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Preface

This ambitious project has involved the
cooperation of 88 authors from 19 coun-
tries. I have been ably advised by the five
international advisers. However, the final
choice of infections included, and those
omitted, was my decision. It was, for exam-
ple, considered impractical to describe the
transmission of some 300 arboviruses, so I
have had to be selective. Similarly, a few
rare and/or obscure non-arboviral infec-
tions of humans and domesticated animals
have also been excluded. There can be
several criteria for inclusion, such as the
impact of a veterinary or medical infection
on the health of the hosts, its economic
importance, or because of interesting eco-
logical or immunological considerations.
Parasites such as Dipylidium caninum have
not been included because I regard fleas as
intermediate hosts, not vectors involved in
transmission.

This is an encyclopedia, not a special-
ized medical or veterinary textbook, and so
the aim has been to present up-to-date basic
information on the transmission of a broad
range of infections. It is hoped that the
encyclopedia will prove useful for a wide
readership, including not only those in the
medical field but those interested in finding
out, for example, what transmits an infec-
tious agent, where it is found and whether it
can be cured or prevented. Those wishing for
more detailed or specialized information

should be guided by the list of publications
under ‘Selected bibliography’ found at the
end of most entries.

Efforts have been made to obtain
balanced entries but, as these were written
by physicians, veterinarians, parasitologists,
immunologists and entomologists, not unex-
pectedly, different entries emphasize differ-
ent aspects of infections. Some contributors
have chosen to give detailed drug regimens,
others have not; I have left this to their
personal choice. Moreover, some infections
required additional headings and a different
format. There has, therefore, been some
flexibility in the approach.

Although the encyclopedia is concerned
with infections, and the role of arthropods
in their transmission, I have nevertheless
included separate brief accounts of various
categories of arthropods, such as biting
midges, lice and ticks. This is so that
the relevant points of their classification,
biology and control need not be repeated in
the entries on named infections. Likewise,
short accounts of some of the more
important categories of infective organisms,
such as arboviruses, rickettsiae and filarial
worms, are included.

A few words on nomenclature. I give
the scientific names of mammals found in
Mammal Species of the World (1993), edited
by D.E. Wilson and D.M. Reeder, National
Museum of Natural History, Smithsonian

x
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Institution, Washington, DC (scientific
names can also be found using www.nmnh.
si.edu/msw). I have used vernacular names
given by the authors in their contributions,
or where appropriate those listed in A World
List of Mammalian Species (1980), written
by G.B. Corbet and J.E. Hill, British Museum
(Natural History), London. Mule deer and
Black-tailed deer are usually regarded as the
same species, Odocoileus hemionus. I have
used the vernacular names chosen by the
authors, except that when an author refers
to both Mule deer (Odocoileus hemionus
hemionus) and Black-tailed deer (O. h.
columbianus) I treat them as subspecies.

I have used various recent ornitho-
logical books for scientific and vernacular
names of birds, sometimes giving more than
one vernacular name when I considered this
appropriate.

J.E. Reinert (Journal of the American
Mosquito Control Association (2000) 16,
175–188) raised the subgenus Ochlerotatus
of Aedes to generic rank. Although inevita-
bly this will cause some confusion, I have
adopted this change in anticipation that it
will become generally accepted. I have
placed a numerical indicator against the first
mention of the genus Ochlerotatus in all rel-
evant contributions and inserted a brief note
just before the Selected bibliographies
explaining its elevation to generic status.

There are differences of opinion con-
cerning several issues of viral nomenclature.

After consultations with arbovirologists
and medical entomologists I have
decided not to italicize family names or
so-called species names, such as yellow
fever. I have used the capital letter
abbreviations given in the third edition of
the International Catalogue of Arboviruses
Including Certain Other Viruses of Verte-
brates (1985), edited by N. Karabatsos, The
American Society of Tropical Medicine
and Hygiene, Texas, USA, for arboviruses.
The two exceptions are that I have used BT
instead of BLU for bluetongue virus and
OHF instead of OMSK for Omsk haemor-
rhagic fever virus; this is because these
abbreviations are more widely used. The
letter V is not appended after arbovirus
abbreviations to denote virus, so, for exam-
ple, West Nile virus is abbreviated to WN
virus, not WNV. Furthermore, abbreviations
of virus names are not used for the diseases
they cause. I recognize that not all these
actions will be universally acceptable; the
main motivation has been to reach an
acceptable compromise between different
procedures.

Dosages are given using superscripts:
thus 25 mg chloroquine/kg/day is given as
25 mg chloroquine kg−1 day−1, and 200 mg
permethrin/m2 is written as 200 mg
permethrin m−2.

Some of the more specialized textbooks
relevant to many of the entries in this
encyclopedia are given below.

Preface xi
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Abbreviations

ABR annual biting rate
AG arthrogryposis
AGH arthrogryposis with

hydranencephaly
AGID agar gel immunodiffusion
APOC African Programme for

Onchocerciasis Control
ASM American Society for

Microbiology
ATP adenosine triphosphate
ATP annual transmission potential
AUG translation initiation codon, e.g.

methionine
BHK-21 baby hamster kidney cell line
BKA baby hamster kidney cell line
BS-C-1 African green monkey cell line
BSK Barbour–Stoenner–Kelly medium
Bti Bacillus thuringiensis subsp.

israelensis
CAM chorioallantoic membrane
CATT card agglutination

trypanosomiasis test
CDC Centers for Disease Control and

Prevention
cDNA complementary DNA
cELISA competitive enzyme-linked

immunosorbent assay
CF complement fixation
CIS Commonwealth of Independent

States (former Soviet Union)
CNS central nervous system
CPE cytopathic effects
CSF cerebrospinal fluid

CT computerized tomography
CTC capillary tube centrifugation
DALY disability-adjusted life years
DDT dichlorodiphenyl-trichloroethane
DEC diethylcarbamazine
DEET diethyl-methylbenzamide,

formerly N, N-diethyl-m-
toluamide

DHFR dihydrofolate reductase
DIMP dimethylphthalate
DNA deoxyribonucleic acid
DRC Democratic Republic of Congo
dsRNA double-stranded RNA
EDTA ethylenediamine tetra-acetic acid
EEG electroencephalogram
EIA enzyme immunoassay
ELISA enzyme-linked immunosorbent

assay (same as EIA)
ESS erythrocyte-sensitizing antigen
Fab fragment of immunoglobulin
FAT fluorescent antibody test
Fc crystallization fragment
FDA Food and Drug Administration

(USA)
FEMS Federation of European

Microbiological Societies
G6PD glucose-6-phosphate

dehydrogenase
HCH benzene hexachloride (= BHC)
HE hydranencephaly
HEL human embryonic lung cell line
HeLa human cervix epithelioid

carcinoma cell line

xiv
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HGE human granulocytic ehrlichiosis
HI haemagglutination inhibition
hnRNA heterogeneous nuclear RNA
IATA International Airline Transport

Association
i.c. intercranial or intracerebral
IFA indirect immunofluorescent

antibody
IFN interferon
IgG immunoglobulin isotype G;

others are IgM, immunoglobulin
isotype M, etc.

IGR insect growth regulator
IHA indirect haemagglutination assay
IHR International Health Regulations
IIP indirect immunoperoxidase assay
IL interleukin
i.p. intraperitoneal
ITN insecticide-treated net
i.v. intravenous
J-HR Jarisch–Herxheimer reaction
kb kilobase
kbp kilobase pair
kDa kilodalton
L929 cells mouse fibroblasts, clone 929
LD50 lethal dose for 50% of population
LLC-MK2 Rhesus monkey (Macaca

mulatta) kidney cell line
MA-104 human heteroploid cell line
MA-111 human diploid cell line
Mab monoclonal antibody
MAC-ELISA IgM antibody-capture

enzyme-linked
immunosorbent assay

m-AECT miniature anion exchange
centrifugation technique

MCA monoclonal antibody (more
usually abbreviated as Mab)

MDa megadalton
MHC major histocompatibility

complex
MID mosquito infectious dose
MIR minimum infective rate (number

of arthropods tested/number
isolations obtained)

MRC5 human diploid lung cell line
MRI magnetic resonance imaging
mRNA messenger RNA
MSP major surface protein
NSm medium-sized segment of DNA

encoding a non-structural gene

nsPs non-structural proteins
NSs small-sized segment of DNA

encoding a non-structural gene
NT neutralization test
OCP Onchocerciasis Control

Programme
OIE Office International des

Epizooties
Omp outer membrane protein, such as

rOmpA and rOmpB
ORF open-reading frame, on

chromosomes
OspA, OspB, OspC, etc. outer surface

proteins
OX2, OX19, OXK names of strains of

Proteus antigens
PaCO2 arterial partial pressure of CO2

PARP procyclic acidic repetitive
protein

PBL peripheral blood leucocytes
PCR polymerase chain reaction
PK15 pig kidney cell line
PNG Papua New Guinea
PrM pre- (or precursor) membrane

protein
PRN plaque reduction neutralization
PS pig kidney cell line
PS-C1 porcine kidney stable cell line
QBC quantitative buffy coat
R0 basic reproduction rate
rDNA ribosomal DNA
RFLP restriction fragment length

polymorphism
RIA radioimmunoassay
RNA ribonucleic acid
rRNA ribosomal RNA
RT-PCR reverse transcription–polymerase

chain reaction
s.c. subcutaneous
SDS-PAGE sodium dodecyl sulphate

polyacrylamide gel
electrophoresis

SIT sterile insect technique
s.l. sensu lato
ssRNA single-stranded RNA
s.str. sensu stricto
TCID tissue culture infective dose
TGF tumour growth factor
TNF tumour necrosis factor
TOT transovarial transmission
ULV ultra-low-volume

Abbreviations xv
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VERO African green monkey (= Vervet
monkey) (Chlorocebus aethiops*)
kidney cell line

Vmps variable membrane proteins
VN virus neutralization
VSG variable surface glycoprotein

xvi Abbreviations

* This monkey was formerly placed in the genus Cercopithecus.
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Aegyptianella pullorum see Aegyptianellosis

Aegyptianellosis

F.W. Huchzermeyer

Infection of birds and poikilotherms with
Rickettsiae of the genus Aegyptianella.

