an interval ranging from
2.9 to 5.3 years for tuberculoid leprosy, and 9.3 to 11.6 years for the lepromatous form
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(National Communicable Disease Center, 1970) [177]. Other authors have estimated
amean incubation time of 8.4 years [178], and in South India of 4.4 years [179]. It can
therefore be assumed that the incubation period of leprosy is generally quite long,
albeit highly variable, but in most cases seems to be in the range of 2-5 years.

5.6.5 Scientific Investigation and Antileprosy Campaign

Already in 1847, in an illustrated book (“Om Spedalsked”), two Norwegian derma-
tologists, Danielssen and Boeck, had accurately described the skin and nerve mani-
festations of advanced leprosy. The authors also mentioned lagophthalmos and
atrophy of the musculature of the hands, and divested leprosy of much of the myth
and folklore that had accompanied the disease since the beginning of time. Their
precise observations paved the way for subsequent studies.

About 25 years later, again in Norway, a young physician working in his Bergen
laboratory observed material obtained from skin lesions from leprosy patients under
the microscope. Working in a leprosy hospital, G.H. Armauer Hansen was the first to
discover the leprosy bacillus in 1872, and his discovery was made official on 28
February 1873, published in 1874 [180] and ascertained to be the cause of leprosy in
1875 [181].

Many centuries would pass, therefore, before the treatment of leprosy passed
from the horrific to the scientific, from bathing in the blood of infants under 2 years
of age to the modern day mycobacteriostatic drugs [182]. In an earlier era, in China
and in India, the oil expressed from the ripe seeds of Hydnocarpus wightiana was
administered for leprosy. Later studies showed that while the oil may have had slight
mycobacteriostatic properties it did little more than stimulate fibrosis when intrader-
mically and intralesionally injected [182].

The treatment of leprosy continued in this state until the early 1940s. In 1908,
two German chemists synthesized a compound, diaminodiphenylsulfone, that
would then be adopted as chemotherapy for leprosy some three decades later [183].
In the search for a treatment, various other products were tried for a while such as
gurjan oil, methylene blue, aniline dyes, diphtheria toxoid, etc.

The advent and success of sulfonamides in streptococcal infections then led to
the use of sulfanilamide in leprosy patients in 1940 but with no success. One year
later, a sulfone derivative (Promin) was found to be efficacious, despite some symp-
toms such as anemia and gastrointestinal disorders [184]. Subsequently other sul-
fone derivatives were shown to be efficacious and at last the era of an effective
treatment of leprosy had arrived. Various authors in different parts of the world
identified the correct dosage of sulfone (dapsone) as 100 mg daily for an adult,
avoiding the risk of toxic side-effects. Other drugs were synthesized but did not
reveal the same success. Thanks to the use of dapsone, old-style leprosy asylums
began to close down and patients could be treated at home. A proven efficacy was
later demonstrated, because of its anti-inflammatory actions, for clofazimine (B
663; Lamprene, Geigy), an aminofenozone introduced in the treatment of leprosy in
1962 [185].
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The enthusiastic reaction to the success of monotherapy would not last long:
in fact, the mouse footpad inoculation technique demonstrated the problem of the
development of drug resistance, confirming some clinical suspicions. But multi-
drug therapy became the treatment of choice only as from 1982, when the WHO
authorized its use [186]. Luckily, a new semi-synthetic antibiotic, rifampicin,
with a high mycobactericidal activity, had already made its appearance in the
previous decades.

5.6.6 Inactivation of Disease and Mortality

Extreme importance should be attached to the data about the elimination of cases
from the prevalence pool in places where leprosy treatment facilities existed, and
succeeded in bringing about inactivation or cure of the disease. But even in the
absence of treatment, some patients, especially those with tuberculoid and indeter-
minate leprosy, tend to recover spontaneously. In a study conducted in India over a
period of 20 years, it was found that about 90% of children with the tuberculoid
form achieved a spontaneous regression of the disease [175]. In a study in the
Philippines, a self-healing rate in children of 77.7% was reported [187], and in
another study in South India with long-term follow-up, among new cases of tuber-
culoid leprosy of all ages and both sexes, a rate of 10.9% of spontaneous inactiva-
tion per year emerged [188].

Leprosy is rarely the cause of immediate death, even if patients are exposed to
increased mortality risks due to its indirect effects. A study in Cebu, Philippines,
showed that the mortality rate among patients with lepromatous leprosy was four-
fold the rate in the general population, whereas in non-lepromatous patients it was
comparable to the latter rate [189]. Another study in a rural area of South India
found a mortality rate among lepromatous patients that was three and a half times
higher than in the general population, while the risk in non lepromatous cases was
twice that in the general population. In this study, leprosy accounted for about 1%
of all deaths [190].

5.7 Genetics

M. leprae is known for its limited diversity between strains from different areas
[119, 191]. This near-clonal characteristic, together with the observation of a wide
range of leprosy clinical phenotypes, strongly suggests that most of the disease vari-
ability, including the susceptibility to leprosy per se, depends on the genetic back-
ground of the host [192-194]. It is widely accepted today that exposure to M. leprae
is necessary but not sufficient to trigger the onset of the disease, and that different
sets of genes modify the host susceptibility to leprosy into three different stages,
namely: 1. the control of the infection per se, in other words the disease in terms of
the clinical manifestations; 2. once the infection has become established, the mani-
festation of the different clinical forms of leprosy; e 3. the risk of developing leprosy
reactions (Fig. 5.3).
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Exposure to M. leprae. —— > No infection

Genes l

Infection ———————» Spontaneous healing

Genes —> 1T .
PB T helper 1 (Th1) Type 1 reaction
(Cell-mediated immunity) (T1R)
——> BT
Genes
BB
L 5> BL vg T helper2 (Th2) Type 2 reaction
(Humoral immunity) (T2R)

Fig. 5.3 Model of the leprosy spectrum (Modified, by [193]). TT polar tuberculoid, BT borderline
tuberculoid, BB borderline borderline, BL borderline lepromatous, LL polar lepromatous, / indeter-
minate, PB paucibacillary, MB multibacillary

Various studies indicate that there is a familial component in the susceptibility to
leprosy, as emerges from the concordance of the disease in itself, and of the clinical
forms between monozygotic compared to dizygotic twins [195-197].

While there can be no doubt that the susceptibility to leprosy is under genetic con-
trol, there is no information as yet on the precise nature of the genetic factors involved,
in other words the identity and number of genes and the variants of these genes that
cause the various leprosy phenotypes [193]. For this reason, a number of studies have
been conducted that demonstrated various candidate chromosomal regions and genes,
such as class I and II MHC/HLA-linked genes and non-HLA genes [193].

5.7.1 Major Histocompatibility Complex Genes

The major histocompatibility complex (MHC), in man known as the leukocyte anti-
gen complex (HLA), is a cluster of polymorphic genes, localized on chromosome 6
p21, many of which encode for proteins that are essential in the processing and
binding of antigenic peptides during the immune response [198]. The HLA region
includes 3 classes: HLA class I contains subclasses A, B, and C, which present
antigenic peptides of intracellular origin to CD8+ T cells; HLA class II includes
subclasses -DR, -DQ, -DM, and —DP, that bind peptides of extracellular origin and
present them to CD4+ T cells; HLA class III contains genes coding for cytokines
such as TNFA (tumor necrosis factor alpha) and LTA (lymphotoxin alpha) and for
other intermediates of the immune response.

It is reasonable to suppose that HLA genes play an important role in leprosy,
bearing in mind that clinical manifestations of the disease depend on the type of
host immune response. Many studies have reported the involvement of HLA alleles
and haplotypes in controlling the susceptibility to the disease. In particular, HLA-DR
alleles are strongly associated with leprosy [199], and various HLA class I alleles
(HLA-A*2,A*11,B*40, and C*7) have been detected more frequently in leprosy
cases than in unaffected controls [200].
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There is evidence that the class III genes TNFA and LTA are involved in the
immune response against leprosy [201]. TNFA encodes TNF-q, a pro-inflammatory
and immunostimulatory cytokine involved in various biological processes including
the modulation of both innate and adaptive immune responses. TNF-a, secreted above
all by macrophages, has a central role because it mediates the protective response to
M. leprae invasion. Various studies indicate that TNFA variants can influence leprosy
phenotypes [202, 203]. LTA, o cytokine member of the TNF super-family and pro-
duced by lymphocytes, is important in the control of intracellular bacterial infections,
like M. tuberculosis and M. leprae. In leprosy, LTA seems to play an important role in
patients with early onset of the disease [204]. LTA also seems to regulate granuloma
formation, while TNF-a is responsible for its integrity [201, 205].

Variants of additional HLA-linked genes, such as MICA (MHC class I polypeptide-
related sequence A), MICB (MHC class I polypeptide-related sequence B), and TAP
(Transporter I, ATP-binding cassette, subfamily B), have been reported in associa-
tion with leprosy phenotypes [206].

5.7.2 Non-HLA Genes

The IL10 gene encodes for the anti-inflammatory cytokine IL-10. Higher levels of
IL-10 have been observed in multibacillary lepromatous patients as compared with
paucibacillary tuberculoid patients, and a low TNF- o/IL-10 ratio is correlated to
disease progression [201, 207].

Among various studies in different populations, a significant association between
leprosy and the genes PARK?2 (Parkinson protein 2)/PACRG (Parkin Co-Regulated
Gene) has emerged [123, 208, 209]. Many other genes have been associated with
susceptibility to leprosy [193, 194].

5.7.3 Genetics of Leprosy Reactions

The first evidence of an association between leprosy reactions and genetic polymor-
phisms was gained from studies involving Toll-like receptor (TLR) genes. TLRs are
transmembrane proteins that play an important role in the inflammatory response to
microbial pathogens. A study in a Nepalese population showed polymorphisms on both
TLR1 and TLR2 associated with a high risk for a type 1 reaction (T1R or reversal reac-
tion) [210, 211]. Other studies have revealed an association between variants of the 1L6
gene and susceptibility to a type 2 reaction (T2R or erythema nodosum leprosum) [212].

5.8 Immunopathogenesis

Leprosy presents with different clinical manifestations, depending on the host
immune responses. It is therefore an optimal human model for the study of host
responses to intracellular pathogens in general. Nowadays, most researchers adopt
Redley and Jopling’s leprosy classification based on histological and immunological
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criteria [35]. This classification defines a five point leprosy spectrum with stable
polar forms (TT and LL) at the ends and borderline forms (TB, BB, BL) in the mid-
dle (Figs. 5.4 and 5.5; Tables 5.6 and 5.7) [212-214].

The tuberculoid leprosy (TT) pole shows few lesions with well-defined margins
and a hypoanaesthetic center and does not have acid-fast bacilli. The main histologi-
cal finding is an infiltrate consisting of foci of well-developed epithelioid macro-
phages, with or without Langhans-type multinuclear giant cells, surrounded by a cuff
of lymphocytes. The smaller nerves in the granuloma may be destroyed, and thick-
ened peripheral nerves are palpable in the vicinity of a lesion.

The lepromatous leprosy (LL) pole shows multiple symmetrical nodular lesions
with an infiltrate largely made up of macrophages with various degrees of foamy
changes and few scattered lymphocytes and plasma cells. Inside and outside the mac-
rophages there will be many bacilli, that may be clamped in globi. The nerves may
show structural damage and thickening; they will undergo a slow, gradual destruc-
tion. In addition, Schwann cells, perineural cells, axons, and intraneural macrophages
of dermal nerves may contain bacilli.

Th1/Tho
—— 7T (CMI+, Ab-)

3 BT RR (CMI+) Th17

|
Infection =3 > BB ™ Tlreg
| — > B ENL (CMH, Ab+, IC+) Foxp3
No disease — L Th2/Tho

(CMI-, Ab+)

Fig. 5.4 Immunology of the leprosy spectrum and leprosy reactions (Modified, by [212]). TT
polar tuberculoid, BT borderline tuberculoid, BB borderline borderline, BL borderline leproma-
tous, LL polar lepromatous, 7h1 T helper 1, Th2 T helper 2, ThO T helper 0, RR typel/reversal
reaction, ENL type2/erythema nodosum leprosum reaction, 7h/7 T helper cell producing IL-17,
Foxp3 T cell with nuclear fork head box 3 transcription factor, CMI T cell mediated immunity, Ab
antibodies, /C immune complex, Treg regulatory cells

« Bacillary invasion

* Immune complexes (type 2 reaction)
« Nerves, skin, bones, mucosae, eyes,
testicles

« Cell mediated immunity
Fig. 5.5 Mechanisms of « Nerves, skin

tissues damage in leprosy
(Modified, by [2]). TT
polar tuberculoid, BT
borderline tuberculoid,
BB borderline borderline,
BL borderline
lepromatous, LL polar
lepromatous

* Acute changes in cellular
hypersensitivity (type 1 reaction)
* Nerves, skin

TT BT BB BL LL
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Table 5.6 Bacteriological and histopathological features according to the Ridley-Jopling five
group classification

TT BT BB BL ILIL,
Mitsuda reaction +++ ++ at +/ — —_
Bacilli in nasal mucosa - - — + ++
Bacilli in skin lesion 0—1+ 1-3+ 3—4+ 4-5+ 5—6+
Globi = - - _ +
Epithelioid cells + + + — _
Langhans cells +++ ++ - — —
Foamy cells — = = + T+
Type 1 reaction e + ++ + —
Type 2 reaction - = = = +
Infiltration of sub-epidermis zone + +/+ - - -
Nerve destruction (skin) A+t ++ + + +

TT polar tuberculoid leprosy, BT borderline tuberculoid leprosy, BB borderline borderline leprosy,
BL borderline lepromatous leprosy, LL polar lepromatous leprosy

Table 5.7 Immunological features in leprosy and leprosy reactions (Modified, by [212])

TT ILIL, TIR T2R
Immunology stability ++ ++
Specific antibodies to PGL - - - -
Autoantibodies - 1 - 1
T cells number in blood — | — —
Lymphoproliferation 1 l 1 1
M. leprae specific antigens 1 l T 1
PPD — - ) )
IL-1 ) ! 1 1
IL-2 1 I 1 1
IL-12 ) | 1 )
IL-10 l ) | |
IFN-y 1 ! 1 )
Th phenotype Th 1/Th 0 Th 2/Th O Th 1 Thl
Th 17 ) | — )
Foxp 3 ! 1 - o

TT polar tuberculoid leprosy, LL polar lepromatous leprosy, T/R type 1 reaction, 72R type 2 reac-
tion, — normal, 1 increased, | decreased

Between these two polar forms are the unstable borderline forms, including bor-
derline tuberculoid (BT), mid-borderline (BB), and borderline lepromatous (BL)
leprosy, that have intermediate clinical and histopathological features as compared
to the above polar forms. Patients with BT present several anaesthetic and granulo-
matous lesions with a cellular pattern similar to that of TT forms but that may con-
tain few bacilli. BB patients show intermediate lesions in terms of number and size
between tuberculoid and lepromatous forms, with moderate anesthesia and irregular
shapes; they consist of diffuse epithelioid cells and lymphocytes, while giant cells
are absent. A bacilloscopic index of 3+ or 4+ is regularly found. In BL patients, the
lesions are numerous and sometimes hypoanaesthetic; the infiltrate is composed of
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histiocytic cells that tend to evolve to epithelioid cells, while lymphocytes are
scanty. The bacilloscopic index is positive.

A significant proportion of patients, in particular those with borderline forms,
will develop leprosy reactions during the disease course and even after starting
multidrug therapy. These reactions are considered to be immune exacerbations, in
view of the changes of lymphocytes to histiocytes, and it is thought that they should
be interpreted as a lymphocytic reactivity to M. leprae and its antigens [215]. There
are two types of such reactions: the type 1, or reversal reaction (RR), and the type
2 reaction, denominated erythema nodosum leprosum (ENL). Type 1 reactions are
localized at the dermal patch and neighboring nerves, and demonstrate an acute
increase in both mature and blast lymphocytes, and a specific increase of cell-
mediated immunity accompanied by an excessive release of type 1 helper T cell
(Th 1) cytokines into the tissue. Type 2 reactions are characterized by immune
complex deposits in the vessel walls and later in tissues, and by a fluctuating T-cell
immunity.

To further refine the disease spectrum of leprosy, it can be added that LL and BL
lesions exhibit a characteristic infiltrate and significant numbers of macrophages, B/
plasma cells and scattered T cells, especially of the CD8+ subtype, while TT and BT
lesions primarily show a T cell infiltrate, mostly CD4+, with a small number of
plasma cells, macrophages, or CD8+ and regulatory T cells (Treg). In addition,
monoclonal antibodies against the M. leprae antigens can help to optimize the dif-
ferential diagnosis between the various forms of leprosy. LL. and BL lesions exhibit
a strong expression of mycobacterial lipoarabinomannan and the M. leprae-specific
phenolic glycolipid (PGL I) antigens, while TT and BT lesions show a much weaker
staining [216]. A very important point is that in situ detection of M. leprae antigens
seems to offer a confirmatory diagnosis even in the absence of bacilli. Moreover, the
different expression of these two antigens can also distinguish reactive lesions as
compared to non reactive lesions [216].

5.8.1 Innate Immune Response

The defense against pathogenic agents is mounted by the innate immune response,
followed by the acquired immune response; both types of response act via the cells
and soluble factors.

M. leprae can enter and take up residence within macrophages and Schwann cells
according to multiple modes [213, 214]. Receptors to complement fragments of CR1,
CR3 and CR4 aid phagocytosis. Phenolic glycolipid I is recognized by complement 3.
As well as the complement receptors, the Toll-like receptors (TLRs) present on the
macrophages are also important in the recognition of microbial pathogens. TLR2 and
TLR4 recognize the leprosy bacillus, activate monocytes and release IL-12, a cyto-
kine that induces proinflammatory cytokines and killing of the bacilli. Cytokines
IFN-y and GM-CSF enhance TLR1 expression, which leads to inflammation through
the production of TNF-a. TLR1 and 2 are more strongly expressed in the skin lesions
of tuberculoid leprosy [194, 217, 218].
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Vitamin D can contribute to the innate immune response through the production
of antimicrobial peptides, and is differentially expressed in tuberculoid leprosy as
compared to lepromatous leprosy. While IL-10 induces the phagocytic pathway,
IL-15 induces the vitamin D antimicrobial pathway and reduces phagocytosis [194].

5.8.2 Acquired Immune Response

The acquired immune response is triggered by dendritic cells, potent antigen-
presenting cells that act as a bridge between the two arms, innate and acquired, of
the immune response. Dendritic cells migrate from the site of infection and present
the antigen to naive T cells in the regional lymph nodes. Depending on their degree
of maturity and signaling, dendritic cells can stimulate naive T cells to differentiate
into different effector subpopulations. CD+ T cells play a determinant role in the
induction and effector phases of the immune response. After engagement of the
antigen by their T-cell receptors (TCRs), they can differentiate into Th 1 cells,
secreting interleukin 2 (IL-2) and interferon-y (IFN-y) and resulting in macrophage
activation, or into Th 2 cells, secreting IL-4, IL-5, and IL-13, that stimulate the pro-
duction of antibodies and inhibit the activation of macrophages [219]. Alternatively,
they can differentiate into Th 17 cells that produce IL-17 and IL-22, and are involved
in inflammation and autoimmunity [220]. In addition, the activities of Th 1 and Th
2 cells can be under the control of another subset of CD4+ CD25+ Foxp3+, IL-10
or transforming growth factor f+ T cells, known as regulatory T cells [221, 222].

In general, antigen-specific T cells, macrophages and dendritic cells are recruited
to the site of lesions, giving rise to various types of granuloma, modulated by differ-
ent cytokines in the disease course, thereby inducing the different clinical pictures
in the leprosy spectrum [213, 214].

The acquired immune response also involves soluble factors such as antibodies
released by B cells, that capture free microbes. In leprosy patients there is a dichot-
omy between the B and T cell response. Tuberculoid patients show undetectable
antibodies and good T cells responses, while lepromatous patients have abundant
antibodies and a poor to nil T cell response, as demonstrated by skin tests and
in vitro tests [212].

5.8.3 Antibody Responses

The search for an M. leprae-specific dominant antigen has led to the identification
of species-specific PLG-I and paved the way for the detection of anti-PGL-I anti-
bodies in leprosy patients sera. The anti PGL-I IgM antibody is regarded as highly
specific, and useful to diagnose the various leprosy forms. It is also very helpful for
monitoring contacts who could be at risk of developing the disease [148—150, 223—
228]. The advantage of PGL-I serology is its relatively high specificity, up to 90%
in various studies [228, 229], while the major drawback is the lack of sensitivity in
paucibacillary patients [228-230].
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The use of anti-PGL-I serology has been simplified since the advent of a rapid
immunochromatographic flow test (ML Flow test) that can be used as a single dip-
stick assay even using whole blood samples. This test, whose sensitivity is compa-
rable to that of ELISA, detects more than 90% of multibacillary patients and 40%
of paucibacillary patients, showing a background seropositivity in endemic controls
at around 10% [198]. Moreover, in multibacillary patients it can be employed with-
out the need for a slit-skin smear test. However, its use has gradually declined owing
to the cost [230].

5.8.4 Cell-Mediated Immune Responses

An important parameter for assessing specific cell-mediated immunity in leprosy is
lepromin, the Mitsuda reagent, a skin test that can discriminate between LL and TT
forms. For disease classification, the use of this test can be recommended as a pri-
mary and stand-alone mode for the definitive diagnosis of suspected paucibacillary
leprosy cases. A negative Mitsuda test helps in the confirmation of multibacillary
forms, when patients present with acid-fast bacillus-positive lesions and enlarged
nerves. The drawbacks are its relative insensitivity, the subjective nature of the inter-
pretation, fairly delayed response, and possible contamination by material from the
animal used for extraction, in addition to batch variability in terms of activity.

Other early indicators in leprosy are T cell numbers and non-proliferation of
peripheral blood mononuclear cells (PBMC) to mitogens. A notable finding is that
patients with LL have a unique antigen-specific unresponsiveness, as indicated by
the fact that the T cell response to other antigens, such as M. tuberculosis, is unim-
paired. In a study conducted by administering microbial antigens by intradermal
injection in 106 patients, 50 with active lepromatous leprosy and 56 with non
active lepromatous leprosy, a greater percentage of positive responses was obtained
in untreated subjects with clinically quiescent disease: it seems that the majority of
these subjects will regain their cell-mediated immune reaction potency with the
improvement in their clinical conditions (Table 5.8) [231]. Another study con-
ducted in 26 patients with lepromatous leprosy by administering intradermic injec-
tions of mycobacterial antigens showed a relatively frequent positivity to the
various agents, linked to antigenic relationships among the different mycobacteria
(Table 5.9) [232].

Table 5.8 Delayed hypersensitivity to microbial antigens in lepromatous leprosy patients

Clinical Lepromin Antistaphylococcus  Antistreptococcus
form N° (Mitsuda) PPD Candidine vaccine vaccine

Active LL 50 4 (8%) 9(18%) 0 0 2 (4%)

Non 56 25 20 3(5.4%) 4(7.2%) 7 (2.5%)

active LL (44.6%) (35.7%)

Controls 110 23 39 8(6.2%) 19 (14.6%) 14 (10.8%)

(20.9%)  (35.4%)

LL lepromatous leprosy
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Table 5.9 Delayed hypersensitivity to mycobacteria in lepromatous leprosy patients

Clinical M. M. M. M. M. M.
form N°® avium  kansasii  intracellulare marinum  scrofulaceum xenopi
Active 14 0 4 1 4 2 2

ILIL,

Non 12 1 4 2 6 7 7
active

ILIL,

LL polar lepromatous leprosy

Th 1 and 2 subsets of CD4+ cells produce IFN-y (a marker of delayed cell-
mediated immune reactions) and IL-4 (which promotes antibodies), respectively.
Patients with TT have the Th 1 subset, whereas the Th 2 subset is predominant in
LL patients. However, some studies have shown that a Th O profile with both IFN-y
and IL-4 is also possible; there are no clinical differences between patients with a
polarized or a Th 0 phenotype [233].

Of the two types of regulatory T cells, Th 17 cells have been reported in ery-
thema nodosum leprosum reactions [234]. Other authors have found that Th 17 cells
are more associated with TT patients in both skin lesions and antigen/induced
PBMC cultures, suggesting a differential role for these cells in the leprosy clinical
spectrum [234]. They have also observed a higher association of Th 17 cells with
non polarized Th 0 types, demonstrating that these cells may be a third Th type in
this disease: Th 17 could be a rescue pathway in patients unable to mount a Th
response or when Th polarization has not set in [235].

The other type of regulatory T cells, CD4+ CD25+ T cell with Foxp3 (fork-
head box protein 3) transcription factor, has yielded conflicting results: in some
studies there was a higher association with TT patients and ENL subjects [221],
while in others these same cells were increased in LL patients [222, 236]. In con-
clusion, the T cell biology involves complex interactions between effector and
regulatory cells.

5.8.5 Advances for New Mycobacterium leprae-Specific Antigens

Since the advent of human genome sequencing, new recombinant antigens with no
known homologues have emerged, offering a better diagnostic potential. Five anti-
gens have been found to be able to recognize individuals exposed to M. leprae, as
assessed by the IFN-y release assay (IGRA). The sensitivity of these antigens seems
to be high, as they are able to detect 71% of healthy contacts that were not identified
by PGL-I IgM serology [237].

Other proteins and peptides have been tested to evaluate exposure to leprosy
[238-240]. Two proteins, largely recognized by patients serum, have been inserted,
by overlapping their sequences, in a chimeric fusion protein termed LID-1 (Leprosy
Infectious Disease Research Institute diagnostic 1). Positive titers of antibodies
against LID-1 protein were found in 87-92% of multibacillary patients and 7-48%
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of paucibacillary patients in different populations [241, 242]. A very important is
the fact that some individuals presented with high titers of antibodies against LID-1
1 year before the appearance of the clinical signs of leprosy, revealing a role for this
protein in the monitoring of contacts.

5.8.6 Cytokine Profiles

Research has focused on the association of differential cytokine profiles with the
various clinical forms. Analysis of leprosy sera indicated an increased expression of
all cytokines except IL-2 in all patients, IFN-y in LL patients, and of IL-10 in TT
patients, compared with healthy controls, suggesting an activation of immune cells
by M. leprae antigens in all leprosy patients [243]. IFN-y and TNF were elevated in
TT compared with LL patients, yielding a significant negative correlation with a
bacillus-specific index [244].

Several studies have been carried out to assess the validity of measuring serum
cytokines for diagnosing and monitoring the leprosy spectrum and reactions, but con-
flicting results were obtained [214].

5.8.7 Leprosy Reactions

In the type 1 reaction, T cell-mediated responses towards M. leprae are activated,
triggering an inflammatory response at the level of the skin and nerve lesions. It is not
clear what causes this spontaneous, natural T-cell activation. During the reaction,
increased lymphoproliferation to the M. leprae antigens [245] and the release of
proinflammatory cytokines [246].

The ENL or type 2 reaction was initially thought to be due to immune complex
deposits in the vessel but these deposits are not consistently demonstrable and con-
ventional immune complex disease is not a clinical feature of ENL. Temporary
acquisition of antigen specific T-cell activation, expression, and release of IFN-y
and IL-12, as well as the presence of CD3+ CD4+ T cells in ENL lesions, have been
reported [247]. One study has also shown increases in IL-4, IL-6, and IL-8, which
are chemotactic for neutrophils and consistent with histologic evidence of neutro-
phil infiltration in ENL lesions [248].

All this reveals a transient emergence of T-cells responses in leprosy patients
undergoing reactions.

5.8.8 Immunopathology of Cutaneous Lesions

Immunopathological studies have been carried out in cutaneous leprosy lesions. In
tuberculoid leprosy, the granuloma shows the presence of CD4+ T-cells scattered among
epithelioid cells with CD8+ T-cells in the periphery. There are few numbers of B cells
also in LL patients. Langhans cells are reduced in LL patients. Tuberculoid and lepro-
matous granulomas show the expression of Th 1 and Th 2 cytokines, respectively.
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Both reversal and ENL reactions present a distinct polarization to the Th 1 type
[214]. IFN-y is important for killing leprosy bacilli: this has also been demonstrated
in patients studies, where genetically engineered IFN-vy injected in the lesions showed
a faster clearance of bacilli as compared to multidrug therapy only, administered to
the control group [249].

5.8.9 Nerve Damage

Immune and non immune mechanisms play a role in nerve damage in leprosy. The
Schwann cell is the major target, hosts the bacilli for long periods and protects them
from the killing processes. In cultures, human Schwann cells express MHC class I
and II, ICAM-1 and CD8 surface molecules, that are involved in antigen presenta-
tion. The Schwann cells process and present native M. leprae bacilli as well as
recombinant M. leprae proteins and peptides to T cells; the latter, after activation,
lyse the infected Schwann cells [250]. TNF-a has been observed in nerve lesions in
both stable and reactional states, and may contribute to the nerve damage. TLR 2 on
Schwann cells may also contribute to the nerve damage [251]. The type 1 reaction
and chronic ENL often lead to nerve damage.

In cultures, demyelination is induced in the absence of an immune mechanism,
suggesting a non immune mechanism during the initial stage of nerve infection.
Myelin-associated Schwann cells are relatively free whereas nonmyelinized
Schwann cells are heavily colonized by M. leprae. This distinction between myelin-
ized and nonmyelinized Schwann cells is currently controversial, because ultra-
structural studies of the nerves of lepromatous patients have demonstrated the
presence of bacilli even inside the Schwann cells of myelinized axons [252, 253].

5.9 Classification

The various clinical manifestations of leprosy are not due to different strains of M.
leprae but are rather the results of the variations in the host tissue response to the
bacilli in the body. Subjects who have, or develop, an absolute resistance or immu-
nity to the bacilli destroy them and do not contract the disease. Most of the popula-
tion falls into this category. In individuals who lack or do not develop this resistance,
the bacilli produce signs of the disease, that vary according to the degree of specific
host resistance. If it is very high, the benign, localized form of the disease will
develop; on the contrary, in the absence of resistance a severe, generalized form the
disease will develop. Between these extremes there is a wide spectrum of variations
in resistance that is reflected in various intermediate disease forms. While the two
extremes of the spectrum have been known since ancient times and there is unanim-
ity about their terminology, difficulties and differences in opinions have arisen as
regards the terminology of the intermediate forms.

For these reasons, over time various different clinical classifications of leprosy have
been adopted, based each time on particular criteria [4]. Today, the most commonly
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accepted is the Ridley-Jopling classification, based on immunologic criteria and
widely adopted all over the world, in particular for research purposes [35]. Since the
various clinical types of leprosy are linked to variations in specific cell-mediated
immunity of the host to the leprosy bacilli, it is obvious why the classification is
based on immunological grounds. The tuberculoid forms are located at one extreme
(resistant pole) and the lepromatous forms at the other (non resistant pole), while in
the central part there are various subgroups called borderline (not an entirely appro-
priate term for the wide spectrum between the two poles, but it has been sanctified
by its long use). Ridley and Jopling defined the well-known five clinical forms of
leprosy (TT, BT, BB, BL, LL) on the basis of the clinical, bacteriologic, histopatho-
logic and immunologic findings.

Because the Ridley-Jopling classification is meant only for research purposes, it
was considered necessary to make a primary clinical classification for the use of all
other leprosy workers who cannot rely on the specific facilities needed. In 1982, a
group of WHO experts drew up a clinical-bacteriologic classification based on the
probable number of M. leprae harbored by a subject. Subjects with a bacterial index
of less than 2+ on the Ridley scale are termed “paucibacillary”, while those with a
bacterial index greater than or equal to 2+ are termed “multibacillary”. The two
groups of subjects are treated according to the recommendations [186].

Indeterminate leprosy technically falls outside the spectrum of the Ridley-
Jopling classification and is included in the paucibacillary group in the 1982 WHO
system. Tuberculoid leprosy falls into the WHO paucibacillary group; borderline
leprosy can be either paucibacillary or multibacillary depending on the bacterial
index, while lepromatous leprosy is multibacillary in the WHO system.

5.9.1 Clinical Assessment

No other infectious disease in man can boast the same variety of clinical findings as
those of leprosy. These can range from an insignificant area of hypo-pigmented skin
that may heal spontaneously, to widespread damage to peripheral nerves, eyes,
bones, muscles and other tissues together with deformity and disability. In general
leprosy involves the skin; there is also always nerve damage, even if in cases with
early disease it may not be evident except at histological examination of the nerves.

As regards the clinical history it is important to ascertain any contacts with sub-
jects affected by leprosy. In non endemic countries great prudence should be taken
before formulating a diagnosis of leprosy in a subject that has never been in contact
with known diseased subjects or never been in an endemic zone. Meanwhile, in
endemic countries this history of contact with the disease has no value because
sooner or later the entire population is bound to come in contact with M. leprae.

In all suspected cases the first thing to look for is subjective symptoms of involve-
ment of the peripheral nerves: paraesthesia, nerve pain, weakening of the muscles
of the limbs. As far as the onset is concerned, it should be remembered that leprosy,
like all chronic diseases, can also have an acute onset, with the development of the
skin and systemic picture of erythema nodosum leprosum.
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The cardinal signs are anaesthetic skin lesions and enlarged peripheral nerves,
and M. leprae should be searched for. The early lesions will be plaques or macules,
or more rarely papules and nodules, with a definite loss of sensation to a light touch,
pin prick or temperature change. Other possible skin alterations like color, texture
and hair growth, have no diagnostic importance if there is no loss of sensitivity.
Enlarged peripheral nerves are very rarely observed in other diseases (such as amy-
loidosis, hereditary Charcot-Marie-Tooth peripheral neuropathies, Dejerine-Sottas
disease and Refsum’s disease), that are rare diseases. In endemic areas, the findings
of a definite enlargement of peripheral nerves is sufficient to make the diagnosis. A
proper palpation to assess the nerves is essential, and must be done bilaterally.
Leprosy is the only disease in which there may be massive invasion of the derma or
nasal mucosa by acid-fast bacilli.

5.9.2 How to Examine the Patient

It is necessary to examine the entire skin surface under a good light. The skin must
also be scrutinized very closely to avoid missing pale patches. Early lesions may be
hypopigmented or erythematous or both, and can sometimes be difficult to see.

5.9.2.1 Skin

At the skin level, the type of lesions, number, distribution and symmetry, superficial
appearance (color, dryness, roughness, shine) and characteristics of the margins
(clear or indistinct) are important; it is also necessary to assess the presence of
undamaged areas inside the lesions. Another important aspect is any modifications
of sensitivity to touch, heat and pain, changes in the sweating pattern and any sign
of alopecia.

5.9.2.2 Peripheral Nerves

The morbid process will involve the sensitive and vegetative nerve fibers that inner-
vate the skin structures (glands, vessels) and those of the deeper sensitive or mixed
nerve endings. Alterations of the sensitive and vegetative functions must be assessed
both at the sites of lesions and of apparently undamaged skin in the districts inner-
vated by the nerves most severely affected. Involvement of the motor fibers will
develop later, with weakness, atrophy, muscle paralysis and limb deformity. The
neurological symptoms will show a progressive course, with a gradual loss of sen-
sitivity and the sweating function, up to the final phase of paralysis. The disease
rarely has an acute course, unlike leproreactions.

Heat sensitivity is generally the first to go, followed by pain and touch. In
paucibacillary forms the sensory branches are affected earlier and more severely
than in multibacillary forms. The examination of the patient’s sensitivity must be
done in a quiet environment and the patient should not be able to see the exam-
iner’s hands.

Heat sensitivity is tested by using two test tubes filled with hot water (40°C) and
cold (20°C). The skin zone to be tested is touched with one of the two tubes and the
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patient must discern the temperature difference. Pain sensitivity is checked by skin
stimulation using the blunt or the sharp end of a hypodermic needle and the patient
must discriminate between touch and prick. Tactile sensitivity is assessed using
graded nylon bristles [254]; the bristle is fixed at the end of a handle and used as
follows: after explaining the aim and method of the test, the patient is asked to close
her/his eyes. The bristle is placed at right angle on the skin surface, exerting slight
pressure so that it bends a little (but contact with the skin must not be prolonged).
The patient is then asked to indicate the point where the bristle was pressed for a
short time (1, 4).

The involvement of the vegetative fibers occurs earlier and more intensely in
paucibacillary forms. It can be evinced by examining the function of the sweat
glands (pilocarpine or acetylcholine test) and the integrity of the axon reflex (hista-
mine test). These examinations must be done both on the site of the lesion and on
clinically undamaged skin [1, 4].

Hypertrophy of the nerve trunks can be observed at palpation of the main refer-
ence points such as the joints, bone prominences and osteofibrous channels
(Table 5.10). In these points the nerve trunks are more exposed to trauma or com-
pression and are cooler than deeper nerve tracts, which explains why they are more
prone to damage.

In paucibacillary leprosy forms, one or few nerves are affected; thickening is cir-
cumscribed and at palpation they appear fusiform or nodular (isolated or multiple
“rosary” nodules). In multibacillary forms the nerve involvement is gradual, and
evolves slowly and symmetrically, while the symptoms appear late. With disease
progression, palpation reveals uniform thickening of the nerves. In advanced stages
the nerve parenchyma is replaced by fibrous tissue, and so the nerve has a greater
consistency and feels like a thick hard cord.

For diagnostic purposes, palpation is done bilaterally at the above points
(Fig. 5.6) to determine the degree of damage and whether it is unilateral, symmetri-
cal and bilateral or asymmetrical. Obviously, it is important to be able to differenti-
ate between a thickened nerve and a tendon or blood vessel.

Table 5.10 Reference points of peripheral nerves most often affected by leprosy

Nerve Reference points

Supraorbital Median third of the supraciliary arch

Great auricular Median third of the sterno-cleido-mastoid muscle

Radial Posteriorly to the insertion of the deltoid muscle where the nerve
turns around the humerus

Median Distal involvement: immediately above the carpal tunnel
Proximal involvement: high part of the forearm toward the elbow
fold

Ulnar Olecranon groove

Cutaneous branch of the Styloid apophysis of the radius

radial

Common peroneal Point where nerve turns around the peroneal head

Posterior tibial Posteriorly and inferiorly to the medial malleolus near the

posterior tibial artery
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Temporal
Zygomatic Eacial
Buccal nerve Greater auricular nerve
branches

Marginal mandibular-

Cervical

Ulnar nerve

Radial nerve

Median nerve

Common peroneal nerve

Posterior tibial nerve

Fig. 5.6 Nerve examination sites (Modified, by [6])

5.9.2.3 Number of Mycobacterium leprae

The number of bacilli present in the lesion is exceedingly important in the disease
classification for all patients. This is estimated by slit-skin smears and calculating
the bacterial index.

5.9.2.4 Lepromin Test

This is not a diagnostic test, but it does make it possible to classify the disease along
the disease spectrum. As stated above, the most commonly used lepromin test today
is the integral A test (obtained from experimentally infected armadillo liver;
A = armadillo), containing 40 million bacilli per ml. After 48—72 h from the intrader-
mic injection of 0.1 ml of lepromin on the flexor face of the forearm, an early
Fernandez reaction may develop, and persist for 1-2 days. After 1-2 weeks the
Kensuke Mitsuda (late) reaction will appear and reach the maximum expression after
3-4 weeks. The nodule provoked by a strong reaction can ulcerate, and leave a scar.
This test must be interpreted on the basis of the result of the Mitsuda reaction, whose
intensity is correlated to the reactivity of the host immune reaction to M. leprae. The
response will have a different significance according to whether the patient presents
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Table 5.11 Interpretation of the Mitsuda reaction response in subjects with or without clinical
signs of the disease

1. Positive response
a. Absence of clinical signs: the subject may not develop the disease or it may manifest in a
self-resolving paucibacillary form
b. Active disease; the patient is classified in the hyperergic part of the spectrum
2. Negative response
a. Absence of clinical signs; the subject has not been infected, or if infected is anergic and
may develop a multibacillary form
b. Active disease: the patient is classified in the anergic part of the spectrum

clinical signs of leprosy or not (Table 5.11). In patients with tuberculoid borderline
leprosy evolving along the spectrum toward the anergic pole the test will gradually
become negative. A type I reaction, or reversal reaction, can cause the test to be tem-
porarily or stably positive. In patients with indeterminate leprosy the Mitsuda test
may yield prognostic indications: lepromin-positive subjects will show an evolution
toward spontaneous healing or toward the tuberculoid pole.

5.9.2.5 Mucosa of the Nasal Fossae

The search for bacilli in the nasal mucosa needs to be carefully interpreted. Paucibacillary
disease affects skin and peripheral nerves only. M. leprae is found in the nasal mucosa
only in the forms at the lepromatous end of the spectrum (80—87% of cases of LL, 50%
of BL). During treatment, the bacilli will disappear from the nasal mucosa before the
skin. However, it is also possible to observe atypical nontuberculous acid-fast bacilli in
the mucosa. Searching for bacilli in nasal secretions may be useful at the beginning of
the treatment to determine how contagious the patient is, since the nasal mucosa is the
main pathway for bacilli spread away from the organism.

5.9.2.6 Other Examinations
Apart from histologic and serologic tests, it is necessary to check any involvement
of the eyes, testicles, superficial muscles, lymph nodes, tendons and bones.

5.9.2.7 Classifications Inside the Spectrum

According to the results of the above examinations, the patient will be diagnosed
with one of the various clinical forms of leprosy. Tuberculoid forms, TT and espe-
cially BT, are associated with severe large nerve damage, while the lepromatous
form is associated with a chronic course and long-term complications. Near the
tuberculoid pole, spontaneous healing is usual, whereas this rarely happens near the
lepromatous pole. Polar forms tend to be immunologically stable, and are unlikely
to change their position in the spectrum; at the two poles, type 1 reactions are non
encountered. By contrast, borderline diseases are unstable, and may move up and
down the spectrum. In this context, a shift in cellular immunity, “reversal” or
“upgrading” in the tuberculoid pole or albeit infrequently, “downgrading” in the
lepromatous pole, is often accompanied by type 1 reactions and severe nerve dam-
age. In lepromatous leprosy type 2 reactions may develop. Multibacillary forms
require longer treatment times and more drugs than paucibacillary forms.
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5.10 Histopathology

The wide spectrum of different clinical pictures of leprosy is attributable to the host
immune response rather than to the cytopathic effect of M. leprae. The histopatho-
logic appearance also reflects the immunological situation [1, 4, 255, 256].

There are three cardinal points involved in the correct diagnosis and classification
of leprosy. It is impossible to make a correct histological diagnosis with being aware
of the clinical data, so the final diagnosis must always be based on a clinical-pathologic
correlation. The skin biopsy must go deep (a 4 mm punch biopsy at least, including
part of the subcutaneous fat) [256], and also it must be done on a representative part
of the lesion. In detail, in indeterminate leprosy (IL) the center of a hypopigmented
lesion must be biopsied, or better still the center of the anaesthetic area, or the margin
of a ring macule. In tuberculoid (TT), borderline tuberculoid (BT), and borderline
borderline leprosy (BB) it is the infiltrated margins of the lesion that are important,
while in borderline lepromatous (BL) and lepromatous leprosy (LL) it is the centers
of macules, plaques, or nodules that are diagnostic. In cases of a type 1 reaction the
most oedematous and infiltrated area of the lesion has to be biopsied, while in cases of
ENL the biopsy must include the subcutaneous fat [257].

Haematoxylin and eosin, and Fite-Faraco staining (the method of choice) allow
a good assessment of the samples, which must be cut in serial sections.
Immunohistochemistry of the lymphocytic infiltrate is not necessary for the diagnosis.
Polymerase chain reaction (PCR) for M. leprae is useful only in a limited number of
cases. Acid-fast bacilli on the histopathologic sections are assessed in the same way
as on skin smears, according to the previously reported logarithmic indices.

To differentiate M. leprae from other mycobacteria, the sections can be treated
with pyridine; this is also useful to check if the bacilli remain acid-fast.

Unfortunately, the Ridley-Jopling clinical classification does not always correlate
with the histologic features; indeed, in some cases there is actually a discrepancy
between the clinical and the histological findings [258, 259].

5.10.1 Indeterminate Leprosy

This early form of disease often poses diagnostic problems and does not reveal the
patient’s possible immune reactivity. The histological findings are often aspecific.
Nevertheless, local lymphocytic infiltrates are frequently diagnostic; these are found
selectively arranged along the course of the neurovascular fasciae and annexes
(Fig. 5.7). Mast cells are found to be increased, whereas granulomas are absent.
Small nerve filaments may show a modest intraneural infiltration. If this perineural
inflammatory infiltrate is present, and if the history is compatible, leprosy may be
suspected. However, in such cases it is necessary to search for bacilli on serial sec-
tions; even if few in number, they will generally lie parallel to the axon. It is also
likely that there will be a few bacilli at the level of the papillary derma and the erec-
tor pili muscles. PCR is positive only in a small percentage of cases.



5 Leprosy 193

Fig.5.7 Indeterminate
leprosy. Dermal
lymphocytic infiltration
(Hematoxylin-
eosin—x100)

5.10.2 Histological Criteria That Aid Classification

After the early or indeterminate phase of the infection, the host immune reaction
will start to manifest. At tissue level the assessment must take into account the fol-
lowing parameters: number of bacilli, cellular composition of the granulomas, nerve
alterations, and involvement of the subepidermal zone and the epidermis. A quali-
quantitative crossmatch of these aspects will yield the classification of a lesion
along the disease spectrum.

As we have already noted, the two forms at the poles are stable and will never
evolve into one another. Instead, the borderline forms are unstable and may oscillate
between one or the other pole, while borderline-borderline leprosy is extremely
unstable and is therefore very rarely observed as such.
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5.10.2.1 Number of Bacilli
A low number of bacilli characterizes the tuberculoid pole of the spectrum and a
high number, the lepromatous pole. The number of bacilli, that helps in the
sometimes difficult differentiation between borderline tuberculoid (BI: 1-2+)
and borderline lepromatous forms (BI: 3—-6+), can also be useful to define the
type of infiltrate: in fact, the number of bacilli must be compatible with the type
of infiltrate.

In mass treatments, leprosy is subdivided into only two forms, paucibacillary and
multibacillary. The histopathologic findings should allow the patient to be assigned
with a high degree of precision to one of the two groups.

5.10.2.2 Cellular Composition of the Infiltrate
Epithelioid cells are present in TT and BT forms, are rarer in BL, and are never pres-
entin LL.

Langhans giant cells are common in TT leprosy. They may also be found in BT,
whereas they are never present in the BL form unless there is a reversal reaction in
process. In LL, foreign body giant cells are often seen, containing vacuoles of lipid
substances, but there could also be no giant cells present in the various forms.

Macrophages, and more properly histiocytes, are predominant in BL and LL forms.
In LL the macrophages are more commonly foamy than in BL.

There are numerous lymphocytes in TT, where they surround the periphery of epi-
thelioid cell granulomas. Variable quantities are present in BT, sometimes clumped
inside the granuloma, and at others arranged on the granuloma periphery. In BL the
lymphocytes may massively infiltrate the histiocytic granuloma or surround a nerve.
In subpolar LL they are arranged in clumps inside the granuloma, whereas in polar LL
there are few or no lymphocytes.

As to the lymphocyte subpopulations, there are abundant T helpers in the TT and
BT forms, widely distributed in the granuloma, while the T suppressors are localized
on the periphery. There are few T helpers in BL and LL leprosy.

5.10.2.3 Nerve Alterations

TT is characterized by marked enlargement of the deep dermal and subcutaneous
nerves, while central necrosis may or may not be present. The perineurium is mildly
infiltrated and separates the epithelioid cells granuloma inside the nerve from the
lymphocytes outside.

BT and BL are marked by strong lymphocytic infiltration of the perineurium; in
BL there is also lamellar degeneration of the perineurium. The latter is a character-
istic feature of subpolar LL, together with scarse lymphocytes, while in polar LL the
dermal nerves are only minimally involved.

5.10.2.4 Epidermis and Subepidermal Zone

In TT with granulomas in the superior dermis there is usually subepidermal infiltra-
tion (Grenz zone) (the infiltrate “touches the epidermis”, whereas this rarely occurs
in BT) and disaggregation of the epidermis. In lepromatous forms the subepidermal
zone appears to lack the cellular infiltrate.
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5.10.3 Tuberculoid Leprosy

In this form the intense immune response brings about a granulomatous reaction con-
sisting of a central nucleus of epithelioid cells surrounded by lymphocytes. The gran-
uloma, of non caseating type, may contain numerous Langhans giant cells (Figs. 5.8,
5.9,5.10, and 5.11). The infiltrate can also involve the papillary derma and basal layer
of the epidermis. The granulomas are commonly associated with the neurovascular
fasciae and annexes. The cutaneous nerves are frequently damaged by the epithelioid
and lymphocytic infiltrate. There will be early destruction and finally complete disap-
pearance of these nerves. The latter finding is suggestive, but not pathognomonic of
leprosy. There are few or no bacilli (0 to 14); when present they are localized in small
nerves or in nerve fragments included in the granuloma. Bacilli can also be found in
the papillary derma or at the level of the erector pili muscles. PCR is negative in most
cases. Differential diagnosis should be made with tuberculosis, sarcoidosis, leishman-
iasis, and secondary syphilis.

Fig.5.8 Polar
tuberculoid leprosy.
Islands of epithelioid cells
surrounded by
lymphocytes. The
infiltrate is mainly located
in the superficial corium,
pressing against the
papillary derma. Langhans
cells are present
(Hematoxylin-
eosin—x100)
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Fig.5.9 Polar tuberculoid leprosy. Infiltrate with Langhans cells (Hematoxylin-eosin—x100)

Fig. 5.10 Polar tuberculoid leprosy. Infiltrate with Langhans cells (Hematoxylin-eosin—x100)
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Fig.5.11 Polar
tuberculoid leprosy.
Infiltrate with a giant cell
(Hematoxylin-
eosin—x200)

Fig. 5.12 Borderline tuberculoid leprosy. The dense dermal infiltrate is separated from the epi-
dermis by a free zone (Hematoxylin-eosin—x40)

5.10.4 Borderline Tuberculoid Leprosy

The infiltrate is similar to that of TT; however, the epithelioid cells are less mature and
the lymphocytes lie within, not only around the granuloma (Fig. 5.12). The granuloma
is also less organized. Undifferentiated, medium-sized giant cells are present. The
epidermis may or may not be “eroded” by the infiltrate. Nerves are mildly swollen and
infiltrated. The acid-fast bacilli count is O to 2+. PCR is positive in about 50% of cases.
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Fig.5.13 Borderline
borderline leprosy. The
dermal infiltrate, which is
separated from the
epidermis by a free zone,
consists of epithelioid
cells and lymphocytes
(Hematoxylin-
eosin—x40)

5.10.5 Borderline Borderline Leprosy

This is characterized by the presence of immature epithelioid cells and the absence of
well-defined granulomas. There are no giant cells, while there is a diffuse distribution
of lymphocytes (Fig. 5.13). A large proportion of the cells are macrophages. The epi-
dermis is atrophic but the subepidermal zone is spared. The nerves are not oedematous
but they are infiltrated by lymphocytes and epithelioid cells, and partially destroyed.
There may be lamination of the perineurium (reactive proliferation of perineural
cells). The acid-fast bacilli count is 3 or 4+. PCR is positive in nearly all cases.

5.10.6 Borderline Lepromatous Leprosy

The infiltrate is characterized by macrophages and lymphocytes, the latter possibly
being more prevalent. Some solitary clumps of epithelioid cells may be seen. The dif-
fuse, nodular infiltrate, perivascular or around the annexes, is always separated from the
epidermis by a typical narrow zone (Unna band) of collagen. The macrophages cyto-
plasm may show a variable degree of foaminess but there will be no large vacuoles.
Plasma cells are present. The nerves show an onion-skin perineurium with lymphocytes
arranged in cuffs around nerve bundles (Fig. 5.14). Acid-fast bacilli (4+ to 5+) are
highly evident in the cells of the infiltrate and the erector pili muscles. PCR is positive.
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Fig. 5.14 Borderline lepromatous leprosy. A nerve surrounded by histiocytes and lymphocytes
(Hematoxylin-eosin—x100)

5.10.7 Lepromatous Leprosy

In this form there are sheets of macrophages diffusely distributed in the derma or
arranged in nodular formations. Lymphocytes and plasma cells are amply distrib-
uted or found in clumps. There are no epithelioid cells. The epidermis is atrophic.
A clear Unna band is evident in the superficial dermis. The skin annexes, that are
surrounded by macrophages, are also atrophic. The infiltrate extends down to the
subcutaneous fat.

The macrophages will present a gray cytoplasm with variable degrees of foamy
changes (lepra cells or Virchow cells) (Fig. 5.15), and there will be large vacuoles
in more long-standing forms. The nerves are not oedematous, but are surrounded
by macrophages and may show an onion-skin perineurium with no particular infil-
trate. There will be very many acid-fast bacilli (5—6+) present in all the cellular
elements (Fig. 5.16) and skin structures; lying in parallel array or in clusters
(globi), they have a solid appearance or will be granular or fragmented during the
course of treatment. PCR is positive. Differential diagnosis is made with xantho-
mas and xanthogranulomas, paraffinoma and, rarely, infections due to nontuber-
culous mycobacteria.
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Fig.5.15 Lepromatous leprosy. Vacuolated macrophages (Hematoxylin-eosin—x100)

Fig. 5.16 Lepromatous leprosy. Acid-fast bacilli in vacuolated macrophages (Ziehl
Neelsen—x100)
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5.10.8 Leprosy Reactions

5.10.8.1 Type 1 Reaction (T1R)

T1R is observed above all in BT and BB, but sometimes also in BL patients. The
superficial derma is oedematous and the granulomas are disorganized by the oedema.
There will be foreign body giant cells (sometimes with vacuoles) and large Langhans
giant cells. The epidermis is spongiotic. In severe forms there may be evident necrosis
or ulceration, together with neutrophils. In forms in regression the oedema is reduced
and the tubercles appear well-organized.

When a T1R occurs in BL, there will also be evident Virchow cells.

5.10.8.2 Type 2 Reaction (T2R)

This is observed in the course of LL and, less commonly, BL. Two variants have been
described. One is named “pink node type” or classic erythema elevatum leprosum
(ENL), in which the infiltrate features small granulomas in the subcutis with clusters
of neutrophils around the foamy macrophages. Eosinophils, plasma cells, and mast
cells are present. Vasculitic changes are seen above all in early lesions.

Necrotizing ENL (or severe ENL) is characterized by severe vasculitic changes
with a neutrophilic infiltrate, hemorrhages and thrombi; these alterations can lead to
collagen degeneration with necrosis of both the epidermis and dermis, and to dermal
fibrosis in the resolving phase. Solid acid-fast bacilli are present in untreated patients,
while granular or fragmented bacilli are evident in cases undergoing treatment.

Differential diagnosis must be made with the Lucio-Alvarado phenomenon, true
erythema nodosum, erythema induratum of Bazin, Sweet syndrome, pyoderma gan-
grenosum, and deep mycotic infections.

5.10.9 Particular Forms of Leprosy

5.10.9.1 Histoid Leprosy

This is characterized by a circumscribed macrophage granuloma with a predomi-
nance of spindle-shaped cells or polygonal cells, and an unusually large number of
acid-fast bacilli. There may also be a small number of foamy macrophages [260].

5.10.9.2 Lucio-Latapi Leprosy
This features a non nodular infiltrate similar to that of LL, with diffuse Virchow
cells [261].

5.10.9.3 Lucio-Alvarado Phenomenon

There will be epidermal necrosis, ulcerations, features of diffuse LL with many
acid-fast bacilli. There will also be panvasculitis of both superficial and deep ves-
sels. Lobular panniculitis is a characteristic feature, medium-sized arteries being
infiltrated by macrophages, resulting in narrowing of their lumens, occlusion and
ischemic alterations [262].
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5.10.10 Histopathology of the Lymph Nodes

In LL, the lymph nodes draining the skin have a thickened capsule and a macro-
phage infiltrate with a rich content of bacilli in the paracortical areas. This infiltrate
may block the circulation of lymphocytes and contribute to the immune suppression
process.

In LT the lymph nodes are invaded by epithelioid cell granulomas.

5.10.11 Histopathology of the Internal Organs

M. leprae thrives in lower temperature organs: the ear lobes, nose, upper airways
mucosa (turbinates and nasal septum), anterior eye segments, testicles and superfi-
cial nerve trunks. The gastrointestinal tract, central nervous system and lower air-
ways below the larynx are never affected.

Orchitis manifests with hyaline degeneration of the seminal tubules and a lepro-
matous infiltrate. The ovaries are never involved. In LL there may be signs of
destructive cystic fibrosis of the bones of the hands and feet but not of other bones.
In subjects with long-standing LL the liver, kidneys, spleen and adrenals are affected
by amyloidosis.

5.11 Serology

Serological tests can be useful to establish the infection, and assist in the diagnosis
and prognosis of the particular leprosy form [263]. For predictive purposes, these
tests are strongly influenced by the disease prevalence in the geographic area inves-
tigated. In areas with a low prevalence such tests have little diagnostic utility.
Serology must therefore be used to search for multibacillary cases in subjects at
high risk, in order to identify the infection in preclinical stages. Serological tests can
also be useful in the assessment of the response to therapy: in fact, during treatment
the levels of antibodies against PGL-I will decline.

Specific anti-M. leprae antibodies are produced against lipoarabinomannan
(LAM), the species-specific lipid phenolic glycolipid (PGL) and the protein anti-
gens of M. leprae. No single antigen has been identified that could help to detect
an early subclinical infection. For all three types of antigen, multibacillary patients
show a prolific production of antibodies, while the response in paucibacillary
patients is variable.

Evaluated in field settings, the positivity of the PGL-I test correlates with the
bacterial load measured by slit-skin smears.

There are two other specific tests that reveal antibodies against M. leprae epit-
opes situated on a 35 kD protein and a 36 KD protein (with approximately 100%
and 98% specificity, respectively).
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Lepromatous patients also produce a range of autoantibodies, both organ-specific
(directed against nerves, thyroid, testes, and gastric mucosa), and non-specific, such
as rheumatoid factors, anti-DNA, cryoglobulins, and cardiolipin.

In any case, serological tests are an additional diagnostic parameter to support
the essential clinical, histopathological and bacteriological tests.

5.12 Clinical Features
5.12.1 Indeterminate Leprosy

Indeterminate leprosy (IL) does not fall into the spectrum of the Ridley-Jopling
classification because of the lack of correlation between the clinical and histopatho-
logical features. In this form the cell-mediated immunity picture is still not clear
[264, 265].

IL, early and transitory disease form, is generally observed in endemic areas in
children that come in contact with patients with untreated multibacillary leprosy
forms. IL arises in individuals that have not yet developed cell-mediated immunity
against M. leprae.

The only skin lesion present in IL is the macule, single or multiple (generally
not more than 3 lesions, on one side of the body and clumped together), that will
be pale red in light-skinned patients and coppery red in dark-skinned patients; it
may also be hypopigmented with a uniform fading of the color (Fig. 5.17). Not
more than 3-4 cm in size, the macule has a smooth surface with no scaling and
will not be pruriginous. The edges are usually blurred. There will be a preserved
or only mildly reduced sensory function but thermal sensation may be lost and the
patient is unable to distinguish between cold and hot tub water. Sweating is nor-
mal and body hairs are present. Hyperalgesia may precede the detection of skin
lesions [266-268].

The sites most frequently affected are the face, buttocks and limbs. The periph-
eral nerves are not involved. The search for acid-fast bacilli (slit-skin smear) is
negative. The Mitsuda test will yield variable results: it may be weakly positive or
negative.

A very useful diagnostic tool in light-skinned subjects is the histamine test:
1-2 min after the application of a drop of histamine (dilution 1/1000) in and around
the suspected hypochromic lesion, a triphasic skin reaction will appear (triple
response of Lewis). The triple reaction (first a red line due to capillary dilation at the
site resulting from histamine release, then a flare around the red line due to periph-
eral dilation of the arterioles, and lastly a wheal due to local oedema) is observed
only in normal skin or in hypochromic lesions caused by other diseases. In cases of
leprosy the response will be incomplete: the stimulation will induce the capillary
dilation and the wheal but not the reflex arteriolar erythema (axonic reflex), because
this depends upon the integrity of sympathetic nerve fibers [268].
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Fig.5.17 Indeterminate
leprosy. Ill-defined,
slightly erythematous
and hypopigmented
macula on the face

Most patients with IL recover spontaneously; the remaining patients if untreated
will show a disease evolution toward a “determinate” form of the spectrum. An
indeterminate macule in evolution toward the tuberculoid pole will undergo the fol-
lowing changes: the surface becomes dry and rough due to reduced sweating; the
edges appear more defined and infiltrated and there is an evident reduction of sensa-
tion. The Mitsuda test will be positive, while histology will show an increased num-
ber of lymphocytes around the nerve fibers of the derma and rare acid-fast bacilli
inside the fibers.

Instead, a macule evolving toward the lepromatous pole will be bright red, while
the surface remains smooth and the edges poorly defined. An infiltrate will appear
at the center of the macule but there will be no changes in sensation. The Mitsuda
test will continue to be negative. Histology shows numerous bacilli in the dermal
nerve fibers. The changes in a macule in evolution toward the borderline forms will
depend upon the classification on the spectrum of the immune cell response that the
patient is developing.

From the differential diagnosis standpoint, many diseases can mimic a macule
due to IL. The hypopigmentation diseases to be taken into account are pityriasis
alba (featuring a variable number of hypochromic, round patches with undefined
edges and rough surface on the trunk and upper limbs), a hypochromic variant of
pityriasis versicolor (hypopigmented macules with superficial desquamation and a
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tendency to coalesce), and solar hypochromiant dermatosis (this is transient and
observed after intense tanning: the lesions are irregular with a possibly rough sur-
face). Achromic nevus, nevus anemicus, vitiligo, and postinflammatory hypopig-
mentation may also mimic IL.

The erythematous macules of IL must also be differentiated from those of sebor-
rhoeic dermatitis (with squamous lesions mainly on the face and trunk). Fixed drug
eruption, early-stage morphea, Lyme disease, and the herald patch of pityriasis
rosea should also be considered.

The differential diagnosis of a hyperchromic macule should include residual
lesions of postinflammatory hyperpigmentation, morphea, a hyperchromic lesion of
pytiriasis versicolor, tinea nigra, and fixed drug eruption [269, 270].

5.12.2 Tuberculoid Leprosy

The clinical picture of the various forms in the spectrum may be monomorphous or
polymorphous (Tables 5.12 and 5.13).

The disease hyperactivity at the TT pole causes a shorter incubation time and the
simultaneous appearance of skin and nerve signs. The skin lesions, that will be few,
have a unilateral distribution or may be asymmetrical and bilateral. The cell-
mediated immune response is still able to contain the infection.

At skin level there will be macules, papules and plaques. The macules are initial
lesions of early TT and generally appear immediately, being rarely derived from a
transformation of indeterminate macules. The macules of TT are red in light-skinned
patients and coppery in dark skinned patients; they may also be homogeneously
hypopigmented. They show a dry surface and due to anhydrosis they are rough to
the touch. These lesions also have rarefied body hair, and are anaesthetic: first ther-
mal, then tactile, and finally pain sensitivity is lost. It is important to note that the
lesions on the face may have normal sensitivity; in this area the rich sensory inner-
vation compensates for the damaged nerves.

Due to the intense cell-mediated immunity, the macules may undergo a central
healing process with a transformation to ring lesions (Figs. 5.18 and 5.19). In addi-
tion, papules can appear on the edges of the macules.

The TT plaque is red or coppery, has a rough dry surface, clear-cut raised margins
and there is tactile hypo-anaesthesia (thermal anaesthesia develops later), and

Table 5.12 Skin lesions and leprosy forms

Lesions IL TT BT BB BL LL
Macules + + + + + +
Plaques + + + + +
Papules + + + + +
Nodules + + +
Diffuse infiltration +

IL indeterminate leprosy, 77 polar tuberculoid leprosy, BT borderline tuberculoid leprosy, BB bor-
derline borderline leprosy, BL borderline lepromatous leprosy, LL polar lepromatous leprosy
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Table 5.13 Clinical, bacteriological, and immunological characteristics in the leprosy spectrum
(modified, by [18])

TT BT BB BL ILIL,
Skin lesions One/few (up  One/few (> Many Many Very
to5) than 5) numerous
“Satellite” lesions Absent Present Present Present -
Distribution Localized, Asymmetrical Asymmetrical Tendency to Symmetrical
asymmetrical symmetry
Hypopigmentation Marked Moderate Mild Very mild Very mild/
absent
Edges Well defined Defined Poorly defined Rather blurred Blurred
Surface of lesions  Dry/rough Dry/rough Dry/shiny Smooth/shiny  Smooth/
shiny
Central healing Marked Moderate Minor Absent Absent
Sensory loss Marked Moderate Minor Very minor Very minor/
absent
Bacilli in nasal Absent Absent Absent Absent/present Present with
mucosa globi
Bacilli in skin Absent/rare 14,2+ 3+,4+ 5+, 6+ 6+
smears
Globi Absent Absent Absent If present, Frequent and
small large
Lepromin test >10 mm 3-10 mm <3 mm Negative Negative
(Mitsuda)
Course Regressive Regressive Unstable Progressive Progressive

TT polar tuberculoid leprosy, BT borderline tuberculoid leprosy, BB borderline borderline leprosy,
BL borderline lepromatous leprosy, LL polar lepromatous leprosy

Fig.5.18 Tuberculoid
leprosy. Erythematous
macules with central
healing
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Fig.5.19 Tuberculoid
leprosy. Erythematous
macules with central
healing

rarefied or absent body hair. The peripheral extension and central healing transform
the plaque into a ring-shaped lesion. The most common localization of such lesions
is the face, buttocks and limbs [271]. Higher temperature body regions (axillary,
inguinal and perineal cavities: “immune zones”) are spared.

If there are more than 3 lesions and the distribution is symmetrical and bilateral,
differential diagnosis must be made with the borderline tuberculoid form.

In all clinical forms of leprosy, except indeterminate, the involvement of periph-
eral trunk nerves may be severe and cause disabilities. In TT leprosy, peripheral
nerve enlargement is unlikely and if it occurs, it is usually near the lesions. The
search for bacilli on skin smears is negative; in biopsies from the margins of lesions
there may be few bacilli. The Mitsuda test is strongly positive (Fig. 5.20).

In children, a particular form of leprosy characterized by nodular lesions can be
observed: this form is known as infantile nodular tuberculoid leprosy. It appears
only in infancy and affects children under 5 years of age. It is considered to be the
most benign form of leprosy. In most cases the diagnosis is difficult, and epidemio-
logical data and a biopsy are of the greatest importance [272-274].

Differential diagnosis must be made with various forms of dermatitis. In tinea, as
in tuberculoid leprosy, there is a tendency toward central resolution; if there is pruri-
tus and local excoriations this can help to differentiate these two diseases. Cutaneous
lupus erythematosus is localized mainly on the face and other exposed sites; the
lesions tend to show a spontaneous resolution with a hyperchromic and atrophic/
scarring outcome; sensory tests show preservation. Secondary syphilis is generally
preceded by a history of nodular-ulcerative lesions of the genitals; however, lesions
on the cervix may go unnoticed, and in all cases anti-treponemal screening is neces-
sary. In cases of an annular granuloma, whose plaques are similar to those of TT, the
sensory tests are normal. In pityriasis rosea the eruption of rounded erythematous
lesions with collarette desquamation is preceded by the herald patch; such lesions
generally resolve in 1-2 months. Other skin complaints to be included in the differ-
ential diagnosis are seborrhoeic dermatitis, sarcoidosis, parapsoriasis, morphea,
mycosis fungoides, cutaneous tuberculosis, leishmaniasis, lipidic necrobiosis.
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Fig.5.20 The same
patient as in Fig. 5.19.
Strong positive Mitsuda
reaction

5.12.3 Borderline Leprosy

It is important to make a correct classification of patients with one of the three bor-
derline forms for prognostic and therapeutic reasons. Skin lesions will include mac-
ules, plaques, papules, and nodules. The diagnosis is based on the type and number
of lesions, their size and distribution over the skin. The degree of definition of the
edges and the type of surface are other important elements. An altered sensation may
develop early or later and there will be sweating changes and hair loss.

The predominant characteristic of this leprosy group is its instability: if untreated,
the disease may evolve toward lepromatous leprosy. During and after treatment
patients may suffer reversal reactions, with worsening of skin lesions and nerves.

5.12.3.1 Borderline Tuberculoid Leprosy

The color (red, coppery or hypopigmented) and surface of the macules in this form
are the same as of TL macules, while the edges may be blurred here and there, and
the size of the lesions is greater than those of the tuberculoid pole (Figs. 5.21, 5.22,
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Fig.5.21 Borderline
tuberculoid leprosy.
Multiple well difined
annular lesions

Fig.5.22 Borderline
tuberculoid leprosy.
Multiple well difined
annular lesions

and 5.23). The number of lesions, that is minor in the initial phase, will gradually
increase to 10-20, occupying an entire skin district (Fig. 5.24). Their distribution is
initially bilateral and asymmetrical but they will tend to become more symmetrical
as the numbers increase.

As regards plaques, they will show clearer edges than those of TL. Around larger
lesions, smaller satellite or “finger-like” lesions will often appear, sprouting out
from the margins of plaques or macules. Papules will affect the margins of plaques
or can also develop as satellite lesions.

In this form several nerves are affected, with a distribution that tends to be sym-
metrical: in the involved areas the nerves appear enlarged with a spindle or nodular
shape. During reversal reactions the nerves swell and become painful; their function
deteriorates rapidly and proper treatment is urgent to avoid paralysis and permanent
deformity.
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Fig.5.23 Borderline
tuberculoid leprosy.
Multiple well difined
annular lesions

Fig. 5.24 Borderline tuberculoid leprosy. Multiple annular lesions

The BT form may evolve toward the lepromatous pole, taking on the clinical
characteristics of multibacillary forms.

The bacterial index on skin smears from the margins of lesions can range from
1+ to 2+. The Mitsuda test is positive.

5.12.3.2 Mid-Borderline Leprosy
This form is highly unstable, and may upgrade under the impulse of reversal reac-
tions toward the tuberculoid pole or downgrade toward the lepromatous pole.
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The macules and plaques are of extremely variable sizes and the edges, even of
the same lesion, may be blurred or clear-cut. They will be red or coppery red, while
the centers are apparently spared and usually hypochromic (Figs. 5.25 and 5.26).
These lesions tend to show a centrifugal extension and draw ring or map-like fig-
ured shapes: the combination of these lesions gives the “swiss cheese-like” aspect.
The internal margins of ring lesions are clear while the external margins are blurred.
In this form there may be red or coppery nodules.

The nerve involvement varies according to whether the disease has evolved from
BT or BL. Skin smears show many scattered bacilli: the bacterial index ranges from
3+ to 4+. The Mitsuda test may be negative or weakly positive.

Fig.5.25 Mid-borderline
leprosy. Infiltrated lesions
with hypochromic central
area
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Fig.5.26 Mid-borderline
leprosy. Diffuse, bilateral
and symmetric annular
lesions

5.12.3.3 Borderline Lepromatous Leprosy

The skin lesions are disseminated and symmetrically distributed. The macules, that
are initially hypopigmented, grow in size and become erythematous and infiltrated;
they have irregular blurred edges. There will also be plaques and nodules (Figs. 5.27
and 5.28). In advanced stages there will be sparse body hair. The nerves appear
enlarged in most patients but are less commonly tender than in BT. Typel and 2
leprosy reactions are frequently observed. The bacterial index of skin smears ranges
from 5+ to 6+, and the bacilli are sometimes clumped in small globi. The nasal
mucus is negative in initial forms and becomes positive in advanced stages. The
Mitsuda test is negative.
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Fig.5.27 Borderline
lepromatous leprosy.
Diffuse plaques and
nodules

Fig.5.28 The same patients
as in Fig. 5.27. Erythematous
annular plaque
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5.12.4 Lepromatous Leprosy

The immunological anergy characterizing this form leads to the consequent hae-
matogenous spread of bacilli in the skin, nerves and reticuloendothelial system. In
addition, there may be bacillary invasion of the eyes, testes, bones and mucous mem-
branes of the mouth, nose, pharynx, larynx, and trachea [275-277].

5.12.4.1 Skin Lesions

These are multiple, diffuse, small, symmetrically distributed, and include macules,
plaques, papules and nodules, all of which may be present in the same patient at the
same time.

The first lesions to appear are macules, non palpable, small and rounded or ellipti-
cal; they are erythematous in light skins and coppery in dark skins, sometimes with
a faintly hypopigmented background. They have a smooth shiny surface and their
edges are indistinct. These macules may go unnoticed because they are difficult to
see and not associated with pruritus or definite anaesthesia. They are widespread all
over the skin, in particular on the face, buttocks and extremities, whereas they are
rare in the axillae, groin, perineum, on the external genitals and on the scalp.

Infiltrated lesions are raised above the level of the skin; their distribution and
color are the same as those of macules, except than they do not appear on the palms
and soles. They are raised in the centre and slope away peripherally to merge imper-
ceptibly with the surrounding skin; they have a smooth and shiny surface and do not
exhibit sensory loss, unless they are located in a skin region affected by nerve dam-
age. Papules and nodules appear in the advanced disease stage, largely on the face,
auricles and buttocks (Figs. 5.29, 5.30, 5.31, 5.32, 5.33, and 5.34). The ear lobes are
thickened already in the early phases of the disease. Advanced infiltration of the
nodules on the face gives rise to the “leonine facies” (Figs. 5.35, 5.36, and 5.37), in
which the normal wrinkles on the forehead and cheeks turn into deep furrows.