Aegyptianellosis, avian
While aegyptianellae have been found in a
number of avian species, clinical disease
has only been observed in domestic poultry,
notably chickens, ducks and geese.

Distribution
Found in all of Africa, southern Europe, the
Middle East and the Indian subcontinent.
An Aegyptianella found in Wild turkeys
(Meleagris gallopavo) in the USA and
described as A. pullorum appears, however,
to be a different species, specific to turkeys.
Another species, A. botuliformis, has been
isolated from Helmeted Guinea fowl
(Numida meleagris) in South Africa.

Parasite
Aegyptianella pullorum (Rickettsiales: Ana-
plasmataceae) is found in the erythrocyte
cytoplasm, where it is seen as small round
bodies, larger solid round bodies and ring
shapes (Fig. 1).

Clinical symptoms
The main clinical symptom is paleness of
wattles and mucosae, caused by a severe
anaemia. This may be accompanied by

weakness, somnolence and diarrhoea. This
picture may be complicated by the neuro-
toxic effects of the tick vectors, which can
cause a severe paralysis, particularly when
large numbers of argasid (soft tick) larvae
have attached, as well as by a concomitant
infection with Borrelia anserina (see Avian
borreliosis). The latter frequently occurs in
the northern range of its distribution but
rarely in southern Africa. There is a marked
age resistance, which causes the symptoms
to be more severe and the pre-patent period
(8–14 days) to be shorter in younger birds.
In uncomplicated cases, mortality is seen
only in chicks under 4 weeks of age. Recov-
ery from anaemia is also quicker in older
birds. Ducks and geese are equally suscepti-
ble to the infection with A. pullorum, while
Guinea fowl (N. meleagris) and turkeys are
generally regarded as resistant.

Diagnosis
The disease is diagnosed by demonstrating
the presence of the intraerythrocytic round
and ring shapes of the agent on a stained
blood smear. However, one has to bear in
mind that the anaemia persists longer than
the parasitaemia. Consequently even a few
parasites found in a highly anaemic blood
smear are sufficient to confirm the diagno-
sis. Finding attached argasid larvae on the
bird, as well as the presence of argasid ticks
in the fowl run, further helps to confirm the
diagnosis. If the disease is suspected or
found in an uncommon host, the transmis-
sion by the injection of infected blood into
one or several suitable clean birds should be
attempted and the recipient(s) be monitored
by taking blood smears for 3–4 weeks.

Post-mortem lesions
Anaemia, in late cases also icterus, spleno-
megaly and a certain degree of right

1

Fig. 1. Small and large round bodies and ring
shape of Aegyptianella pullorum in the cytoplasm
of chicken erythrocytes.
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ventricular hypertrophy of the heart, are
the main post-mortem findings. Hydroperi-
cardium may also be seen in cases of
advanced anaemia.

Transmission
Argasid ticks are the vectors, Argas persicus
in the northern range of distribution and
A. walkerae in southern Africa, while A.
reflexus has also been incriminated. Three
reproductive cycles take place in the
argasid host, in the gut epithelial cells, in
the haemocytes and in the salivary glands,
and all developmental stages of the ticks
can become infected and transmit the
infection in the following stage or at the
next feeding. That is there is trans-stadial
transmission. The developmental cycle in
the tick vector takes about 30 days, and
transmission is by the tick’s bite.

While argasid nymphs and adults only
feed at night and leave the host immediately
after the small blood meal, the larvae remain
attached for up to 10 days and thereby can
play a major epidemiological role, being able
to be transported with their host over long
distances. This can then start new foci of
infection at their new destination. However,
the mode of transmission limits outbreaks
of aegyptianellosis to backyard flocks. The
disease does not occur in intensive poultry
production.

Treatment
The agent is susceptible to tetracycline and
other broad-spectrum antibiotics adminis-
tered orally or by injection.

Control
Control is achieved by ridding the fowl
house and run of nymphs and adult ticks
and the birds themselves of attached larvae.
The house and run can be sprayed with
carbamates or similar acaricides while the
birds can be dusted or bathed with appro-
priate acaricides. The choice of acaricide
depends on what is registered for the

specific use in the country as well as on
availability and size of packaged products.
Because the adults and nymphs hide under
stones and in cracks and crevices, it is
important to apply the acaricides very
thoroughly. The treatment must be repeated
2–3 weeks later to reach the newly hatched
larvae. Newly acquired fowl should be
quarantined, thoroughly examined and if
necessary treated before introduction to the
flock. Depopulation of the fowl run is not an
option, because the ticks can survive fasting
for more than a year.
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African horse sickness

P.S. Mellor

African horse sickness is a non-contagious,
infectious, insect-borne disease of equids
that was first recognized in Africa in the
16th century. The effects of the disease,
particularly in susceptible populations of
horses, can be devastating, with mortality
rates often in excess of 90%. Although Afri-
can horse sickness is normally restricted
to Africa the disease has a much wider sig-
nificance as a result of its ability to spread,
without warning, beyond the borders of that
continent. For these reasons it has been
allocated Office International des Epizo-
oties (OIE) list A status (i.e. communicable
diseases which have the potential for very
rapid spread, irrespective of national bor-
ders, which are of serious socio-economic
or public health consequence and which are
of major importance in the international
trade of livestock or livestock products).

Distribution
African horse sickness is widely distributed
across sub-Saharan Africa and is enzootic
in a band stretching from Senegal and The
Gambia in the west to Ethiopia and Somalia
in the east, and reaching as far south as
northern parts of South Africa. It is proba-
bly also enzootic in northern Yemen, the
only such area outside the African conti-
nent. From these zones the disease makes
seasonal extensions both northwards and
southwards to a degree dependent mainly
upon the climatic conditions and how these
affect the abundance and prevalence of the
vector insects. More rarely, the disease has
spread much more widely and has extended
as far as Pakistan and India in the east and
Spain and Portugal in the west. However,
prior to the 1987–1991 Spanish, Portuguese
and Moroccan outbreaks, African horse
sickness had been unable to persist in any
area outside sub-Saharan Africa or Yemen,
for more than 2–3 consecutive years, at
most.

Aetiological agent
African horse sickness (AHS) virus is a
member of the genus Orbivirus in the family
Reoviridae. It is an unenveloped virus
65–80 nm in diameter with a core contain-
ing ten segments of double-stranded RNA
(dsRNA) surrounded by a double-layered
capsid. Nine distinct serotypes of the virus
have been identified. The core particle
contains five proteins that make up the
group-specific epitopes, while the outer
capsid contains two further proteins that
comprise the type-specific determinants.
Three non-structural proteins have also
been identified in infected cells. African
horse sickness virus serotypes 1–8 are
typically found only in restricted areas
of sub-Saharan Africa, while serotype 9 is
more widespread and has been responsible
for virtually all epizootics of African horse
sickness outside Africa. The only exception
is the 1987–1990 Spanish–Portuguese
outbreak, which was due to AHS virus
serotype 4.

African horse sickness virus is rela-
tively heat-resistant and is stable at 4°C and
−70°C; however, it is labile between −20°C
and −30°C. It is partially resistant to lipid
solvents but is rapidly inactivated at pH
levels below 6.0.

Clinical signs
The virus can cause four forms of disease in
equids and in ascending order of severity
these are: horse sickness fever, cardiac,
mixed and pulmonary forms. Horse sick-
ness fever is the mildest form of disease,
involving only a rise in temperature and
possibly oedema of the supraorbital fossae;
there is no mortality. It occurs following the
infection of horses with less virulent strains
of virus or when some degree of immunity
exists. It is usually the only form of disease
exhibited by the African donkey and zebra
(Equus species).

African horse sickness 3
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The cardiac or subacute form has an
incubation period of about 7–14 days and
then the first clinical sign is fever. This is
followed by oedema, first of the supraorbital
fossae and eyelids, and then extending to
other areas of the head, neck and chest.
Petechial haemorrhages may appear in the
conjunctivae and ecchymotic haemorrhages
on the ventral surface of the tongue. Colic is
also a feature of the disease. The mortality
rate in horses from this form of disease may
be as high as 50% and death usually occurs
within 4–8 days of the onset of fever.

The mixed form of African horse
sickness is a combination of the cardiac
and pulmonary forms of the disease, with
mortality rates, in horses, as high as 80%.

The pulmonary form is peracute and
may develop so rapidly that an animal can
die without previous indication of disease.
Usually there will be marked depression
and fever (39–41°C), followed by onset of
respiratory distress. Coughing spasms may
also occur, the head and neck are extended
and severe sweating develops. There may
be periods of recumbence and, terminally,
quantities of frothy fluid may be discharged
from the nares and mouth. Death is from
congestive heart failure or asphyxia and the
mortality rate in horses is frequently over
90%. During epizootics in naïve populations
of horses all forms of disease can occur but
the mixed and pulmonary forms usually
predominate so mortality rates well in
excess of 80% are likely, making African
horse sickness one of the most lethal of all
horse diseases.

Pathology and post-mortem findings
The lesions caused by AHS virus differ in
accordance with the form of disease. With
the pulmonary form the most conspicuous
lesions are likely to be oedema of the
lungs (which remain fully distended after
death) and hydrothorax. The subpleural
and interlobular tissues are infiltrated
with yellowish gelatinous exudate and
the entire bronchial tree may be filled with
a surfactant, stabilized froth (i.e. froth that
does not deliquesce). Ascites can occur in
the abdominal and thoracic cavities and the

mucosa of the fundic part of the stomach
may be reddened and oedematous.

In the cardiac form the most obvious
lesions are gelatinous exudates in the
subcutaneous, subfascial and intramuscular
tissues and lymph nodes. Hydropericar-
dium is seen and haemorrhages are found on
the epicardial and/or endocardial surfaces.
Petechial haemorrhages and/or cyanosis
may also occur on the serosal surfaces of the
caecum and colon. As in the pulmonary
form, ascites may be found but oedema of the
lungs is either slight or absent.

In the mixed form of African horse sick-
ness, lesions common to both pulmonary
and cardiac forms are found.

The histopathological changes that are
seen in cases of African horse sickness are
a result of increased permeability of the cap-
illary walls and consequent impairment in
circulation. The lungs exhibit serous infil-
tration of the intralobular tissue with disten-
sion of the alveoli and capillary congestion.
The central veins of the liver are distended
and interstitial tissues contain erythrocytes
and blood pigments, while the parenchymal
cells show fatty degeneration. Cellular infil-
tration can be seen in the cortex of the kid-
neys, while the spleen is heavily congested.
Congestion may also be seen in the intestinal
and gastric mucosae and cloudy swelling in
the myocardial and skeletal muscles.

Diagnosis
In enzootic areas the typical clinical fea-
tures of African horse sickness, as described
earlier, can be used to form a presumptive
diagnosis. Laboratory confirmation should
then be sought. In regions where African
horse sickness is usually absent, all
suspicious cases should be referred to an
appropriately qualified laboratory. The spec-
imens likely to be required are as follows:

1. Blood for virus isolation: collected
during the early febrile stage into an antico-
agulant such as heparin or ethylenediamine
tetra-acetic acid (EDTA) and kept cool (4°C)
but not frozen.1

2. Tissues for virus isolation (or for antigen
detection by enzyme-linked immunosorbent
assay (ELISA) or for RNA detection by

4 African horse sickness
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polymerase chain reaction (PCR)-based
assays). Spleen is best followed by lung,
liver, heart and lymph nodes. Tissues
should be collected at autopsy and kept and
transported to the laboratory at 4°C.
3. Serum for serological tests. Preferably,
paired samples should be taken 14–28 days
apart and should be kept frozen at −20°C.

Confirmation of African horse sickness
is by one or more of the following:

1. Identification of the virus directly from
submitted samples by a group-specific anti-
gen detection ELISA or by PCR-based assays.
2. Isolation of infectious virus in suckling
mice or embryonating hens’ eggs, followed
by adaptation to cell culture and identifica-
tion first by the group-specific agar gel
immunodiffusion (AGID) test or antigen
detection ELISA, and then by the serotype-
specific virus neutralization or reverse-
transcription PCR (RT-PCR) tests.
3. Identification of AHS virus-specific
antibodies by the group-specific antibody
detection ELISA, complement fixation (CF)
or serotype-specific virus neutralization
test.

Transmission
African horse sickness virus is transmitted
between its vertebrate hosts almost exclu-
sively via the bites of haematophagous
arthropods. Various different types of
arthropods, ranging from mosquitoes to
ticks, have been implicated over the years,
but certain species of Culicoides midges are
considered to be by far the most significant.
These biting midges act as true biological
vectors and support virus replication by
up to 10,000-fold of the infectious units
ingested. Subsequent to feeding upon a
viraemic equid, susceptible species of
Culicoides become capable of transmission
after an incubation period of 8–10 days at
25°C, though this period lengthens as the
temperature falls, and becomes infinite
below 15–18°C. The incubation or pre-
patent period in the vector is the time
interval necessary for ingested virus to
escape from the gut lumen by entering
and replicating in the midgut cells, and
then for progeny virus particles released

into the haemocoel to reach and replicate in
the salivary glands. Transovarial or vertical
transmission of AHS virus by vector midges
does not occur.

Culicoides imicola, a widely distributed
species found across Africa, southern
Europe and much of Asia, is the major vector
of AHS virus and has long been considered
to be the only important field vector. How-
ever, a closely related species, C. bolitinos,
has recently been identified as a second
vector in Africa, and the North American
C. variipennis is a highly efficient vector in
the laboratory. Further additions to this list
are likely.

In general, Culicoides species have a
flight range of a few kilometres or less. How-
ever, in common with many other groups
of flying insects, they have the capacity to
be transported as aerial plankton over
much greater distances. In this context, a
considerable body of evidence exists to sug-
gest that the emergence of AHS virus from
its enzootic zones may sometimes be due
to long-range dispersal flights by infected
vector Culicoides carried on the prevailing
winds.

Vertebrate hosts
Equids are by far the most important
vertebrate hosts of AHS virus and the horse
is the species most susceptible to disease,
with mules and European donkeys some-
what less so. African donkeys are fairly
resistant to clinical African horse sickness,
while Zebra (e.g. Equus burchellii) are
usually only affected subclinically.

Dogs may occasionally be infected with
AHS virus by ingesting virus-contaminated
equid meat and can die from the disease.
Some reports also suggest that they can be
infected by insect bite but most authorities
believe that dogs play little or no part in the
epidemiology of African horse sickness and
are merely dead-end hosts.

African horse sickness is not a zoonosis,
though at least four human cases of severe
disease have been documented. These were
all infections acquired in an AHS virus
vaccine plant under conditions unlikely to
be duplicated elsewhere.
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Incubation period and viraemia
Under natural conditions the incubation
period of African horse sickness is less than
9 days, although experimentally it has been
shown to range from 2 to 21 days. Viraemia
in horses usually lasts from 4 to 8 days, with
a maximum duration of 18 days, and can
reach a peak titre of around 105 tissue cul-
ture infective dose for 50% (TCID50) of virus
per ml. In zebra, viraemia occasionally
extends for as long as 40 days but peaks at
only 102.5 TCID50 of virus per ml. Viraemia
in donkeys is intermediate in titre and
duration between that in horses and zebra,
while in dogs it is considered to be very
low-level and transitory.

Treatment
Apart from supportive treatment, there is no
specific therapy for African horse sickness.
Affected animals should be nursed care-
fully, fed well and given rest as even
the slightest exertion may result in death.
During convalescence, animals should be
rested for at least 4 weeks before being
returned to light work.

Prevention and control
Importation of equids from known infected
areas to virus-free zones should be
restricted. If importation is permitted, the
animals should be quarantined for 60 days
in insect-proof accommodation, prior to
movement.

Following an outbreak of African horse
sickness in a country or zone that has pre-
viously been free of the disease, attempts
should be made to limit further transmission
of the virus and to achieve eradication as
quickly as possible. It is important that con-
trol measures are implemented as soon as a
suspected diagnosis of African horse sick-
ness has been made and without waiting for
the diagnosis to be confirmed. In epizootic
situations the following measures should be
taken:

• Delineate the area of infection, tak-
ing into consideration topographical

features such as mountain ranges and
rivers.

• Prevent the movement of all equids
within, into and out of the infected
area.

• All equids should be stabled in
insect-proof buildings if possible, at
least from dusk to dawn, which is
the period of major activity for the
Culicoides vectors. The use of insect
repellents inside the stables may
enhance protection.

• Vector abatement measures should be
implemented, e.g. insecticide treatment
in and around animal holdings and
of suspect Culicoides breeding sites,
elimination of breeding sites through
improved water management and
waste disposal (see Biting midges).

• The rectal temperatures of all equids
should be taken twice a day to detect
infected animals as early as possible
because overt disease is generally
preceded by viraemia for about 3 days.
Animals with a fever should be slaugh-
tered or housed in insect-proof stables
to prevent access by vectors and further
spread of disease.

• All susceptible animals should be
immediately vaccinated with poly-
valent vaccines until the causative
virus has been serotyped and the rele-
vant monovalent vaccine has become
available. Depending upon the severity
of challenge, up to 20% of horses may
still contract African horse sickness
subsequent to vaccination with a poly-
valent vaccine. All vaccinated animals
should be identified.

• The virus serotype responsible for the
outbreak should be determined as soon
as possible and a suitable monovalent
vaccine produced and administered.
The use of a monovalent vaccine is
the most successful control measure
available, as it induces effective and
enduring immunity in most animals
within 3 weeks of vaccination.

• The OIE should be notified immedi-
ately of all cases of the disease because

6 African horse sickness
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African horse sickness is on their A list
of notifiable diseases.

In enzootic situations and in regions
where African horse sickness occurs almost
every year, regular annual vaccination with
live, attenuated polyvalent vaccines, effec-
tive against all known local serotypes of
AHS virus, is strongly recommended. Such
vaccines are only available from the Onder-
stepoort Veterinary Institute, South Africa.
Two polyvalent vaccines are produced,
one containing serotypes 1, 3, 4 and 5,
and the other containing serotypes 2, 6,
7 and 8. These serotype formulations may
vary from time to time. No serotype 9 is
included since immunization with serotype
6 is cross-protective.

Note
1 While in the circulation, most AHS virus is
sequestered in immunologically privileged sites
in the erythrocyte membranes and is protected
from the effects of humoral antibody. Virus and
antibody, therefore, may coexist in the circulatory
system. Consequently, blood and tissue samples
collected for virus isolation should be kept
cool but must not be frozen; otherwise, upon
defrosting, the erythrocytes will lyse and the
released virus will be neutralized by serum
antibody. Washing protocols have been devised
to remove antibody from non-lysed blood prior
to virus isolation procedures.
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African swine fever

E. Paul J. Gibbs

African swine fever is a frequently fatal
and epidemic disease of domesticated
swine and European wild boar (Sus scrofa),
characterized by haemorrhage and caused
by a DNA virus that can be transmitted to
susceptible pigs through close contact with
other infected pigs, the ingestion of con-
taminated food or the bite of infected soft
(argasid) ticks. The natural life cycle of

African swine fever (ASF) virus, in its
ancestral home in southern and East
Africa, involves the soft tick, Ornithodoros
moubata porcinus and the African Warthog
(Phacochoerus aethiopicus). Other species
of wild pig, such as the Bushpig (Potamo-
choerus porcus), are also involved. The
infections in the Warthog and Bushpig are
subclinical.
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The introduction of the virus from
infected Warthogs to domesticated pigs in
Africa provided the springboard for the dis-
semination of the virus first to Europe and
subsequently to the western hemisphere.
Infection of domesticated pigs has appar-
ently allowed the virus to ‘escape’ from the
dependency of the arthropod vector for per-
petuation. African swine fever is an example
of an emerging disease resulting from the
interspecies transfer of a virus. It is impor-
tant to recognize this feature to fully under-
stand the current geographical distribution
and epidemiology of the disease. Whether
the virus can perpetuate itself indefinitely
in domesticated pigs without arthropod
involvement is open to question.