The nodules and plaques may undergo necrosis and ulceration (Figs. 5.38 and
5.39), and large ulcers can develop on the lower legs (Figs. 5.40 and 5.41) when the
infiltration of the skin is associated with chronic bilateral lymphedema (Fig. 5.42),
secondary to the massive invasion of the lymphatics by bacilli. Thinning of the eye-
brows is common, starting in the lateral half and progressing to complete loss of
both the eyebrows and eyelashes (superciliary and ciliary madarosis).

Skin smears, even of apparently healthy skin, show extremely numerous bacilli
in isolation or clumped in large globi. The bacterial index is 6+. The Mitsuda test is
negative. Repeated episodes of erythema nodosum leprosum may be observed.

In cases of LL and BL the differential diagnosis includes various skin diseases.
In secondary syphilis there will be a history of genital ulcer, palmoplantar ery-
thematous papules and mucosal lesions. Drug eruptions may induce the appearance
of various lesions that may resemble BL and LL leprosy. Anergic cutaneous leish-
maniasis may present papules, plaques and nodules: slit-skin smears are negative,
while a direct smear will be positive for amastigotes. Systemic lupus erythematosus,
with the skin manifestations associated with arthralgia and madarosis, can mimic
LL leprosy, also because they have various laboratory test alterations in common
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Fig.5.29 Lepromatous
leprosy. Nodular lesions

Fig.5.30 Lepromatous
leprosy. Nodular lesions and
lateral loss of the eyebrow




216 D. Bonamonte et al.

Fig.5.31 Lepromatous
leprosy. Nodular lesions

Fig.5.32 Lepromatous leprosy.
Nodular lesions
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Fig.5.33 Lepromatous
leprosy in a 5-year-old
child. Diffuse plaques and
nodules

Fig.5.34 The same patient
as in Fig. 5.33
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Fig.5.35 Lepromatous
leprosy. Advanced, almost
diffuse disease with
leonine facies

Fig.5.36 Lepromatous
leprosy. Leonine facies and
loss of eyebrows and
eyelashes
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Fig.5.37 Lepromatous
leprosy. Diffuse
infiltration of the skin
with leonine facies

Fig.5.38 Lepromatous
leprosy. Ulcerated nodules
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Fig.5.39 The same
patient as in Fig. 5.38

Fig.5.40 Severe ulcers in lepromatous leprosy

(hypergammaglobulinemia, an elevated sedimentation rate, positive rheumatoid
factor, LE cells and VDRL in up to 60% of LL patients). Other diseases to be con-
sidered are sarcoidosis, onchocerciasis, Kaposi’s sarcoma, deep mycoses, and skin
lymphoma.

5.12.4.2 Nerve Involvement

In lepromatous leprosy, nerve involvement has never been described in the absence
of skin manifestations. The nerves are not affected at an early stage as in other lep-
rosy forms, but thickening and sensory or motor dysfunction are evident as the
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Fig.5.41 Plantar ulcer
in lepromatous leprosy

Fig.5.42 Chronic
bilateral lymphedema and
ulcer in lepromatous
leprosy
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Fig.5.43 Involvement of ulnar and median nerves with mild shortening of the fingers

disease progresses. Sensory loss is often more pronounced than muscle wasting,
and severe damage may therefore occur from repeated trauma due to the insensitiv-
ity to pain. In this way the hands will become scarred from injuries and burns and
trophic ulcers will develop on the soles.

The nerve thickening, like the skin lesions, tends to be bilateral and symmetrical.
The superficial peripheral nerves are affected, such as the great auricular, supraclavicu-
lar, ulnar, antebrachial, radial, median, femoral, peroneal, and posterior tibial nerves.

The earliest sensory disturbances bring about paraesthesia, hyperaesthesia and
hyperalgesia, followed by impaired sensation at light touch, temperature and pain. In
some cases only one of these three complaints is present (dissociated anaesthesia), the
ability to differentiate between hot and cold being in general the one which is lost first.
Loss of position sense, vibration sense and tendon reflex are not common. Muscle
wasting produces deformities such as the “claw hand” (ulnar nerve), “main-en-griffe”
(ulnar and median nerves) (Fig. 5.43), “drop foot” (common peroneal nerve) and facial
palsy (facial nerve). In sites with nerve damage there will be muscle weakness.

The involvement of the autonomic nerves firstly manifests in the form of slight
oedema of the hands and feet, followed by vasomotor disturbances and then the skin
of the hands and feet will become puffy and cyanosed.

5.12.4.3 Other Disturbances

At nasal level there will be a discharge, possibly blood-stained, and blocking of the
airways. The nasal mucosa presents hyperaemia and swelling and there will be nod-
ules and ulcers on the septum. Ulceration leads to perforation of the septum and
destruction of the cartilage, and hence to the “saddle-nose” deformity (Fig. 5.44).
Nodules can also grow on the lips, tongue, palate, and larynx, leading to ulceration.
Laryngeal involvement gives rise to a hoarse cough, husky voice and stridor.
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Fig.5.44 Sequelae of leprosy (Modified, by [6])

In advanced cases there is frequently visual impairment and finally blindness.
Leprosy is the third cause of blindness in the world. There are various complications
that lead to blindness. At the corneal level, lagophthalmos and the reduced or absent
sensation predispose to corneal ulceration and scarring. The initial stages of corneal
damage manifest as punctate superficial spots. A secondary bacterial infection or for-
eign bodies can then cause corneal ulcer. Iris involvement may arise in an acute form,
as in the case of a type 2 reaction, or in chronic disease. Acute iridocyclitis is painful
and characterized by photophobia and pericorneal redness; chronic iritis presents with
posterior synaechial formation and a small irregular pupil. Chronic iridocyclitis will
lead over time to atrophy and a regular pinpoint pupil. Cataract can also be caused or
aggravated by iridocyclitis or by the administration of systemic corticosteroids in
cases of a reaction.

The onset of testicular atrophy may be observed, with consequent sterility and
gynaecomastia.
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Lymph nodes are enlarged but painless, and have the consistency of soft rubber.
The femoral, inguinal and epitrochlear glands are particularly affected. During reac-
tion states, several glands will become swollen and tender.

At renal level, there may be glomerulonephritis, interstitial nephritis and pyelone-
phritis. Renal amyloidosis, related to the severity and frequency of type 2 reactions,
is observed only in some geographic areas.

5.12.4.4 Bones

The bones of the extremities and skull are affected. The involvement of the extremi-
ties will be almost exclusively confined to the hands and feet, where the lesions are
linked to the invasion of bacilli, neurotrophic atrophy, repeated trauma due to the
analgaesia, disuse causing paralysis and contracture, secondary infection of the tro-
phic ulcers, and generalized osteoporosis of hormonal origin. Deposits of bacilli in
the marrow cavities, periosteum and nutrient vessels give rise to bone cysts, aseptic
necrosis and spindle-shaped dactylitis (simulating that of tuberculosis or syphilis).
Neurotrophic atrophy affecting the hands is localized at the phalanges. Metacarpals
and carpal bones are spared. On the feet, neurotrophic atrophy affects the metatarsals
and phalanges, starting in the proximal phalanges or in the heads of the metatarsals.
At the proximal phalanges the diaphyses become thinned owing to rarefying osteitis
(“‘concentric bone atrophy”) until only fine needles of bone remain. This may be fol-
lowed by complete disappearance of the bone and the shortened toes remain con-
nected to the foot by soft tissue only. In the metatarsals, absorption begins at the
distal ends, that become thinned and pointed (“sucked candystick”). Periostitis of the
tibia, fibula and ulna will develop.

Sensory loss leads to repeated injury, contributing to the bone atrophy and absorp-
tion, that can result in the development of charcot joints in the fingers, toes, wrists
and ankles. Muscle paralysis causes disuse and over time, to fibrous or bony ankylo-
sis of the interphalangeal, metacarpophalangeal and metatarsophalangeal joints.
Disuse also induces osteoporosis due to a decreased osteoblastic activity. Generalized
osteoporosis can ensue owing to a defective production of testosterone due to the
testicular damage. Secondary infection arising from trophic ulceration of the hands
and feet can give rise to pyogenic osteomyelitis.

At the level of the skull there will be atrophy of the anterior nasal spine and the
maxillary alveolar process, leading to nasal collapse, loss of incisor teeth and some-
times perforation of the palate.

5.12.5 Pure Neural Leprosy

Also known as neural leprosy, this is a relatively rare form characterized by single or
multiple peripheral nerve enlargement. Skin lesions are absent. It is generally agreed
that cases with one or two enlarged nerves are paucibacillary and those with more
than two are multibacillary leprosy [278, 279]. The symptoms include: loss of sensa-
tion, loss of muscle strength, loss of sweating, motor paralysis, trophic alterations
and subjective symptoms like burning, torpor and shooting pains. Histological
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examination of the involved nerve is essential for the diagnosis. After months or
years, some of the patients will develop skin lesions.

5.12.6 Wade’s Histoid Leprosy

The term histoid leprosy (HL) was coined in 1963 by Wade to describe a picture
featuring firm, reddish or skin-colored, dome-shaped or oval papules and nodules,
with a regular contour and translucent, shiny and stretched overlying skin (Figs. 5.45
and 5.46) [280].

Histology demonstrates a circumscribed macrophage granuloma with a predom-
inance of spindle-shaped cells or polygonal cells and a large number of acid-fast
bacilli. Some cases may mimic a fibrohistiocytic tumor. A small number of foamy
macrophages may be present [260].

The nodules may be pedunculated or umbilicated and when there are many, they
will show a symmetrical distribution. The bacterial index of skin smears is 5+ or 6+.
HL is a variant of multibacillary leprosy that usually arises in patients receiving
long-term diaminodiphenylsulfone therapy, resulting in an initial improvement fol-
lowed by relapse [260].

Fig.5.45 Histoid
lepromatous leprosy

Fig.5.46 The same
patient as in Fig. 5.45
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5.12.7 Lucio-Latapi Leprosy

This is a well-defined form of lepromatous leprosy, characterized by a generalized
infiltration without nodules; in addition, it features a special type of lepra reaction, that
corresponds at histopathological examination to necrotizing vasculitis with thrombo-
sis, named Lucio’s phenomenon or necrotizing erythema by Latapi [281-287].

This picture was described by Rafael Lucio and Alvarado in 1852 [286] and it was
only many years later, in 1936, that the characteristics were better defined by Fernando
Latapi [287]. Until 2011, WHO had reported 228,474 cases, mostly in India. In Latin-
America, Brazil has the highest number of cases, 29,600 [288]. In Mexico, the coun-
try where the disease was first described by Lucio, there are 161 new cases, 73% of
which are males of between 25 and 64 years of age.

Until 2008, M. leprae was considered the only aetiological agent of leprosy. Then
Han and Coll from Texas published the results of a study of two Mexican immigrants
who died of sepsis with cutaneous necrosis and vasculitis of internal organs: the diag-
nosis was diffuse lepromatous leprosy (DLL) with Lucio’s phenomenon. Genetic stud-
ies of the bacilli in the two patients revealed significant differences from M. leprae,
including a 2.1% divergence of the 16S ribosomal RNA, a highly conserved marker of
bacterial evolution. Phylogenetic analysis of the genes demonstrated that the two
mycobacteria evolved from a common ancestor. On the basis of this result, a new bac-
terial species was proposed, namely Mycobacterium lepromatosis [289, 290]. Since
then, other cases have been reported [291], also in Ontario [292] and in Singapore
[293]. However, in an editorial of 2011 Gillis and Coll pointed out that for the moment
the assertion of M. lepromatosis as a new agent causing DLL was not proven [294].
This form, too, is thought to have airborne transmission through Fliigge droplets.

5.12.7.1 Clinical features

This form may present as a diffuse variant, in which there are no circumscribed
elements (nodules, macules, or plaques), but is characterized by diffuse and mas-
sive infiltration of the skin, known as diffuse lepromatous leprosy. Lucio-Latapi
leprosy is usually observed in adults of both sexes, being exceptional in childhood
and in the elderly.

At the beginning, the skin involvement is barely visible and may go unnoticed.
The main dermatological characteristic is a diffuse non nodular infiltration. Initially,
the skin appears “indurated” or myxoedema-like, especially at the level of the face
and hands, thereby giving the impression of a “healthy look™ and “moon face” (the
so called “lepra bonita”: pretty leprosy). In advanced cases there will be telangiec-
tasiae of the trunk and face (rosaceiform aspect). The auricular pavilion are turges-
cent, shiny, hairless and a tanned reddish color. In particular, the hands, legs and feet
look oedematous and puffy, due to the infiltration: the skin is tense, smooth, with
alopecia, and the feet, above all, are purplish.

Subsequently the skin folds and becomes thinner and atrophic (“atrophic infiltra-
tion”), giving a premature aging appearance. The earlobes become stretched and
saggy and the legs present xerosis with an ichthyosiform appearance. Most patients
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gradually develop alopecia of the eyelashes, eyebrows and body hair, while hair loss
on the scalp is rare and only appears in advanced stages.

Mucosal involvement manifests with rhinitis. The nasal mucosa is firstly swol-
len with multiple ectasias, and then becomes pale and dry, with crusts and finally
ulceration. The septum cartilage becomes affected and the nose takes on the
aspect of a “crooked nose” and “saddle nose”. Laryngeal involvement leads to
dysphonia. At the hands there will be atrophy of the lumbricals and interosseous
muscles, with minimal or no affection of the thenar and hypothenar eminences
(soft hands like a “rag doll”). In all cases there is hypoesthesia, anaesthesia, and
hypohydrosis. There will also be eye involvement with madarosis and exagger-
ated shining of the eyes (“children’s eyes”). Patients may also have systemic man-
ifestations; in particular there is diffuse infiltration of the liver and spleen with
hepatosplenomegaly. Systemic involvement is common in cases of Lucio’s phe-
nomenon, being a type 2 reaction.

5.12.7.2 Histopathology

In initial forms, there is evident, modest acanthosis of the epidermis, in particular
during the stage of an indurated skin appearance. In advanced stages there will be a
perivascular, periannexial and perineural infiltrate in the derma, consisting of lym-
phocytes, histiocytes, and Virchow cells. There is thickening of the vascular walls
and endothelial proliferation, together with the obliteration of small and medium
vessels. The annexes are destroyed: firstly the sebaceous glands, then the hair folli-
cles, and finally the sweat glands. Initially there is perineuritis and later the nerves
will be completely destroyed [281, 295, 296].

5.12.7.3 Diagnosis

Smears from nasal mucosa and from any part of the skin reveal acid-fast bacilli (the
bacteriological index is 5+ or 6+). The lepromin reaction is negative. The PCR tech-
nique is positive.

5.13 Relapse

Relapse is linked to the multiplication of bacilli in treated subjects. There are various
causes: an incorrect classification of a multibacillary patient and hence inadequate treat-
ment; inconstant taking of the drugs by the patient, and hence incomplete treatment; the
onset of antibiotic resistance; a reinfection in subjects firstly affected by multibacillary
forms (this is theoretically possible, but impossible to distinguish from a reactivation).

In patients with paucibacillary forms relapses manifest as a reactivation of preexist-
ing lesions and/or the appearance of new ones. The bacteriological test is negative in
most paucibacillary patients and so does not provide useful information. Thanks to the
introduction of the WHO polychemotherapy treatment relapses are rarely observed.

It is fairly difficult to make a differential diagnosis between a relapse and a type
1 reaction, given the similarity of the clinical aspects. A reversal reaction usually
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Table 5.14 Differential diagnosis between relapse and type 1 reaction (modified, by [18])

Relapse Type 1 reaction
Onset Sudden in PL Sudden
Insidious in ML
Manifestation After treatment During treatment
Pre-existing lesions Reactivation of margins in Reactivation (erythema, edema,
ML infiltration)
New lesions Also in previously Similar to preexisting ones
undamaged areas
Ulcerative lesions Rare Frequent
Healing of lesions Without desquamation With desquamation
Systemic manifestations ~ Absent Fever, arthralgia, neuralgia
Nerve involvement Slow development Rapid development
Antibodies High levels in ML -
Response to None Optimal

corticosteroids

PL paucibacillary leprosy, ML multibacillary leprosy

has a more acute onset than a relapse, while histology of the reaction reveals
increased lymphocytes and oedema. To differentiate, it is possible to resort to “diag-
nosis ex adiuvantibus”: the reversal reaction responds rapidly to corticosteroid treat-
ment whereas the relapse does not respond at all (Table 5.14).

Also in patients with multibacillary forms relapse is characterized by a reactiva-
tion of preexisting lesions and/or the appearance of new ones with a symmetrical
distribution. In previously uninvolved areas these may show the clinical features of
histioid leprosy. In these cases there is an increase of circulating anti-M. leprae
antibodies (Table 5.14).

Both in paucibacillary and multibacillary forms the first manifestation of a relapse
may be nerve involvement, with paraesthesia, anaesthesia and pain in affected skin
areas. It is difficult to make a differential diagnosis between a type 1 reaction and a
relapse in such cases. Nevertheless, a positive response to corticosteroid treatment sug-
gests a type 1 reaction.

5.14 Leprosyin Pregnancy

First of all it should be borne in mind that all women of reproductive age are physi-
ologically immunosuppressed for some months each year and for 10 months during
pregnancy and lactation. During the menstrual cycle the immunosuppression starts
with ovulation and ends at the start of menstruation. Therefore, women with leprosy
need special follow-up and treatment [297-301].

During pregnancy and breast feeding, worsening of the leprosy infection, relapse
and leproreactions are more frequent. Moreover, a downgrading phenomenon may
occur in pregnancy, shifting the disease toward the anergic lepromatous pole.
Relapses are more frequent between the second and third month of pregnancy and
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between the third and sixth month after delivery. In these periods it is therefore
necessary to perform bacteriological controls. The onset of type 1 reactions occurs
immediately after delivery, while type 2 reactions are more common in the first
three months and the last trimester of pregnancy.

A prospective study of 120 term pregnancies in Ethiopian women with leprosy
showed that the mean birth weight of babies was 3.075 + 61.1 g in tuberculoid or
borderline tuberculoid cases, 2.985 + 69.9 g in borderline lepromatous leprosy and
2.558 £ 60.5 g in lepromatous leprosy, versus 3.280 + 87.6 in babies born of healthy
mothers (36 pregnancies). Respiratory problems were a significant cause of neona-
tal mortality in babies of LL mothers [298].

The histological examination of placentae did not reveal alterations. Acid-fast
bacilli were not present at routine microscopy, but with concentration methods were
found in 2 of 7 placentae of women with very active leprosy [298, 299]. The weight
of children with mothers affected by leprosy appears low in the first 2 years of life as
compared to the weight of children of healthy mothers (weight in healthy con-
trols > TT and BT > BL > LL). Child mortality in the first 2 years was 22%, 12%, 10%
and 10% for babies of LL, BL, BT, and TT mothers and healthy controls, respectively.
Breast feeding should be continued for 2 years, with supplementary feeding intro-
duced at 6 months [297].

M. leprae has been found on the fetal side of the placenta [300]; 5% of babies
born of mothers with active LL had self-healing indeterminate leprosy under the age
of 2 years and anti-M. leprae antibodies of the IgA, IgG and IgM classes [301].
Separation of mother and baby at birth is not advised, nor is it necessary for a nursing
mother to wear a gown and mask when handling and suckling the baby. Prophylactic
administration of anti-leprosy drugs to the baby is probably not necessary because
the drugs generally pass the milk barrier (as also the placenta). Moreover, clofazi-
mine would stain the baby’s skin red [297].

In the event of pregnancy, antenatal care and supervision of leprosy should
always be carried out. Termination of pregnancy, surgically or pharmacologically, is
not effective in preventing pregnancy-associated neuritis. In the event of reactiva-
tion of the leprosy or the development of new nerve damage, a minimum of 1 year’s
course of multibacillary multidrug treatment should be given [297].

5.15 Leprosy and HIV Coinfection

The data on the prevalence of HIV are still on the increase in many nations where
leprosy is endemic. It could therefore be expected that in geographic areas with an
overlap of the two infections the number of coinfected patients would also be rising.
Fortunately, global data seem to depict only a non significant increase in leprosy and
HIV coinfection [69, 302].

An interesting aspect of the pathogenesis of leprosy in patients with AIDS and a
low T CD4+ cell count is what is called the granuloma paradox, consisting in an
apparent preservation of the ability to form granuloma among these patients, unlike
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what is observed in M. tuberculosis and HIV coinfected patients. It has been seen
that the histopathological features of leprosy appear to be maintained in coinfected
patients [68]. Recently, however, in contrast with the above granuloma paradox,
some studies have shown a possible impact on leprosy of HIV-infection, highly
active antiretroviral therapy (HAART) and multidrug therapy [303].

The most common form of leprosy in coinfected patients is BT. Most cases have
been reported in association with an immunopathological phenomenon called the
immune reconstitution inflammatory syndrome (IRIS). IRIS manifests in a subgroup
of AIDS patients who undergo an apparent clinical deterioration despite the T CD4+
cell count improvement induced by HAART [303-308].

A particularly important point in leprosy-HIV/AIDS coinfection is to diagnose
those patients with peripheral neurological manifestations. This can be confused
with neuropathy associated with HIV itself, or with stavudine and other nucleoside-
analogue reverse-transcriptase inhibitors. In this context, a correct interpretation of
the specific tests is essential [303].

There have recently been shown to be some clinical sub-groups among patients
with leprosy-HIV/AIDS coinfection: 1. true coinfection, consisting of HIV-positive
patients that do not fulfill AIDS criteria and are not, therefore, taking HAART; the
clinical behavior is similar to that in immune competent subjects. 2. Opportunistic
leprosy disease, that includes AIDS patients not receiving HAART, and that usually
presents as multibacillary leprosy; in this group the leprosy is an opportunistic
mycobacteriosis, as could be expected in immunosuppressed subjects. 3. HAART-
related leprosy: AIDS patients presenting all clinical forms of leprosy, related or not
to IRIS, come within this group. Combined HAART and multidrug therapy might
cause an upgrading shift within the leprosy clinical spectrum, that could be revealed
by long-term follow-up [303].

5.16 Leprosy Reactions

Nerve damage is the worst problem in the course of leprosy, leading to impairment
and permanent disability. If it were not for this damage, leprosy would actually be a
“rather innocuous” skin disease [309]. The main causes of the nerve damage are the
acute episodes that can arise during the chronic course of the disease, linked to
changes in the host immune response to M. leprae antigens and denominated
leproreactions.

There are two possible types of reactions: a type 1 leprosy reaction (T1R), or rever-
sal reaction, and a type 2 leprosy reaction (T2R), or erythema nodosum leprosum
(ENL). The former is observed in borderline leprosy and the latter in the lepromatous
part of the spectrum (BL and LL) (Tables 5.15 and 5.16).

A third type of reaction can also occur, known as Lucio’s phenomenon (or Lucio-
Alvarado phenomenon), that does not generally include nerve damage and is
observed in patients affected by diffuse lepromatous leprosy, or Lucio-Latapi leprosy
in the lepromatous pole of the spectrum.
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Table 5.15 Characteristics of type 1 reactions

1. More common in borderline borderline and borderline lepromatous patients than in
borderline tuberculoid patients

2. Erythema and swelling of preexisting cutaneous lesions. Appearance of new lesions

3. Worsening of neuritis with inflammation, edema, and pain
Onset of neuritis

4. Usually lesions with increase of infiltrate (lymphocytes, epithelioid and giant cells) and
edema
Decrease of bacterial index. Immunological response characteristic of cell-mediated
immunity

5. Increase of pro-inflammatory cytokines (IL-1, IL-2, IL-12, IFN-y, TNF-a)

6. The cause of the reaction is unknown

Table 5.16 Characteristics of type 2 reactions

1. In about 20% of lepromatous and 10% of borderline lepromatous patients

2. Painful papules and nodules. Edema of hands, feet and face

3. Usually, neuritis is milder than in a type 1 reaction

4. Systemic symptoms: fever, joint swelling and pain, proteinuria and malaise, myalgia,
hepatosplenomegaly, orchitis, lymphadenitis, glomerulonephritis

5. Histologically, presence of neutrophils, lymphocytes, plasma cells, and histiocytes
Vasculitis is the major event, with necrotizing changes

6. Immune complex mediated disease with some degree of cell-mediated immune response

. Evidence in lesion sites of chemokines, cytochines, and immune complexes

8. The function of T cells is ill defined

~

5.16.1 Type 1 Reaction

In the past, various names had been used for this type of reaction but today it is
called the type 1 leprosy reaction, while the term reversal reaction is discouraged.

Skin manifestations can precede, accompany or follow the nerve damage. The
TIR is characterized by an exacerbated inflammatory state of the preexisting skin
lesions. The macules previously slightly erythematous or hypopigmented, become
red and oedematous, forming plaques and sometimes these will ulcerate. New
lesions may appear and in particular in BL there may be edema of the face and the
extremities (Fig. 5.47) [214, 310-312]. Patients may also complain of a burning and
stinging sensation on the skin lesions, of pain at the extremities and loss of strength
and/or sensory perception.

Histopathology of the lesions demonstrates all the features of the delayed-type
hypersensitivity reaction. The initial lesions may present moderate edema with a
minor proliferation of fibroblasts. Later, the edema will intensify and the cellular
composition of the epithelioid cell granuloma will change, showing an influx of
lymphocytes, mainly of the CD4+ subtype and especially of type 1 helper T cells
(Th 1) class [313, 314]. Methods for detection of mRNA show increases of INF-v,
IL-2 and TNF-a, confirming the shift to the Th 1 subtype during the reaction [315,
316]. During a T1R, humoral immunity appears to be diminished, although B cells
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Fig.5.47 Type 1
reaction. Edema of the
face with plaques and
nodules in borderline
leprosy patient

are present [317]. However, a shift to Th 2 activity may occur since in some lesions
there is an increase of IL-4 [315]. During the reaction or its later regression, an
increased number of CD8+ (suppressor/cytotoxic) cells will be observed.

Damage to the peripheral nerves is the main consequence of a TIR, caused by the
immunologic reaction and by mechanical factors. During a T1R, inflammation and
edema of the nerves occurs, similar to the conditions affecting the skin. Edema is
present at the level of the perineurium and endoneurium. The perineurium, that is
impermeable to fluids, forms a rigid compressing tube around the expanding endo-
neurium: the resulting pressure rise within the nerve leads to axonal compression. As
a consequence, there will be a loss of conducting nerve fibers and thus loss of mus-
cular strength and peripheral sensation. The intra-axonal flow, which transports
nutrients from the cell to the peripheral nerve ending, is interrupted and the periph-
eral fibers die and are destroyed [318]. At the same time, there is an increased pres-
sure also in the vessels that cross the perineurium, and in particular in the venules.
This increases the pressure in the capillaries, which leak an exudate that further exac-
erbates the pressure within the endoneurium. This “venous stasis” edema is self-
maintaining even after the immunological factors have reduced [18, 318].

During a TIR the circulating lymphocytes show an increased immune response
toward M. leprae antigens [318]. When the reaction subsides, the immune response
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also decreases. However, it is still not known which of the M. leprae antigens are
involved in the reaction because heterogeneous findings have been recorded not only
among different patients but also, in the course of time, in the same patients, when
the maximum CMI response changes from one antigen to another [319].

The triggering cause of a T1R is unknown. It is thought that chemotherapy may
have arole. In fact, in many cases the reaction occurs after some months of treatment,
leaving the patient with more damage but with a decreased bacillary load. This is
why the term “reversal” was coined. But the reaction also occurs in untreated patients
and it has been noted that it is followed by an increased number of solid bacilli also
in treated patients [320]. The bacilli increase disappears only after the reaction has
settled, showing that this is an upgrading reaction.

The disappearance of bacilli in one reaction and not in another has given rise to the
concept of upgrading and downgrading reactions. In an upgrading reaction the disease
course is inverted and the disease shifts along the spectrum toward the tuberculoid
pole or else may resolve. During a downgrading reaction the CMI does not determine
the inversion of the disease course; the bacilli continue to multiply and the disease
shifts along the spectrum toward the lepromatous pole. On this basis, the concept of
protective and non protective immunity has been developed [321]. It has been sug-
gested that during an upgrading reaction the immunity is directed against antigenic
determinants that are essential for the bacterium to survive (“protective” antigens),
whereas during a downgrading reaction the immunity is directed toward “non protec-
tive” antigens [322].

5.16.2 Type 2 Reaction

The term erythema nodosum leprosum usually used to indicate this reaction is referred
to the most common manifestation, that is the eruption of papules and nodules. The
onset of these lesions is observed during the course of a few hours, and they resolve
after a few days.

The nodules are reddish-purple in fair-skinned patients and dark red in dark-
skinned patients. On resolution, the lesions leave bluish desquamation areas in fair-
skinned, and dark brown areas in dark-skinned patients. The nodules, that have
subintrant course, can aggregate and form confluent plaques that may also ulcerate.

These lesions will particularly affect the face (Fig. 5.48), back, buttocks (Fig. 5.49)
and extensor surfaces of the arms and thighs (unlike the lesions of true erythema
nodosum, that electively present on the pretibial surface). The nodules, that can often
be felt at palpation, are painful and have a hard consistency.

This reaction generally shows an episodic trend and has a variable duration ranging
from a few days to about two weeks. It usually affects patients in treatment and only
rarely untreated patients. Sometimes the lesions are recurrent for months or years, and
so have a chronic trend.

Like T1R, T2R also affect the peripheral nerves, with pain and edema due to
venous stasis. It also involves the lymph nodes, liver and spleen, that are enlarged
and painful. There may be episodes of iridocyclitis with glaucoma and orchitis and



234 D. Bonamonte et al.

Fig.5.48 Type 2
reaction (erythema
nodosum leprosum).
Nodular lesions

Fig.5.49 The same patient as in Fig. 5.48
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epididymitis, and possibly inflammatory phenomena of the tendons, muscles and
kidneys. The patient will suffer malaise and fever and there will be leukocytosis and
proteinuria.

In the initial phases of a T2R there is a modest increase in the lymphocytes,
especially perivasally (unlike the histological findings in BL and LL). Most of these
lymphocytes will be CD4+ (helper/inducer) cells. They will increase still further as
the reaction progresses, exceeding the number of CD8+ (suppressor/cytotoxic)
cells, whereas these are the majority in lepromatous lesions. The number of IL-2
receptors on immunocompetent cells increases. In the most active phase of a T2R
the histological picture is dominated by neutrophils. The presence of IgG, IgM and
complement, as well as M. leprae antigens, is demonstrable in the lesions.

The pathogenic mechanism of a T2R can be summarized as an infiltration of the
tissues by Th 1 cells, stimulated in a specific or nonspecific manner (viral infec-
tions), that stimulate the B cells present in loco to produce antibodies. These anti-
bodies precipitate, binding to the M. leprae antigens that are present in great
quantities and thus giving rise to immune complexes. The subsequent activation of
complement and granulocytic chemotaxis is what provokes the tissue damage.

In the peripheral blood the involvement of both humoral immunity (immune
complexes) and cellular immunity (an in vitro increased leukocyte response to mito-
genic factors) is demonstrated.

A T2R can also be triggered by various nonspecific factors such viral infections
(the most common cause), stress, pregnancy or oral therapies with potassium iodide.

5.16.3 Lucio’s Phenomenon

Patients with Lucio-Latapi leprosy may develop a reaction, also known as the
Lucio-Alvarado phenomenon. Usually, it begins at the level of the feet and moves
upward, affecting the legs, thighs, arms, trunk, and finally the face. It presents as
painful erythema spots of different shapes, some angular or “stellar”, and variable
sizes. By 24-48 h later they appear slightly infiltrated; by the third or fourth day,
they have become dark with a purpuric appearance and subsequently present central
necrosis that causes them to appear as a small blister. Finally, a red dark eschar is
formed, which falls off some days later, leaving a pearly-white atrophic scar. The
whole process lasts about 15 days [323].

In some cases, flaccid blisters develop, especially on the legs, that evolve into
ulcerations of variable sizes and depths, with well-defined borders (Figs. 5.50 and
5.51). These are followed by systemic symptoms, such as fever, shivers, arthralgia,
myalgia, and general malaise [324, 325].

The histopathology shows epidermal necrosis, ulceration, and features of diffuse
lepromatous leprosy in the dermis with numerous acid-fast bacilli in the endothelium
and in the tunica media of the vessels [326-328]. A panvasculitis of both superficial
and deep vessels is present. In particular, a lobular panniculitis is observed, the
medium-sized arteries being infiltrated by macrophages resulting in narrowing of the
lumens, occlusion, and ischemic changes [328].
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Fig.5.50 Lucio’s
phenomenon with
extensive ulcers

Immunopathologically, the tissue damage has been considered to be mediated by
immune complexes, as proven by the deposit of these immune complexes and IgG
in blood vessels [285].

Lucio’s phenomenon must be differentiated from other forms of acute cutaneous
necrotizing vasculitis.
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Fig.5.51 Lucio’s
phenomenon with
extensive necrotizing
vasculitis

5.17 Nerve Damage

Leprosy is a multisystemic disease that affects tissues originating from the embry-
onic ectoderm, specifically the skin, mucosa and peripheral nerves. It does not affect
the central nervous system [329-334].

In leprosy the neuropathy has three long-standing phases of evolution: parasit-
ization of the Schwann cells by M. leprae, during which phase the clinical expres-
sion is asymptomatic or minor; this lasts from 3-5 to 10 years; the acute and
subacute periods, due to type | and type 2 reactions, during which there are intense
symptoms with sensory and motor loss and pain (lasting up to 10 years); finally, the
third phase is characterized by late nerve impairment, caused mainly by the intra-
dermal fibrosis leading to interstitial neuropathy [333].
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The neuropathy affecting leprosy patients is primarily demyelinating but fre-
quently leads to axonal loss during its evolution. The bacilli specificity to Schwann
cells is well known, and is not selective of one type of fiber: the involvement of fibers
is universal.

5.17.1 Pain

Neuropathic pain develops in damaged nerves and may coexist with the nociceptive
pain in both types of reactions. The symptoms may appear spontaneously, and be
constant or intermittent, or may be stimulus-evoked. Paraesthesia is very common.
Spontaneous painful sensations include burning, stabbing, stinging, squeezing,
cramp, aching, shooting, and “pins and needles”; stimulus-evoked pain includes
disaesthesia, allodynia, hyperalgesia, and hyperpathia [332, 334].

It should be borne in mind that even in successfully treated patients a chronic neu-
ropathy may develop as a delayed manifestation, that will severely affect the quality
of life [335, 336].

5.17.2 Sensory Component

Sensory loss precedes motor loss in almost all patients. The sensory loss is to light
touch, pain and temperature and the pattern of loss varies according to the tempera-
ture of the part, the coolest parts of the body being affected first, while the warmest
are spared. On the face, the nose and ears are the first to become insensitive, then the
parts overlying prominent bones, such as the chin, cheek bones, zygoma and the
bone of the forehead. The lips are spared, as well as any part that is regularly covered
with thick hair, but the shaven scalp loses sensation, as does the bald head.

On the hands and feet, the loss of sensation is on the dorsum first and later on the
palms and soles. At the level of the limbs, the antecubital fossae and popliteal fossae
are spared and will remain sensitive for a long time. In very advanced lepromatous
leprosy, the whole body may be insensitive, with the exception of the axillae, perineum
and under a bushy head of hair. Clothing may affect the pattern of sensory loss but
only if warm clothing is worn almost all the time [4].

5.17.3 Autonomic Component

The most important autonomic manifestation is sweating loss in areas with sensory
loss. The sweating loss in skin lesions is associated with loss of hair growth, of
sebaceous secretions, and poor pigment formation. In advanced stages of the dis-
ease, on the skin there are also trophic changes due to capillary stasis, cyanosis and
dryness, which predispose to fissuring. Cardiac denervation and postural hypoten-
sion have also been reported [332].
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Autonomic function can be checked with histamine testing, that reveals the
absence of secondary erythema, and pilocarpine nitrate testing, that shows the
absence of blue spots [336].

5.17.4 Motor Component

Studies of this aspect have shown that the posterior tibial nerve is the most fre-
quently affected, followed by the ulnar, median, lateral popliteal and facial nerves.
Ulnar and median nerve lesions are generally low, affecting small muscles but not
causing deep flexor weakness, and anaesthesia of two halves of the hand. Common
peroneal nerve lesions cause difficulty in dorsiflexion and eversion of the foot and
anaesthesia of the outer border of the foot, a combination that predisposes to trau-
matic damage and plantar ulceration. Posterior tibial nerve lesions cause paralysis
and contractures of the small muscles of the foot and anaesthesia of the sole [337].

5.18 Ocular Leprosy

Compared to other bacterial infections, leprosy has the highest incidence of ocular
involvement [338, 339]. Worldwide, this is estimated to be 70-75%; about 10-50%
of leprosy patients suffer from severe ocular symptoms, and blindness occurs in
about 5% of these patients [340]. The most common causes of blindness are corneal
disease secondary to lagophthalmos and chronic iritis. Patients with borderline and
lepromatous leprosy are more often affected than those whose disease is nearer to
the tuberculoid pole, or with indeterminate leprosy.