Distribution
African swine fever was first reported as
a disease of domesticated pigs in Kenya
in East Africa in 1921. Subsequently, other
countries in East and southern Africa
reported similar outbreaks of the disease.
The start of an outbreak was commonly
traced to pigs being fed with tissue scraps
from hunted Warthogs or from close contact
with Warthogs or their burrows. Sporadic
outbreaks of African swine fever continue
to this day in this region.

The disease remained confined to
Africa until 1957 when African swine fever
was diagnosed for the first time in Europe,
in Portugal. The virus was believed to have
been introduced from Angola, possibly
by Portuguese settlers returning to Portugal
with infected pork products. The disease
was apparently eradicated, but in 1960 it
was believed to have been reintroduced to
Portugal, from where it subsequently spread
to Spain. The virus became endemic in
Spain and Portugal because it was able to
establish infection in Ornithodoros erra-
ticus, a species of soft tick that inhabits the
pigpens of peasant farms in the south-west of
the Iberian Peninsula. An aggressive cam-
paign to eradicate African swine fever has, in
recent years, dramatically reduced the num-
bers of disease outbreaks in both Spain and
Portugal. No outbreaks have occurred in
Spain since 1994. Until a single herd out-
break was reported in late 1999, Portugal had

been free of African swine fever since 1993.
(In contrast, in 1977 in Spain alone there had
been 1780 outbreaks affecting 309,110 pigs.)

The large number of outbreaks of
African swine fever in the 1960s, 1970s and
1980s in the Iberian Peninsula is believed to
have led to ‘spillover’ into France in 1964,
1967 and 1974, Belgium in 1985 and The
Netherlands in 1986. An outbreak in Malta
in 1978 might also have been caused by
the virus being introduced from Spain or
Portugal. In each country, the disease was
eradicated relatively quickly by slaughter-
ing clinically diseased pigs and also pigs
believed to have been exposed to infection.

African swine fever was first seen in
mainland Italy in 1967 and in Sardinia in
1978. The virus was successfully eradicated
from mainland Italy, but African swine
fever persists in Sardinia, partly because
the disease has become established in
the free-ranging pigs and wild boar in the
mountains.

In 1971, African swine fever was diag-
nosed in Cuba. This represented the first
incursion of the disease into the Americas.
The source of infection has never been deter-
mined. Although there has been a fanciful
suggestion that the virus was introduced
intentionally to aid in the downfall of Presi-
dent F. Castro through economic pressure, it
is most likely that the virus was introduced
in infected pork products from Spain or Por-
tugal. The disease was efficiently eradicated
by slaughtering over 450,000 pigs in the
province of Havana. Seven years later in
1978, African swine fever devastated the
pig population of the neighbouring island of
Hispaniola. The source of this infection was
also believed to have been pork products
from Spain or Portugal. The disease was first
recognized in the Dominican Republic, but it
soon spread across the border to Haiti. By
1984, the disease had been eradicated, but,
because it had spread so widely across the
island, it had been necessary to slaughter
the entire domesticated pig population
(estimated at 2 million) and then repopulate
with pigs from overseas. During the time
when African swine fever was present in
Haiti, it was once again diagnosed in Cuba,
the result, it is believed, of refugees from
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Haiti trading pig meat for petrol as they
sailed for the USA.

The first diagnosis of African swine
fever in South America occurred in the same
year (1978) as the disease was seen in the
Dominican Republic, a year that followed
a high incidence in Spain (see above). The
disease was seen in Brazil and the first
outbreaks were in herds fed food waste from
the international airport at Rio de Janeiro.
Once again, it is highly likely that the origin
of the virus lay in the Iberian Peninsula. The
presence of disease in Brazil was alarming,
as it was feared that it could rapidly extend
to infect other parts of the continent.
Although it was initially thought that
the virus had spread widely in Brazil,
eradication was successful.

The pig populations of several countries
of West Africa, from Senegal to Gabon, have
been affected by epidemics of African swine
fever. Cameroon, for example, has seen its
pig industry all but destroyed by the disease.
The origins of the various epidemics have
not been clearly traced, but in some cases the
virus is considered to have been introduced
in infected pig products imported from
Europe. It is not known whether ASF virus is
present in ticks in West Africa.

Aetiological agent
African swine fever virus is classified as
the only member in its own family, the
Asfaviridae. It is a large enveloped virus
that has a genome of a single molecule
of double-stranded linear DNA. The com-
plete genome has been sequenced; it is
170–190 kbp in size and encodes for approx-
imately 200 proteins. Replication occurs
mainly in the cytoplasm, but the nucleus is
required for DNA synthesis. Virions are
released by budding or cell lysis.

Restriction endonuclease analysis of
the DNA of isolates of ASF virus from
Africa, Europe and the Americas permits
classification into five groups. All European
and American isolates fall within one group,
whereas the African isolates show greater
variation. This is probably because only one
or two genotypes were introduced to Europe
from Africa, where the virus has been circu-
lating for a long time and has diverged

extensively. The analyses support the epi-
demiological conclusion that the strains
of ASF virus that have occurred in the
Americas originated in Europe.

Clinical signs
African swine fever virus infects domesti-
cated pigs, European wild boar (S. scrofa)
and other members of the family Suidae,
such as the Warthog and Bushpig. Clinical
disease, however, is only seen in domesti-
cated pigs and wild boar. After an incuba-
tion period of 5–15 days, pigs develop high
fever (40.5–42°C), which persists for about
4 days. Starting 1–2 days after the onset
of fever, pigs lose their appetite, show signs
of incoordination and may have diarrhoea.
They often huddle as a group to keep warm.
Some may die at this stage without further
clinical signs. As the disease progresses,
many pigs develop dyspnoea; they may
vomit and exhibit reddening of the skin and
cyanosis of the ears. Haemorrhage from the
nose and anus is frequently seen before
death. Pregnant sows may abort. Mortality
is often 100%, with most affected animals
dying a few days after the onset of fever.

The above description is typical of
African swine fever in domesticated pigs in
Africa that have been exposed to infected
Warthogs or their tissues. However, in those
geographical areas of Europe and the Ameri-
cas where soft (argasid) ticks do not appear
to be involved in virus transmission, the
course of disease has usually been rapid
and fatal at first, but rapidly diminishing
in severity, until finally it becomes pre-
dominantly chronic and even subclinical.

Pathogenesis, pathology and immunity
At autopsy, haemorrhage characterizes
the gross pathology seen in pigs dying in
the acute stage of the disease. Haemorrhages
are seen most prominently in the lymphatic
and vascular systems. The spleen is often
grossly enlarged, the kidneys and heart
show petechial haemorrhage, and the
visceral lymph nodes may resemble blood
clots. Domesticated pigs with chronic
disease exhibit pneumonia, pleuritis, peri-
carditis and arthritis.
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Studies of the pathogenesis of ASF virus
in domesticated and feral pigs have shown
that the virus replicates in several cell types
of the reticuloendothelial system causing
a severe leucopenia. Infected swine are
believed to die through the indirect effects of
viral replication on platelets and comple-
ment functions rather than by direct
cytolytic effect. Genomics has established
that there are a number of genes associated
with virulence and host range. Some have
never been seen in viruses before and several
are completely novel. For example, one
gene, A238L, codes for a protein that acts
as an analogue of the immunosuppressant
drug cyclosporin A. These studies are
providing the tools to a better understanding
as to why domesticated pigs and Warthogs
differ in their clinical susceptibility.

Domesticated pigs infected with ASF
virus may become persistently infected.
While diseased pigs are more easily recog-
nized as possibly being persistently infec-
ted, development of clinical disease is not
a prerequisite for persistent infection. The
duration of persistence is unknown, but low
levels of virus have been detected in tissues
for more than a year after infection. This
feature of the disease is one reason why
eradication of African swine fever has often
involved removal of large numbers of pigs
from the national herd (even the entire
population in some countries, such as Malta,
the Dominican Republic and Haiti).

One of the most striking aspects of ASF
virus infection in pigs is the absence of
a neutralizing antibody response. Infected
pigs develop antibodies in their sera that
bind to the virus, but the humoral immune
response confers no protection. This has
bedevilled the development of effective
vaccines.

Diagnosis
Any febrile disease in swine associated
with haemorrhage and death should raise
suspicion of African swine fever. The
clinical signs of African swine fever are
similar to those of several diseases, such as
poisoning with anticoagulants (for example,
rat poisons), erysipelas and acute salmo-
nellosis, but the major diagnostic problem

lies in the differentiation of African swine
fever from a similar virus disease, namely,
hog cholera or European/classical swine
fever. African swine fever and hog cholera
are both notifiable diseases in most coun-
tries and veterinary regulatory authorities
should be contacted upon any suspicion of
either disease. Laboratory confirmation is
essential and samples of blood, spleen and
visceral lymph nodes should be collected
for virus isolation and for detection of
antigen. Virus isolation is done in swine
bone marrow or peripheral blood leucocyte
(PBL) cultures, in which haemadsorption
can be demonstrated and a cytopathic effect
seen within a few days after inoculation.
From this point, the virus can be adapted to
grow in various cell lines such as pig kidney
(PK15) and VERO cells. Antigen detection
is done by immunofluorescence staining
of tissue smears or frozen sections, by
immunodiffusion, using tissue suspensions
as the source of antigen, and by enzyme
immunoassay.

Transmission
African swine fever virus can be trans-
mitted between susceptible pigs by several
routes. Once the virus is introduced to
domesticated pigs, it can be transmitted
by close contact, fomites, food containing
scraps of meat from infected pigs and the
bite of infected soft ticks of the genus
Ornithodoros (Fig. 1B). The introduction of
the virus to a previously unaffected country
is usually by the feeding of infected scraps
of pork products to pigs, as outlined earlier
in the section on geographical distribution.
The focus of this section will therefore be
on the arthropod transmission of the virus.
Only soft ticks of the genus Ornithodoros
are considered to be vectors.

Africa
In its natural ecosystem in southern Africa,
the virus is biologically transmitted bet-
ween Warthogs by the soft tick O. moubata
porcinus within the ecological niche of
the Warthog burrow. The infection of the
Warthog is a consequence of being bitten by
an infected tick and there is no evidence for
horizontal or vertical transmission between
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Warthogs (Fig. 1A). Surveys have shown
that adult Warthogs are commonly per-
sistently infected with ASF virus, with the
virus being mainly limited to the lymph
nodes. Persistently infected adult Warthogs
are not usually viraemic; however, young
Warthogs develop a viraemia when first
infected. While the level of this viraemia
is not high (up to 4.0 log10 haemadsorbing
units per ml), it has been shown to be above
the threshold of infection for uninfected
ticks. After a tick has fed on an infected
host, ASF virus first replicates in the gut
and then spreads to the haemocoel, from
which the virus infects the salivary glands
and reproductive system (Fig. 1). The virus
is transmitted to susceptible pigs by the bite
of the infected tick. The infection of the
reproductive organs allows sexual transmis-
sion of virus between male and female ticks.
Trans-stadial and transovarial transmission
also occur. Ornithodoros moubata porci-
nus, in common with most soft ticks,
usually feeds on its hosts at night. During
the day it remains hidden in crevices of the
walls of the burrow. It is an opportunistic
and multiple feeder; individual soft ticks
have been shown to be capable of trans-
mitting the virus several years after their
initial infection with it. Through these
mechanisms the virus is perpetuated within
the soft tick populations resident within a
Warthog burrow; however, not all Warthog
populations or tick populations are infected
with the virus. The role of Bushpigs in the
epidemiology of the virus is unknown.

Europe
The rural economy of the south-western
area of the Iberian Peninsula relies heavily
upon the cork forests; here domesticated
pigs are allowed to range in search of
fallen acorns of oak trees (Quercus species).
Ornithodoros erraticus is found in this
region in the rock walls of traditional
pigpens and under the bark of trees. When,
in the 1960s, ASF virus was introduced to
swine in the region, O. erraticus became
infected and maintained the virus in a cycle
paralleling that of O. moubata porcinus
and the Warthog in Africa. This has made
the eradication of ASF virus from the pig

population of Spain and Portugal far more
difficult.

The Americas
When African swine fever was confirmed in
the Americas, the possibility that ASF virus
could establish itself in indigenous species
of Ornithodoros was considered. Although
species such as Ornithodoros turicata and
O. puertoricensis were experimentally
shown to be potential biological vectors
and could play a role smilar to that of O.
moubata porcinus and O. erraticus in the
Old World, no soft ticks were ever found to
have become naturally infected, despite the
extensive outbreaks of disease that occurred
in the late 1970s and early 1980s.

Treatment
There is no treatment for swine with ASF
virus.

All attempts to develop a commercial
vaccine have been unsuccessful. However,
recent genomic studies have indicated
that, after inoculation into pigs, some gene-
deleted strains of ASF virus can protect them
from subsequent infection with lethal
strains of ASF virus.

Control
Within a global context, African swine fever
is considered to be the most important epi-
demic disease that affects the pig industry.
When the pigs of a country becomes
infected, the economic loss is substantial,
due to the costs of disease control, lost pro-
duction and ban on exports. The control
and prevention of African swine fever
are difficult because of the biology of the
disease and the virus. Summarized these
are as follows:

• Biological transmission by soft ticks
occurs; infection in soft ticks can
remain undetected for many years and
can re-emerge.

• There are no vaccines available.
• Some pigs can become persistently

infected.
• The virus is present in fresh meat from

infected pigs.
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• The virus is robust and resistant to the
curing process used to prepare several
pork products.

• The clinical disease can be confused
with hog cholera.

Accordingly, countries free of disease
have restrictions on the importation of
live pigs and pork products from countries
where African swine fever exists. All food
waste from seaports and airports is
destroyed.

When African swine fever is confirmed
in a country, most veterinary authorities
elect to eradicate the virus by depopulating
the affected herd(s). When disease is exten-
sive within a country, it may be necessary
to depopulate a region of domesticated
swine. On those occasions when disease is
extensive on an island (for example, Malta),
the cost-effective approach has been to kill
all the pigs and restock with disease-free
pigs from overseas.

When ASF virus is present in the
tick population of a country, it is extremely
difficult to eradicate the virus. In Spain
and Portugal, it has been found that
constructing pens of concrete is far more
effective than attempting to control ticks
with acaricides. In Africa, where the virus
exists in a sylvatic cycle, the problem is even
more difficult. Disease control relies upon
not feeding food waste to pigs and by sepa-
rating ticks and Warthogs from domesticated
swine by double fences extending beneath
the ground.
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African tick-bite fever see Tick-borne typhuses

African trypanosomiasis, human

Pierre Cattand

Although long known by the indigenous
population and reported in ancient writings
by Arab merchants, as well as slave traders
in the 18th and 19th centuries, sleeping
sickness aetiology was only elucidated in
the early part of the 20th century. Shortly

after this discovery, the transmission cycle
was described, along with the role of
the tsetse-fly (Glossina) as the vector. The
occupation of Africa by European settlers
is claimed to have been the cause of the
spread of the disease through the opening of
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trade paths and population movements. It
is not unlikely that behavioural changes of
local populations under the colonial times
enhanced disease transmission. Very rap-
idly thereafter, in less than 10 years, the
essential factors were known about the
epidemiology of African trypanosomiasis.
Following the dramatic epidemics in East
and West Africa (Uganda and Cameroon) in
the early 1900s, fearing the loss of human
resources necessary to develop their colo-
nies, the local administrations established
extensive control programmes. The unfail-
ing effort, organization, dedication and
motivation of the staff of these programmes
achieved the elimination of the disease
in some 35 years (1930–1965). By the
mid-1960s only sporadic cases occurred
throughout the continent. Since then,
political instability, wars and diminishing
financial means have brought health ser-
vices virtually to a halt and the disease has
reappeared in almost all ancient foci. In the
subsequent 35 years the disease returned to
levels comparable to those of the beginning
of the 20th century and, by 1999, the
number of new cases soared to some
45,000 (Fig. 1). Today, major outbreaks are
reported from the Democratic Republic of
Congo (DRC), Angola, Sudan and Uganda.

Impact
The importance of human sleeping sickness
in terms of public health lies not in
the annual incidence, but in its potential

for development of explosive epidemics,
causing thousands of deaths. If incidence
alone is considered, the disease appears as
a minor health problem compared with
other parasitic diseases, such as malaria
(see Malaria, human) and helminthic infec-
tions. However, because of its severity, the
occurrence of a case in a family will affect
all members. Moreover, outbreaks place
a major burden on whole communites,
reducing the labour force, interrupting
agricultural activities, disrupting the local
economy and jeopardizing food security. In
the past, thousands of people died during
large-scale epidemics. If the disability-
adjusted life year (DALY) figures (i.e loss of
healthy life years by premature mortality
and disability) are considered, the social
and economic impact of trypanosomiasis
ranks third of all parasitic diseases behind
malaria and schistosomiasis in sub-Saharan
Africa. The number of deaths each year is
estimated at 100,000. Populations fleeing
sleeping sickness leave behind them vast
deserted regions. A comparable exodus due
to a disease can only be found in regions
where river blindness (see Onchocerciasis,
human) has occurred.

Distribution
Sleeping sickness is focal and concerns
only part of the population in 36 African
countries south of the Sahara desert. Only
some 60 million people are at constant
risk of infection. Today, active transmission
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Fig. 1. The evolution of the number
of new cases per year identified in the
central African region between 1926
and 1999.
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takes place in at least 20 countries. Various
levels of endemicity are found in the 259
discrete known foci, but not more than 3–4
million people are under adequate surveil-
lance (Fig. 2).

The World Health Organization (WHO)
estimates that at least 300,000 individuals
are now infected, but only 10–15% are diag-
nosed and treated. In the DRC, where some
10,000 cases were diagnosed annually in the
late 1980s, control activities ceased follow-
ing the withdrawal of external technical and
financial aid due to political problems. After
only 4 years with little or no control the
number of reported cases rose to 30,000, but
it is estimated that at least 150,000 individu-
als have the disease. In Uganda an outbreak
in 1986 produced more than 4000 cases. In
Angola, cases rose sixfold following inter-
ruption of control operations due to war
and social upheavals. In 1999, for the first
time in the history of the disease, urban
and peri-urban transmission was reported
(Kinshasa, DRC; Luanda, Angola). Through-
out Africa some 40,000 new cases were
reported in both 1998 and 1999.

Parasite
The protozoans that cause sleeping sickness
belong to the genus Trypanosoma, subge-
nus Trypanozoon. They are classified in the
phylum Euglenozoa (formerly classified in
the Sarcomastigophora), the order Trypano-
somatida (formerly placed in Kinetoplas-
tida) and the family Trypanosomatidae.
Although morphologically indistinguish-
able, only two subspecies of Trypanosoma
brucei, namely. T. b. gambiense and T. b.
rhodesiense, are infective for humans. The
former causes an acute form of the disease
found in East Africa, while T. b. gambiense,
a chronic form, is widespread in West and
Central Africa. These parasites are trans-
mitted to humans by bites of tsetse-flies
(Glossina species). Following the bite of
the fly the parasites invade the blood and
lymph and, as the disease progresses, they
cross the blood–brain barrier to enter the
central nervous system.

Biochemical and molecular characterization
Biological, biochemical and molecular cri-
teria can be used to distinguish the various

African trypanosomiasis, human 15

Fig. 2. Geographical distribution of the 259 present and former human African trypanosomiasis foci
(1930–1999). Present epidemiological status of each focus ranges from inactive to epidemic. Inactive foci,
however, remain risk areas where the disease can reappear at any time.
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subspecies. The subgenus Trypanozoon can
be identified on the basis of isoenzyme and
DNA characteristics. Trypanosoma b. gam-
biense isolates fall into two groups, known
as Types I and II. Type I is characterized by
low virulence in humans, while Type II
produces an acute rhodesiense-like disease
syndrome. A clear separation between sym-
patric populations of T. b. rhodesiense and
T. b. brucei is now possible.