M. leprae often invade the anterior segment of the eyes because it is the coldest
part of the bulb. The entry of M. leprae into the eyes presumably occurs through the
blood vessels of the ciliary body and from there, via small autonomic nerves, they
invade the iris. The ciliary body nerves destruction can extend over time to the pos-
terior ciliary nerves, beyond the posterior pole of the eyeball and laterally to the
optic nerve [341].

5.18.1 Eyeball Adnexa Changes

Madarosis (loss of eyebrows and eyelashes) (Figs. 5.52 and 5.53) is due to direct M.
leprae invasion of the hair follicles and subsequent atrophy. Madarosis occurs in
25.7% of patients and is more frequent in the multibacillary forms [342, 343].
Trichiasis (an inward misdirection of the lashes due to loss of support of the lash fol-
licles secondary to M. leprae infiltration) is present in about 1-9% of patients [343].
It causes cornea irritation, punctate epithelial erosions and pannus in severe cases.
Thickened eyelids from direct infiltration of M. leprae is present in 5% of
cases. Ptosis (an abnormally low position of the upper eyelid) is the result of
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Fig.5.52 Lateral loss of
eyebrows in cured
lepromatous leprosy
patient

direct infiltration of the bacilli or may be due to oculomotor (third) cranial nerve
involvement. Entropion (an inversion of the eyelid) is present in up to 6% of
patients, while ectropion of the lower lid (an outward turning of the eyelid from
the globe) is caused by facial nerve involvement, and is observed in about 0.5-6%
of the cases [343].

A decreased blinking rate (hypometric blink) and lagophthalmos (inability to
fully close the eye) are linked to nerve damage, as a result of orbicularis oculi
muscle weakness or paralysis due to damage of the zygomatic branch of the cranial
nerve in tuberculoid and borderline leprosy. An abnormal blinking pattern is pres-
ent in 24.8% of patients [344]; lagophthalmos occurs in up to 20% of patients and
is bilateral in 5% [345]. Paralytic lagophthalmos is a progressive condition and
causes further severe complications. In tuberculoid and borderline leprosy, lagoph-
thalmos is caused mainly by a type 1 reaction in the face. Tearing may be caused
by chronic dacrocystitis or a blocked naso-lachrymal duct, and occurs in up to 2%
of patients.

5.18.2 Leprosy of the Surface of the Eye

Conjunctivitis is due to direct primary M. leprae infection. Pterygium may also occur
in up to 21% of patients. In patients on long standing multidrug therapy, as a side-
effect of cumulative doses of clofazimine and a form of toxicity, conjunctival crystal-
line deposits occur; these deposits do not affect the vision and in both eyes look like
polychromatic crystalline deposits, along with a brownish-red discoloration in the
interpalpebral region of the conjunctiva [346, 347].
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Corneal nerve beading results from the primary infection and is more evident at
the lepromatous end than the tuberculoid end of the spectrum. Corneal hypoesthesia
or anesthesia result from massive corneal nerves invasion by M. leprae, mainly in
long standing multibacillary leprosy. The reduced corneal sensation may contribute
to tear production (these patients are at risk of developing keratoconjunctivitis sicca
or dry eye, observed in about 4% of cases) and to an abnormal blinking pattern and
lagophthalmos. There are many risk factors for corneal ulceration. Corneal opacifi-
cation and corneal scarring result from superficial exposure keratopathy. Corneal
opacities, that may be mild, moderate or severe, often lead to unilateral visual
impairment or blindness, rather than bilateral blindness.

5.18.3 Intraocular Changes

Iridocyclitis is more often seen in multibacillary patients compared with paucibacil-
lary patients. It is caused by direct M. leprae invasion, or may be neuroparalytic or
autoimmune. Leprosy iridocyclitis may present clinically as chronic or acute irido-
cyclitis, iris pearls, or nodular lepromata. Circumcorneal congestion, keratitic pre-
cipitates (Fig. 5.54), synechiae and pupil abnormalities are the manifestations of
uveitis. Iris atrophy is very frequent in multibacillary patients, as well as myotic
pupils (small, showing poor dilatation with mydriatic drugs).

Fig.5.53 Loss of
eyebrows and eyelashes in
cured lepromatous leprosy
patient
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Fig.5.54 Loss of
eyelashes, conjunctivitis,
and corneal pannus in
lepromatous leprosy
patient

Fig.5.55 Loss of
eyebrows and eyelashes,
blindness, and
telangiectasiae in
lepromatous leprosy
patient

Cataract (lens opacification reducing the vision) is more common in multibacil-
lary patients, and is age-related in the majority of these. Various authors have con-
cluded that corneal disease, secondary to lagophthalmos, and chronic iritis are the
most common causes of blindness (Fig. 5.55) [348]. Glaucoma is present in 10% of
patients, in most cases secondary to uveitis [349].
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5.19 Ear, Nose and Throat Involvement

5.19.1 TheEar

In tuberculoid and borderline cases the great auricular nerve (sensitive nerve run-
ning from the second and third branches of the cervical plexus) is large and palpa-
ble. Loss of sensation in these areas is of no great significance. Moreover, we should
remember that this nerve is sometimes palpable even in healthy subjects. A more
severe problem is the involvement of the facial nerves, that may lead to partial or
total paralysis of the facial mimicry muscles. This damage also leads to lagophthal-
mos. In lepromatous leprosy the skin of the ear pavilions is commonly infiltrated.
The lobe and helix are particularly at risk of bacilli infiltration due to their lower
temperature (Fig. 5.56); in fact, the ear lobe is a standard sampling site for skin
smears.

5.19.2 The Nose

In the borderline lepromatous form and especially the lepromatous form, the nasal
cavity is always involved. Firstly there will be thickening of the mucosa, that will
appear pale or yellowish; then plaques or nodules will develop, infiltrating the sep-
tum and the inferior turbinates, above all. As the process evolves, nasal obstruction
will develop, and possible ulceration of the cartilage and nasal bones. In advanced
stages the classic triad will be evident: saddle nose (Fig. 5.57), perforation of the
septum and atrophic rhinitis with malodorous crusts. The formation of scar tissue
can lead to partial or total stenosis of the upper airways.

The importance of the nose involvement has to do with the nasal secretions, in
particular, because, as is well known, this is the main excretion site of bacilli. Through
their nasal secretions patients release millions of bacilli into the environment every
day; a 24 h collection of nasal mucus revealed a count of 1.5 x 10° bacilli [107].

Fig.5.56 Nodular
infiltration of helix and lobe
in lepromatous leprosy
patient
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Fig.5.57 Lepromatous
leprosy. Saddle nose, loss
of eyebrows and
eyelashes, and
telangiectasiae

5.19.3 The Throat

The oral cavity, oropharynx and larynx are not affected in the tuberculoid and bor-
derline forms, but are infiltrated in the lepromatous form. On the hard palate, pale,
opaque nodules will be evident. The uvula, soft palate and tonsils may be affected,
while the tongue, lips and cheek mucosa are less commonly involved. As the pro-
cess evolves there will be ulceration, periostitis, necrosis and scar formation.

The infiltration may extend to the pharynx and larynx, reducing as it descends
toward the respiratory tract. The most severely affected part is the epiglottis, likely
because it is more exposed to the cold air inhaled.

5.20 SystemicInvolvement

Despite its predilection for the peripheral nerves and skin, M. leprae can also be local-
ized in other organs, where it arrives through the lymphatic or hematic route. A vis-
ceral localization is frequent in the lepromatous pole of the spectrum: bacillaemia is
present in 88% of lepromatous forms and in 50% of borderline lepromatous forms; it
subsides after 2-3 months of multidrug therapy. In patients with tuberculoid leprosy



5 Leprosy 245

the bacilli are present in particular in organs with a rich content of reticuloendothelial
tissue, where they likely localize before the cell-mediated immune response has
gained momentum. To date, only one case of lepromatous hepato-splenic leprosy with
no skin and nerve localization of M. leprae has been reported [350]. In any case, vis-
ceral localizations are not useful for diagnostic purposes.

5.20.1 Lymph Nodes

After the skin and the peripheral nerves, the lymph nodes are the next most frequent
localization of M. leprae. In indeterminate leprosy the lymph nodes are spared. In
tuberculoid leprosy, in 60% of cases the lymph nodes draining the affected skin
regions present granulomas consisting of epithelioid cells, Langhans cells and lym-
phocytes. There may also be some bacilli.

In lepromatous patients, the lymph nodes are enlarged and have a hard consis-
tency; those most affected include the supraclavear, axillary and inguinal nodes. At
histology, the granulomas consist of macrophages containing isolated bacilli or
bacillar globi; foamy cells are also present. In a type 2 reaction the lymph nodes are
very enlarged and painful, and have a floating consistency. The inguinal, axillary,
cervical and epitrochlear lymph nodes are affected. At histology, granulomas with
neutrophils and macrophages containing bacilli are observed.

5.20.2 Liver and Spleen

After the lymph nodes, the most frequent visceral localization is the liver, affected in
both the tuberculoid and lepromatous forms. In one third of lepromatous patient hepa-
tomegaly is observed, with altered functional parameters in more advanced stages.
The histological picture will vary according to the clinical form of the leprosy. In
general, there will be agreement of the bacterial index at the skin and liver levels.

The spleen is involved only in lepromatous patients in the advanced stage. Histology
shows granulomas with macrophages containing bacilli, that generally have a granular
morphology.

5.20.3 Bones

The bone marrow can be involved, prevalently in lepromatous patients. The bone
alterations may be specific or nonspecific. The former, with the presence of bacilli,
are relatively rare and observed in lepromatous patients with advanced disease. The
small bones of the hands, feet and nose are affected. At histology, the infiltrate is
seen to invade the periosteum and destroy the bone trabeculae. In fact, fractures of
the hands may be observed even after no apparent trauma, that manifest with sudden
edema. In advanced stage lepromatous patients, proliferative periostitis of the tibias
(“saber tibia”) can develop.
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Most bone lesions are nonspecific. On the hands and feet, the skin appears xerotic
and hypoaesthesic, and since it undergoes continual trauma because of the deformity,
it is highly subject to infections and ulceration. Over time, these will involve the bone
structures and contribute to the distal reabsorption of the phalanges.

5.20.4 Testicles and Other Organs

In lepromatous patients orchiepididymitis is frequent, leading to bilateral testicular
atrophy. M. leprae reaches the testicles through the bloodstream, favored by their
low temperature. In advanced stages there may be fibrosis. In the course of type 2
reactions, the testicles become edematous and painful. Acute orchiepididymitis can
also be the only manifestation of this reaction.

In 8-20% of lepromatous patients in the advanced stage, gynecomastia is pres-
ent. The onset is due to various factors and not only linked to testicular involvement,
even if this is present in 90% of these patients. Affected subjects show a reduction
of the excretion of 17-ketosteroids and increased gonadotropins.

In severe, advanced stages the adrenal glands and kidneys can also be involved.
The latter will be affected in particular in the course of a type 2 reaction due to the
presence of immune complexes; glomerulonephritis, with haematuria and albumin-
uria, is the most common cause of death linked to leprosy infection.

The central nervous system is notoriously exempt: if there is a decline or loss of
deep reflexes and the appearance of pathological reflexes then the diagnosis of lep-
rosy can be excluded.

In patients suffering from severe, repeated type 2 reactions, amyloidosis can
develop, featuring amyloid deposits on the liver, kidneys, spleen and adrenal glands.

5.21 Diagnosis and Prognosis

In view of the severity of the disease from the individual standpoint, due to the dis-
abling sequelae and social emargination, it is essential that the diagnosis be “cer-
tain” and made as early as possible.

The symptoms that most often bring the sufferer to the doctor are the skin lesions:
trauma and indolent burns, as well as macules, papules, plaques, nodules with a
chronic, non pruriginous evolution, that are not painful and do not respond to com-
mon treatments. In endemic nations, the skin and peripheral nerve lesions are suf-
ficient for the diagnosis, while in nations with sporadic cases microbiological and
histological investigations are necessary.

It should be remembered that the disease onset may also be in an acute form draw-
ing the picture of a type 2 reaction, that can be triggered by pregnancy, delivery, con-
comitant diseases, vaccinations. In the indeterminate form there will be no lesions of
the nerve trunks, and in the lepromatous form the skin lesions will precede the nerve
damage. Finally, the possibility of a presentation of pure neuritic leprosy without skin
lesions, as described by some Indian authors, should also be borne in mind.
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The finding of acid-fast bacilli in skin lesions is not enough in itself to make a
certain diagnosis of leprosy. In mycobacteriosis due to environmental nontubercu-
lous mycobacteria, a similar histopathological picture to that of hyperergic leprosy
(abundant lymphocytes and epithelioid cells) can coexist with multibacillary micro-
biological findings similar to those of anergic leprosy forms. This incongruence,
together with the possibility of in vitro culture of the bacilli, will exclude the diag-
nosis of leprosy. Also the presence of acid-fast bacilli in the nasal mucosa does not
have diagnostic value because in the nasal fossae there may be environmental
mycobacteria. On the other hand, negative skin and nasal microbiological findings
do not exclude the leprosy diagnosis.

Therefore, the diagnosis must be formulated on the basis of clinical, microbio-
logical and histopathological criteria. It should be noted that although there are no
pathognomonic skin lesions for leprosy, these must be associated with peripheral
nerve damage. M. leprae can be inoculated in the mouse footpad, where a typical
growth pattern will ensue: after a latency of about 3 months the multiplication phase
will start. This test must be employed, together with other specific investigations
(serological and instrumental) when the above-described three criteria are not con-
cordant [351-353].

Diagnostic difficulties arise in particular in indeterminate leprosy (there is no
involvement of peripheral nerves and the diagnosis may be suspected only in the
presence of bacilli, even in limited numbers) and tuberculoid forms (microbiological
tests and antibody titers are of little aid). A history of staying in a nation with endemic
leprosy and of contact with leprosy patients is not a valid diagnostic criterion.

Once the diagnosis of leprosy has been made it is time to proceed with the clini-
cal classification of the disease form. On all accounts therapeutic attempts used as
“diagnosis ex adiuvantibus” are to be avoided.

From the prognostic standpoint, the specific antibacterial therapy is highly effec-
tive, with low relapse rates, although it needs to be administered for many months. In
untreated patients the disease evolves toward severe forms and leaves irreversible
sequelae. Borderline patients are at risk of type 1 reactions, which may result in dev-
astating nerve damage. Patients with a borderline lepromatous form can also suffer
type 2 reactions, like those with a lepromatous form. It is impossible to predict which
patients will develop reactions or nerve damage.

5.22 Differential Diagnosis

Leprosy tends to be over-diagnosed in endemic countries and under-diagnosed in non-
endemic countries. Among the new patients seen in the period 1995-1999 at the
Hospital for Tropical Diseases in London, diagnosis had been delayed in over 80% of
cases [353]. Patients had been misdiagnosed by dermatologists, neurologists, orthope-
dic surgeons, and rheumatologists. A delayed diagnosis has serious consequences for
patients, over half of whom will develop nerve damage and disability.

The differential diagnosis with some of the skin and nerve diseases resembling
leprosy is reported below.



248 D. Bonamonte et al.

5.22.1 Macular Lesions

Birthmarks are abnormally pigmented but otherwise physiologically normal. Vitiligo
lesions are depigmented, whereas leprosy lesions are never completely depigmented.
In hypopigmented lesions of pityriasis alba in children, the surface is often scaly and
smears do not contain acid-fast bacilli. Pityriasis versicolor is not always scaly, but
the central distribution on the trunk and the presence of minute distinct macules are
quite unlike the characteristics of lepromatous macules. Tinea corporis lesions may
have a vesicular edge and be itchy, while these symptoms are absent in tuberculoid
patches, and scraping usually reveals the fungus.

5.22.2 Plaques and Annular Lesions

In addition to the above-mentioned ringworm, granuloma multiforme, sarcoidosis
and cutaneous tuberculosis may resemble tuberculoid leprosy, having a similar
immunological basis and often a comparable histological pattern. However, the
lesions are not anesthetic and there is no nerve thickening except very exception-
ally in sarcoidosis [354]. Granuloma annulare may simulate tuberculoid leprosy,
but there is no sensory loss or nerve thickening and the histological appearance is
different.

5.22.3 Nodules

Nodules are observed in cutaneous leishmaniasis, but usually they are crusted over
and ulcerate after some weeks or months, and they are seldom as numerous as those
of lepromatous leprosy. Slit-skin smears, appropriately stained, reveal leishmania,
and the leishmanin test is positive. Lesions of the rare, diffuse form of cutaneous
leishmaniasis can be confused with those of lepromatous leprosy but not after exami-
nation of slit-skin smears. Post-Kalaazar dermal leishmaniasis in India and East
Africa has a similar distribution and appearance to the cutaneous lesions of leproma-
tous leprosy [355].

Erythema nodosum leprosum may be mistaken for other forms of erythema nodo-
sum or for Weber-Christian syndrome, a relapsing, febrile, non-suppurative, nodular
panniculitis.

5.22.4 Nerves

Peripheral nerve thickening is rarely seen except in leprosy. Hereditary sensory
motor neuropathy type III is associated with palpable peripheral nerve hypertro-
phy. Amyloidosis, that can also complicate leprosy, presents with thickening of
peripheral nerves. Peroneal muscular atrophy (Charcot-Marie-Tooth disease) is an
inherited neuropathy with distal atrophy and weakness; nerve biopsy is, however,
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characteristic. Other polyneuropathies, such as those caused by HIV infections,
diabetes, alcoholism, vasculitides, and heavy metal poisoning, should be consid-
ered in the differential diagnosis.

5.22.5 Eye Involvement
Finally, in endemic countries there are many diseases of the eye that may mimic

leprosy, such as trachoma in particular, in which trichiasis and ectropion follow scar-
ring of the lids, and onchocerciasis, which causes uveitis and its complications.

5.23 Treatment
Treatment is based on five important principles:

1. Halt the infection with chemotherapy

2. Treat reactions and reduce the risk of nerve damage

3. Teach the patient how to cope with existing nerve damage, in particular
anaesthesia

4. Treat complications of the nerve damage

5. Rehabilitate the patient, both socially and psychologically

5.23.1 Chemotherapy: First-Line Drugs

In ancient times, leprosy was treated with topical agents or injections into the
skin lesions. Vegetable oil preparations was used, such as hydnocarpus or chaul-
moogra oil, the ripe seed of Hydnocarpus wightiana (family Flacourtiaciae) or
Taraktogenos kurzi (family Bixaceae). The active ingredient of this oil, chaul-
moogric acid (2-cyclopentenyltridecanoic acid: a cyclic fatty acid found among
hydrolysis products of the glycerides of chaulmoogra oil) did demonstrate some
antileprosy actions [356].

Nowadays, the backbone of the treatment is multidrug therapy (MDT) consisting
of dapsone, clofazimine, and rifampicin [3, 357-361].

5.23.1.1 Dapsone (4,4-Diaminodiphenylsulfone, or DDS)

This was introduced in the treatment of leprosy in 1946 by Faget [361]; a bacterio-
static drug, it acts by competitive inhibition of dihydrofolate synthetase and dihy-
drofolate reductase, key enzymes in the folate biosynthesis pathway in M. leprae
[362]. In patients on dapsone monotherapy, killing of bacilli occurred over a period
of 3—6 months and complete clinical regression in 2-3 years. With this drug, as with
all the others, the first to resolve are the mucosal lesions (resulting in clearing of
nasal passages, subsidence of epistaxis and a decrease of the foul smell from the
nose), and then the skin ulcers. Instead, the regression of nodules and skin
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thickening starts later. Nerve thickenings, sensorimotor loss, and trophic ulcers
respond very slowly and often incompletely.

Despite early reports of widespread resistance, it remains a very useful drug
with MDT regimens. Its role in the paucibacillary MDT regimen is to prevent the
emergence of rifampicin-resistant organisms. In combination with clofazimine, as
used in the multibacillary regimen, dapsone has a bactericidal efficacy, although
this is not as powerful as the bactericidal activity of single-dose rifampicin. At a
dosage of 100 mg daily, dapsone is used in both MDT regimens for leprosy.

Dapsone is generally well tolerated. Among side effects (Table 5.17), mild
hemolytic anemias are common, and the hemolysis is dose-dependent. Severe
hemolytic anemias are rare except in patients with a glucose-6-phosphate deficiency.
Agranulocytosis has been reported in rare cases. At the dose of 100 mg per day, dap-
sone can cause methaemoglobinemia, but this is usually asymptomatic unless there is
hypoxaemia secondary to lung disease. Gastrointestinal disturbances with anorexia,
nausea and vomiting may occur. There have been occasional reports of delayed hyper-
sensitivity reactions presenting as “dapsone syndrome”, whose skin manifestations
are similar to the Stevens-Johnson syndrome. The onset of this syndrome is usually
observed 4-6 weeks after the beginning of treatment; the drug must be discontinued
because it can be associated with significant morbidity and mortality. The syndrome
manifests with exfoliative dermatitis, fever, generalized lymphadenopathy, and hepa-
tosplenomegaly. Dapsone is obviously contraindicated in patients who are allergic to
any of the sulfa drugs.

Dapsone is well absorbed orally and is distributed throughout body fluids. Its
plasma half-life is 28 h, and there is some drug retention up to 3 weeks; 80% of
dapsone is excreted as metabolites in urine: the dosage must therefore be reduced in
cases with renal failure [361].

Table 5.17 Side effects of first-line drugs for leprosy

Drug Side effects

Dapsone Hemolytic anaemia (in G6PD deficiency)
Hepatotoxicity
Methaemoglobinemia

Agranulocytosis (rare)
“Dapsone syndrome”
Gastric intolerance
Clofazimine Reddish brown pigmentation of the skin (in 75-100% of cases)
Ichthyosis and dryness (in 8—28% of cases)
Corneal xerosis
Erythroderma
Acne-like eruptions
Rifampicin Trombocytopoenia
Hepatotoxicity
Renal failure
Flu-like syndrome (chills, shivering, fever, headache, bone and joint pains)
Gastrointestinal symptoms (nausea, vomiting, diarrhea, pain)
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Folic acid antagonists, such as pyrimethamine, may increase the risk of hae-
matological reactions with dapsone, and so patients must be monitored for agran-
ulocytosis in the second and third months of treatment. Dapsone can inhibit the
anti-inflammatory effects of clofazimine. The concomitant administration of
rifampicin can decrease the levels of dapsone because of an increased renal
clearance [361].

5.23.1.2 Clofazimine

This is an aminophenazone brick red dye which binds to mycobacterial DNA, that
both inhibits the mycobacterial growth and exerts a bacteriostatic effect on M. lep-
rae. It has also anti-inflammatory properties (via the stimulation of prostaglandin
E2 synthesis, inhibition of neutrophil motility, and suppression of Th 1 cells) and so
it is used at higher doses (200-300 mg daily) in type 2 reactions [363], where it acts

Fig.5.58 The same patient
as in Figs. 5.33 and 5.34.
Hyperpigmentation due to
clofazimine
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Fig.5.59 The same
patient as in Fig. 5.58

as a steroid-sparing agent, thereby permitting lower doses of steroids. Reports of
resistance to clofazimine are extremely rare.

Clofazimine is very well tolerated at the normal dosages of MDT regimens, that is
300 mg monthly and 50 mg daily for adults. However, it frequently causes darkening
(Figs. 5.58 and 5.59) and dryness of the skin. The conjunctiva are also affected. Darker
skin colors are more susceptible to this hyperpigmentation, that develops during the
third month of treatment and resolves in a period ranging from 6 to 36 months after
suspension of the drug.

The accumulation of clofazimine in the macrophages possibly interferes with
their capacity to process and present antigens, thereby preventing their mobilization
and activation, IL-2 release, and clonal expansion [363]. Clofazimine is also
excreted through breast milk and can cause mild discoloration of the infant’s skin.
The prolonged use of high-dose clofazimine induces strong skin pigmentation and
ichthyosis, and rarely, gastrointestinal side-effects due to crystal deposits in the
intestinal tract (Table 5.17).

The oral absorption of clofazimine is very variable. It has a long half-life, of
approximately 70 days, and is distributed throughout the reticuloendothelial tissue. It
binds to lipids and is released slowly. It is largely unmetabolized and excreted through
the bile, less than 1% being passed in the urine [361].

Dapsone can inhibit the anti-inflammatory action of clofazimine. The contempo-
rary administration of clofazimine and aluminum- or magnesium-containing antac-
ids should be avoided because they reduce the absorption of clofazimine. Clofazimine
is active against dapsone-resistant M. leprae.
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5.23.1.3 Rifampicin

The only bactericidal component of MDT against M. leprae, this drug was intro-
duced in 1970. It acts by selectively inhibiting bacterial DNA-dependent RNA poly-
merase and blocking RNA synthesis [364-368]. It is also effective against
dapsone-resistant bacilli. A single dose of 600 mg of rifampicin is capable of killing
99.99% of the viable M. leprae [364]. The WHO Study Group recommended
600 mg once-monthly supervised doses for adults. This dosage has the same effi-
cacy as the daily dose and the advantages of lower rates of adverse effects, as well
as being very cost-effective for leprosy control programs. Unfortunately, these ben-
efits were immediately superseded by the emergence of resistance caused by muta-
tion in the rpoB gene, which encodes the beta subunit of RNA polymerase.
Rifampicin resistance probably developed as a result of its use in monotherapy or in
combination with dapsone in dapsone-resistant patients [368].

Although the protocol stipulates the monthly dose, rifampicin occasionally
causes flu-like symptoms, thrombocytopenia, hepatitis and renal failure.
Moreover, it characteristically produces a reddish-brown color in urine, sweat,
tears, and saliva.

The drug taken by mouth is rapidly absorbed, with a peak serum concentration
2 h after the administration of 600 mg. About 80% is transported in the blood
bound to plasma proteins, mainly albumin; following deacetylation in the liver,
rifampicin becomes more microbiologically active. It is excreted in bile and
urine, so excretion is slower in patients with an impaired liver and kidney func-
tion (Table 5.17).

Co-administration of rifampicin with isoniazid may increase the risk of hepato-
toxicity. Because it induces cytochrome P450 microsomal enzymes, rifampicin may
therefore decrease the efficacy of various drugs (barbiturates, benzodiazepines,
beta-blockers, corticosteroids, cyclosporin, oral contraceptives) [364].

The evidence that rifampicin is acting not only as an antibiotic in leprosy, but
very likely also as a biofilm dispersing agent, is of recent date [369]. Rifampicin is
a potent biofilm disperser: it “pokes holes” in the biofilm, allowing other animicro-
bials (dapsone and clofazimine) to penetrate and kill the M. leprae (protected while
they were in the biofilm) [369, 370]. Clofazimine, on the contrary, does not have the
same biofilm-dispersing capability, and so it acts both as an antibiotic and as an anti-
inflammatory agent [264, 369].

5.23.2 Drug-Resistant Mycobacterium leprae

As with streptomycin when it was used as monotherapy for tuberculosis, second-
ary dapsone resistance rapidly developed during the 1950s, because it was the only
drug available [371]. Primary dapsone resistance, that is to say resistance in a
patient never previously treated with dapsone, was first confirmed in Ethiopia in
1977 [372]. After the introduction of MDT, dapsone resistance gradually declined.
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Rifampicin resistance is rare outside Brazil. The widespread use of ofloxacin is
worrying; more cases have been reported in India than in Brazil. Ofloxacin has been
used in leprosy almost always in combination with rifampicin and minocycline (so-
called ROM treatment). However, the development of resistance is linked not to the
employment of ROM but rather to the widespread use of ofloxacin to treat minor
infections, such as respiratory and urinary tract infections.

In the past, the mouse footpad technique was carried out to monitor drug resis-
tance. This technique is no longer used for this purpose because the results only
became available after 6-9 months. Thanks to the knowledge of the M. leprae
genome, it is now possible to identify resistance-causing mutations using molecular
techniques in a matter of hours, rather than months [371]. Mutations in the folP1
gene have been found to be responsible for dapsone resistance. Mutations in the
rpoB gene are linked to rifampicin resistance and those in the gyrA gene to resis-
tance to fluoroquinolones [373]. Owing to the fact that the mode of action of clo-
fazimine is still unknown, no molecular method is available to detect clofazimine
resistance; nevertheless, very few cases of resistance have been suspected clinically,
or confirmed using the mouse footpad technique.

5.23.3 Multidrug Therapy

The introduction of MDT in 1982 approved by the WHO Expert Committee was
one of the most important events in the history of the fight against leprosy. The treat-
ment immediately became the standard of care and since 1995 it has been supplied
by WHO free of charge to all endemic countries. The concept of administering the
combination of several drugs is based on the estimate that a subject with leproma-
tous leprosy harbors about 11 logs of live organisms. Of these, the proportion of
naturally occurring drug-resistant mutants is estimated to be in 1 in 7 logs for rifam-
picin and in 1 in 6 logs each for dapsone and clofazimine. Bacilli resistant to one
drug should be susceptible to the other drugs in MDT because their mechanisms of
action are different. With MDT, the probability of emergence of mutant resistance
to one of the other two drugs is reduced to 1 in 13 logs, a negligible proportion [374]
(Table 5.18).

Initially, the duration of treatment with MDT was very long (e.g., 24 months or
until smear negativity), with the accompanying disadvantages of a decrease in com-
pliance, and the development of resistance, and relapse. This was then changed to a
fixed-duration treatment (FDT) for 12 months for multibacillary, and 6 months
(FDT-12/6) for paucibacillary groups of patients. Following this scheme, the number
of relapses was found to be insignificant, and so in 1997 FDT-12/6 was introduced
worldwide.

Multibacillary leprosy included LL, BL and BB cases in the Riddley-Jopling
classification, with a bacteriological index of 2 or more at any site in the initial skin
smears. Paucibacillary leprosy included indeterminate, TT and BT cases in the
same classification, with a bacteriological index of <2 at all sites in the initial skin
smears.



5 Leprosy 255

Table 5.18 Therapeutic schemes recommended by WHO

1. PB Leprosy

Adults:
-Rifampicin 600 mg/month (supervised)
-Dapsone 100 mg/day (unsupervised)

Children 10-14 years:
-Rifampicin 450 mg/month (supervised) For 6 months
-Dapsone 50 mg/day (unsupervised)
Children below 10 years:
-Rifampicin 300 mg/month (supervised)
-Dapsone 25 mg/day (unsupervised)

2. MB Leprosy

Adults:
-Rifampicin 600 mg/month (supervised)
-Clofazimine 300 mg/month (supervised)
+50 mg/day (unsupervised)
-Dapsone 100 mg/day (unsupervised)
Children 1014 years:
-Rifampicin 450 mg/month (supervised)
-Clofazimine 150 mg/month (supervised) For 12 months
+50 mg alternate-daily (unsupervised)
-Dapsone 50 mg/day (unsupervised)
Children below 10 years:
-Rifampicin 300 mg/month (supervised)
-Clofazimine 100 mg/month (supervised)
+50 mg/twice weekly (unsupervised)
-Dapsone 25 mg/day (unsupervised)

PB paucibacillary, MB multibacillary

Table 5.19 Clinical classification of leprosy

Symptoms Paucibacillary leprosy Multibacillary leprosy

Skin lesions (macules, papules, Up to 5 lesions More than 5 lesions

plaques, nodules) Hypopigmented or erythematous Symmetrical distribution
Asymmetrically distributed Loss of sensation
Definite loss of sensation

Nerve damage (loss of sensation Only 1 nerve trunk Many nerve trunks

or weakness of muscles)

In 1993, the WHO Study Group on Chemotherapy of leprosy decided that
approaches based on clinical classification may be required if reliable facilities for
the bacteriological examination of skin smears are not available; it also recom-
mended that when the classification is in doubt, the patient should be treated as hav-
ing multibacillary leprosy [368]. Since then, many programs have based the
classification on clinical criteria: the essential feature is based on the number of
lesions, especially the skin lesions. The assumption is that the protective immunity is
inversely correlated to the number of lesions, and so multibacillary cases have a
higher number of lesions or affected body areas than paucibacillary cases (Table 5.19).
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To simplify the treatment schedule for patients, WHO in collaboration with
Novartis Pharma (Switzerland) supply MDT in “blister packs”. Each blister pack
contains treatment for 4 weeks. The patient must visit the leprosy center monthly to
collect the monthly blister pack and to swallow the monthly supervised doses in
front of a leprosy worker/doctor. The patient must then observe regular self-
administration of the rest of the drugs in the blister pack [359].

It is important that the standard MDT is continued unchanged during pregnancy.
Through breast milk, small quantities of the antileprosy drugs are excreted; however,
no adverse effects have been reported other than a mild discoloration of the infant due
to clofazimine.

The information available indicates that in patients with concomitant HIV infec-
tion the standard MDT does not need to be modified. Patients affected by leprosy
and tuberculosis require standard antituberculosis therapy in addition to MDT for
leprosy; only rifampicin is common to the two regimens, and it must be given at the
dosage required for tuberculosis.

With MDT the relapse rate is very low (0.1% per year for paucibacillary groups
and 0.06% per year for multibacillary groups on average), and there is also a low fre-
quency of side effects. Unfortunately, not all centers report good results with the MDT
regimens. Most of the problems have arisen with the paucibacillary regimen due to
various possible classification errors: subjects classified as paucibacillary on the basis
of clinical criteria alone who were in fact multibacillary [368]. For this reason, WHO
is now exploring possibilities of introducing other treatment methods.

5.23.4 Novel Drugs and Treatment Regimens

Despite the efficacy of MDT, various other antibiotics have been tested to ensure a
wider choice and overcome the problem of drug resistance, as well as to address the
aim of reducing the treatment duration, that is considered to be still too long [359,
375-379].

The following drugs have been considered the most efficacious: quinolones
(ofloxacin, pefloxacin, sparfloxacin, and moxifloxacin), tetracyclines (minocy-
cline), macrolides (clarithromycin), and rifampicin derivatives (rifapentine).

The use of quinolones in the treatment of leprosy was discovered two decades
ago. After the failure of various regimens, now the focus is on monthly administra-
tions of ROM (intermittent therapy) for 12 months for multibacillary and 6 months
for paucibacillary leprosy:

Rifampicin 600 mg + ofloxacin 400 mg + minocycline 100 mg, once a month.

A number of other new regimens with various combinations of the above drugs
have been proposed [359, 375].

Ofloxacin, one of the fluoroquinolones, has a bactericidal effect against M. leprae.
Side effects include nausea, diarrhea and other gastrointestinal complaints, and a vari-
ety of central nervous system complaints, such as insomnia, headaches, dizziness, and
nervousness. The bactericidal effect of minocycline against M. leprae is greater than
that of clarithromycin, but much less than that of rifampicin. Its side effects include



5 Leprosy 257

discoloration of the teeth in infants and children; occasional pigmentation of the
skin and mucous membranes, and various gastrointestinal symptoms and central
nervous system complaints. It should not be given to children and pregnant women.
Clarithromycin displays a significant bactericidal activity; side effects include nau-
sea, vomiting, and diarrhea.

5.23.5 Special Treatment Regimens

A single administration of ROM regimen has been shown to work in new patients
classified as having single-lesion paucibacillary leprosy.

In subjects who are unable to take rifampicin due to side effects, concomitant
diseases (chronic hepatitis), or resistance, the recommended WHO protocol is as
follows:

Ofloxacin 400 mg/day + minocycline 100 mg/day + clofazimine 50 mg/day for
6 months and then clofazimine 50 mg/day + ofloxacin 400 mg/day or minocycline
100 mg/day for the following 18 months.

In multibacillary patients who refuse to take clofazimine because of skin discol-
oration, the WHO recommend the following alternative:

Rifampicin 600 mg + ofloxacin 400 mg + minocycline 100 mg (ROM) once a
month for 24 months.

In patients who cannot take dapsone because of side effects, the WHO recom-
mend the following regimens:

1. In multibacillary patients: standard MDT without dapsone (only rifampicin and
clofazimine).

2. In paucibacillary patients: rifampicin 600 mg/months + clofazimine 300 mg/
month + clofazimine 50 mg/day for 6 months.

5.23.6 Treatment of Leprosy Reactions

Leprosy reactions, that can occur during or after the specific treatment, must be
treated as emergencies. The immunological alterations that induce these acute epi-
sodes are sometimes so violent as to provoke hypertrophic nerve damage leading to
paralysis and neurotrophic deficits, that can result in severe and irreversible sequelae.

During leproreactions the appropriate leprosy MDT is continued without any
interruption.

5.23.6.1 Type 1 Reaction (Reversal Reaction)

This is caused by the increased patient cell-mediated immunity against M. laprae.
In association with neuritis, the following treatment is recommended: physical rest,
immobilization of the limb (corresponding to the damaged nerve), and systemic
corticosteroid therapy with prednisone at the dosage of 1 mg/kg/day. Corticosteroid
therapy must continue, even when the patient is better, at the same initial dosage for



258 D. Bonamonte et al.

2-3 weeks. After the third week, the dosage can be very gradually tapered, by
approximately 2.5 mg/week, for a total treatment period of 5-8 months. The treat-
ment may need to be prolonged, especially in cases of BB and BL leprosy. This is,
of course, a very general scheme, because each patient is an individual case.