Antigenic variation
The surface of trypanosomes consists of a
layer of variable surface glycoprotein (VSG),
which is sequentially replaced by another,
composed of an antigenically distinct VSG
that is not recognized by existing antibod-
ies. The host responds against the new VSG,
and the cycle of antigen switching and anti-
body response is repeated. The repertoire of
VSGs is very large. The steady accumula-
tion of antibodies in the host is manifested
as hypergamma-globulinaemia. When try-
panosomes enter the tsetse-fly, the VSG coat
is replaced with a coat of invariable glyco-
protein, procyclic acidic repetitive protein
(PARP) or procyclin, which is thought to be
present only in the procyclic and epi-
mastigote parasite stages in the tsetse-fly.
Variable surface glycoprotein expression
reoccurs at the infective metacyclic stage
in the fly’s salivary glands. The metacyclic
bloodstream population is composed of
a mixture of VSGs and, because its
repertoire changes, it precludes the dev-
elopment of a classical vaccine against
African trypanosomiasis.

Clinical symptoms
Despite the close biological relationship of
the two parasite species infecting humans
and the fact that both forms of the disease
are lethal if untreated, there are important
differences in their epidemiology and clini-
cal features. Sleeping sickness due to T. b.
gambiense is characterized by a slow pro-
gressive course, which may last from a few
months to several years before death occurs.
In the form due to T. b. rhodesiense the dis-
ease evolves rapidly, causing death within
weeks or a few months after infection.
Little is known on the time-scale of central

nervous system invasion by the parasite,
although there is suspicion that it takes
place shortly after infection occurs.

Diagnosis
Clinical diagnosis

Although pruritus and adenopathy are often
observed, fever, headache and joint and
muscle pains are common complaints in the
early stage of the disease, and neurological
symptoms, such as mental alterations,
abnormal movements, sensory problems
and sleep disturbances, are seen in the
second stage after parasites have invaded
the central nervous system, there is no
single clinical sign or symptom that can
be regarded as pathognomonic for sleeping
sickness. Therefore, for accurate diagnosis,
it is essential to obtain laboratory confirma-
tion of the infection.

Indirect diagnosis
Tests have been developed for the detection
of antibodies, circulating antigens or try-
panosomal DNA. All are suggestive of
infection but, due to lack of sensitivity and
specificity, none can be used to ascertain a
trypanosomal infection. In mass screening,
however, suspicion of infection with T.
gambiense can be established with the card
agglutination trypanosomiasis test (CATT),
as it has been shown to be sufficiently sensi-
tive, easy to perform and inexpensive to be
applied on a large scale to populations con-
sidered at risk for the disease. Suspicion
must then be corroborated through parasite
detection.

Detection of parasites
Initially, parasites are present at the site
of the infecting bite; they rapidly spread to
the lymphatic and peripheral blood system.
Within days a lymphadenopathy develops
and a typical enlargement of the posterior
cervical lymph node (Winterbottom’s sign)
occurs. The nodes are firm, mobile and
painless. Parasites can be found by micro-
scopic examination of the lymph node
aspirate. Concurrently parasites multiply in
the blood. While thin, thick and wet blood
films can be used to detect the parasite,
concentration methods provide a better

16 African trypanosomiasis, human
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chance of finding trypanosomes. Several
concentration methods are available. The
most sensitive is probably the miniature
anion exchange centrifugation technique
(m-AECT), closely followed by the quant-
itative buffy coat (QBC) technique, initially
developed for diagnosing malaria. The cap-
illary tube centrifugation (CTC) technique,
while slightly less sensitive, is widely used
in the field because of its ease, rapidity
of performance and low cost. In vivo
inoculation and in vitro cultures are
possible, but they are elaborate and involve
costly laboratory procedures.

Determination of the stage of the disease
Treatment of the early and late stages of
the disease is different. The second stage
requires a drug that crosses the blood–brain
barrier, which is associated with the risk of
serious complications due to its toxicity.
The criteria for advanced-stage infection are
based on cerebrospinal fluid (CSF) analysis.
Cerebrospinal fluid is considered normal
when the leucocyte count is 5 cells mm−3

or below, total protein content is 37 mg
100 ml−1 or below (measured by a dye-
binding protein assay) and trypanosomes
are absent (by the double-centrifugation
technique). If trypanosomes are present or
cells and/or proteins are above the thresh-
old of normality, the patient is recognized
to be in the advanced stage.

Transmission
It is generally agreed that there are 31 spe-
cies and subspecies of tsetse-fly belonging
to the genus Glossina. Eight species and
subspecies are major vectors of sleeping
sickness. The limit of Glossina distribution
is approximately from 14°N (Senegal) and
10°N (Somalia) to 20°S at the northern
end of the Kalahari Desert. Some species,
such as G. morsitans, are found across
West Africa to Central and East Africa,
whereas others are more restricted in
their distribution. For example, G. palpalis
occurs only in the West African subregion.
Maps of the distribution of Glossina species
have been produced under the auspices
of the Inter-African Bureau for Animal

Resources of the Organization of African
Unity. However, due to drought and defor-
estation and other environmental changes,
the distribution of tsetse-flies fluctuates
considerably.

Both male and female Glossina are
blood-sucking insects. The viviparous
female deposits a single larva approximately
every 10 days. Tsetse-flies may live for
6 months and take blood meals every
2–3 days. The species and subspecies
incriminated in the transmission of the dis-
ease belong to two groups, namely the G.
morsitans group (savanna flies), typically
inhabiting savanna woodland and the G.
palpalis group (riverine and forest flies),
occupying secondary forest zones, such as
riverine and mangrove forests. A third, the
G. fusca group (forest flies), is restricted to
primary forests, and has not been implicated
in the transmission of sleeping sickness.

When trypanosomes in the blood of
humans or, in the case of T. b. rhodesiense,
also from a non-human reservoir host, are
sucked up during feeding, they eventually
arrive in the fly’s stomach. Blood is digested
but the gambiense and rhodesiense trypano-
somes are not destroyed but pass into the
ectoperitrophic space. Here they multiply
and after 3–9 days migrate to infect the
proventriculus, from where they pass down
the food channel in the proboscis and then
up the hypopharynx to invade the fly’s
salivary glands, become epimastigotes and
multiply enormously. Some 15–35 days
after an infective blood meal, the tsetse-fly
is infective and metacyclic trypanosomes
are injected into a vertebrate when the fly
feeds. It remains unclear whether there are
‘short cuts’ to this complicated cycle of
development, such as trypanosomes pene-
trating the stomach and passing into the
haemocoel and then migrating directly to
the salivary glands.

Treatment
The disease is fatal if untreated but only a
very limited number of drugs is available
for treatment. No vaccination exists. Pent-
amidine is currently used for treatment
of the early stages of infection due to
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T. b. gambiense and suramin for T. b. rho-
desiense. The organo-arsenical compound
melarsoprol is used in the late stage for both
forms of infection.

Melarsoprol (Arsobal®)
This drug was introduced in 1949. It is
marketed as a 3.6% solution in propylene
glycol. It is metabolized to one or several
active products, the nature of which is
unknown, and has a terminal half-life of
35 h. The mode of action of melarsoprol is
unclear. For a long time the affinity of the
drug to sulphydryl groups was believed
to be responsible for the antitrypanosomal
activity. It was shown that especially the
pyruvate kinase, which is a key enzyme
in African trypanosomes for production of
adenosine triphosphate (ATP), was mark-
edly inhibited. Newer investigations have
shown that trypanothion, which replaces
glutathion in African trypanosomes, forms
a stable adduct with melarsen oxide. This
complex is an effective inhibitor of trypano-
thion reductase, leading to disturbance of
the redox balance of the parasite. However,
this theory was recently questioned and
it was suggested that phosphofructokinase,
another enzyme of the glycolytic pathway,
may be the main drug target.

There is no standardized treatment
regimen for the use of melarsoprol; the
dosage and duration of therapy differ con-
siderably depending on the country where
it is applied (Table 1). The development of
all currently used treatment schedules was
empirical. Generally melarsoprol treatment
consists of several series of three to four
consecutive  injections,  given  every  24  h,
with an interval of about 1 week between the
series. In most schedules the doses increase
progressively either during the course of
treatment or within the single series. The
rest periods between treatment courses have
been introduced because of suspicion of
arsenic accumulation in body tissues. How-
ever, no indications of drug accumulation
could be found in elimination studies in
rats and kinetic investigations in monkeys
and humans. Thus, a treatment schedule for
melarsoprol with an abridged duration of
only 10 days and 30% less drug has recently

been developed and successfully tested in a
large clinical trial. This new protocol is now
being evaluated in the context of control
operations in different endemic countries.

The major problems associated with
melarsoprol therapy are the frequent and
often serious adverse events, the relapses
and the long duration of treatment. The
worst of all adverse events are encephalo-
pathic syndromes, which are clinically
characterized by a rapid deterioration of the
level of consciousness, seizures or psychotic
reactions. In general this complication occurs
in 5–10% of the patients. In a Tanzanian
hospital the rate of this event was reported as
17.9%, and as 23% in the Bandundu region
of DRC. The reaction is fatal for about
10–70% of the patients affected. An immune
reaction should be the cause, but the
mechanism remains unknown. Other severe
adverse reactions reported are polyneuro-
pathies and exfoliative dermatitis (Lyell
syndrome was reported by one author at
a frequency of 0.8% of the treated cases).
Neuropathies may occur in up to 10% of
cases and manifest either as a paraesthesia
with a ‘stocking and glove’ distribution or
as a motor weakness. Exfoliative dermatitis
(bullous eruption) is rather infrequent (1%),
and is usually controllable with steroids.
Fever, headache, diarrhoea, maculopapular
eruptions, pruritus and abdominal and chest
pain also occur. The value of prednisolone to
protect against encephalopathy was debated
for more than 20 years but a recently pub-
lished large-scale study seems to confirm its
usefulness.