During reactions, patient surveillance is fundamental because without adequate
corticosteroid treatment, the damage caused by neuritis could be permanent. If the
neuritis attack does not decrease after 5-6 days, surgical external decompression of
the affected nerve is recommended.

In the presence of only skin lesions (without neurological signs), sedatives and
analgesics (non steroid anti-inflammatory drugs: e.g. acetylsalicylic acid) drugs are
sufficient.

5.23.6.2 Type 2 Reaction (Erythema Nodosum Leprosum)

This is due to an imbalance of humoral immunity and the formation of circulating
immune complexes. In general, this type of reaction seems to be less common in
patients treated with MDT than those treated with dapsone in monotherapy, likely
due to the anti-inflammatory activity of clofazimine. Treatment will vary accord-
ing to the severity of the reaction, its duration and the organs affected. A mild type
2 reaction can be treated with rest and analgesic or antipyretic drugs such as aspi-
rin. Instead, severe forms, often accompanied by neuritis, must be treated with
prednisone, like a type 1 reaction, or thalidomide. The latter is the drug of choice,
although its teratogenicity and the difficulty in obtaining it restrict its use.
Thalidomide is absolutely contraindicated in women during their fertility cycle,
even if a contraceptive is used, because of the interaction between rifampicin and
oestroprogestinic drugs. Thalidomide also poses other problems, the worst of
which is the development of a sensory neuropathy if used for a long time. The
initial dosage is 400 mg/day in two administrations. Patients improve quickly, and
the dosage must be tapered when the attack is under control. Thalidomide can be
used only in referral centers because it needs to be strictly controlled, and its rou-
tine use in the field is difficult. In Europe it can only be prescribed through hospi-
tal pharmacies.

Clofazimine, at the dosage of 300 mg/day, should have good effects as an anti-
inflammatory drug, but it is less potent than corticosteroids and often takes
4-6 weeks to develop its full effects, so it should never be started as the sole agent
in severe cases. However, clofazimine may be extremely useful in order to reduce or
withdraw corticosteroids in patients with chronic or recurrent reactions. The dosage
can be given in three divided daily doses to minimize the gastrointestinal side
effects; the total duration of high-dose clofazimine therapy should not exceed
12 months. Obviously, skin pigmentation can limit its prescription.

5.23.6.3 Lucio’s Phenomenon

There is no consensus as to the therapy for Lucio’s phenomenon, and controversies
as regards its management have arisen [285]. Some studies have reported no suc-
cess with thalidomide, although in some cases it was administered in low doses.
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Up to now, however, thalidomide has been regarded as the treatment of choice, due
to its anti-TNF-a effect. It has therefore been postulated that other anti-TNF-a
drugs could be useful, such as pentoxyphylline, infliximab, and etanercept, mainly
in patients for whom thalidomide is contraindicated, or in countries where it is
restricted due to its teratogenicity [285].

5.23.6.4 Leprosy Reactions in Pregnancy

Appropriate leprosy MDT should be continued throughout pregnancy. For the treat-
ment of a type 2 reaction or leprosy neuritis, clofazimine 100 mg can be given three
times daily: it is safe and effective, but crosses the placenta and goes into breast milk
(which will be a pinkish color). After delivery, mothers should be advised that
regurgitated milk may be colored pink, that this shows that the mother’s clofazimine
is reaching the baby via the breast milk, and that clofazimine may temporarily dis-
color the baby’s skin [297].

5.23.7 Surgical Treatment
This is performed to address neurological complications of leprosy.

5.23.7.1 Nerve Surgery

During a type 1 reaction, if the patient does not show an improvement after
4-5 days of corticosteroid treatment and if important nerves are inflamed, surgery
is strongly recommended: external decompression is possible by opening the
osteofibrous canal [375]. The nerves which can be affected are the ulnar at the
elbow, median in the carpal tunnel, common peroneal near the peroneal neck, and
posterior tibialis in the medial retromalleolar region. The surgery is simple and can
carried out anywhere by general surgeons. It must be supported by systemic corti-
costeroid therapy [375].

5.23.7.2 Palliative Surgery

This is aimed at restoring most movements which have been lost or limited. The
claw hand deformity can be corrected with the transfer of tendons, capsule shorten-
ing, and arthrodesis. The steppage gait due to affection of a lower limb can be cor-
rected with anterior transposition of the posterior muscles (not affected by
neuropathy). Plastic surgery may be done to treat osteocartilagineous deformities of
the face (nasal pyramid).

5.23.7.3 Surgery of Sequelae

Neurotrophic problems, such as chronic plantar ulcers, osteoarthritis, and phalan-
geal osteolysis, may be treated with amputations, suppuration cleansing, and
grafts. This surgery must be carried out together with health education of the
patient to prevent the relapse of plantar ulcers (daily skin care, orthopedic soles and
shoes, etc.) [375, 380].
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5.24 Prophylaxis

Isolation of the patients is absolutely useless. Paucibacillary patients are considered
non contagious, and multibacillary patients non contagious after one dose of 600 mg
rifampicin.

5.24.1 Chemoprophylaxis

Pharmacological prophylaxis in patients who live in endemic countries is not advis-
able [375]. The risk of infection is so small that lifelong drug administration is not
recommended. In addition, some studies have failed to demonstrate the efficacy of
this method, and the risk of M. leprae developing resistance in monotherapy is very
high [42, 375].

5.24.2 Immunoprophylaxis

The hunt for a vaccine as a means of primary prevention of leprosy is still ongoing.
Various drugs and biologicals attempted as immunotherapeutic and immunopro-
phylactic agents are based on cultivable mycobacteria, such as the Indian Cancer
Research Centre bacillus, Mycobacterium w (Mw), Mycobacterium habana, bacil-
lus Calmette-Guérin (BCG), M. vaccae, and drugs like levamisol and zinc. Of these,
Mw and BCG have been most closely studied [359].

Theoretically, the Mw (renamed Mycobacterium indicus pranii after elucidation
of the full genome) vaccine acts by mediating the release of various cytokines and
chemokines involved in the stimulation of T-cell migration and natural killer cells.
Given along with MDT in multibacillary patients, this vaccine results in faster clear-
ance of dead bacilli from the body and thus may be helpful in preventing the occur-
rence of leprosy reactions. Unfortunately, in clinical trials the results did not live up
to this expectation [381].

At an early stage, it was recognized that BCG could possibly also protect against
leprosy, and several vaccine trials using BCG were carried out, often in combination
with M. leprae or related mycobacterial vaccines [382, 383].

Meta-analyses have confirmed the protective effect of BCG against leprosy
[382-385]. A recent study showed a variable protection of BCG vaccination in dif-
ferent study areas, ranging from 20% to 90%, and presented evidence for protection
at a young age; the results are inconsistent when vaccination is carried out at an
older age. BCG efficacy appeared to be significant higher among contacts of leprosy
patients than among the general population: 68% versus 53% [63]. A study con-
ducted in Brazil indicated a possible increased risk of tuberculoid leprosy in the first
months [386].

The ideal vaccine, that would induce strong, long-lasting T-cell responses
directed against M. leprae and that would both prevent disease and reduce bacterial
transmission, is still lacking.
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5.25 Control

The “control” of leprosy does not only mean protecting the community against the
infection but also treating and rehabilitating patients, as well as providing the gen-
eral population with proper, complete information about the disease.

Now that new cases are becoming ever rarer in most endemic countries, it is no
longer necessary to apply intensified, population-based approaches for case detec-
tion and to target preventive interventions such as chemoprophylaxis and immuno-
prophylaxis to total population groups, with the possible exception of small, highly
endemic pockets of leprosy [42].

Since the greatest risk of exposure to the infection is through close contacts with
new untreated cases, future leprosy control strategies should be addressed to prevent
these contacts. The strategy has three main objectives: case detection, case manage-
ment, and contact management. The first two include early case detection, appropri-
ate treatment, prevention of disabilities and social action to reduce stigma [387].

Contact surveys, recommended in national and international guidelines and rou-
tinely performed in the past, have long been neglected in many countries due to the
lack of resources. The strategy based on early case detection and treatment with
MDT is not sufficient to interrupt the transmission of M. leprae and significantly
reduce the incidence of leprosy [42, 388]. Therefore, well-developed contact man-
agement approaches are needed, focused not only on household contacts (which, as
is well known, pose an increased risk for leprosy), but also extended to neighbors
and consanguineous relatives, especially in cases of multibacillary patients [389].
A contact survey, when properly performed in a control area, could probably reduce
the transmission of the bacilli [390].

At the same time as the contact survey, a combined approach could be adopted,
providing both chemoprophylaxis (which offers a relatively short protective win-
dow, of approximately 2 years) and immunoprophylaxis (which provides long-term
protection). Bearing in mind that rifampicin and BCG containing live mycobacteria
cannot be given at the same time, chemoprophylaxis could be administered during
a first visit and immunization during the second visit at least 4 weeks later [42].

Another important component of contact-based preventive strategy would be
reliable, valid, simple diagnostic tests to establish both the disease and type of
infection.

Currently available tests based on antibody responses to M. leprae phenolic gly-
colipid I are only effective for detecting infection in multibacillary patients and do
not accurately predict the development of disease in subclinical cases [391, 392].
Instead, for control purposes it is important to establish whether leprosy contacts are
infected, and still more importantly, whether their organism will control the infec-
tion or develop the disease, in which case they should receive prophylactic treat-
ment. The triad of detection of subclinical infection, treatment, and prophylaxis
(scientific evidence of the efficacy of chemoprophylaxis with single-dose rifampi-
cin and immunoprophylaxis with BCG has accumulated), when appropriately
applied in household contacts of leprosy patients, should reduce the incidence of the
disease in the general population [392].
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Leprosy is a disease that has extremely severe effects on the social life of the
patient and community. Health education is therefore an essential component of
any control campaign, addressed to both patients and the community. The general
population should be made aware that leprosy is a curable disease, that does not
require compulsory isolation of the sufferer, who can be treated at home. It must
also support the patient, who must not fear ostracism. Patients should know that
deformities are not an inevitable consequence of leprosy if early diagnosis and
treatment are ensured, and the drugs are taken regularly. Patients should also
undergo periodical control visits, and be instructed about how to manage the dis-
ease and any complications responsibly. The age-old reaction to this disease of fear
and repulsion should be eradicated because otherwise a complete control of lep-
rosy can never be achieved.
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Nontuberculous Mycobacteria
and Skin Infection

Domenico Bonamonte, Pietro Verni, and Gianni Angelini

The current high level of interest in disease induced by nontuberculous mycobacteria
(NTM) is due not only to the frequent association with AIDS, but also to the strong
evidence of pulmonary and extrapulmonary diseases in the general population [1-12].
Moreover, NTM infections are emerging in previously unreported sectors, and exhib-
iting new clinical manifestations. Undoubtedly, the increased evidence of the disease
is also attributable to methodological improvements in mycobacteriology laborato-
ries, that have enabled the isolation and rapid, accurate identification of the various
species and the clinical characteristics of some peculiar clinical pictures [7].

6.1 Taxonomy

Mycobacteria other than the Mycobacterium tuberculosis complex and M. leprae,
here referred to as NTM, are rife in the environment and have been known, in part,
since the discovery of the tubercle bacillus in the late 1800s. These microorganisms

LIRS

were previously given a variety of names, such as “atypical”, “anonymous”, “myco-
bacteria other than tuberculosis”, “environmental”, “environmental opportunistic”,
and, most commonly, “nontuberculous mycobacteria”. Various species of these

NTM have been associated with many diseases since the 1930s and 1940s [13, 14].
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Currently, more than 170 NTM species have been cataloged: a comprehensive
list of all validated NTM species can be found online at www.bacterio.net/mycobac-
terium.html. Thanks to the improved microbiological techniques for the isolation of
NTM, and in particular to molecular techniques and the development of 16S rRNA
gene sequencing in order to define new species, there has recently been a dramatic
increase in the total number of mycobacteria, as well as the number of clinical sig-
nificant species [7]. The American Thoracic Society and the Infections Disease
Society of America issued a joint document on this topic in 2007: “An official ATS/
IDSA statement: diagnosis, treatment, and prevention of nontuberculous mycobac-
terial diseases” [7]. Various other not-for-profit foundations have been established
for further research into NTM diseases [9].

Mycobacterial taxonomy has changed since DNA sequencing became readily
available: the mycobacterial 16S rRNA gene was shown to be highly conserved,
and differences in the sequence by 1% or more generally indicated a new species
[15, 16].

Four groups of human pathogens are recognized to belong to the Mycobacterium
genus: the M. tuberculosis complex, M. leprae, slowly growing NTM, and rapidly
growing species. NTM were classified by Runyon according to their growth rate
and pigment formation (Tables 6.1 and 6.2) [17]. Types I, 11, and III, slow growers,
take 7 or more days to grow and are told apart by their coloration. If the pigment is
produced only on exposure to light, they are photochromogens (type I); if pigment
is produced even in the dark, they are scotochromogens (type II); if they are not

Table 6.1 Classification of nontuberculous mycobacteria according to Runyon (modified, by [9])

M. asiaticum
M. kansasii
M. marinum
M. simiae

/-Type | (photochromogens)

M. scrofulaceum
M. szulgai

M. haemophilum
MAC

M. terrae

M. ulcerans

M. xenopi

M. abscessus

M. chelonae

M. fortuitum

Nontuberculous

mycobacteria \._Type Il (non chromogens)

Rapid growers
¢7 days) Type IV

M. flavescens
/
Slow growers.< Type Il (scotochromogens) M. gordonae
(>7 days) P 9


http://www.bacterio.net/mycobacterium.html
http://www.bacterio.net/mycobacterium.html
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Table 6.2 Differential characteristics of some nontuberculous mycobacteria of dermatological
interest

Optimal Growth

temperature  speed Pigmentation

Mycobacterium °C) (days) light dark Pigment formation =~ Type
M. abscessus 28 3-7 v
M. asiaticum 37 15-21 G M Photochromogen 1
M. avium complex 37 10-21 M-G M-G  Nonchromogen 111
M. chelonae 28-35 3-7 M M v
M. flavescens 37 7-10 G G Scotochromogen II
M. fortuitum 28 3-7 M M v
M. gordonae 37 10-25 G G Scotochromogen 11
M. haemophilum 30 14-28 GR GR Nonchromogen 111
M. kansasii 37 10-21 G M Photochromogen 1
M. marinum 30 5-14 G M Photochromogen I
M. scrofulaceum 37 10-14 G G Scotochromogen 1T
M. simiae 37 7-14 G M Photochromogen 1
M. szulgai 37 14-28 G G Scotochromogen 11
M. terrae 37 10-21 M M Nonchromogen 1
M. ulcerans 32 10-28 M M Nonchromogen 111
M. xenopi 42 28-40 G G Nonchromogen 1

M brown, G yellow, GR gray

strongly pigmented, they are nonphotochromogens (type III). Rapid grower myco-
bacteria (RGM) grow in less than 7 days but more slowly than most other bacteria.
Species identification is of course recommended in all cases, also and above all to
guide treatment selection [9].

6.2 Epidemiology

NTM are widely distributed in the environment, demonstrated by high isolation
rates worldwide [18, 19]. NTM can be found in soil and water, including both
natural and treated water sources. Using the same methods, environmental myco-
bacteria isolates have been shown to be the same in different geographic areas
[18, 19]. NTM have been found in coastal swamps and adjoining streams and in
forests, especially those with a lot of peat. Most recently, NTM have also been
demonstrated in substantial concentrations in biofilms takes from shower-heads
[20]. Health risks associated with NTM in shower-heads have still to be fully
elucidated; nevertheless, some authors have suggested that shower usage may be
“contraindicated in persons with compromised immune or pulmonary systems”
[20]. Some NTM, such as M. kansasii, M. xenopi, and M. simiae, are present
almost exclusively in municipal water sources and rarely, if ever, in other envi-
ronmental sources [7].
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There is no evidence of animal-to-human or human-to-human transmission of
NTM [21-23], nor has it been observed even in subjects with cystic fibrosis,
although this population is highly susceptible to opportunistic infections [24].
In man the infection is invariably contracted from the environment, even if the
source is not always known [25]. NTM can induce both asymptomatic infection in
humans, as demonstrated by both antibody and skin tests studies, and symptomatic
infection. Skin tests studies in adults indicate that a large percentage of them had
presumably contracted an asymptomatic NTM infection at an earlier date [26, 27].
Reactions to skin tests derived from NTM are not sufficiently species-specific to
indicate which nontuberculous mycobacterium could be responsible for asymptom-
atic infections, and cross-reactivity with M. tuberculosis infection likely contributes
to some of the reactions. In these patients, asymptomatic infection has not been
shown to lead to latent infection so, unlike in tuberculosis, there is currently no
evidence that NTM are associated with reactivation disease [7].

In developed countries there seems to have been an increase in NTM infections
in recent years, but it is not clear where this is a true increase or just reflects better
detection. In industrialized countries, the incidence of these infections ranges from
1 to 1.8 cases per 100,000 subjects [27]. The most common agent is the M. avium
complex (MAC). The clinical manifestation most frequently observed is lung dis-
ease, although lymphatic, skin, soft tissue, and disseminated forms are also com-
mon [28, 29].

An Indian study demonstrated that the increase in NTM diseases is a worldwide
phenomenon, not limited to more developed countries [30].

It has been suggested that tubercular infection and vaccination with M. bovis bacil-
lus Calmette-Guérin may have a protective immunological role against NTM infec-
tions. The reduced frequency of tuberculosis is, indeed, concomitant with the increase
in NTM infections. In Sweden, a marked increase in cervical lymphadenitis was
observed after the law on compulsory BCG vaccination in infants was repealed [31].

6.3  Pathogenesis

In the last three decades, important discoveries have been made about the pathogenic
mechanism underlying NTM infections. In patients with HIV infection, disseminated
NTM infections typically occur only after the number of CD4+ T-lymphocytes drops
below 50/ul: this implies that specific T-cell products or activities serve to confer
resistance to mycobacteria [32, 33]. In HIV-unaffected subjects, disseminated NTM
infections are associated with genetic syndromes, specific mutations in IFN-y and
IL-12 synthesis and response pathways [34, 35]. There is also an association between
disseminated, often fatal NTM forms and cell-mediated immunosuppression, due for
instance to chemotherapy for neoplastic disease, or to organ transplant.
Mycobacteria are phagocytized by macrophages, which respond by producing
IL-12, that in turn up-regulates IFN-y [36]. IFN-y activates neutrophils and macro-
phages to kill intracellular pathogens, including mycobacteria. IFN-y and IL-12 con-
trol mycobacteria, to alarge extent through the up-regulation of TNF-a, predominantly
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induced by monocytes/macrophages. The major role of TNF-a in controlling intra-
cellular infections has been clarified through the use of TNF-a blocking agents [37].
The potent TNF-a blocking antibodies infliximab and adalimumab, and the soluble
receptor etanercept, are effective anti-inflammatory agents and lead to relatively high
rates of development of active tuberculosis in subjects with latent infection [38, 39].

Even if the degree of risk posed by TNF-a blocking agents in predisposing to
NTM infections is still not entirely clear, it is commonly believed that patients with
active NTM disease should receive TNF-a blocking agents only if they are also
receiving adequate therapy for the NTM disease [7].

NTM strains can enter the organism through the gastrointestinal or respiratory tract,
or less commonly by inoculation. In the respiratory tract, NTM are inhaled from water,
dirt, dust, or other aerosols, and in most cases are handled by innate host defenses,
mainly mucociliary clearance and coughing, and so do not cause disease [40].

6.4 Diagnosis

In the last ATS/IDSA Statement on Nontuberculous Mycobacterial Disease, diag-
nostic criteria for NTM infections are reported [7].

Specimens for mycobacterial identification and susceptibility testing can be col-
lected from almost all body areas. Great care must be taken to avoid potential
sources of contamination, especially tap water, in which mycobacteria are often
present. Specimens must be sent without fixatives in sterile, leak-proof, disposable,
labeled, laboratory-approved containers. When transport to the laboratory is delayed
for more than 1 h, samples must be refrigerated at 4 °C; they can also be shipped or
mailed with refrigerants such as cold packs [7, 11].

Obtaining body fluids or abscess fluids by needle aspiration or surgical proce-
dures is recommended; swabs are not because they generally yield limited culture
material (they must be saturated with sample fluid) and are subject to drying out. In
the case of tissues, the sample must not be wrapped in gauze or diluted in liquid
material; small pieces of tissue can be immersed in sterile saline. For blood samples,
various commercial mycobacterial blood culture systems are available.

For all mycobacteria, the best staining method is the fluorochrome technique;
alternative less sensitive methods are Ziehl-Neelsen and the Kinyoun stain. In cases
of RGM, however, the fluorochrome method may not be useful. In any case it should
be borne in mind that negative smears do not necessarily mean that there are no
bacilli, especially RGM, in a sample.

Mycobacteria must be cultured in both solid and broth (liquid) media for the detec-
tion and enhancement of growth. The optimal temperature for most cultures for NTM
is between 28 and 37 °C. Most slowly growing mycobacteria grow well at 35-37 °C,
except for M. haemophilum (that prefers temperatures from 28 to 30 °C) and M. ulcer-
ans (it grows at 25-33°C). RGM and M. marinum must be incubated at 28-30 °C [7].

Samples of skin, joint fluid, and bones must be incubated at 28-30 °C and at
35-37 °C. Most NTM grow within 2-3 weeks on subculture but M. ulcerans takes
at least 8—12 weeks in incubation. RGM generally grow in 7 days.
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For clinical-therapeutic purposes, species-level identification of the NTM, not
merely as groups, is important. In this regard, consultation between the clinician
and the laboratory operator (of a reference laboratory) is vital: the clinician must
provide the laboratory operator with indications to guide the phenotypic (growth
rate, pigmentation, incubation temperatures) and above all genotypic identification
(there are many commercially available molecular probes) of the NTM [7].

The role of in vitro susceptibility testing in the management of patients with
NTM infections is still highly debated. For some NTM the in vitro response to sus-
ceptibility tests is confirmed in vivo in the clinical response to antimicrobial drugs
but for others (MAC) there is no correspondence between the in vitro and in vivo
response. It must therefore be remembered that unlike TB, some NTM infections
may not be eradicated by treatment based on in vitro susceptibility results [7].

The search for bacilli in clinical samples is not always positive and will any-
way be paucibacillary: microscopy shows a sensitivity ranging between 22—-78%
as compared with culture [3]. The histology of NTM skin infections is not pecu-
liar, and granulomatous tubercular findings are rare whereas aspecific inflamma-
tory signs are common. Skin tests have poor specificity: cross-reactions are very
frequent (Fig. 6.1), as are false-negative responses in immunocompromised
patients.

Fig. 6.1 Patient with
ulcerative lupus vulgaris of
the wrist (see Fig. 2.43).
Strong positive PPD of
Mycobacterium
tuberculosis and positive
cross-reactions to PPD of
other mycobacteria
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6.5 Clinical Features

Although only mildly pathogenic in man, NTM can cause a vast range of clinical
pictures [2, 3, 6, 7, 11, 41-46] (Table 6.3). Pulmonary disease is the most frequent
infection, followed by lymphadenitis in children [47], skin disease from M. marinum
(particularly in fish tank enthusiasts), and other extrapulmonary or disseminated
infections in immunocompromised patients [37, 48, 49]. Of the more than the reported
170 NTM species, 25 of them have been strongly associated with NTM disease; the
remainder are environmental organisms rarely encountered in clinical samples.

Wagner and Young classified diseases from NTM mycobacteria in six different
groups: pulmonary disease, lymphadenitis, skin and soft tissue disease, skeletal
(bone, joint, tendon) infections, foreign body and central venous catheter infection,
and disseminated infection [3]. Disseminated NTM infection is rare in non-HIV-
infected immunocompromised patients [50] and has a decreasing incidence even in
HIV-infected patients nowadays in the antiretroviral therapy era [51].

6.5.1 Lymphadenitis

The most common NTM-associated disease in children of 1-5 years of age is cervi-
cal, submandibular, submaxillary or preauricular lymphadenitis [7, 47]. The com-
plaint usually presents without systemic signs and with non tender unilateral
lymphadenopathy that may enlarge rapidly and rupture. Despite this, affected chil-
dren may seem in good health, although the T cell-dependent production of type 1
cytokines may be altered [52]. Most cases of lymphadenitis are caused by MAC. In
the US and Australia, most of the remaining cases are caused by M. scrofulaceum,
whereas in parts of the northern Europe M. malmoense is the second most common
pathogen. Other NTM species have rarely been implicated.

It is important to distinguish between tubercular and nontubercular forms of
lymphadenitis. Risk factors in favor of tubercular lymphadenitis are a positive
Mantoux tuberculin skin test reaction of >15 mm, exposure to an adult with tuber-
culosis, positive Mantoux tuberculin skin test reactions in family members, and age
over 5 years. Nontubercular lymphadenitis signs are a negative tuberculin skin test
reaction and the histopathology of the lymph nodes. However, cross-reactivities are
possible. For a definitive diagnosis the infectious agent needs to be identified.
Biopsies or incisions must be avoided, whereas fine-needle aspiration for cytology
and culture is useful [53]. Instead, according to some authors, because negative
culture results are often obtained after fine-needle aspiration, excisional biopsy is
preferable, also in order to remove infected tissue [54].

6.5.2 Skin and Soft Tissue Disease

The clinical diagnosis of the various skin pictures is not an easy task. Apart from
M. ulcerans infection, with its peculiar ulcerative lesions, none of the other pictures
feature pathognomonic lesions. A high suspicion index is therefore important, and
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Table 6.3 Clinical disease
due to nontuberculous
mycobacteria (modified,
by [71)

Common
Pulmonary diseases
M. abscessus

M. avium complex
M. kansasii

M. malmoense

M. xenopi

Disseminated diseases
M. avium complex

M. chelonae

M. haemophilum

M. kansasii

Lymphadenitis

M. avium complex
M. malmoense

M. scrofulaceum

Skin, soft tissue, and bone diseases
M. abscessus

M. chelonae

M. fortuitum

M. marinum

M. ulcerans

Specimen contaminant

M. gordonae (most common NTM
contaminant)

M. haemophilum

M. mucogenicum

M. nonchromogenicum

M. terrae complex

NTM nontuberculous mycobacteria

Uncommon

M.
M.
M.

asiaticum
celatum
chelonae

M. fortuitum

M.
M.
M.
M.
M.
M.
M.

M.
M.

gordonae
haemophilum
scrofulaceum
shimoidei
simiae
smegmatis
szulgai

abscessus
celatum

M. fortuitum

M.
M.
M.
M.
M.
M.
M.
M.

M.
M.

genavense
immunogenum
malmoense
marinum
scrofulaceum
simiae

szulgai

xenopi

abscessus
chelonae

M. fortuitum

M.
M.
M.
M.

M.
M.
M.

genavense
haemophilum
kansasii
szulgai

avium complex
haemophilum
immunogenum
kansasii
malmoense
nonchromogenicum
scrofulaceum
smegmatis
szulgai

terrae complex
xenopi
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the conclusion must be based on assessment of both the morphological picture and
the microbiological and radiological data.

Almost all NTM species have been incriminated in cutaneous diseases (Table 6.4).
The most common species in the USA and Europe are M. marinum [52, 55, 56] and
the RGM M. abscessus, M. fortuitum, and M. chelonae.

Table 6.4 Characteristics of some nontuberculous mycobacteria of dermatologic interest

Slowly growing mycobacteria

M. avium complex

Worldwide. Avian and mammalian pathogens. Diffuse infections common in AIDS patients.
Most common NTM pathogens in USA

M. haemophilum

Difficult species for laboratory operators. Rarely isolated in pulmonary diseases. It causes
multiple, purplish, soft skin nodules, often localized in the joints and legs (cooler body sites),
that may develop into abscesses and ulcers. Histologically, it gives rise to suppurating
granuloma. Specimen contaminant. It causes disseminated disease in AIDS and non-AIDS
immunosuppressed patients. USA, Australia

M. kansasii

USA, Europe, South Africa, coal mining regions. Disseminated disease in AIDS. Rarely
isolated in lymphadenitis. Often isolated from the sputum of urban patients. Rare skin lesions
M. malmoense

UK, Northern Europe (especially Scandinavia), uncommon in the USA. Disseminated disease
in non-AIDS immunosuppressed patients. Possible skin, soft tissue and bone diseases

M. marinum

Worldwide. Fresh- and saltwater. Disseminated disease in AIDS. Isolated nodules and
sporotrichoid pattern cutaneous disease. Tuberculoid granuloma without caseous necrosis;
more often aspecific inflammatory infiltrate

M. scrofulaceum

Worldwide. Rarely isolated in pulmonary diseases (in South Africa) and disseminated diseases.
Parasite of the soil. It produces cervical adenitis in children

M. smegmatis

Rarely isolated in skin, soft tissue, and bone diseases

M. szulgai

Rarely isolated in pulmonary diseases and lymphadenitis. It produces diffuse cellulitis and
multiple inflammatory lesions in skin and bones in patients on corticosteroid therapy

M. terrae complex

Specimen contaminant. It produces tenosynovitis

M. ulcerans

Australia, tropics, Africa, Southeast Asia. It is limited to temperatures from 25 to 33 °C. In
freshwater. It produces acute necrosis of the dermis and subcutaneous tissue with ulceration
Rapidly growing mycobacteria

M. abscessus

Worldwide. It may be found concomitant with MAC in pulmonary diseases. Rarely isolated in
lymphadenitis. It produces disseminated disease in non-AIDS immunosuppressed transplant
recipients. It causes circumscribed infections, post-surgical (penetrating injury) or from
injections: subcutaneous abscesses, but also tuberculoid granulomas

M. chelonae

Disseminated skin lesions in non-AIDS immunosuppressed patients. Post-traumatic infection
of the skin, soft tissues and bones. Most common lesions: subcutaneous nodules with
sporotrichoid features, located mainly on the distal parts of limbs

M. fortuitum

Widespread in soil and water. Occasionally isolated in the sputum of healthy persons.
Disseminated disease in non-AIDS immunosuppressed patients. Most common disease pattern:
cutaneous abscesses from injections, sometimes with sporotrichoid pattern. Footbaths

NTM nontuberculous mycobacteria
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African Buruli ulcer, or Bairnsdale ulcer as it is called in Australia, caused by M.
ulcerans, is endemic in 33 countries in Africa, Western Pacific, Asia and South
America, and is the third most common mycobacterial disease worldwide, after
tuberculosis and leprosy [57, 58].

Clinical presentation of cutaneous disease consists in granulomatous or abscess
formations at the site of puncture wounds. Open traumatic injuries or fractures are
most often due to the RGM species [59], that can also cause nosocomial skin and
soft tissue infections [60—64]. These include infections of long-term intravenous or
peritoneal catheters, post-injection abscesses, infection after liposuction, surgical
wound infections, infections after cardiac bypass surgery [65].

Interesting clinical data emerged from a retrospective Spanish study of 51
patients with cutaneous nontuberculous mycobacterial infections [6]. In most cases
the lesions were of nodular type, followed by abscesses, plaques, papules, cellulitis,
and ulcers, in that order. The number of lesions was significantly lower (1 to 5) in
the group of immunocompetent subjects compared to those (>5) with immune
impairment for various reasons. The lesions were localized in most cases. In 14 of
22 cases of M. marinum infection the clinical manifestations were lymphocutane-
ous sporotrichoid lesions. Sources of infection were aquagenic trauma in 23 cases
(22 due to M. marinum and 1 to M. chelonae), non aquagenic trauma in seven sub-
jects, surgical procedures in 3, internal focus in seven subjects, and unknown in 11
patients. Visceral infection was present only in two patients with AIDS [6]. Forty
biopsies obtained in 38 patients showed a mixed granulomatous and suppurative
inflammation, abscess, panniculitis, a diffuse histiocytic infiltrate, and an acute fol-
liculitis. Epidermal changes, such as acanthosis, hyperkeratosis and pseudoepithe-
liomatous hyperplasia, were found only in cases of infection by M. marinum.
Positive acid fast bacilli staining was found in 21% of immunocompetent and 72%
of immunocompromised subjects [6].

Apart from M. marinum, various other NTM pathogens can induce sporotrichoid
skin infections, conditions that simulate the subcutaneous linear lymphangitic form
of sporotrichosis owing to the prevalently lymphatic spread of the infection [43].
Other NTM more frequently involved include M. chelonae [66], M. kansasii [67,
68], and M. fortuitum [69].

6.6 Prevention

Because they are ubiquitous agents whose pathophysiological characteristics are
not yet entirely known, it is difficult to draw up practical, efficacious strategies to
prevent NTM infections. First of all it is essential to identify the reservoir respon-
sible, since the transmission and host susceptibility risks depend on the type.
Investigations of health care-associated outbreaks have demonstrated that the most
common sources of NTM infections are tap water, ice prepared from tap water,
processed tap water used for dialysis, and distilled water used for preparing solu-
tions [62, 63, 70-72]. NTM were found in municipal water supplies or treated water
supplies at 95 of 115 (83%) dialysis centers in the United States [73]. M. kansasii,
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M. xenopi, and M. simiae are isolated almost exclusively from municipal water
sources, only rarely from other environmental sources [74]. Various NTM species,
like M. xenopi, M. smegmatis, M. simiae, and MAC, are thermophilic and grow well
at 45 °C, whereas other species such as M. kansasii, M. gordonae, M. fortuitum, M.
chelonae, M. abscessus, and M. mucogenicum, do not tolerate high temperatures
and are found only in cold-water systems.

Biofilms, filmy layers at the solid (pipe) and liquid (water) interface, are known to
be a frequent site for mycobacterial growth [20, 75, 76]. The cell wall of mycobacte-
ria, that has a rich content of fatty acids and wax, is impermeable and hydrophobic:
this permits adherence to solid substrates (pipes and leaves) in aquatic environments,
preventing them from being washed away through high flow rates [7].

Most health care-associated mycobacterial outbreaks and pseudo-outbreaks are
linked to RGM, especially M. fortuitum and M. abscessus; these species are particu-
larly hard and resistant to the action of organomercurials, chlorine, 2% concentra-
tions of formaldehyde and alkaline glutaraldehyde, and other common disinfectants
[77]. Health care-associated NTM outbreaks include cardiac surgery (sternotomy
wounds), injections (contaminated biological or multidose vials), plastic surgery,
liposuction, LASIK, dialysis-associated infections, long-term central intravenous
catheters, and a variety of other surgical procedures [7, 77-82].

Recently, M. fortuitum and M. mageritense outbreaks of furunculosis have been
associated with footbaths at nail salons. In all cases NTM were cultured from
patients specimens and from the inlet suction screens of the whirlpool footbaths that
contained hair and other debris [83-86].

On the basis of the above health care-associated data and of various other NTM
outbreaks and pseudo-outbreaks reported in the literature [7], the recommendation
for preventive purposes is to take strict care to avoid contact of catheters and other
instruments with tap water, as well as the use of multidose vials, the use of benzal-
konium chloride as skin disinfectant because it allows the growth of mycobacteria
such as M. abscessus, to avoid alternative medicine practices involving injections of
unknown or unapproved substances, and in the surgical field, to refrain from wash-
ing or contaminating open wounds with tap water [7].

In recent years, the increased popularity of tattoos has coincided with an increase
in reports of cutaneous inoculation of NTM during the tattooing process [87-113].
M. chelonae is the most common pathogen causing skin NTM infection associated
with tattooing; other less common pathogens include M. immunogenum, M. absces-
sus, M. fortuitum, and M. haemophilum. These infections are primarily associated
with contamination of the inks used for tattooing, either of the ink itself or of solu-
tions used to dilute the ink, in particular non sterile water [96, 101, 102]. Confirmation
of NTM infection associated with tattoos must include culture and/or PCR data
from a skin biopsy specimen. Histology shows dermal inflammatory infiltrates
ranging from a sparse lymphohistiocytic infiltrate to well-formed granulomas [90,
96, 99]. Demonstration by special stains (Ziehl-Neelsen or Fite) of organisms in
skin biopsy specimens may be attempted but should not be regarded as decisive for
the final diagnosis. All these cases illustrate the potential importance of regulations
serving to standardize tattoo ink preparation and use [101].
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6.7 Transplant Recipients

NTM may cause significant disease in recipients of solid organ transplants [48]. In
these individuals NTM infections generally manifest as skin and soft tissue infec-
tions, pleuropulmonary disease, musculoskeletal infections, and disseminated dis-
ease. In kidney and heart recipients, the most frequent presentation is skin and soft
tissue infection [114]. The skin lesions are generally erythematous or purplish pain-
ful nodules that may ulcerate or form subcutaneous abscesses, that drain spontane-
ously. There may be single or multiple lesions, associated with dissemination. The
skin picture may also consist of non-healing wounds occurring after accidental
injury [115].