Relapses are another major problem of
sleeping sickness treatment with melarso-
prol. For many decades the frequency
reported ranged from 1 to 10%. However,
there are recent reports indicating much
higher rates of patients not responding to
melarsoprol (southern Sudan 19%, northern
Uganda 26%, Zaire province of Angola
20%). At present, treatment failures are
clinical phenomena with unknown causes.
The development of drug-resistant para-
sites or insufficient drug levels in a crucial
body compartment need to be discussed.
Reinfections do occur but at a much lower
rate.
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Eflornithine (Ornidy®)
This drug, also called alpha-difluoro-
methylornithine (DFMO), was registered by
the Food and Drug Administration (FDA) in
1990 for use in T. b. gambiense infections
and has been described as the miracle drug.
It is not effective against T. b. rhodesiense.
Eflornithine is no longer produced today,
but, should production resume, its high
cost would become a major obstacle for
its extensive use; thus melarsoprol is likely
to remain the first-line drug for the next
decade. When considering that in some
endemic countries the total annual health

budget is as low as US$2 per head of
population and that eflornithine treatment
is approximately US$1000 per patient, it is
understandable that such treatment would
be out of reach of most African patients and
control programmes.

Nifurtimox (Lampit®)
This drug, developed and used for control
of Chagas disease (see entry) and not regis-
tered for sleeping sickness, has been shown
to be effective in the treatment of T. b.
gambiense sleeping sickness. To date, it has
been used, in the absence of eflornithine,
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P, pentamidine pretreatment 4 mg kg−1 body weight (bw); M1, melarsoprol 1.2 mg kg−1 bw; M2, 2.4 mg kg−1 bw;
M3, melarsoprol 3.6 mg kg−1 bw (max. 5 ml); Mx, melarsoprol 1st series of 1.8, 2.16, 2.52 mg kg−1 bw, 2nd series of 2.52, 2.88,
3.25 mg kg−1 bw, 3rd series of 3.6, 3.6, 3.6 mg kg−1 bw (max. 5 ml); M4, melarsoprol 2.16 mg kg−1 bw (max. 5 ml).

Table 1. Comparison of a few different schedules for late-stage T. b. gambiense sleeping sickness treatment
with melarsoprol.

19
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
24 September 2001 12:02:46

Color profile: Disabled
Composite  Default screen



exclusively on a compassionate basis for
trypanosomiasis cases who do not respond
to melarsoprol. In consideration of the
considerable increase in the number of
melarsoprol-resistant cases, several research
projects are examining various drug combi-
nations using melarsoprol, eflornithine and
nifurtimox.

Control
In the last few years a resurgence of sleeping
sickness has occurred in West and Central
Africa, specifically in Angola, Central Afri-
can Republic, Chad, Congo, Côte d’Ivoire,
DRC, Guinea, Sudan, Tanzania and Uganda.
In response to this situation an intercountry
coordination for surveillance and control
has been developed and various approaches
have been elaborated to improve surveil-
lance, case finding, treatment and vector
control. In November 1995 a WHO Expert
Committee on Control and Surveillance of
African Trypanosomiasis prepared a com-
pendium of available options and tools to
curb the spread of the disease, and under-
lined the need for urgent action. Consider-
ing the technical and economic situation
of the countries where sleeping sickness
occurs, it is evident that they require
assistance to develop their national pro-
grammes, establish plans of action and
mobilize appropriate resources for imple-
mentation of control and surveillance.

Surveillance
Epidemiological surveillance is the contin-
uous and systematic collection, analysis,
interpretation and diffusion of public
health information. The aim of sleeping
sickness surveillance is to assess the epi-
demiological situation and have the neces-
sary information to implement appropriate
actions to prevent and control the disease.
It also provides a monitoring tool for
programme follow-up. Sleeping sickness
surveillance can be passive or active.
Depending on the method applied and the
tools used, surveillance sensitivity ranges
from very low to high. Passive surveillance
is fundamentally qualitative. Because clini-
cal signs are so unspecific they cannot
be used effectively for surveillance. Use of

serology, however, in the existing health
infrastructure, will indicate the likeliness of
the occurrence of the disease in any given
area. Passive surveillance using serology
can be loosely interpreted to indicate if
there is a risk of ‘a lot of sleeping sickness’
and, provided the origins of seropositive
cases are mapped, the geographical extent
of the problem can be estimated. Serology
applied actively through surveys, covering
a selected percentage of the population in
each village, will provide a better insight
into the possible occurrence and intensity
of sleeping sickness. Coupled with para-
sitology of seropositive cases, a good assess-
ment can then be made of the prevalence
of the disease. Considering the focal nature
of trypanosomiasis, large areas must be
surveyed to identify foci and their extent.
Using vector density as an indicator for
sleeping sickness is not appropriate. While
the presence of the vector is essential for
transmission, the prevalence cannot be
associated with the apparent density of
the tsetse-fly. Interestingly, epidemics of
the T. b. rhodesiense form of the disease
in East Africa have been associated with a
change to peridomestic transmission.

Case finding and treatment
Control options include active case finding
and treatment, as well as vector control.
Case finding and treatment not only relieve
human suffering and reduce the economic
burden of families and communities but
they decrease the human reservoir, breaking
the transmission cycle, and effectively
control the disease.

Programme choices for control and
surveillance will depend on factors such as
epidemiological and environmental condi-
tions, programme structure and organiza-
tion, coordination of the medical and vector
control activities and the human, material
and financial resources. Because of the great
variability across the numerous known foci
of African trypanosomiasis, there is no sin-
gle strategy that can be advocated. Instead,
plans of action must be developed and
tailored on an area-to-area basis and staff
trained in methods appropriate to their
specific control and surveillance needs.
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Vector control
A large array of techniques have been devel-
oped based on a detailed knowledge of the
ecology of the tsetse-fly. Those harmful to
the environment have been abandoned. In
the past, measures such as culling certain
species of game animals in eastern and
southern Africa, which were reservoir hosts
for T. b. rhodesiense infections, were under-
taken.  Clearance  of  vegetation  and,  later,
ground and aerial insecticidal spraying of
vegetation with residual insecticides to kill
resting tsetse-flies were practised. Today
these techniques are still used in the control
of nagana (see Animal trypanosomiasis),
although environmentally these methods
are increasingly less acceptable. Since the
1970s research on the response of different
Glossina species to odours and colours has
made it possible to develop alternative and
environmentally friendly vector control
devices, such as insecticide-impregnated
(usually with pyrethroids) traps and screens
(targets). Several differently shaped traps
(Fig. 3A, B) and screens (Fig. 3C) have been
developed to ensure their effectiveness for
trapping various species of tsetse-flies.

Preference in vector control approaches
is now given to elaborate combinations of
techniques. These combinations will include
selective insecticidal ground spraying to
obtain an initial ‘knock-down’ of flies, fol-
lowed by deployment of traps and screens,
and possibly achieving localized eradication
through using the sterile insect technique
(SIT). Such rigorous vector control is justifi-
able only if compatible with local economics
and sustainability of results. Rural develop-
ment and the enhancement of agriculture
may be good reasons to implement vector
control activities. However, with sleeping
sickness the objective in an epidemic focus
is to reduce rapidly and drastically the vec-
tor population to a level at which disease
transmission is significantly reduced or inter-
rupted. Since vector control is rather costly,
areas of application must be strictly delim-
ited to match the extent of disease foci. This
can be achieved through surveillance. How-
ever, vector control operations must go beyond
these borders to limit movements of tsetse-
flies into control areas. Control techniques

must be chosen according to knowledge of
the local environmental and epidemiologi-
cal conditions and the available human and
material resources. If the fly population is
not controlled rapidly, it may not be possible
to sustain control, owing to lack of funds or
loss of motivation in the community.

Conclusion
Sleeping sickness is basically a disease of
rural African people and remains a major
threat to the health of farmers, ranchers,
fishermen and hunters living in sub-
Saharan Africa and exposed daily to bites
of tsetse-flies. Tourists and visitors may
become infected if exposed to an infective
fly bite. Although demonstrated in the mid-
1960s as being controllable, and despite
the availability of new and more effective
tools, the ever-deteriorating health services
in endemic countries are facing an enor-
mous task to diagnose and treat thousands
of patients. Contrary to many other endemic
diseases, sleeping sickness epidemics are
not self-limiting and, as in the past, if
nothing is done, whole areas may soon
be abandoned by a population fleeing the
dreadful disease and certain death. Con-
currently national programmes will have to
achieve and sustain a reduction of trans-
mission sufficient to eliminate the disease.

Selected bibliography
Budd, L.T. (ed.) (1999) Human sleeping sickness.

In: DIFID-Funded Tsetse and Trypanosome
Research and Development Since 1980,
Vol. 2 – Economic Analysis. Department for
International Development, pp. 62–65.

Burri, C. (1994) Pharmacological aspects of the
trypanocidal drug melarsoprol. A disserta-
tion performed at the Swiss Tropical Institute
for the degree of Doctor of Philosophy,
University of Basle, 177 pp.

Burri, C, Nkunku, S., Merolle, E., Smith, T.,
Blum, J. and Brun, R. (2000) Efficacy of new,
concise schedule for melarsopol in treatment
of sleeping sickness caused by Trypanosoma
brucei gambiense: a randomised trial. The
Lancet 355, 1419–1425.

de Raadt, P., Vickerman, K., Smith, D.H., Cattand,
P., Molyneux, D.H., Milligan, P.J.M. and Bal-
dry, A.T. (1999) African trypanosomiasis. In:
Gilles, H.M. (ed.) Protozoal Diseases. Arnold,
London, pp. 249–305.

African trypanosomiasis, human 21

21
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #7.vp
04 September 2001 10:13:46

Color profile: Disabled
Composite  Default screen



22 African trypanosomiasis, human

Fig. 3. (A) Biconical trap used to catch Glossina palpalis and G. pallidipes. (B) Pyramidal trap
for trapping the palpalis group flies. (C) Pyrethroid-impregnated cloth screen (target) used to attract
G. palpalis and G. tachinoides – the vertical slits are to discourage theft of the material. These traps
and screen are used in vector control operations. The screen and lower half of the traps are blue or
black. (Fig. 3A courtesy of M.W. Service, 3B and 3C courtesy of A.M. Jordan.)
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Aino virus

P.S. Mellor

Aino (AINO) virus was originally isolated
from mosquitoes in Aino, Nagasaki prefec-
ture, Japan, in 1964.