RGM and M. marinum are the NTM species most likely to cause skin and soft
tissue infections [116], although any NTM species, including M. avium complex
[116] and M. kansasii, can be responsible [117].

Although it is less common than skin and tissue infection and pleuropulmonary
disease, in solid organ transplant recipients NTM can cause disseminated infection.
In non-HIV patients, disseminated MAC can present as fever of unknown origin,
but M. kansasii and RGM typically induce multiple subcutaneous nodules [7].

NTM are becoming increasingly recognized in recipients of hematopoietic
stem cell transplantation (HSCT), with incidence rates ranging between 0.4 and
10% [49]. These infections are 50-600 times commoner in transplant recipients
than in the general population. The time of onset of the infection ranges from 31
to 1055 days post-transplant. These infections have been reported following vari-
ous forms of HSCT: risk factors are related to the underlying medical condition
and its treatment, the pre-transplant conditioning therapies, and the transplant
procedures and its complications [49]. Clinically, NTM may present with lymph-
adenopathy, osteomyelitis, skin and soft tissue infections, bacteremia, lung and
gastrointestinal tract involvement. Currently, there are no guidelines for the treat-
ment of NTM infections in recipients of stem cell transplantation; surgical
debridement is generally performed and various combinations of antimicrobials
are used, for 9 months after allogenic stem cell transplantation and 6 months after
autologous procedures [49].

6.8 HIV-Infected Individuals

Although various NTM species have been reported in HIV-infected patients, most
(>90%) of these infections are caused by MAC, more than 90% being due to
M. avium [118-120]. What mechanism causes the acquisition of the pathogens in
HIV patients is not known, although it is thought to be through ingestion from an
environmental source. Apart from M. kansasii, very frequently reported, various
other NTM can be the culprits: M. scrofulaceum, M. gordonae, M. haemophilum,
M. genavense, M. xenopi, M. celatum, M. cospicuum, M. fortuitum, M. simiae,
M. marinum, and M. malmoense [120-125].
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Disseminated disease due to NTM in patients with HIV infections occurs only in
severely immunocompromised subjects, as evidenced by very low CD4+ T-cell
counts [119, 120]: nearly 40% of patients with less than 10 CD4+ T cell/pl develop
disseminated NTM within 1 year [119]. In a series of patients with disseminated
NTM, the mean CD4+ T-cell count was usually less than 25 cell/pl [119, 120]. All
subjects with less than 50 CD4+ T cells/pl are at risk of disseminated NTM, and the
lower the numbers of cells the higher the risk [7].

Disseminated disease is very rare with any form of immunosuppression other
than advanced HIV disease. However, disseminated NTM infection has been
reported in patients with renal or cardiac transplantation, chronic corticosteroid use,
and leukemia. Rare genetic disorders may also be associated with disseminated
infection. The pathogens most often implicated are M. chelonae, M. abscessus, M.
kansasii, and M. haemophilum [126—128].

Various clinical pictures are possible, and hence confusion with various other
infections. In MAC forms symptoms include fever (>80%), night sweats (>35%),
and weight loss (>25%) [119], as well as abdominal pain, diarrhea, hepatospleno-
megaly, and severe anemia. Disease caused by M. kansasii, M. chelonae, M. absces-
sus, and M. haemophilum, instead, generally presents as multiple subcutaneous
nodules or abscesses with possible spontaneous drain [126—128].

6.9 Treatment

No consensus has yet been reached as regards the ideal treatment. The choice of
antimicrobial therapy depends on the NTM species isolated, as well as the severity
of the infection and the site of the lesions. Generally, treatment consists of the com-
bination of several drugs administered for prolonged periods of time, thereby rais-
ing the risk of resistance, toxicity, addiction and drug interactions. While awaiting
the results of susceptibility tests, drugs known to be active are started and then
changed according to the results of the in vitro tests. Failure rates remain high,
unfortunately, and relapses can occur [48].

Susceptibility tests are essential for most clinically significant NTM, although
there is not always a correlation between the in vitro susceptibility to many antimi-
crobials and the in vivo response [7]: it must therefore be borne in mind that the in
vitro tests may lead to treatment successes or failures.

The ATS/IDSA has published treatment guidelines for the most frequently
encountered NTM [7]. Traditional anti-tuberculosis agents, like rifamycins and eth-
ambutol, can be effective against many of the NTM but have little utility in the treat-
ment of RGM. Fortunately, various traditional antibiotics, as well as new agents, are
active against RGM. In general, combination regimens should be used, given the
development of resistance on monotherapy for most isolates. When possible, in the
case of transplant recipients, the immunodepression intensity should be decreased.

The combination of traditional and new antibiotics (Table 6.5) must be used for
3—4 months in localized infections, for 6 months in those involving the surrounding
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Table 6.5 Traditional and Traditional antibiotics New antibiotics
new antibiotics in the

treatment of nontuberculous
mycobacteria infections

Rifampicin Cefoxitin
Rifabutin Clarithromycin
Ethambutol Oxazolidinone
Isoniazid Sparfloxacin
Streptomycin Gatifloxacin
Levofloxacin Moxifloxacin
Ciprofloxacin Linezolid
Amikacin Tigecycline
Ofloxacin Telithromycin
Imipenem

Trimethoprim sulfamethoxazole

Tobramycin

Minocycline

Doxycycline

Azithromycin

Pyridoxine

Sulfonamides

Cycloserine

Viomycin

Capreomycin

Para-aminosalicylic acid

Kanamycin

soft tissues, and for 12 months or even their entire lifetime in immunocompromised
subjects. Treatment must be prolonged for at least 2 months after clinical healing. It
is wise to wait at least 1-2 months before changing the drug regimen [7].

Surgery can have an important role in the treatment of some NTM infections.
Infected foreign bodies should be removed and abscesses drained. Because person-
to-person transmission of NTM is not a major route of transmission, the isolation of
hospitalized patients with NTM infections is not required. In any case, it is well
known that nosocomial outbreaks are generally related to the contamination of
medical devices or medications.
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Mycobacterium scrofulaceum is a member of the Runyon class II scotochromogen
acid-fast bacilli [1-3]. It is widely present in nature, but is now an infrequent human
pathogen. It was first described in the 1950s [4-6] and the name likely derives from
its isolation from cervical lymph nodes.

7.1 The Organism

The length of M. scrofulaceum varies in acid-fast bacilli staining products; it may be
longer or shorter than M. tuberculosis, but will be thicker and more coarsely beaded.
It grows slowly in Lowenstein medium, generally taking about 4-6 weeks, although
strains occasionally develop colonies in about 10 days. The colonies are globular,
have a smooth consistency, and are opaque [3]. The pigmentation, that is produced
in the dark as well as in the light, is yellow, and turns dark orange over time. Optimal
growth occurs at 37 °C, one atmosphere pressure, and under aerobic conditions;
growth is slower at 25° and 35 °C and no growth occurs at 41 °C [3].

M. scrofulaceum is from the antigenic and biochemical standpoints, quite similar
to M. avium-M. intracellulare (MAI) and for many years was classified in the

D. Bonamonte, MD, PhD (04)

Department of Biomedical Science and Human Oncology, University of Bari “Aldo Moro”,
Bari, Italy

e-mail: domenico.bonamonte @uniba.it

P. Verni, MD
University of Bari “Aldo Moro”, Bari, Italy

G. Angelini, MD
Professor of Dermatology, Former Professor and Chairman, University of Bari “Aldo Moro”,
Bari, Italy

© Springer International Publishing AG 2017 297
D. Bonamonte, G. Angelini (eds.), Mycobacterial Skin Infections,
DOI 10.1007/978-3-319-48538-6_7


mailto:domenico.bonamonte@uniba.it

298 D. Bonamonte et al.

M. avium-M. intracellulare-M. scrofulaceum complex [3]. It generally yields a
positive urease reaction that distinguishes it from MAI, although there are some
exceptions that make this distinction difficult [7]. Base sequence analysis of the 16S
ribosomal RNA has confirmed that M. scrofulaceum is a unique species [8]. It is this
molecular methodology (DNA probes or 16S rRNA gene sequencing) that may be
required to differentiate M. scrofulaceum from other NTM [9, 10]. Recent studies
have revealed a new species, M. parascrofulaceum, that causes various infections
that were previously attributed to M. scrofulaceum [9—-11].

7.2  Epidemiology

M. scrofulaceum is found in raw milk and other dairy products, pool oysters, house
dust, soil, and water [12—-18]. In one study, the organism was isolated from raw milk
but not from samples of pasteurized milk [19]. In the United states, it has been iso-
lated from the flood plains of four eastern rivers [20]. These results have been con-
firmed and it has been noticed that factors favoring growth include warm
temperatures, low oxygen tension, lower pH of soils, and higher water concentra-
tions of zinc, humic acid, and fulvic acid [21].

M. scrofulaceum is an opportunistic pathogen that is uncommonly isolated from
human samples. It has been associated with lymphadenitis in children, disseminated
infections, pulmonary disease, and skin infections [15—18]. In a study made in 1982,
M. scrofulaceum accounted for 2-3% of all mycobacteria isolated from clinical
samples in the United States [22]. However, cases of clinical disease caused by this
species were rarely disseminated except in children with cervical lymphadenopathy
[23]. In the early 1980s, M. scrofulaceum was replaced by MAC as the most com-
mon cause of childhood cervical lymphadenitis, and even today the former is still
rarely recovered in this setting [7].

In some studies, human exposure to M. scrofulaceum was demonstrated by analy-
sis of skin test reactions to purified protein derivative (PPD) sensitins derived from
this organism. In the Netherlands, 7.76% of army recruits had indurations measuring
10 mm or more to M. scrofulaceum PPD [24]. In Greece, 8507 members of the armed
forces were tested with M. scrofulaceum PPD: those born in mountainous areas had
positivity rates of 4.1% versus 7.1% for those born in seaside areas. Among those
born on small Aegean islands or in inland plains near large rivers the rates exceeded
8%. According to the authors, these data supported the theory that large bodies of
water serve as the principal sources of infection [25]. Of 1015 BCG scar-negative
children aged between 6 and 13 years in 18 randomly selected areas in Kenya, 22.7%
reacted to M. scrofulaceum sensitin and 6.1% reacted to PPD-RT [26]. Comparable
results were obtained in 15% of 7-year-old children in two towns in rural
Czechoslovakia; the reaction was greater than the one to PPD-RT performed at the
same time, in about 50% of the children [27]. Although these data have various limita-
tions, they nevertheless demonstrate that M. scrofulaceum is widely but unevenly dis-
tributed in nature, that humans can encounter the organism and develop an immune
response, and that clinical disease is much less common than exposure [3].
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7.3 Clinical Features

Although M. scrofulaceum may cause pulmonary disease, lymphadenitis, skin dis-
ease, and other extrapulmonary diseases are also observed.

7.3.1 Lymphadenitis

M. scrofulaceum was originally isolated from the cervical lymph nodes in children
(Figs. 7.1, 7.2, 7.3, and 7.4), and this is the most commonly associated condition
[28-30]. Most affected children are between 1 and 5 years old, although there have
been rare observations in children over 10. The female sex seems to be more suscep-
tible. In the majority of cases the lymphadenitis is unilateral in the upper cervical
chain or just under the mandible. Bilateral cases are rare, as is involvement of other
lymph nodes (axillary, inguinal, epitrochlear, or mediastinal) [3].

Affected subjects do not present systemic signs and only rarely have even local
symptoms. When left untreated, the lymph nodes soften, fistulize, drain or heal
spontaneously, leaving fibrosis or calcification.

The pathogenic mechanism is not well understood. The isolation of M. scrofula-
ceum in the tonsils suggests that pharyngeal lymphoid tissue is the entry portal,
followed by direct drainage into the nodes [30]. In peripheral adenopathy forms,
direct inoculation into the skin in the event of trauma has been demonstrated [29].

Over the course of time, the etiology of cervical lymphadenitis in children has
changed. In the preantibiotic era, most cases were due to M. tuberculosis or M. bovis
[31]. Today, in developed countries, where tuberculosis has become a rare disease,
the NTM species predominate and M. scrofulaceum is the species most often iso-
lated. Since 1970, in the United States MAI has been more frequently identified

Fig. 7.1 Scrofuloderma
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Fig. 7.2 Scrofuloderma

Fig. 7.3 Scrofuloderma ‘ .

than M. scrofulaceum [29, 32]: whether this is due to a true change, to a reporting
artifact, or to more reliable identification by laboratories, remains unknown [3].

Skin testing with mycobacterial antigens is useful for diagnosis. Many children
with lymphadenitis evince a weak reaction to M. tuberculosis PPD and a stronger
reaction to NTM strains sensitins [33].

Differential diagnosis must be made with infections by M. tuberculosis, M. bovis,
other NTM species, and various viruses (Epstein-Barr virus, cytomegalovirus, and
mumps) and deep mycoses. Other infections include brucellosis, cat scratch dis-
ease, and toxoplasmosis. Among non infectious forms, sarcoidosis, lymphoma,
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Fig.7.4 Scrofuloderma

congenital cysts, and lipoma need to be taken into account [3]. Differentiating
lymphadenitis from M. tuberculosis is generally easy: age (1-5 years), unilateral
nodes, lack of systemic signs and symptoms, normal chest radiogram, a weak or no
response to the tuberculin skin test, a nonreactive tuberculin test skin test in sib-
lings, no history of contact with active tuberculosis, and no response to antitubercu-
lous antibodies are all factors pointing to NTM disease. To make a definitive
diagnosis, isolation in culture is necessary since there are no clinical differences
among the lymphadenitis forms linked to NTM [3].

A diagnostic biopsy or incisions should be avoided, but fine-needle aspiration
with cytology and culture has been successfully used, with no formation of fistulas
needing chronic drainage [34]. However, according to other authors fine-needle
aspiration is not encouraging due to a high percentage of negative cultures. They
recommend an excisional biopsy of lymph node in order to maximize the recovery
of organisms, to prevent further cosmetic damage, to remove infected tissue before
more extensive spread occurs, and to cure the affection [35].

7.3.2 Skin Disease

There have been various reports in literature of skin manifestations due to M. scrofu-
laceum [36—40]. One was in a man with corticosteroid-dependent systemic lupus
erythematosus and multiple painful subcutaneous abscesses: skin biopsy demon-
strated granulomatous inflammation and acid-fast bacilli, and culture revealed
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M. scrofulaceum. The patient was afebrile, and a 9-month course of isoniazid and
rifampicin healed the complaint after 5 months [37]. Positive skin lesions for M.
scrofulaceum were reported in a kidney transplant patient on prednisone and chlo-
rambucil therapy [38]. In a 77-year-old patient with chronic exposure to aquarium
water, skin lesions with a sporotrichoid pattern were observed on both hands [39]. In
another aquarium water-associated case M. scrofulaceum and M. peregrinum were
isolated; the infection healed with sparfloxacin and minocycline treatment [40]. In a
woman with post-autologous bone marrow transplantation for breast cancer, a post-
traumatic nodular lesion of the index finger developed; azithromycin and rifampicin
treatment brought about resolution [41]. In a 4-year-old girl, an asymptomatic red
nodule of the cheek due to M. scrofulaceum, identified by biochemical and PCR test-
ing, healed with clarithromycin (250 mg/day) treatment for 6 months [42].

7.4  Histopathology

The center of these lesions generally shows necrosis and abscess formation, and is
surrounded by tuberculoid granulomas and considerable inflammatory cells. Acid-
fast bacilli are usually found in lymph nodes.

7.5 Treatment

Combination chemotherapy treatment, with or without surgery, is increasingly
administered. M. scrofulaceum is one of the most resistant of all NTM species. It is
resistant to isoniazid, para-aminosalicylic acid, and kanamycin, but sensitive to
rifampicin, rifabutin, ethambutol, streptomycin, cycloserine, amikacin, ethion-
amide, viomycin, and capreomycin [3].

No comparative or controlled treatment trials have yet been conducted. Various
authors are in agreement that medical treatment of the lymphadenitis is difficult
whereas surgical treatment is generally sufficient to bring about resolution [28, 30,
41, 43], reserving chemotherapy for young patients whose parents refuse surgery,
for recurrences after surgery or in cases where surgery requires excision of a signifi-
cant amount of abnormal tissue [35]. Newer macrolide and fluoroquinolones antibi-
otics seem to offer good promise in vitro. Treatment with 2 or more drugs shown to
be active in vitro may be justified, especially in cases where surgical removal of the
lesions is not feasible [3].
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Rapidly Growing Mycobacteria and Skin 8
Infection

Domenico Bonamonte, Angela Filoni, Pietro Verni,
and Gianni Angelini

Rapidly growing mycobacteria (RGM) are among the most common nontubercu-
lous mycobacteria (NTM) associated with cutaneous infections in industrialized
countries [1-8].

8.1 Taxonomy

In the early twentieth century, the first step in the history of identification of some
of the most common RGM pathogens was the isolation of Mycobacterium chelonae
by Friedmann from the lungs of two sea turtles (hence the name chelonae, from the
Latin chelys of the turtle) [7, 9].

M. fortuitum (formerly M. ranae), another RGM species, had been isolated in
1905 from frogs. In 1938, ola Costa Cruz gave the name M. fortuitum to a species
that he believed to be new, isolated from skin abscesses following local vitamin
injections [10]. It was later seen that the two organisms were the same species, that
kept the name of M. fortuitum [11].

Another closely related RGM species, M. abscessus, was described in 1953, iso-
lated from skin abscesses [12].
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Table 8.1 Taxonomic spectrum of rapidly growing mycobacteria (RGM) (modified, by [8])

Group  Species Species within the group

1 M. fortuitum M. fortuitum, M. boenickei, M. brisbanense,
M. houstonense, M. neworleansense, M. peregrinum,
M. porcinum, M. senegalense, M. septicum, M. setense

1I M. chelonae/ M. chelonae, M. abscessus subsp. abscessus, M. abscessus
M. abscessus subsp. bollettii, M. immunogenum, M. salmoniphilum

11T M. mucogenicum M. mucogenicum, M. aubagnense, M. phocaicum

v M. smegmatis M. smegmatis, M. goodii

v M. mageritensel M. mageritense, M. wolinskyi
M. wolinskyi

VI Early pigmented RGM M. neoaurum/aurum, M. bacteremicum, M. canariasense,

M. cosmeticum, M. elephantis, M. monacense,
M. novacastrense

Recent taxonomic studies using molecular analysis with DNA-DNA hybridiza-
tion and 16S ribosomal sequencing, have demonstrated that the previous classifica-
tions as “subspecies” or “biovariants” of M. chelonae (M. chelonae subsp. chelonae
and M. chelonae subsp. abscessus) and M. fortuitum (M. fortuitum biovariant fortui-
tum, M. fortuitum biovariant peregrinum, and M. fortuitum third biovariant com-
plex) actually referred to separate species, that were therefore renamed without the
subgroup designation [13].

Today, the RGM are grouped into six major taxonomic groups according to pig-
mentation and genetic relatedness (Table 8.1) [7, 8]. An excellent in-depth review
of the taxonomy of RGM has been reported by Brown-Elliot and Wallace [7]. More
than 70 species of RGM are now known, accounting for nearly 50% of all the known
mycobacteria species. The three most important from the clinical standpoint, and
that account for more than 80% of the clinical isolates, are M. fortuitum, M. chelo-
nae, and M. abscessus [14]. Among all the other species or subspecies described,
some rare human pathogens have been described: M. setense [15], M. canariasense,
isolated in 17 patients with suspected nosocomial infections from infected central
venous catheters [16], and others [7, 17].

8.2 Epidemiology

Apart from pulmonary and extrapulmonary infections, RGM, and particularly
M. abscessus, M. chelonae, and M. fortuitum, cause cutaneous and soft tissue
infections, mostly due to direct pathogenic involvement of the skin. In cases of
disseminated disease and associated skin involvement the primary focus may be
respiratory.

RGM-associated skin and soft tissue infections are deep, and generally follow
traumatic injuries, surgical wounds, and environmental exposure (Table 8.2).
M. fortuitum is the most common cause of skin manifestations in young individuals,
while M. abscessus and M. chelonae more often induce skin lesions in older sub-
jects [18]. While the skin pictures due to M. fortuitum are generally localized and
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Table 8.2 More frequent sources of cutaneous and subcutaneous infections due to rapidly grow-
ing mycobacteria (RGM) (modified, by [8])

RGM
M. abscessus

M. chelonae

M. fortuitum

Sources
Acupuncture
Tattoos
Mesotherapy

Foreign-body-associated indwelling
medical devices

Various conditions of
immunosuppression

Intravenous heroin injection
Localized post-traumatic infections
Pedicures (whirlpool footbaths and
nail salons)

Tattoos

Liposuction

Various conditions of
immunosuppression

Localized post-traumatic infections
Pedicures

Mesotherapy

Injections

Various conditions of
immunosuppression

Fish handling

Localized posttraumatic infections

Skin infection

Various lesions

Tender papular lesions

Dusky red nodules, abscesses and
sinuses

Tender nodules in peristomal injections

Multiple or disseminated erythematous
nodules, papules, pustules and abscesses
Bilateral sporotrichoid infection
Nodules and abscesses

Lower legs recurrent furunculosis

Papules, pustules and plaques
Abscesses

Several and disseminated plaques,
papules, nodules and pustules

Nodules and abscesses

Furunculosis on lower legs

Painful nodules

Nodules and sinuses with sporotrichoid
pattern

Multiple abscesses and nodules

Fish tank granuloma with nodular
lesions (rare)
Nodules and abscesses

there may only be a single lesion, those due to M. abscessus and M. chelonae are
mostly generalized, with diffuse multiple lesions [18-21].

RGM are ubiquitous in the environment [5]. Human infections have been
reported in most developed areas of the world, and RGM have been isolated from
30 to 78% of soil samples from geographic regions in the United States [14, 22].

Community-acquired localized cutaneous and soft tissue diseases often ensue

after traumatic injuries potentially exposing to soil contamination (e.g. stepping on a
nail, a motor vehicle accident with an open fracture, etc) [7]. Various studies have
documented a correlation between potable water supplies and community or health
care-related infections, due to the formation of biofilms in treated water distribution
mains [23]. In the health care setting, RGM grow on hard surfaces (water distribution
pipes, shower fixtures, sink faucets, ice machines), and medical devices [24, 25].
Other environmental sources from which RGM have been isolated include:
freshwater rivers and lakes, seawater, waste water from hospitals, and soil [26, 27];
hot drinking water distribution systems [25]; raw milk and tissue samples from
livestock specimens [28]; gentian violet solutions for contaminated water [29].
Standards and guidelines for safe drinking water are supplied by municipal water
treatment plants to cities. Within distribution (mains) network the water flows
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continuously. However, the quality of the water from the distribution system changes
dramatically at the point of entrance to private buildings, due to restricted flow and
so the water may stagnate [30-32]. Temperature changes also offer favorable condi-
tions for the formation of biofilms, and disinfectant-resistant bacteria, such as RGM,
may be entrapped [8, 32].

Exposure to tap water is the major risk factor for nosocomial disease [7, 14, 33].
The various water sources include water-based solutions, distilled water, ice, and ice
water [34, 35]. Compared to free-living mycobacteria, those associated with bio-
films, the slimy layers occurring at water-solid interfaces, are more resistant to
water treatment and biofilms play a role in the development of mycobacteria resis-
tance [36].

Sporadic health care-associated infections due to M. fortuitum, M. chelonae, and
M. abscessus include catheter-related infections, sternal wound infections following
cardiac bypass surgery, and infections following insertion of prosthetic heart valves,
lens implants, artificial knees and hips [14, 37]. Various outbreaks of post-injection
abscesses caused by M. abscessus have been reported in many countries [38—41].
One outbreak of catheter-associated bacteremia was caused by a new species,
M. phocaicum [42].

M. chelonae, M. fortuitum, and M. immunogenum have caused infections associ-
ated with cosmetic surgery procedures, especially liposuction, breast augmentation,
and mesotherapy [43-49]. Similar outbreaks linked to M. abscessus have been
reported by United States tourists (“lipotourists”) who underwent abdominoplasty
in the Dominican Republic [50]. Outbreaks of RGM infections following acupunc-
ture treatment have also been observed [14, 51]. The largest epidemic of post-video
laparoscopy infections caused by M. massiliense was reported in Brazil [52].
Various other post-surgical outbreaks linked to RGM (including M. massiliense and
M. bollettit) were reported in 63 hospitals in Brazil following laparoscopic,
arthroscopic, plastic surgery, or cosmetic procedures [17, 53]. M. abscessus and
M. immunogenum have induced pseudo-outbreaks due to the contamination of auto-
mated bronchoscope disinfection machines, gastric endoscopes, and other labora-
tory instruments [14, 54, 55].

Recently, cases of lower extremity skin infections involving M. fortuitum,
M. mageritense, M. cosmeticum, and M. abscessus, associated with contaminated
nail salon whirlpool footbaths, have been described [56-61]. The most common
manifestations were furunculosis of the lower legs. The pathogenic mechanisms
inducing the dermatitis also include microtrauma caused by shaving the legs prior
to pedicures.

Tuberculosis and NTM infections associated with biological therapies that
inhibit tumor necrosis factor alpha (TNF-a) have been observed. A recent review of
the United States FDA Med Watch database reports identified 239 possible cases of
NTM infection associated with TNF-a inhibitor use from 1999 to 2006, 105 (44%)
of which met RGM disease criteria [62]. The immunosuppressive drugs implicated
were infliximab, etanercept, and adalimumab. The most common underlying condi-
tion was rheumatoid arthritis (75%), and 65% and 55% of patients were taking
prednisone and methotrexate, respectively. M. avium complex was the most
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frequent pathogen, while 20% of the 105 cases due to RGM were caused by
M. abscessus, M. chelonae, and M. fortuitum [62].

Catastrophic natural events, such as Hurricanes Katrina and Rita in New Orleans
(Louisiana), and the 2004 tsunami in Thailand, resulted in several skin disorders
associated with contaminated water which generally carries multiple bacteria, fun-
gal and viral pathogens. Specific examples of RGM transmission with early- or
late-onset infections were reported [63, 64].

8.3 Cutaneous and Subcutaneous Clinical Infection

An RGM infection management strategy requires a careful evaluation of the case,
including the clinical characteristics of the lesions, the histopathologic assessment,
a computed tomography (CT) and ultrasound, culturing and appropriate speciation
using molecular tools such as gene sequencing and polymerase chain reaction
(PCR) restriction analyses. The choice of drug/s, dosage and duration of mono-
therapy or combination therapy, or combined with surgical therapy if necessary,
must be based on the disease severity, localization, the patient’s immune status
(underlying clinical or subclinical conditions), and on the minimum inhibitory con-
centration (MIC) results of the RGM-specific drugs (there are laboratory-specific
guidelines in this regard) [8].

Among the most common extrapulmonary infections induced by RGM are local-
ized post-traumatic wound infections following accidental trauma [14]. After an
incubation period of 3—-6 weeks, local redness and swelling with spontaneous drain-
age occurs. Systemic symptoms like fever, chills, malaise, and fatigue are generally
absent. The discharge is usually watery but can sometimes be thick and purulent, and
sinus tract formations are common. The more common pathogens are M. fortuitum,
M. porcinum, M. houstonense, and others. It should be borne in mind that these infec-
tions are polymicrobial, due to environmental contamination by more than one spe-
cies of mycobacteria or a combination of bacteria and mycobacteria [7, 13, 14, 65].

Surgical wound infections, subsequent to the various surgical practices men-
tioned above, present in a similar fashion to accidental trauma. After an incubation
of 2-8 weeks, the wound develops a serous discharge and reddens, with possible
localized painful nodular lesions, that may require incision and drainage. The
patient may have fever. M. fortuitum is the most frequent culprit in such cases [14].

RGM can induce two types of disseminated cutaneous infections. The first type
features multiple non contiguous nodular draining lesions on one or more extremi-
ties. This picture is observed in subjects with chronic diseases requiring chronic cor-
ticosteroid treatments (even at doses as low as 5-10 mg of prednisone daily), the
most common being rheumatoid arthritis, but also organ transplants and chronic
autoimmune disorders. In general the cause is M. chelonae [14]. Another form of
disseminated cutaneous infection is observed in patients with rapidly fatal disorders,
such as poorly controlled leukemias [66] and lymphoma [14]. The entry portal of the
pathogen is rarely identified, and the infection tends to be systemic. M. abscessus is
generally implicated or, more rarely, M. fortuitum and M. smegmatis [14].
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8.4  Mycobacterium abscessus

M. abscessus (a subset of the formerly termed M. chelonae complex) has been iso-
lated from multiple environmental sites, in particular from tap water on multiple
occasions as part of nosocomial outbreaks. In the management of infections linked
with this pathogen, it is important to differentiate it from M. chelonae because the
treatment of M. abscessus is more difficult. Like other RGM, M. abscessus grows at
2540 °C in fewer than 7 days and produces arylsulfatase in fewer than 1-3 days.
Unlike M. chelonae, M. abscessus grows in the presence of 5% sodium chloride but
cannot use citrate as a carbon source [2].

8.4.1 C(linical Features

M. abscessus causes chronic pulmonary disease, disseminated cutaneous disease,
and localized skin infections [67]. It is also commonly associated with sporadic and
epidemic nosocomial infections or pseudo-outbreaks associated with bronchos-
copy, various surgical procedures, post-injection abscesses, and dialysis. The prog-
nosis of the infection is highly dependent upon the underlying immune status of the
host: low CD4+ T cell counts contribute to some extent to the severity of the infec-
tion [68, 69].

M. abscessus is the third most frequently recovered nontuberculous mycobacte-
ria respiratory pathogen in the United States and accounts for approximately 80%
of RGM respiratory disease isolates [70]. Respiratory forms are often associated
with disseminated skin forms [8]. Disseminated cutaneous infections occur also,
and almost exclusively, in immunosuppressed subjects, hemodialysis patients, or
transplant recipients [2, 8].

Localized skin infections are usually acquired after local trauma (post-traumatic
wound infections which may develop into sporotrichoid-like ascending lymphade-
nitis) [18], surgical wound infections (resulting from mammoplasties, facial plastic
surgeries, cardiac surgeries, etc.), and post-injection health care-related infections
[18, 38, 70]. However, localized infections with M. abscessus without any history of
trauma or immunosuppression have also been reported [2].

Skin infected with M. abscessus is usually red, warm, tender to the touch, swol-
len, and painful. The lesions are mostly nodules and abscesses; blisters and pustules
may also be present.

In normal healthy subjects, skin piercing and tattoos can be an easy entry portal
for M. abscessus [71]. One patient was reported who developed an M. abscessus
infection because a tattoo artist had used tap water to turn black ink to gray [8].

Rarely, M. abscessus infections have been reported in fish handlers or other sub-
jects after exposure to saltwater. The clinical manifestations are similar to those
caused by M. marinum: therefore, dermatologists should consider M. abscessus
alongside M. marinum when diagnosing and treating infections in this setting [72, 73].
A natural calamity, such as the tsunami that occurred in Thailand, resulted in soft tis-
sues infections in some individuals, either alone or with concomitant fungi [64].
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8.4.2 Histopathological Remarks

Histopathologically, most M. abscessus lesions consist of abscesses containing
acute inflammatory cells bordered by Langhans and epithelioid cells, with necrosis
and tuberculoid granulomas. Acute inflammatory cells may also be seen, similar to
those observed in M. fortuitum and M. chelonae lesions [2]. In one series most
biopsy specimens revealed intralesional vacuoles, that were filled with organisms in
27% of cases [74].

8.4.3 Treatment

M. abscessus is resistant to the standard antitubercular drugs. Because of the variable
in vitro drug susceptibility to some agents, antibiotic susceptibility testing of all iso-
lates is recommended. Acquired mutational resistance to clarithromycin (23S rRNA
gene) and amikacin (16S rRNA gene) can occur because isolates of M. abscessus
generally have a single copy of the gene [5].

For serious skin infections, clarithromycin 1000 mg/day or azithromycin 250 mg/
day should be combined with parenteral drugs (amikacin, cefoxitin, or imipenem).
Macrolides are the only oral agents reliably active in vitro against M. abscessus
[75-77]. The most active parenteral agent is amikacin (intravenous amikacin is
given at a dose of 10-15 mg/kg/day to adults with normal renal function); a lower
dose (10 mg/kg) should be used in patients aged over 50 years and in patients on
long-term therapy (x3 weeks). Amikacin combined with high-dose cefoxitin (up to
12 g/day given intravenously in divided doses) is recommended for the initial ther-
apy (minimum 2 weeks), until a clinical improvement is evident [5]. Imipenem
(500 mg 24 times daily) is an alternative to cefoxitin. For serious infections, a
minimum of 4 months of treatment is necessary (Table 8.3).

Amikacin can cause major renal and auditory toxicities. The newly introduced
tigecycline may be another option for therapy in serious diseases [78].

Drug monotherapy in these settings should be avoided to prevent resistance.
However, clarithromycin alone for localized infections appears to carry little risk of
resistance [76]. Localized skin infections in immunocompetent patients are treated
for 3 or more months [77].

Table 8.3 Antibiotics recommended for the treatment of infections due to rapidly growing
mycobacteria

Species Antibiotics

M. abscessus Oral: clarithromycin, azithromycin, linezolid
Parenteral: amikacin, cefoxitin, imipenem, tigecycline

M. chelonae Oral: clarithromycin, tobramycin, linezolid
Parenteral: tobramycin, tigecycline, amikacin, imipenem

M. fortuitum Oral: ciprofloxacin, sulfonamides, ofloxacin, clarithromycin, linezolid,
doxycycline

Parenteral: amikacin, imipenem, cefoxitin
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Surgery is necessarily indicated in cases with extensive disease, abscess forma-
tion, or where drug therapy is difficult. Removal of foreign bodies, such as breast
implants or percutaneous catheters, is important to assure recovery [5, 78].

The natural existence of the erm (erythromycin-resistant methylase) gene in
M. abscessus suggests that this particular gene induces macrolide resistance. An
interesting difference between M. abscessus and M. chelonae is the lack of the
erm gene in the latter, which may explain its better response to macrolide-based
chemotherapy [79].

8.5  Mycobacterium chelonae

As regards M. chelonae and M. abscessus, two subspecies now recognized as sepa-
rate, acid-fast staining sensitivity is unsatisfactory in about 75% of cases [8].
However, it is important to differentiate these two species using molecular tools
because the treatment is species-specific [5].

Skin, soft tissue, and bone diseases are the most important clinical manifesta-
tions of M. chelonae infection. In immunocompromised individuals the cutaneous
infection is disseminated. Sporadic cases of keratitis associated with contact lens
wear and ocular surgery have been described [80, 81]. M. chelonae is a less com-
mon cause of pulmonary disease than M. abscessus [5].

8.5.1 Clinical Features

The skin manifestations include disseminated nodular lesions, localized cellulitis,
and abscesses. The most common presentation is disseminated disease, with multi-
ple lesions (in some cases even more than 100), usually localized on a single limb
or else all the extremities. These lesions are generally erythematous subcutaneous
nodules, with multiple draining fistulas (Fig. 8.1); most of them exude fluid and,

Fig. 8.1 Mycobacterium
chelonae infection.
Ulcerated nodules
(reproduced with
permission from
Bonamonte and Coll [82])
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with pressure, discharge thick necrotic material [2]. The lesions are usually non
contiguous and occur in a non linear pattern, although there have been a few reports
of infection by M. chelonae with a sporotrichoid pattern [83]. In general, systemic
signs (fever, chills, weight loss) are lacking. In one report, 92% of the patients with
disseminated cutaneous infections were on corticosteroid treatment for organ trans-
plantation or autoimmune disease [84].

Contaminated water is a natural reservoir of M. chelonae and a source of infection
in humans. Patients with poor immune responses, such as HIV/AIDS infected sub-
jects, are more prone to M. chelonae infections, that can induce clinical or frequently
subclinical conditions [85]. Cutaneous lesions have been observed in hemodialysis
and peritoneal dialysis patients, kidney and liver transplant patients, and tattooed
subjects. These infections are often localized on the upper limbs or downstream of an
arteriovenous fistula. Patients with cutaneous infections due to M. chelonae are at
risk of acquiring nosocomial infections [86—89]. Various cases of skin infections
have ensued after anti-TNF therapy (adalimumab, etanercept) [88].

8.5.2 Culture and Histopathology

In culture M. chelonae produces rough or smooth non pigmented colonies. Optimal
growth is at 28 °C and occurs within 7 days. The species may not grow at all on
primary isolation at 37 °C. It produces arylsulfatase activity in 1-3 days. Unlike
M. abscessus, M. chelonae uses citrate as a carbon source and does not grow in the
presence of 5% sodium chloride [84].

The skin lesions are typically characterized by granulomatous reactions, identi-
cal to those due to M. fortuitum, although a predominance of neutrophils may be
observed in cases of abscess formation [8]. In severely immunocompromised AIDS
patients, skin lesions demonstrate diffuse infiltrates of histiocytes, occasionally with
a foamy appearance [90].

8.5.3 Treatment

Unlike for M. abscessus, no erm gene has been identified in M. chelonae [8]. Isolates
of M. chelonae are susceptible to tobramycin (100%), clarithromycin (100%), line-
zolid (90%), imipenem (60%), amikacin (50%), doxycycline (25%), clofazimine
(25%), and ciprofloxacin (20%) [5, 84, 90-94]. Imipenem is preferred to cefoxitin
because M. chelonae isolates are resistant to cefoxitin [81, 84, 90-94].

In some cases, M. chelonae appears to be susceptible only to tigecycline, clar-
ithromycin, and tobramycin [49]. However, the in vitro susceptibility does not con-
sistently predict the effectiveness of the treatment. Clarithromycin monotherapy
may promote acquired drug resistance [95]. In another study, adult patients with
disseminated cutaneous manifestations of M. chelonae infection were treated with
500 mg clarithromycin monotherapy twice a day for 6 months; all the patients
recovered except for one patient (§%) who relapsed, with an isolate that had devel-
oped mutational resistance to the drug (Table 8.3) [96].
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Optimal treatment procedures for skin infections due to M. chelonae have yet to
be standardized. In all cases antimicrobial susceptibility tests are recommended. For
serious skin disease, a minimum of 4 months of a combination drug therapy (at least
initially to minimize the risk of macrolide resistance) is necessary to ensure a high
likelihood of cure [5].

A 62-year-old male on long-term systemic corticosteroid therapy for unconfirmed
dermatomyositis presented multiple painless cutaneous lesions at various stages of
development: papules, nodules, pustules, and hemorrhagic crusts, as well as small
erosions and ulcers distributed over the limbs and scalp. On the limbs, the lesions had
a sporotrichoid pattern. Cutaneous biopsy showed a suppurative granulomatous infil-
trate with abscess formation. Culture of a skin sample revealed M. chelonae. After
45 days of multidrug treatment (oral clarithromycin and ciprofloxacin and intrave-
nous amikacin for the first 3 weeks), the patient showed a significant improvement.
However, the antibiogram revealed resistance to ciprofloxacin [97].

Due to inadequate conveyance of antibiotics within abscesses, excision and
drainage remains the treatment of choice for cutaneous abscesses [8].

8.6  Mycobacterium fortuitum

M. fortuitum, in the past denominated M. ranae because of its isolation in frogs in
1905 [98], owes its name to da Costa Cruz [10]. It is widely distributed in the envi-
ronment: soil, dust, milk, water, marine and land animals, as well as the saliva of
healthy humans [2]. The M. fortuitum group originally included three species/taxa:
M. fortuitum, M. peregrinum, and an unnamed third biovariant complex. Recently,
however, other species have been added to the group, including M. houstonense,
M. boenickei and others [5].

M. fortuitum produces non pigmented smooth or rough colonies, which become
visible in 1 week or less. It grows well at temperatures from 28 to 37 °C on routine
bacterial media (blood and chocolate agar) as well as mycobacterial media; it does
not grow at 45 °C. Apart from reducing nitrates, it uses iron, and is not pathogenic
in laboratory guinea pigs.

8.6.1 Clinical Features

M. fortuitum causes a large variety of cutaneous and extracutaneous diseases, such
as postoperative vasculitis, endocarditis, osteomyelitis, mediastinitis, meningitis,
keratitis, hepatitis, central nervous system involvement, and disseminated infections
[2,99-101]. M. fortuitum skin and soft tissue infections are associated with surgery
or penetrating trauma [77], whereas superficial infections most commonly result
from direct inoculation of the skin after minor trauma or injections [99].

Primary cutaneous lesions are generally localized at the injured site, and can man-
ifest as painful nodules, abscesses, ulcers, draining sinus tracts, or cellulitis, usually
4-6 weeks after injury [101]. Less commonly, skin manifestations of disseminated
disease can be observed, generally in immunocompromised patients [99, 102].
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Lesions in disseminated cases occur in multiple episodes and present as generalized
morbilliform eruptions, nodules, or multiple abscesses, usually on the extremities
[103]. Cutaneous disease generally has an indolent course, with fistula formation and
scarring as healing occurs [99].

Recently, whirlpool footbaths used during pedicure procedures in nail salons
have been identified as a source of both sporadic and clustered outbreaks of furun-
culosis associated with M. fortuitum and other RGM [5, 58, 61, 104]. Such furuncu-
losis cases are usually observed in women and can persist for months.

Nodules and abscesses at the injection sites can ensue after mesotherapy [49,
105, 106]. Venous catheterization in health care settings is another source of cutane-
ous or subcutaneous infection by M. fortuitum; the organism is often isolated from
blood and purulent discharge specimens [107, 108]. Infections may also occur dur-
ing electromyography, or punch biopsy procedures, after face-lift procedures, or
after liver transplant [109-111]. Iatrogenic wound infections are occasionally
observed in health care facilities, attributable to inadequate sterilization of surgical
instruments and the use of contaminated disinfectants [8].

In rare cases, skin infection by M. fortuitum can follow bites by animals [112].
One case of diffuse infection, without any previous trauma, has also been described
in a pregnant woman [113]. Sporotrichoid cutaneous infection due to M. fortuitum
is rare. We reported a case of a 37-year-old woman with a sporotrichoid skin infec-
tion after intralesional corticosteroid treatment administered for a preexisting neu-
rodermatitis. The complaint spread up from the left ankle to the leg, and presented
as nodular dermo-hypodermic lesions with a suppurative, ulcerative evolution
(Figs. 8.2, and 8.3). Histology demonstrated an aspecific inflammatory infiltrate

Fig. 8.2 Mycobacterium fortuitum infection. Dermo-hypodermic nodules with sporotrichoid pat-
tern (reproduced with permission from Bonamonte and Coll [82])
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Fig. 8.3 The same patient
as in Fig. 8.2

Table 8.4 Mycobacteria that Mycobacterium marinum

may induce a sporotrichoid Mycobacterium chelonae

clinical pattern Mycobacterium fortuitum
Mycobacterium tuberculosis
Mycobacterium scrofulaceum
Mycobacterium szulgai
Mycobacterium kansasii
Mycobacterium abscessus

without the granuloma and central necrosis aspects [114]. The various blood and
immunological tests were within normal limits. A mild skin reactivity to various
mycobacteria antigens was elicited, likely due to cross-reactions. The sporotrichoid
pattern of lesions is more frequently observed in cases of M. marinum [82, 115-118],
but exceptional cases of other environmental mycobacterioses, due to M. chelonae
[119, 120] and M. kansasii [121, 122] have also been reported. Another case of a
sporotrichoid-like skin infection by M. fortuitum was reported in an immunocompe-
tent subject with a history of intravenous heroin injection [123]. Because sporotri-
choid mycobacterial infection is associated with several organisms, the use of
molecular tools and PCR may help to distinguish M. fortuitum from other species
(Table 8.4).

Other cases of skin infection by M. fortuitum have followed acupuncture proce-
dures [124], an open fracture [125], and nipple piercing [126].
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8.6.2 Histopathology

Cutaneous lesions appear as suppurative granulomas (Fig. 8.4). Caseation is not
seen, and organisms are seen in extracellular sites, often associated with neutrophils
(Fig. 8.5). Large, pleomorphic organisms are frequently detected on smears stained
for acid-fast bacilli [99, 114].

Fig. 8.5 Neutrophilic component of the infiltrate (Hematoxylin-eosin—x100)
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8.6.3 Treatment

The therapeutic management of infections due to M. fortuitum requires in vitro drug
susceptibility testing. The organism is generally susceptible to various oral antibiot-
ics, including the newer macrolides and quinolones, doxycycline and minocycline,
and sulfonamides [92, 93, 127]. Isolates are susceptible to amikacin (100%), cipro-
floxacin and ofloxacin (100%), sulfonamides (100%), cefoxitin (50%), imipenem
(50%), clarithromycin (80%), and doxycycline (50%) (Table 8.3). Recently, it has
been shown that all isolates of M. fortuitum and the related species M. smegmatis
and M. houstonense contain an inducible erm gene that confers resistance to the
macrolides [8, 79]. Therefore, despite the susceptibility MICs seen in 80% of iso-
lates for clarithromycin, macrolides should be used with caution [5].

For serious skin and soft tissue disease due to M. fortuitum, a minimum of
4 months of therapy with at least two agents shown to have an in vitro activity
against the clinical isolates is necessary. Surgery is generally indicated in cases of
extensive disease and abscess formation, or when drug therapy is ineffective.

8.7 Diagnosis

Clinical misdiagnosis of RGM infections may occur for various reasons: inadequate
exposure of the physician to these specific diseases, incorrect specimen collection,
inadequate communication concerning the suspected etiologic agent provided to the
laboratory, and incorrect laboratory results [8].

In the differential diagnosis, it must be remembered that cutaneous infections
due to M. tuberculosis can also present with papules and nodules with a purulent or
serous-purulent discharge [8, 128], but the treatment is different. It is also important
to differentiate sporotrichoid forms due to RGM from those due to M. marinum and
to fungal species.

As regards staining and microscopic observation of the smears, there is a risk
of misidentification as Corynebacterium when, instead, the culprit is
Mycobacterium. Occasionally, RGM exhibit Gram-positive, long, filamentous,
beaded forms that can easily be confused with the microscopic features of the
Corynebacterium species, leading to diagnostic and treatment errors [129, 130].
There can be confusion not only with corynebacteria species but also with
Nocardia species, which are characterized by lesions and microscopic features
that resemble other RGM species [131].

The definitive diagnosis of cutaneous infections due to RGM is based on the results
of the following procedures, that must always be analyzed together: cultures of organ-
isms in drainage material, aspiration fluid; staining of tissue biopsy samples; drug
susceptibility testing; histologic examination; and molecular biology methods [8].

In dermatological settings, the clinical suspicion of an infection due to RGM is
very important. There are no well-established indicators yet available, but some
clues may be useful: a history of exposure to various environmental and health
care-related conditions; late onset of the symptoms (e.g. 2-4 months after
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acupuncture, trauma or surgical procedures); a chronic skin infection after an inva-
sive procedure; an infection that does not respond to conventional antibiotics and/
or with negative culture after 2 days of incubation; negative bacteriological (not
mycobacteriological) cultures, and negative Gram and acid-fast staining of the
specimens [8]. The diagnostic assessment should also take into account the possi-
bility of mixed infections; a concomitant fungal infection is a primary factor. The
latter can also be associated with a delayed response to therapy during the manage-
ment of the RGM infection.
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Mycobacterium marinum Skin Infection 9

Domenico Bonamonte, Angela Filoni,
Michelangelo Vestita, and Gianni Angelini

Mycobacterium marinum lives in aquatic environments, where it causes disease in
many poikilodermic fish species living in fresh or saltwater; the organism has a
wide geographic distribution in the water world [1]. The first report of a mycobac-
terium isolated in fish (very likely M. marinum) is attributed to Bataillon and Coll,
who isolated acid-fast bacilli, named M. piscium, in 1897, from a tuberculous
lesion of a common carp (Cyprinus carpio) [2, 3]. Then in 1926 it was isolated and
identified by Aronson from tubercles in various organs of marine fish found dead
in the Philadelphia Aquarium [4]. Initially M. marinum was thought to infect fishes
only and was named accordingly, but it is now known to be a ubiquitous species.
The original freshwater isolate of M. piscium was quite possibly a variant of
M. marinum. Other marine Mycobacterium species have been described in the lit-
erature, such as M. platypoecilus, M. anabanti, and M. balnei; however, compara-
tive cultural, morphological, and pathogenic data suggest that they were all
synonymous with M. marinum [5].

M. marinum was identified as a causal agent of human disease only in 1951, when
it was identified from skin lesions in swimmers in a contaminated swimming pool in
the city of Orebro, Sweden [6]. The term “swimming pool granuloma” was coined to
denote these lesions and the causal agent was classified as M. balnei [7] but then,
when the two mycobacteria were later seen to be identical, as M. marinum (Fig. 9.1).
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Fig. 9.1 Mycobacterium marinum (reproduced with permission from Bonamonte and Coll [8])

Lastly, in 1962 Swift and Cohen reported two cases of M. marinum infection
from a tropical fish tank: the term “fish tank granuloma” was introduced at this stage
[9]. Since those reports, “swimming pool granuloma” has essentially disappeared
thanks to the introduction of proper chlorination of this reservoir. The terms “fish
tank granuloma” and “fish handler’s disease” are used today because of the associa-
tion with aquariums and water-related activities, such as skin diving [10], dolphin
training [11], and a number of fishing and boating activities [12].

The recent interest in M. marinum is also due to its genetic relatedness with
M. tuberculosis [13, 14] and to the fact that experimental infection of M. marinum
in the goldfish (Carassius auratus) mimics the tuberculosis pathogenesis [15]. In
addition, the growing interest in M. marinum is linked to the emergence and burden
of M. ulcerans infection [16].

9.1 Taxonomy

M. marinum is found worldwide in saltwater and freshwater, aquariums, swimming
pools, ocean beaches, rivers, lakes, natural bathing pools, and old wells. Saltwater
or freshwater fish, dolphins, shrimps, and water pleas have also been reported as
vectors of the disease [10-12].

This mycobacterium belongs to the first of four groups in Runyon’s classification
[17]. It is photochromogenic: cultures turn yellowish-orange after photoexposure
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Fig.9.2 Yellow
photochromogenic
colonies of Mycobacterium
marinum in Léwenstein-
Jensen culture medium
(reproduced with
permission from
Bonamonte and Coll [8])

(Fig. 9.2). Although it can grow in fewer than 7 days, its characteristics are very dif-
ferent from the rapid-growing species (M. chelonae, M. abscessus, and M. fortuitum).
Since it carries a single rRNA operon [13] and its 16S rRNA sequence contains the
molecular signature of slow growing mycobacteria [18], it definitely belongs to the
slow growing group of mycobacteria [3].

M. marinum, as well as its related species, M. ulcerans, is a pathogenic myco-
bacterium, unlike the other nontuberculous mycobacteria, that are opportunistic
pathogens [19]. Phylogenetic analysis based on the 16S rRNA has shown that
M. marinum lies on a branch of the genus that is close to the branch containing
members of the M. tuberculosis complex. DNA-DNA hybridization and mycolic
acid studies confirm that M. marinum, along with M. ulcerans, is closely related to
the M. tuberculosis complex [20, 21].

9.2 Genetics

The M. marinum genome (strain M) is one of the major mycobacteria to have been
sequenced. The length of its genome is 6.5 Mb, which is larger than that of M. tuber-
culosis (4.4 Mb), that of M. ulcerans (5.8 Mb), and that of M. leprae (3.3 Mb) [3].
Its genome is comparable to the M. ulcerans [22] and M. tuberculosis [14] genomes.

M. marinum shares a more than 98% nucleotide sequence identity with the
M. ulcerans genome. On the basis of sequences of the genes used for identification
(those coding for the ribosomal operon, RNA polymerase-rpoB, DNA gyrase-gyrA
and gyrB, and heat shock protein 65 KDa-hsp), M. marinum cannot be differenti-
ated from M. ulcerans, and the minor nucleotide differences observed in some of
these genes are simply related to strain variation [14, 23, 24]. In the light of the
above, M. marinum seems to be an ancestor of M. ulcerans [14, 25]. Divergence
occurred along with the gain by M. ulcerans of genes (grouped on the virulence
plasmid, pMUMOO1) encoding the virulence factor mycolactone [26], and of copies
of the insertion sequences IS2404 and IS2606 [25, 27]. Besides M. ulcerans, other
species, all closely related, are designated as mycolactone-producing mycobacteria:
M. pseudoshottsii and M. liflandii are, in fact, mycolactone-producing mycobacteria
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described only in fishes [28]. These strains could form the M. marinum complex
[29]. From strains of M. marinum that induced disease in Red Sea fishes, another
mycolactone (mycolactone F) has also been isolated [30, 31].

M. marinum is less pathogenic and grows faster than M. fuberculosis; neverthe-
less, the genome of these two species is closely related. Genome sequencing shows
that the region of difference 1, which contains the ESAT-6 and CFP-10 encoding
genes in M. tuberculosis, can present also in M. marinum [32]. The ESAT-6-like
secretion system is probably a major secretion pathway for M. marinum, and this
system is responsible for the secretion of various proteins which are abundant in
M. marinum. The ESX secretion system is critical for the virulence of both species
and is highly conserved between the two species [14].

9.3  Microbiology

M. marinum is a 1.0-4.0 pm by 0.2-0.6 pm, non motile, true branching pleiomorphic
rod, that is difficult to stain by usual methods. After Ziehl-Neelsen staining it is an
acid-fast bacillus. As described for M. tuberculosis, the formation of microscopic
cords has also been described in M. marinum, providing evidence of a link between
cording and the virulence in both species [33, 34]. The cell wall of M. marinum is
mainly composed of keto-mycolates and methoxy-mycolates, that are different from
those of M. tuberculosis and other mycobacteria except M. ulcerans [21, 35].

M. marinum is strictly aerobic, and its carbon sources are glycerol, pyruvate,
glucose, and ethanol. Its optimal growth temperature is 30 °C, whereas small colo-
nies or no growth are observed at 37 °C. In primary culture, it grows slowly and
positive cultures may be obtained after 3—4 weeks (although all cultures should be
held for 6 weeks before being declared negative). In subculture, the growth rate is
between 1 and 2 weeks but may be as little as 4-5 days.

M. marinum, which is less demanding than M. tuberculosis for growth, grows in
all the mycobacteria media (egg based, broth and agar based), without any additives
or with only 2-5% oxalic acid-albumin-dextrose-catalase. Although its growth is
dependent upon oxygen, like other mycobacteria, the growth is improved by adding
2-5% carbon dioxide in the gas phase above the medium [3]. M. marinum lacks
catalase and nitrate reductase activities, whereas some isolates, but not all, hydro-
lize Tween 80.

In view of the growth temperature of M. marinum, clinicians must be sure to
inform the laboratory if this organism is suspected so that the specimen is incubated
at the appropriate temperature in order to prevent false-negative cultures [36-38].

Phenotypically, colonies of M. marinum are smooth or intermediate, white or
beige when the media are kept in the dark and yellowish-orange after exposure
to light (photochromogenic). Their photocromogenicity is due to the active pro-
duction of beta carotene mediated by the crfB gene, and can be inhibited by
chloramphenicol [39].

PCR-based methods have been developed for the identification of M. marinum.
Two of these methods are commercially available: INNOLIPA Mycobacteria v2
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(Imunogenetics), based on the amplification of the ribosomal gene spacer (165-23S),
and Genotype mycobacteria CM/AS (Hain Lifescience), based on the amplification
of a 23S rRNA gene [40, 41]. Both use PCR coupled with reverse hybridization.
They cannot, therefore, differentiate M. marinum from M. ulcerans, since the rRNA
sequences are similar. Specific PCR protocols for detection in fish have been
described [42].

Unlike M. ulcerans, the M. marinum genotypes cannot be clearly related to the
geographic origins of the isolates, and it is difficult to discriminate between recur-
rence and reinfection [43]. M. marinum isolates from humans and fish have also
been genotypically compared, and in this study there were significant molecular
differences between clinical isolates and fish isolates [44].

9.4 Pathogenesis

Both M. marinum and M. tuberculosis are intracellular pathogens that proliferate
within macrophages in a nonacid (pH 6.1-6.5) phagosome that does not fuse with
the lysosome [45]. Because both species are also genetically related, analogous
molecular mechanisms are likely involved in their survival in a hostile cell
environment.

M. marinum is able to survive and replicate in macrophages and even to escape
from the phagosome into the cytoplasm where it can induce actin polymerization,
leading to direct cell spread [46, 47]. Recently, it has been demonstrated that
M. marinum is ejected from the cell through the ejectosome, an actin-based
structure-spreading mechanism that requires a cytoskeleton regulator from the host
and an intact mycobacterial ESX-1 secretion system [47, 48].

Experimental infection of zebrafish with different strains of M. marinum demon-
strated that two different types of strains can be distinguished, based on genetic
diversity and virulence. Cluster I predominantly contained strains isolated from
humans with fish tank granuloma, whereas the majority of strains in cluster II con-
tained isolates from poikilothermic species. Acute disease progression was evident
with cluster I strains, whereas chronic disease was noted with cluster II strains [49].

In the last years, significant advances in the knowledge of the pathophysiology of
M. marinum have been made. A dynamic host-pathogen interaction has been shown:
metabolically active bacteria are controlled by the host immune system and products
of specific bacterial genes interfere with the host’s effort to eradicate the bacteria. In
more detail, the ESX-55 system of the mycobacteria is responsible for the secretion
of various proline-proline-glutamic acid (PPE) and proline-glutamic acid (PE)-
polymorphic GC-rich repetitive sequence (PGRS) proteins. Animal model studies
suggest that such proteins interact with host immune components and possibly sub-
vert critical innate immune pathways, establishing a moderate, persistent infection
[50-54]. In vitro observations on infected human macrophages further suggest that
these proteins strongly modulate the human macrophage response and actively sup-
press T-lymphocyte receptor signaling-dependent innate immune cytokine secretion,
thus allowing bacterial survival [55]. In particular the PPE38 protein, expressed on
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the cell-wall surface, seems to be involved in bacterial surface properties such as cord
formation, sliding motility and biofilm formation, as well as in the induction of pro-
inflammatory cytokines in infected macrophages [54]. Additionally, some authors
have presumed that these proteins are a source of antigenic variation which allows
the pathogen to evade antigenic-specific host responses [53]. Given the above data, it
is easy to understand why immune system impairment is a significant factor in the
establishment of M. marinum infection at the pathogenic level [56].

Owing to the growth temperature of M. marinum, the infection is primarily local-
ized in the coolest region of the body, the skin. Less commonly it involves deeper
structures, such as joints, tendons and bones [57-60].

As already pointed out, dissemination of the infection occurs more commonly in
immunocompromised hosts, like transplant recipients and subjects on corticosteroid
therapy [61-64]. Although there has been no reported change in the M. marinum
infection prevalence and frequency in the developed world since the AIDS epidemic,
several cases of disseminated infection in AIDS patients have been described [61,
65]. It would probably be prudent for HIV infected subjects to avoid maintenance of
freshwater aquariums. Disseminated infection is rarely reported in individuals with a
relatively intact immunity [66, 67].

As of recent date, M. marinum infection has gained a relevant role as an oppor-
tunistic infection in patients treated with anti-tumor necrosis factor (TNF)-a or
other biological drugs [68—72]. However, recent reports support a safe re-exposure
to anti-TNF-a therapy after elimination of the bacteria through correct antibiotic
therapy [73].

9.5 Epidemiology

While endemic in fish, M. marinum infection in humans due to contact with con-
taminated water or fish is comparatively rare [4, 74-90]. In a retrospective survey
carried out in 21 Spanish laboratories from 1991 to 1998, 39 bacteriologically con-
firmed cases were recorded [90]. Culture-confirmed M. marinum infection was
reported in 63 patients from 1996 to 1998 in France, with an infection incidence of
about 0.09 cases per 100,000 inhabitants per year [91]. The annual incidence in the
United States is 0.27 confirmed cases per 100,000 inhabitants [92].

9.6 Clinical Features
9.6.1 Diseasein Fish

M. marinum infection in fish is very frequent, especially in aquarium fish. The gas-
trointestinal tract is the primary route of infection, and the severity ranges from
chronic forms associated with a low mortality to rare, acute forms with a high mor-
tality rate [93]. Affected fishes show behavior changes, such as separating from
other fish and refusing food. They show cutaneous ulcerations and pigment
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alterations and develop spinal curvature, together with monolateral or bilateral
exophthalmia. The infection affects any organ system in fish, but especially the
spleen, kidney, and liver [94].

M. marinum affects a wide range of freshwater and saltwater fish species, and is
the main mycobacterium isolated from fish [95]. Mycobacteria were found in 46.8%
and 29.9% of ornamental fishes imported into Italy which died, and M. marinum
accounted for 2.4-5.3% of the isolates [96]. The organism is transmitted in fish
through contaminated feed, cannibalism of infected fish, aquatic detritus, and the
release of pathogens into the water from gut or skin lesions of infected fishes [94].
For this reason, infective material may be present in soil and water, in which the
bacterial cells remain viable for 2 years or more [94].

M. marinum is a source of infection also in other aquatic vertebrates, such as
frogs, snakes, turtles, snails, and shellfishes [94].

9.6.2 Diseasein Humans

Like other nontuberculous mycobacteria infections, M. marinum infection is not
contracted by human-to-human contagion. Before 1963, most skin M. marinum
infections involved swimming pool-associated injuries [7, 74]. The current decline
in pool-associated cases is probably linked to better water disinfection practices in
recent decades: M. marinum, in fact, survives only briefly after exposure to free
chlorine concentrations of >0.6 pg/ml [3].

Today, M. marinum cutaneous infection is often acquired during aquarium
maintenance [9]. As M. marinum infection is an important zoonosis, M. marinum
infection may pose an occupational hazard for various professionals, such as staff
working with fish and aquatic animals, aquariums, or pet shop workers. Most
infections, however, occur in fish fanciers who have an aquarium at home (hence,
the name “fish fanciers’ finger syndrome”). The infection may be due to direct
injuries from the fish fins or to bites, but most cases are acquired during handling
of the aquarium, when cleaning or changing the water [86, 97]. In one case the
infection was observed in an industrial plumbing mechanic with no direct aquatic
exposure [81]. Indirect infection has also been reported, through contact with a
bath that was used to clean out fish tanks [91, 98]. It seems likely that the incidence
of fish tank granuloma will rise with the increase in fish tank hobbyists and aquar-
ium tourism [98].

Because the optimal M. marinum growth is at 30 °C, human infection is local-
ized primarily on the skin. M. marinum invades the tissues through preexisting bro-
ken skin. The sites most commonly affected are the knees, elbows, arches of the feet
and backs of the hands in swimming pool granulomas, and the backs of the hands in
fish tank granulomas. One case of sporotrichoid infection of the face has also been
reported, in a 2-year-old child, probably caught from fish in an aquarium [85].

M. marinum infection may present with various clinical features. Most com-
monly, in about 60% of the cases, the infection is a cutaneous disease presenting
with a solitary papulonodular lesion on a finger or hand [91]. In 25% of cases, the
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infection spreads along the lymphatic drainage lines, producing multiple nodular
lesions with a sporotrichoid pattern [92, 99]. Multiple or disseminated lesions on
the trunk or limbs are rare [61, 64, 75, 78,79, 100], except in subjects with immune
deficiency.

The initial lesion presents as a reddish or reddish-blue nodule, of a soft consis-
tency and variable diameter, that may even be as large as 5-6 cm. Ulceration or
colliquation may develop and the lesion will then rupture and exude pus, or else it
may remain as a verrucous surface lesion. Mild involvement of regional lymph
nodes is a rare possibility (15% of cases in reference 91), while infection of the deep
organs, such as the lungs, is exceptional [67].

Deep infections (tenosynovitis, the most frequent, as well as arthritis, bursitis,
and osteomyelitis) are present in 20-40% of cases, due to the extension of a cutane-
ous infection or direct inoculation of the pathogen [57-60, 91, 99, 101-103].

The two main risk factors for M. marinum infection in immunocompetent sub-
jects are exposure to M. marinum-infected waters and the presence of superficial
cuts or abrasions. Almost half (49%) of M. marinum infections are aquarium-
related, 27% are related to fish or shellfish injuries and 9% are related to injuries
associated with saltwater or brackish water [91].

The average incubation period for M. marinum infection is 21 days, although it
may be as long as 270 days; 35% of cases have an incubation period of 30 days [86,
91]. Since lesions may appear some time after the exposure, eliciting an appropriate
history of swimming pool or seawall abrasions, barnacle scrapes, fish fin punctures
or abrasions from handling tropical fish tanks is critical in making a timely and
accurate diagnosis.

Usually, M. marinum infections are subacute or chronic. There are some rare
cases of spontaneous healing, although this can take months to several years.
M. marinum does not confer immunity, so re-infection is possible.

9.7 Diagnosis and Differential Diagnosis

Diagnosis of an infection due to M. marinum is based on a high suspicion index, taking
an accurate exposure history, and proper laboratory examinations. Generally, because
of the lack of one or more of these requirements, the diagnosis is delayed [86].

Identification of M. marinum on Ziehl-Neelsen staining of biopsy specimens,
direct smears or a yellowish discharge is positive in only 30% of cases [3], but the
number of mycobacteria is usually low [87, 102, 104]. Obviously, even when posi-
tive, smear microscopy cannot differentiate M. marinum from other mycobacteria.

Diagnosis is essentially made through culture; according to the literature, the
positivity rate ranges from 70 to 80% of cases [3].

Generally, specimens are taken from the skin (skin biopsy specimens and aspi-
rates of pus). Swabs should be avoided for many reasons [99]: M. marinum infec-
tion is a paucibacillary infection. Other specimens are obtained from articular fluids
or subcutaneous tissue and exudates, often obtained at surgery. The specimen con-
tainer should be sterile and should not contain any preservative or fixative. For the
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Table 9.1 Differential features of some mycobacteria inducing skin lesions

Species M. tuberculosis M. marinum M. ulcerans M. fortuitum M. chelonae
Growth rate IL, 1 I R R
Optimal growth 37 °C 30 °C 30 °C 37 °C 37 °C
temperature

Growth 25 °C - + + + +
Growth 45 °C — — —

Pigment N B N N N
Niacin test + A% — — —
Reduction of + - - + —
nitrates

Tween hydrolysis =+ + = + v

(10 days)

Catalase 68 °C - + + + +
Urease + + - + \"
Pirazine amidase  + + — + +
Growth NaCl 5% — \'% — + \'%
Growth — — — + +
MacConkey Agar

Rate of growth = R (rapid: non > 7 days); I (intermediate: 8—14 days); L (slow: more than 14 days)
Pigment = N non photochromogenic, P photochromogenic, V variable

isolation and identification of M. marinum, a level 2 laboratory might be sufficient,
although level 3 might be required for studies of subcultures. Skin biopsy or wound
fluid specimens require a decontamination procedure. Specimens should be cul-
tured at 30-32 °C and, because of other possible mycobacterial diagnoses, also at
37 °C (Table 9.1). Isolation of M. marinum has a clinical significance since it does
not usually grow in the laboratory environment or uninfected human body: this very
important point distinguishes M. marinum infection from infections due to other
nontuberculous mycobacteria [105].

Molecular biology methods are limited by the above reported reasons, due to the
high homology between M. marinum and M. ulcerans. Molecular identification
using the analysis of 16S rRNA or another conserved gene (gyrA, rpoB, hsp65,
16-23S internal transcribed spacer) associated with a 7-day growth of photochro-
mogenic colonies, can help to make an early identification of M. marinum [3, 23,
24, 27].

Intradermal skin tests with the purified protein derivative (PPD) of M. marinum
need to be intensively positive to be diagnostically relevant, as PPD can cross-react
with other mycobacterial PPD and especially M. tuberculosis, as the latter is genom-
ically closely related to M. marinum [13, 14].

Gamma interferon release assays are not found useful as a diagnostic method for
M. marinum infection because, as stated above, M. marinum shares the specific
antigens (ESAT-6 and CFP-10) used in these tests with M. tuberculosis [106, 107].

As a complementary test, to confirm contamination of aquarium water, M. mari-
num can be isolated in dead fish through histological examination, direct observa-
tion or PCR analysis [108].
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Differential diagnosis includes skin infections due to other nontuberculous myco-
bacteria, in particular M. chelonae, M. fortuitum, M. haemophilum and M. tuberculosis.
M. marinum infection with a single verrucous plaque should be differentiated from
tuberculosis verrucosa due to M. tuberculosis or M. bovis. Other noninfectious diseases
to be taken into account are sarcoidosis, skin tumors, and foreign body reactions. The
forms with sporotrichoid pattern must be differentiated from sporotrichosis.

9.8 Histopathology

It is widely known that a histological diagnosis of M. marinum infection can be diffi-
cult [109] because various aspects tend to vary according to the age of the lesion. In
particular, a nonspecific inflammatory infiltrate may be observed in the first 6 months;
after this period, a granuloma with epithelioid and multinucleated Langhans giant cells
is much more likely [86, 103]. Various patterns can be observed: sarcoid-like granu-
loma, granuloma annulare, or rheumatoid-like nodules are frequent pictures [110-113].
Epidermal changes (hyperkeratosis, acanthosis, pseudo-epitheliomatous hyperplasia,
intradermal neutrophilic abscesses and ulcerations), as well as dermal fibrosis (in
chronic lesions) and small vessels proliferation are important findings that are gener-
ally present in such cases [109, 113]. In histological preparations, alcohol-acid-resistant
bacilli can be identified using Ziehl-Neelsen staining.

9.9 Treatment

The permeability of the M. marinum cell wall is not known, but has been demon-
strated to vary at least tenfold among mycobacterial species, that of M. tuberculosis
being tenfold more permeable than that of M. chelonae [114]. Taking into account
the natural M. marinum multidrug resistance, the permeability of its cell wall could
be close to that of M. chelonae. Probably, this low permeability allows survival of
the organism in unfavorable environments [3]. In the genome, various genes encod-
ing antibiotic resistance mechanisms have been observed: for beta-lactams (blaC),
aminoglycosides (aac2’), and chloramphenicol (cph) [3].

As concerns susceptibility tests in vitro and in vivo, rifampicin and rifabutin are
the most active drugs against M. marinum, with a typical MIC90 for these agents of
<0.5 and 0.6 mg/ml, respectively. The MIC90 (the MIC that inhibits 90% of iso-
lates) for older or traditional agents include ethambutol 2.0-4.0 mg/ml, sulfa-
methoxazole 8.0 mg/ml, doxycycline 16.0 mg/ml, minocycline 4.0 mg/ml, amikacin
4.0 mg/ml, and imipenem 8.0 mg/ml [115, 116]. M. marinum isolates have a mod-
erately high MIC90, above the concentrations usually obtained in tissues, for iso-
niazid (8.0 mg/ml), ciprofloxacin, ofloxacin, levofloxacin and streptomycin.
M. marinum isolates are resistant to pyrazinamide [116, 117]. A number of newer
agents have shown some activity against M. marinum including clarithromycin
(MIC 90 4.0 mg/ml) and the 8-methoxyquinolones gatifloxacin and moxifloxacin
(MIC90 of 1.0-2.0 mg/ml). Preliminary data suggest that the new oxazolidinone,
linezolid, is also active against M. marinum in vitro [117].
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Because MICs or fixed concentration susceptibilities show little strain to strain
variation, susceptibility tests are rarely indicated for treatment of M. marinum
infections. Acquired mutational resistance with definite changes in drug suscepti-
bility to M. marinum has not been reported. Recently (December 2000), the
National Committee for Clinical Laboratory Standards (NCCLS) published tenta-
tive guidelines for susceptibility testing of M. marinum isolates [118]. The
Committee recommended that routine in vitro susceptibility testing should not be
done. When testing was deemed clinically necessary, no specific test method was
recommended. Drugs to be tested included clarithromycin, minocycline/doxycy-
cline, rifampicin, ethambutol, trimethoprim/sulfamethoxazole or a sulfonamide
alone, and amikacin [118].

There is currently no consensus as to the optimal treatment of M. marinum
infection. Therapy is usually pharmacological, although adjunctive surgical pro-
cedures, cryotherapy and electrodessication may be needed to control resistant or
deeper infections. Therapy duration varies widely in the literature: most authors
recommend extended treatment for 1-2 months following clinical resolution,
ranging from 2 to 12 months overall, given the absence of substantial dose-related
and time-dependent side effects when using the recommended drugs. Spontaneous
resolution is possible but rare; complete regression can take up to 2 years [99].
Various antibiotics have been reported as effective options; in agreement with
other authors, however, the final choice is primarily based on the clinician’s expe-
rience [69, 91, 119]. Moreover, randomized controlled trials comparing different
antibiotic regimens are currently lacking. Widely used molecules include tetracy-
clines (mostly minocycline and doxycycline), sulfamethoxazole plus trime-
thoprim, rifampicin and ethambutol. Less common alternatives include
clarithromycin, levofloxacin and amikacin [37, 56, 91, 102, 119-124]. Other
drugs, such as new macrolides and fluoroquinolones, are also feasible solutions
[91] (Table 9.2). Both success and failure have been reported for each of the listed
molecules.

Table 9.2 Drugs most widely used in the treatment of Mycobacterium marinum cutaneous infec-
tion according to the literature

Antimycobacterial agent Dosage* Duration

Minocycline 50-100 mg/2/day 2—6 months
Doxycycline 50-100 mg/2/day 4-5 months
Clarithromycin 250-500 mg/2/day 3—6 months
Ofloxacin 200-300 mg/2/day 1-2 months
Ciprofloxacin 250-500 mg/2/day 2-3 months
Levofloxacin 250-500 mg/2/day 2-3 months
Amikacin 15 mg/kg/day—max 1 gr im 2-5 months
Rifampicin 600-900 mg/day 2-5 months
Rifamycin 250 mg im/2/day 2-5 months
Rifabutin 450-600 mg/day 2 months

Sulfamethoxazole + trimethoprim 400 mg + 80 mg/2/day 3—4 months
Ethambutol hydrochloride 15-25 mg/kg/day 2—6 months

If unspecified, administration is per os
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Monotherapy with minocycline, doxycycline and clarithromycin has proven suc-
cessful in most cases, especially in superficial cutaneous infections [37]. Combination
therapy, often with clarithromycin plus rifampicin and/or ethambutol, is preferred in
severe forms characterized by deep tissues involvement, although the use of etham-
butol adds to the complexity of treatment as monitoring for color vision and visual
acuity must be performed [125]. There is limited published experience with clar-
ithromycin [104, 126] but its in vitro activity against M. marinum suggests that it
would be quite effective. Rifampicin alone has also been recommended, but there is
little experience with this regimen [127].

Some authors strongly advocate combination therapy in every case, since antibi-
otic susceptibility tests in M. marinum are often inaccurate, and also to avoid the
selection of resistant strains. The latter, however, has yet to be observed, as no single
antibiotic has a potent activity against M. marinum confirmed by in vitro suscepti-
bility tests [91, 97, 128].

Each regimen should be administered for a minimum of 3 months. The rate of
clinical response is generally low with any regimen; therefore, a minimum of
4-6 weeks of therapy should be given before considering the patient as a non-
responder (Tables 9.2 and 9.3).

As of today, published observations on disseminated M. marinum disease in
AIDS patients, or other immunocompromised individuals, are limited. Hanau and
Coll described a patient with AIDS and sporotrichoid M. marinum infection who
responded well to 6 months of rifampicin and ethambutol, although recurrence was
noted soon after therapy discontinuation [129]. Bonnet and Coll described an AIDS
patient with fluctuant nodules due to M. marinum who failed 5 months treatment of
ofloxacin and minocycline [130]. The patient was then shifted to rifampicin, cipro-
floxacin and amikacin, but did not show a favorable clinical response until clarithro-
mycin was added. Therefore, it seems prudent to treat immunocompromised hosts
with M. marinum infection with at least two agents, including clarithromycin [131].
Duration of therapy in this setting is far from being standardized, but should be
6 months at least, and possibly lifelong in cases of severe, worsening immunosup-
pression (Table 9.3).

Table 9.3 Duration of the therapy in various pathological conditions

Localized cutaneous disease in immunocompetent Disseminated disease, Adjuvant surgical

host including patients treatment

with AIDS
Monotherapy with one of the following agents: Multidrug regimen In case of
clarithromycin, minocycline, doxycycline, with 2 or more active  involvement of the
sulfamethoxazole + trimethoprim, agents closed spaces of
rifampicin + ethambutol Clarithromycin is the hands
Administration for 1-2 months after symptom recommended In cases of poor

resolution. Total duration of therapy 3—4 months Optimal duration of ~ response to
therapy unknown, at  treatment
least 612 months
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As regards the use of antibiograms for targeted therapy, antibiotic susceptibility
testing is currently not recommended on a routine basis, except in patients failing
treatment after several months [37]. This is mainly because in vitro results do not
necessarily relate to in vivo effectiveness, M. marinum is particularly susceptible to
many commonly used antimicrobials, and the risk of acquired resistance to such
drugs is negligible [98, 132].

9.10 Surgery

This is a controversial issue. Some authors recommend surgical debridement along
with antimicrobial therapy [99], whereas for others surgical debridement should be
limited to those cases associated with a poor prognosis after several months of anti-
biotic treatment, and persistent gain [125]. Most of the infections spreading to
deeper structures need surgery [36].

Other treatments, such as cryotherapy, X-ray therapy, and electrodessication
have been reported but have yet to be properly evaluated [102].

9.11 Prevention

The use of adequate concentrations of free chlorine in swimming pools, spas and
hot tub water is advisable, as recommended by the Center for Disease Control and
prevention: the concentration of free chlorine in swimming pool water should be
kept between 0.4 and 1 mg/liter and in spas and hot tub water between 2 and 5 mg/
liter [133, 134].

Sanitation, disinfection, and the destruction of carrier fishes are the primary con-
trol methods of M. marinum infection in fish [3]. Antimicrobial treatment is not able
to eliminate M. marinum from affected fish [135]. As for imported ornamental fish,
a great variety of attitudes is observed: France, for example, requires an EU Directive
2003/858/E health certificate-derived template for all imported live fish, including
tropical ornamental fish [136].

In fish tank-related activities, infections may be prevented by the use of waterproof
gloves during maintenance and by appropriate care of potential upper limb skin
lesions [137]. Concerning the latter, however, chlorine derivatives show a limited
activity against mycobacteria, whereas phenol formaldehyde and glutaraldehyde
derivatives are effective [138]. Fish tank water sterilization by UV germicide lamps,
which easily inactivate mycobacteria, has been introduced on the market [139, 140]
and a vaccine against M. marinum infection in fish has also been designed [6].

Exposed populations, including fish salesmen, should be trained to recognize
signs of M. marinum infection in humans and fish in order to expedite the diagnosis
[3]. Not installing ornamental aquariums in hospital units is also recommended, in
particular in units intended to house immunocompromised patients [3].
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9.12 Personal Data

From 1987 to 2015 we observed 18 patients with cutaneous M. marinum infection,
15 males (83.3%) and 3 females (16.7%; male to female ratio 5:1), of ages ranging
from 15 to 55 years (mean: 34.7). The infection was occupational in 14 subjects
(3 of them worked at institutional aquariums, 10 in shops selling aquariums and 1
was a fisherman) and extra-occupational in four patients (all of whom tended home
aquariums). One of the latter four patients was in the 8th month of pregnancy at the
time of observation. Each patient had a documented history of former minor trauma,
such as an abrasion or a superficial wound acquired while handling fish, shellfish, or
alternatively caused by infected foreign bodies within the aquarium, like wood
splinters or stones. The median incubation time after the traumatic inoculation was
relatively long, ranging from 3 to 24 weeks (mean: 6.3). The interval between the
lesion onset and our observation was in the range of 1-6 months (average 4.2 months)
[8, 82-84, 88, 89, 108, 141, 142].

Four patients (22.2%) presented with a single papulo-verrucous plaque (Figs. 9.3,
9.4,9.5, and 9.6) and 14 (77.8%) had a sporotrichoid distribution of nodular lesions
(Figs. 9.7, 9.8, 9.9, 9.10, 9.11, 9.12, 9.13, 9.14, 9.15, 9.16, and 9.17) (Table 9.4).
The anatomic distribution was typically on the upper limbs, first involving the hand,
fingers and dorsum (right hand in 15 cases, left hand in 3 cases), in 14 cases later
spreading centripetally up the whole arm, trailing up lymphatic vessels. In 3 of these
14 sporotrichoid cases, the first observed lesions were ulcerated nodules that caused
mild pain, whereas in the remaining cases the infection was painless. Associated
systemic symptoms, localized adenopathy, deep structures involvement like tenosy-
novitis, bursitis, and arthritis, were not present in any of the 18 cases. All patients
were immunocompetent and referred no history of transplantation or immunosup-
pressive therapy.

Fig. 9.3 Fish tank
granuloma (reproduced
with permission from
Bonamonte and Coll [8])
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Fig.9.4 Fish tank
granuloma (reproduced
with permission from
Bonamonte and Coll [8])

Fig. 9.5 Fish tank
granuloma (reproduced
with permission from
Bonamonte and Coll [8])

An interesting finding emerged from the history of the 14 sporotrichoid pattern
cases: nodular lesions, arranged in rosary-like chains, appeared one after the other
at regular 1-2 week intervals. Moreover, each lesion firstly involved the cutis deep
structures, presenting as a prominence covered by healthy skin, and then later the
overlapping epidermis was affected.

Culture tests of skin biopsy fragments in Lowenstein-Jensen at 30 °C indicated
M. marinum growth in 16 of our 18 cases (88.9%); according to the literature, posi-
tive rates of cultures range from 70 to 80%. However, in the two culture-negative
cases, the history, intradermal skin tests with PPD of M. marinum and PCR tests
were positive, lesions were classic sporotrichoid, and minocycline therapy was
efficacious. Culture in Lowenstein-Jensen at 37 °C yielded negative results in each
case. In all cases PPD skin tests resulted strongly positive for M. marinum
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Fig. 9.6 Fish tank
granuloma (reproduced
with permission from
Bonamonte and
Angelini [88])

Fig.9.7 Sporotrichoid
fish tank granuloma
(reproduced with
permission from
Bonamonte and Coll [8])
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Fig. 9.8 Sporotrichoid fish tank granuloma (reproduced with permission from Bonamonte and
Coll [8])

Fig. 9.9 Sporotrichoid fish tank granuloma (reproduced with permission from Bonamonte and
Coll [8])

Fig.9.10 Sporotrichoid fish tank granuloma (reproduced with permission from Bonamonte and
Coll [8])
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Fig.9.11 Sporotrichoid fish tank granuloma (reproduced with permission from Bonamonte and
Coll [8])

Fig.9.12 Sporotrichoid
fish tank granuloma
(reproduced with
permission from
Bonamonte and Coll [8])
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Fig. 9.13 Sporotrichoid fish tank granuloma (reproduced with permission from Bonamonte and
Angelini [88])

Fig.9.14 Fish tank
wound (reproduced with
permission from
Bonamonte and Coll [8])

Fig.9.15 The same
case as in Fig. 9.14.
Sporotrichoid fish tank
granulomas, one of which
with ulcerative evolution
(reproduced with
permission from
Bonamonte and

Angelini [89])
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Fig.9.16 The same case as in Fig. 9.14 with sporotricoid granulomas (reproduced with permis-
sion from Bonamonte and Coll [8])

Fig.9.17 Sporotrichoid
fish tank granulomas with
ulcerative evolution
(reproduced with
permission from
Bonamonte and Coll [8])

(Fig. 9.18); the lesions featured an induration area measuring 10—15 mm in diam-
eter, and were moderately positive for M. tuberculosis (Fig. 9.19). Even if none of
our patients had a history of a positive tuberculin skin test result, the positive PPD
results could be interpreted as cross-reactivity, consistent with studies showing a
close genome relatedness between M. marinum and M. tuberculosis [13]. Deep
tissue involvement was not revealed in any of our cases, likely because of the brief
time lag between the disease onset and the clinical diagnosis. In 10 of the 18
patients the PCR test was performed, yielding positive results in each instance.
Biopsies were taken in all subjects. Epidermal changes were present in 46.6% of
cases and included hyperkeratosis (three cases), acanthosis (seven cases) pseudo-
epitheliomatous papillomatosis (four cases) and lymphocyte exocytosis (two cases).
We demonstrated superficial and/or deep dermal involvement in every case. A
tuberculoid granuloma, with lymphocytes, histiocytes, neutrophils, giant cells but
no sign of central caseation (Figs. 9.20 and 9.21), was found in one case (5.6%), in



345

9 Mycobacterium marinum Skin Infection

(panunuoo)

(sypuowr g/a1p
/3w 002)
QUIOA0UTA
(spuow ¢/a1p
/3w 007)
QUITOAS0UTA
(spuow ¢/a1p
/3w 002)
QUITIAOOUTIA
(stpuow ¢/a1p
/3w 002)
QuITIAO0UIIA
(spuowt ¢/a1p
/3w 007)
QUITOAS0UTA

(sypuow g/a1p
/3w 00T)
QUITOA0UTA

(sypuow g/a1p
/3w 002)
QUIOAS0UTA
syjuoul g 10y
(31p/8w 006)
urordweyu pue
(31p/3ur 009)
p1zeruosy

(spuowt z/a1p
/8w 002)
QUITOAS0UTA
uoneINp pue
a3esop ‘quoSe
onnaderay,

QANISOq

VN

VN

VN

VN

VN

VN

VN

VN
¥dod

UOTBWIIRUT
oyroadsuoN

uonewwegur
oyroadsuoN

uonewweyur
oyoadsuoN

uonewwRyul
oyadsuoN

uonewIwegur
oyroadsuoN

uoneWIWRHUL
oy1oadsuoN

UOTJBWIIRUT
oy1oadsuoN

uoneWWRYUL
oyroadsuoN

uonewIweyur
oyroadsuoN

K3010ISTH

QANISOq

AANISOq

QADISOq

QANISOq

AANISOq

ANISOq

QANISOq

aAnIsod

QADISO

Ao
WU

QANESIN

QANBIIN

aAneSoN

QATIESON.

QANBIIN

QANEIIN

QANEIIN

QATIBSON

EINS LN

uress 1[ioeq

F+
add

+++

+++

+++

+++

+++

+++

+++

+++

+++
add

ISeJ-pIOYy Ss1sopnodaqni " WNULIDUL A

QUON

QUON

QUON.

QUON

QUON

QUON

QUON

ureq

QUON

swoydwAg

[4

(sypuour)
Bl

8

91

€

144
(Syoom)
porrad

UONN[OAY UONEQNOUL

so[npou
proyororodg

so[npou
proyornolodg

so[npou
proyornorodg

so[npou
proyornorods

sa[npou
proyororodg
anberd
SNOJNLIDA
-ornded
J[3urs

anberd
SNOINLIDA
-opnded
J[3urg

so[npou
Ppajerao[n
K[reo0y

‘proyoinorodg

onberd
SNOONIIOA
-ornded
J[3uIg
douereadde
[ed1uid

WLIeaI0J pue
quny) 1YSrY
ULIRI0)

pue wnsIiop
Puey JYSTY
ULIR3I0)

pue 13uy

1 puey 1y3ry
ULIRAIOJ

pue 123uy
TI1 puey o]
ULIRIO)

pue wnsIiop
PUBy JYSTY

wnsiop
puey JYSTY

wnsIop
puey JYSTY

ULIBAIOJ pue
123uy I11
puey 1ySry

wnsIop
PUBY Y5y
uonnqmsiq

000T
wnuenby

L661
wnuenby

S661
wnuenby

661
wnienby

661
wnuenby

1661
wnuenby

0661
wnuenby

8861
wnuenby

L861
wnurenby

Ieak

d40€°S

WSTT
Iopuad

soansodxy ‘(s1eak) ofe

‘roquinu
juaned

ewonuei3 yue) ysy,, Yim sjuoned g1 Jo sonsLIRORIRYD AIOJRIOqR] PUR [BIIUID) #°6 d|qeL



D. Bonamonte et al.

346

(Spuowt {/a1p
/3w 002)
QUITIAOOUTIA
(Stpuows {/a1p
/3w 002)
QuITIAO0UIIA
(spuow ¢/a1p
/3w 002)
QUITOAS0UTA
(spuow ¢/a1p
/8w 002)
QuIoA20UTA
syjuour ¢

ur uoIssaIgar
snoauejuodg
(sypuow ¢/a1p
/3w 00T)
QUITOAS0UTA
(Spuowt ¢/a1p
/8w 002)
QUIOAS0UTA

(Sypuonr ¢/a1p
/3w 002)
QuIpaAo0uI

(spuowt ¢/a1p
/3w 007)
QUITOAS0UTA
uoneInp pue
a3esop ‘quoSe
onnaderay,

ANISOq

QANISOq

ANISOq

aAnIsod

QANISO]

QANISOq

QAISO]

ANISOq

ANISOq

¥dod

uonewweyur
oyroadsuoN

uonewwRyul
oyadsuoN

uonewIwegur
oy1oadsuoN

uoneuIwRguI
oyroadsuoN

rwIO[NUEIS
pro[noreqny,

uoneWIWRHUL
oyroadsuoN

uonewiwegur
oyroadsuoN

uonewwegur
oyroadsuoN

uonewwegur
oyroadsuoN

K3010ISTH

ADISOq

QANISOq

AANISOq

QANBIIN

QANISO

ANISOq

QADISO

AANISOq

EING LN

Aamno
WU

aAneSoN

QATIESON.

QANBIIN

ATIBSON

QANISO

QANBIIN

EINS LN

QANBIIN

QANBIIN

uress 1[ioeq

F+

dadd

+++

+++

+++

+++

+++

+++

+++

+++

+++
add

ISBJ-pIOYy Ss1sopnodaqni "J  WNULIDUL “JA

QUON.

QUON

QUON

QUON.

QUON

QUON

QUON.

ureq

ured

swoydwAg

9

(sypuour)
owmn

14
(Syoom)
porrad

UONN[OAY UONEQNIUL

so[npou
PRI
K[reo0y
proyornorodg

so[npou
proyornolods

anberd 9[3urg

sa[npou
proyornorodg

so[npou
proyornolodg

s9[npou
proyornorodg

so[npou
proyoinoiods
s9[npou
pajeIadn
Kqreooy
‘proyornorodg
s9[npou
pajeIadn
Kqreooy
‘proyornorodg
douereadde
[ed1uiy

wnsIop
puey 1ySry

ULIRDIOJ
pue wnsiop
PuEy Y5y

wnsIop
puey o]
ULIRAIOJ
pue wnsiop
PUBY 1YSTY
ULIRAIOJ
pue wnsiop
puey 1ysry
ULIRI0)
pue wnsiop
puey JYSTY
UWLIRI0)
pue wnsiop
Puey JYSTY

wLeaIoy
pue Jo3uy

IIT puey o]

WLIeaIo]
pue wnsIop

PUEBY Y5y
uonnqmsiq

dqe[reAe jou YA

S10z
yst

€10T
wnienby

110c
wnuenby

110c
wntrenby

110T
wnuenby

010t
wnuenby

800C
wnuenby

£00C
wnuenby

100C
wnuenby

ek

Ty 81

INGSE LT

N 8T 91

AR

d49¢ vl

N 0€E "€l

N 8T CI

N LE'TT

46€°01
Iopuad

soansodxy ‘(s1eak) ofe

‘roquinu
juaned

(Ponunuod) 6 djqeL



9 Mycobacterium marinum Skin Infection 347

Fig.9.18 Strongly
positive reaction to PPD
from Mycobacterium
marinum (reproduced
with permission from
Bonamonte and Coll [8])

which the sampled lesion was 5 months old. In the remaining 17 cases, whose
lesions were 3—12 weeks old, at histology a nonspecific dermic and/or hypodermic
mononuclear-cell (Iymphocytes, histiocytes, plasma cells) infiltrate was evidenced,
showing little or no tendency to evolve to a tubercular-like granuloma formation
(Fig. 9.22). Other observed features included dermal fibrosis (one case) and mild
blood vessels proliferation (three cases). Ziehl-Neelsen staining highlighted acid-
fast bacilli only in the histologically demonstrated tuberculoid granuloma case
(5.6%). Additional laboratory tests, done for differential diagnosis purposes in par-
ticular with other mycobacteria, fell into the normal or negative range in every case.
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Fig. 9.19 Fish tank granuloma with intensely positive PPD to Mycobacterium marinum and
weakly positive PPD to Mycobacterium tuberculosis (reproduced with permission from Bonamonte
and Coll [8])

Fig. 9.20 Granulomatous inflammation of deep dermis and subcutaneous tissue (Hematoxylin-
eosin—x10) (reproduced with permission from Bonamonte and Coll [108])
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Fig. 9.21 Tuberculoid granulomatous infiltrate with lymphocytes, hystiocytes, and giant cells
(Hematoxylin-eosin—x40) (reproduced with permission from Bonamonte and Coll [108])

Fig. 9.22 Aspecific granulomatous infiltrate (Hematoxylin-eosin—x100) (reproduced with per-
mission from Bonamonte and Coll [8])
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We collected two dead aquarium fishes for testing purposes: notably, acid-fast
bacilli were present in Ziehl-Neelsen stained sections from the two examined aquar-
ium fishes and PCR was also positive in the single fish tested.

As to treatment, 16 patients responded completely to minocycline monotherapy
100 mg twice daily in 2—4 months. In one patient, who had already been treated with
sulfamethoxazole plus trimethoprim for 30 days with no apparent benefit, the infec-
tion finally resolved after a switch to isoniazid (600 mg/die) and rifampicin (900 mg/
die) for 2 months. Mean duration of treatment was 2.8 months. It should be noted
that therapy, that was antibiogram-guided in all patients, was continued for at least
a month after lesions clearance. None of the patients required surgical debridement.
In the 8th months’ pregnant patient, regardless of the antibiogram sensitivity to
tetracyclines, we did not administer the drug, given the well-known contraindica-
tions. Other viable options were either ineffective, as per antibiogram, or unfit for
use during pregnancy. However, a spontaneous regression of the infection was
observed during weekly follow-up, and complete resolution 1 month post-partum.
The duration of follow-up in all the patients ranged from 12 months to 3 years and
did not reveal relapse in any case.

9.13 Mycobacterium marinum and Sea-Urchin Granulomas

Sea-urchins can produce two types of cutaneous reactions, immediate and delayed
reactions [88, 89, 141, 143-148]. Paracentrotus lividus, the most common sea-
urchin in Mediterranean Sea and Atlantic coastal waters, is the main culprit in the
reported cases of sea-urchin granuloma [88, 89, 141, 143, 149, 150]. Generally clas-
sified as an allergic foreign-body type granuloma, it is considered as a delayed-type
reaction due to an as yet identified antigen. To date, however, no causative agents
have been demonstrated, and calcium carbonate, that is the main constituent of sea-
urchin spines, is considered immunologically inert. Therefore, it is postulated that a
proteinaceous compound produced by the spine epithelium, a substance produced
by the sea-urchin pedicellaria or adherent to the spine (sand, slime, algae, etc.),
could be the agent responsible for the reaction [143, 151].

In one description of a sea-urchin granuloma there was a suggestion of a histo-
logical tuberculoid infiltrate [152]. In 1968, authors researched mycobacterial
infections, and detected acid-fast bacilli in only one case; in this study, the authors
proposed that echinoderm granuloma could be a new mycobacterial infection [153].

In 2001, De La Torre and Coll carried out a systematic search for mycobacteria
in sea-urchin granulomas [151]. The study cohort consisted of 35 patients (31
male and 4 female; median age 35 years, range 14-60) with sea-urchin granulo-
mas. The median latency time from the injury was 7.5 months. Half of the patients
affected were involved in fishing activities. Fifty biopsies specimens were avail-
able for histological study, and several inflammatory patterns were shown, mainly
of sarcoidal (26%) or foreign-body type (20%). Acid-fast bacilli were not identi-
fied with Ziehl-Neelsen staining. Skin biopsies were cultured in 11 instances,
none of which yielded positive isolates of mycobacteria. A PCR-amplified DNA
fragment of 924 bp, encoding mycobacterial 16S rRNA, was obtained in eight
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biopsies from seven patients. Digestion yielded three fragments (677 bp, 132 bp,
and 115 bp) specific for M. marinum in three of the samples. The remaining pat-
terns, with two fragments (792 bp and 132 bp) were not specific for M. marinum,
suggesting the possibility of mutations, subspecies or other non-identified acid-
fast species [151].

The authors stated that as M. marinum is not a commensal and contamination is
unlikely, its identification suggests a pathogenic role in some cases of sea-urchin
granulomas. The spines of sea-urchins may harbor M. marinum, that is probably
one of the various etiopathogenic agents implicated [151].

9.14 Piscine and Aquarium Mycobacteriosis

Mycobacterial infections in fish are reported as piscine mycobacteriosis. The dis-
ease, subacute to chronic in nature, affects fish in freshwater, saltwater, and brackish
water. To date, piscine mycobacteriosis has been mainly attributable to three patho-
gens: M. marinum, M. fortuitum, and M. chelonae [94].

Mycobacteriosis can affect a wide range of fish species (more than 150 species),
suggesting a ubiquitous distribution [135, 154]. It is generally accompanied by
emaciation and death over a period of months to years. Granulomas are formed both
externally and scattered throughout the internal organs. Treatment is in most cases
unsatisfactory and the recommendation is usually to destroy the diseased stock [94],
particularly since the pathogens can affect man as well as fish. Fish handlers and
aquarium hobbyists are most commonly infected, and the disease, that presents with
nodular lesions, is mostly confined to the extremities [8].

There have been ample studies of the presence of mycobacteria in aquarium fish,
whereas the presence and distribution of mycobacteria in clinically healthy aquar-
ium fish and their environment have not been adequately explored. Beran and Coll
carried out a study in which the occurrence of mycobacteria in a decorative aquar-
ium and in 5 aquariums belonging to a professional fish breeder in Moravia (Czech
Republic) was analyzed [155]. After Ziehl-Neelsen staining, acid-fast rods were
observed in 6 (14.3%) and mycobacteria were detected by culture in 18 (42.9%) of
the 42 tissue samples from 19 fish. Sixty-five samples of the aqueous environment
in 6 aquariums were examined; acid-fast bacilli were found in 16 (24.6%) and
mycobacteria were detected by culture in 49 (75.4%) samples. Forty-one (70.7%) of
58 selected mycobacterial isolates were biochemically identified as follows: M. for-
tuitum, M. flavescens, M. chelonae, M. gordonae, M. terrae, M. triviale, M. diern-
hoferi, M. celatum, M. kansasii, and M. intracellulare. The clinically important
species for fish and humans, M. marinum, was not isolated [155]. According to the
authors, mycobacterial species from aquarium environments may be useful as a
possible predictable source of infection for both aquarium fish and immunocompe-
tent and immunocompromised fish handlers.

The answer to how mycobacteria get into aquarium environments is not known.
However, the literature shows a high incidence of mycobacteria in drinking water dis-
tribution systems and in surface water [156, 157], so their transmission from water
sources is likely. Mycobacteria can also spread into aquariums with exotic fish [158].
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Mycobacterium ulcerans is the causative agent of a new emerging infectious disease,
which has been reported in at least 33 countries worldwide with tropical, subtropi-
cal and temperate climates (Table 10.1) [1-8].

Classified by the WHO as one of the 17 neglected tropical diseases [6, 9],
M. ulcerans infection is the third most common mycobacterial disease in the world,
after tuberculosis and leprosy. In East Africa, where it is endemic and thousands of
cases are observed annually, the infection is the second most important mycobacte-
rial disease after tuberculosis [10].

Buruli ulcer disease (the name adopted for this infection worldwide) is often
referred to as the “mysterious disease” because the mode of transmission remains
unclear, although several hypotheses have been proposed [9]. It is a serious nec-
rotizing infection due to a toxin, mycolactone, produced by the bacilli, that necro-
tizes the subcutaneous tissue leading to deep ulceration. This is the most severe
form of the disease. Early detection before ulceration is therefore the key to
prompt cure; otherwise, if diagnosed late, the infection may leave patients with
disabling sequelae, such as scarring contractures and possible bone destruction
requiring amputation.
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Table 10.1 Geographic distribution of Mycobacterium ulcerans infection

Angola, Benin, Burkina Faso, Cameroon, Congo, Cote
d’Ivoire, Equatorial Guinea, Gabon, Ghana, Guinea,

West Africa Liberia, Mali, Nigeria, Sierra Leone, Togo

Other African countries Democratic Republic of Congo, Malawi, Uganda, Sudan
Western Pacific Australia, Kiribati, Papua New Guinea

Central and South America Brazil, French Guyana, Mexico, Peru, Suriname
Southeast Asia China, India, Indonesia, Japan, Malaysia, Sri Lanka

10.1 History

In his book “A walk across Africa” (1864), James Augustus Grant described how
his leg became grossly swollen and stiff, and later developed a copious discharge.
This is the first known description of the infection, and almost certainly refers to the
severe, edematous form. In 1897, Buruli ulcer disease was identified by Sir Albert
Ruskin Cook, a British physician, at Mengo Hospital in Kampala, Uganda [11].

Since 1937, the disease had been recognized as a particular entity in South-East
Australia, at Bairnsdale in the State of Victoria, by two physicians, Alsop and
Searls. The infection, that followed catastrophic rainfall in the State of Victoria in
1935, was confirmed by an epidemic that occurred in 1939 [1]. The first detailed
description of the disease dates back to 1948, made by MacCallum and Coll, who
were treating patients from the Bairnsdale district (hence “Bairnsdale ulcer”, the
other famous name for this disease), near Melbourne [12]. The authors observed
six Australian patients with a single ulcerative lesion on an arm or a leg. The edges
of the ulcers were undermined, and one patient had a positive tuberculin skin test
result, although no evidence of tuberculosis was found. Acid-fast bacilli were pres-
ent in histological specimens. Inoculated into animals, the Mycobacterium species
present in the subcutaneous lesions of the patients caused ulceration. Isolation of
the bacterium was at first unsuccessful but then it was noted that lesions in rats
were found to be most prominent on the scrotum, limbs and tails. Culture at a lower
temperature was therefore attempted, and isolation proved successful on three dif-
ferent occasions. The mycobacterium was provisionally named the “Bairnsdale
bacillus”, after the region where 5 of the 6 patients lived (the sixth patient came
from Colac, 300 kilometers away); it was subsequently renamed M. ulcerans in
1948 1, 2, 12, 13].

In 1950, van Oye and Ballion reported the case of a 6-year-old American expatri-
ate boy from Zaire (now Democratic Republic of Congo) who presented with an
undermined ulcer on the dorsal aspect of the left foot. Acid-fast bacilli were present
in histological specimens [14]. Many other reports from Zaire followed; by 1974,
430 patients had been reported [15].

In 1961, the first African focus of M. ulcerans infection was reported by Clancey
and Coll in Uganda, in a region near the Nile River called Buruli (now Nakasongola
District) [16]. This epidemic, that had struck Ruandan refugees living on the banks
of the lower Nile Victoria, occurred after the great flooding of the Uganda lakes.
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Nevertheless, as stated above, the disease had already been described in Ugandan
patients by Sir Albert Cook [17]. Following other African outbreaks, in 1972
Clancey proposed the name “Buruli ulcer” [1].

The first reports from West Africa were in Nigeria, followed by Angola, Benin,
Burkina Faso, Cameroon, Congo, Cote d’Ivoire, Equatorial Guinea, Gabon, Liberia,
Mali and Togo [18-26]. Cases have been reported in Southeast Asia (Malaysia,
Japan, Indonesia, India, Sri Lanka, and China in the province of Shandong) [11,
27-29], in Central and South America (Brazil, French Guyana, Mexico, Peru,
Suriname) [1, 30-35], and in Oceania (Papua New Guinea) [36]. Other African
countries where the infection has been reported are the Democratic Republic of
Congo, Malawi, Uganda and Sudan [1].

The recent Australian recrudescence of the 1996 infection in Phillip Island
(Victoria) was associated with road rebuilding, that provoked the formation of
marshes above an estuary that was divided in half by the road. Again in Australia,
an increased number of cases was recorded between 1991 and 1994 following the
use of recycled water to irrigate a golf course [37].

Hayman noted that all reported infections occurring in three different continents
were closely linked to the Jurassic era, and that the distribution of the plant family
Proteaceae coincided with this pattern [38].

In Table 10.2 some of the eponyms used to describe this infection in different
countries are listed: some have a geographic origin, others are based on folklore,
linked to cultural, ethnic or magic-religious elements, while yet authors pay hom-
age to the Australian physician who was the first to describe the disease (Searls’
ulcer) [39—41]. In this regard, in their original 1948 work [12] MacCallum and Coll
acknowledged assistance from Doctors Alsop, Clay, and Searls (listed in alphabeti-
cal order). When they sent material to Melbourne University for examination, the
doctors of the Bairnsdale Clinic provided a description of the ulcers. JR Searls,
after whom the ulcer was originally named, was regarded as an excellent general
practitioner [42, 43].

Tal?le 19.2 S.ome clinical Buruli ulcer (Uganda and worldwide)
designations given to Bairnsdale ulcer (Australia)
My COl_mCteri”m ulcerans Searls’ ulcer (Australia)
infection Daintree ulcer
Kasongo ulcer (Democratic Republic of Congo)
Kakerifu ulcer (Democratic Republic of Congo)
Kumusu ulcer (Papua New Guinea)
Sik belong Sepik (Papua New Guinea)
Simiki River ulcer (Papua New Guinea)
Juwe Okoro
Bile Okoro
Tora ulcer
Mexican ulcer (Yucatan)
Tefoun-Tefoun (Benin)
Atom (Cameroon)
Akinolinga (Cameroon)
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On the subject of eponyms, that are anyway fairly common in Dermatology, the
M. ulcerans infection has been reported in many different areas, and each new out-
break has tended to give rise to a new name (Table 10.2). Of all these, perhaps the
most colorful is “Sik belong Sepik™, referred to the infection occurring along the
Sepik River in Papua New Guinea [44]. Generally, medical eponyms refer to dis-
eases that are poorly understood or have unknown causes. For various different
reasons, many authors believe the name “Buruli ulcer” should no longer be used and
the disease should everywhere be called “M. ulcerans infection” [40]. Others,
instead, think that, for better or worse, the name “Buruli ulcer” belongs in the annals
of medical history [44]. Indeed, in 1998, the WHO launched the Global Buruli
Ulcer Initiative [45]. These last authors therefore propose that the term “Buruli
ulcer” should be internationally adopted for M. ulcerans infection, also because the
main endemic areas in Australia (where the disease continues to be called “Bairnsdale
ulcer”) are now the Bellarine and Mornington Peninsulas near Melbourne [46],
whereas in Uganda the Buruli District has been renamed and is now known as the
Nakasongola District [47].

10.2 Epidemiology

The environmental origin of this mycobacteriosis is becoming ever more evident on
the basis of epidemiological and molecular biology data [47].

Since 1980, there has been an ample increase in the detection rate of the infec-
tion, thanks to an increase in public and scientific awareness. For a long period,
M. ulcerans infection had gone largely unnoticed, likely because it occurs in remote
rural communities that are poorly covered by national health surveillance systems.
Additionally, many of the affected populations do not seek health care because of
financial constraints, beliefs that the treatment is not successful, fear of surgery and
anesthesia, or reasons of superstition and stigma [4, 48, 49]. Some authors, how-
ever, believe that the emergence of the disease is due not only to detection bias, but
also to an increased exposure of affected populations [26, 50].

The infection is observed in geographically circumscribed endemic foci, always
near to a water source (rivers, natural or artificial lakes, marshes, irrigation systems)
and related to environmental changes (deforestation, agriculture, and hydraulic
installations) involving surface water [1, 51].

Data in literature show that this mycobacteriosis has been reported in 33 coun-
tries, mostly in tropical and subtropical regions of Africa (West and Central Africa),
including Benin, Cameroon, Cdte d’Ivoire, the Democratic Republic of Congo, and
Ghana. Cases have also been reported in Central and South America Countries,
Papua New Guinea, and in some countries with temperate climates, such as Australia
and Japan. Recent studies have identified different subspecies/strains of M. ulcerans
in the different continents [28, 29, 52, 53].

WHO data demonstrate that in 2014, in total 2251 cases were detected, 1600
cases of which (71%) were in the three West African countries with the highest
incidence of the disease: Cote d’Ivoire, Ghana and Benin. Globally, a gradual
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decrease in cases of infection has been observed [6, 8]. However, there are limits to
the data collected by the WHO, mainly for the following reasons: the data refer to
only 17 of the 33 countries where the disease has been reported; health care and
reporting systems to national level in zones where the infection is most endemic are
lacking; there are large areas with limited or no control activities to stem the infec-
tion, causing an underestimation of the true distribution; lack of awareness and lim-
ited knowledge about M. ulcerans infection among community members but also
among health practitioners [6, 54]. For example, in Japan an increased reporting has
recently been noted, due to increased awareness of the infection among dermatolo-
gists [29]. The above data demonstrate that the incidence of M. ulcerans infection is
probably grossly underestimated.

In West Africa, the peak age for the disease is in children aged between 5 and
15 years [21, 22, 55] but it can affect subjects in any age group. In Australia and in
Japan, people aged 40 years and over are more often affected, but cases in children
are not rare [29, 56]. There are no gender differences in the distribution of cases
among children. Among adults, some studies report higher rates among women than
males [55]. No racial or socio-economic group is exempt from the disease.

By contrast, cases of M. ulcerans infection are rare in some countries: apart from
French Guyana (where a few 100 cases have been observed) [1, 35], in Central and
South America the diseases is considered rare [31, 33, 57]. However, it should be
borne in mind that cases can occur among immigrants from an endemic nation for
M. ulcerans infection, the disease having been acquired in the country of origin, and
even in travelers from a country where the infection is not endemic [58—60]. Cases
such as the latter, reported in countries where the infection is present, serve as a
reminder that everywhere, practitioners should possess an adequate knowledge of
the disease.

Like for all environmental mycobacterioses, person-to-person transmission has
rarely been reported. One case was of a surgeon who developed a Buruli ulcer lesion
on his hand after performing plastic surgery in a patient with the disease in Ghana
(just one example of occupational disease contraction) [61].

10.3 The Organism

M. ulcerans is a microaerophilic, slender and slightly curved, non chromogenic, non
capsulated, non sporulating, immobile, catalase-, nitrate reductase- and urease-
negative mycobacterium. It belongs to a group of slowly growing mycobacteria, and
is an acid-fast and alcohol-fast microorganism that is best cultured in egg-yolk-
enriched Lowenstein-Jensen medium at 28-33 °C (ph 5.4-7.4, pO2 < 2.5 kPa).
Colony growth can be observed both