Distribution
The distribution of Aino virus, along with
most of the other four teratogenic Simbu
group viruses (Akabane, Douglas, Peaton
and Tinaroo) is poorly understood. To date,
the virus has been isolated only in Japan
and Australia, with specific antibodies also
identified in Indonesia, but it is likely to
have a much wider distribution, possibly as
great as that of Akabane virus (see entry),
which includes Australia, southern Asia
and Africa.

Aetiological agent
Aino virus is a member of the genus
Bunyavirus, family Bunyaviridae and is
included in the Simbu serogroup with
more than 20 other viruses. The virions of
these viruses are spherical, enveloped and
90–100 nm in diameter. Four structural
proteins have been identified and these
surround a genome of three segments of
single-stranded RNA (ssRNA).

Clinical signs
All five teratogenic Simbu group viruses are
capable of damaging the fetuses of cattle,
sheep and possibly goats. Of these, Akabane
virus is considered to be the most patho-
genic. Aino virus is thought to be less
important but when it does cause disease
the pathological effects produced are
indistinguishable from those induced by
Akabane virus. These effects are described

in detail in the entry on Akabane virus but
are reproduced, in brief, below.

When Akabane virus (and presumably
Aino virus) infects serologically naïve, preg-
nant cattle, sheep or goats, the virus is able to
cross the ruminant placenta and replicate in
the fetus. The pathological effects of this
may be evidenced by abortions, premature
births and the birth of young with a range of
congenital defects, especially arthrogryposis
and hydranencephaly but also including
blindness, nystagmus, deafness, dullness,
paralysis and incoordination. Adult animals,
including the dams of affected young,
exhibit no clinical signs of infection.

In Japan, antibodies to Aino virus have
been found at low prevalence in serological
surveys of humans but no link with human
disease has been suggested. However, only
the fetuses of pregnant women would be
likely to be at risk for this virus and it is not
known whether such women were included
in the surveys.

Diagnosis
The cause of sporadic cases of arthrogrypo-
sis or hydranencephaly is likely to remain
undiagnosed. However, when clusters of
such cases occur, their presence should
suggest a teratogenic virus such as Aino (or
other teratogenic Simbu group viruses) as
a possible cause. For Aino virus isolation,
clinical material should be inoculated into
suckling mice by the intracerebral route
or into cell culture. The most useful tissues
are from aborted fetuses. However, it is
unlikely that virus will be isolated from
deformed full-term offspring because of
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neutralizing antibodies formed in the fetus.
Virus can be identified by the virus neutral-
ization (VN) test. For diagnosis by serology,
the VN test has again proved most useful.
Serum samples from the dam and its fetus,
or the dam and a presuckling sample from
the newborn animal, should be used.

Transmission
Aino virus was first isolated from Culex
tritaeniorhynchus, and a mixed pool of
Culex pipiens and Culex pseudovishnui in
Japan. Subsequently, in Australia, numer-
ous isolations of virus have been made from
the biting midge, Culicoides brevitarsis. At
first sight, therefore, it is difficult to decide
whether mosquitoes or biting midges are
likely to be the major vectors. However, the
related Douglas, Peaton and Tinaroo viruses
have been isolated only from Culicoides,
while Akabane virus has been isolated from
five different species of Culicoides around
the world and has been shown to be trans-
mitted by one of them. Consequently, it
is likely that Culicoides species are the
primary vectors of all five viruses.

Vertebrate hosts
The virus has been isolated only from the
blood of healthy cattle in Australia and
from an aborted bovine fetus in Japan.
However, the host range as inferred by
serology includes cattle, sheep, goats,
Buffaloes (Bubalus bulbalis) and horses.

Evidence for human infection is equivo-
cal. Antibodies to Aino virus have been
detected in humans in Fukuoka prefecture,
Japan, at a low prevalence (4.7% of 171 sera).
However, no antibodies to any Simbu
serogroup virus were found in limited
surveys of human sera in Australia or in the
sera of ten laboratory workers who had been
handling the five teratogenic viruses over a
5–10-year period.

Treatment
There is no specific therapy for Aino virus
infection.

Prevention and control
The problem with Aino virus and with the
other teratogenic Simbu group viruses is

that, frequently, the first evidence of their
presence in epizootic situations is the birth
of deformed young. This usually occurs
several months subsequent to infection
and after the damage has been done. It also
tends to occur after the causative virus has
been eliminated by the immune responses
of the affected animals. There is thus a cer-
tain retrospective element involved in the
situation. Nevertheless, control of vectors
can be attempted by the elimination of their
breeding sites, use of insecticides or hous-
ing of susceptible stock during peak vector
activity times (dusk to dawn). Also, since
the only danger of disease is through the
infection of pregnant stock, it may be possi-
ble to devise a husbandry programme in
which breeding is restricted to those times
of the year when the vectors are absent and
hence there is no transmission. However,
since knowledge concerning the identity
and biology of most of the vectors is still
inadequate, these measures may be imprac-
tical. No vaccines are available or planned
for the control of Aino virus infection.
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Akabane virus

P.S. Mellor

Akabane (AKA) virus was originally iso-
lated from mosquitoes collected in Akabane
in Japan in 1959.

Distribution
Akabane virus has a wide distribution and
may be regarded as being enzootic in most
of Africa, virtually all of Asia (excluding
Russia) and Australia.

Aetiological agent
Akabane virus is a member of the genus
Bunyavirus, family Bunyaviridae, and is
included in the Simbu serogroup with
more than 20 other viruses. The virion
is spherical, enveloped and 90–100 nm
in diameter. Four structural proteins have
been identified and surround the three
segments of single-stranded (ssRNA).

Clinical signs
When AKA virus infects pregnant cattle,
sheep or goats the virus is able to
replicate in and cross the ruminant
placenta, causing a variety of congenital
abnormalities in the fetus. The range and
severity of these abnormalities is dependent
upon the stage of gestation at infection.
In adult animals, however, infection is
entirely subclinical and in enzootic areas
most breeding-age animals will have
acquired an active immunity during early
life sufficient to prevent the virus from
reaching the developing fetus. In these
situations the virus exists as a ‘silent’

infection and no evidence of disease is
seen.

The pathogenic effects of AKA virus
infection are usually observed only when
the virus expands beyond the limits of its
enzootic areas to enter zones where most
animals are still susceptible when adult-
hood is reached and are therefore able to be
infected during pregnancy. In such situa-
tions, an epizootic in cattle, sheep or goats
may be noticed by the increased incidence
of abortions and premature births in late
summer or autumn. This is followed by the
birth of calves, lambs or kids with a range of
congenital defects, principally arthrogrypo-
sis (AG) and hydranencephaly (HE). Young
animals with these defects may be stillborn
or delivered alive at term. Arthrogryposis
is characterized by flexion or extension of
various joints, particularly the carpal and
tarsal joints, and is seen in approximately
30–50% of affected animals. The birth of
some arthrogrypotic animals is associated
with dystocia, necessitating embryotomy or
caesarean section to save the dam. Young
born with HE may survive for several
months if hand-reared but they never thrive.
Such animals may also show blindness, nys-
tagmus, deafness, dullness, slow suckling,
paralysis and incoordination.

Epizootics of AG/HE disease due to
AKA virus have been recorded in Japan,
Australia, Israel and Turkey, the most
severe involving 30,000 calves in Japan and
3000–5000 calves in Australia.
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Diagnosis
Sporadic cases of AG/HE due to AKA
virus often remain undiagnosed. When a
cluster of cases occurs, their presence
should suggest a teratogenic virus such as
AKA or one of the other closely related
Simbu group viruses (Aino, Douglas,
Peaton, Tinaroo) as a possible cause. For
virus isolation, clinical material should
be inoculated into suckling mice by the
intracerebral route or into cell culture.
The most useful tissues are from aborted
fetuses. However, it is unlikely that
virus will be isolated from deformed full-
term offspring because of neutralizing
antibodies formed in the fetus. Virus can
be identified by the virus neutralization
(VN) test and viral antigens by immuno-
fluorescent techniques. For diagnosis by
serology, the VN test has proved most
useful. Serum samples from the dam and its
fetus and a presuckling sample of serum
from the affected newborn animal should be
used.

Transmission
The virus was first isolated in 1959 in Japan
from Aedes vexans and Culex tritaenio-
rhynchus mosquitoes, and then in 1968
it was isolated from the biting midge,
Culicoides brevitarsis, in Australia. More
recently, isolations have been made from
Anopheles funestus in Kenya, and from
Culicoides species, such as C. oxystoma in
Japan, C. imicola and C. milnei in Zimba-
bwe, C. imicola in Oman, C. brevitarsis and
C. wadai in Australia, and a mixed pool
consisting mainly of C. imicola in South
Africa. The virus has been shown to
replicate in C. brevitarsis and reaches
the salivary glands of infected individuals
after 10 days’ incubation. The virus also
replicates in orally infected Culicoides
variipennis, by up to 1000-fold, and trans-
mission can occur after 7–10 days’ incuba-
tion at 25°C. Replication and transmission
of the virus have not been demonstrated
in any mosquito species. These findings
suggest that Culicoides species are likely to
be the major vectors of AKA virus and that
mosquitoes are of lesser importance. Vector
midges are able to transmit the virus only by

bite; transovarial transmission has not been
recorded.

Vertebrate hosts
The virus has been isolated from cattle,
sheep and goats. Antibodies have also been
detected in horses, pigs, camels (Camelus
species) and a wide selection of African
wildlife, ranging from various species of
antelope to Elephant (Loxodonta africana)
and Giraffe (Giraffa camelopardalis).

Treatment
There is no specific therapy for AKA virus
infection.

Prevention and control
The problem with AKA virus and with the
other teratogenic Simbu group viruses is
that, frequently, the first evidence of their
presence in epizootic situations is the birth
of deformed young. This usually occurs
several months subsequent to infection
and after the damage has been done. It also
tends to occur after the causative virus has
been eliminated by the immune responses
of the affected animals. There is thus a cer-
tain retrospective element involved in the
situation. Nevertheless, control of the vec-
tors can be attempted by the elimination of
breeding sites, use of insecticides or hous-
ing of susceptible stock during peak vector
activity times (dusk to dawn). However,
since knowledge concerning the identity
and biology of most of the vectors is still
inadequate, this may be impractical. The
main method of prophylaxis is vaccination.
Effective, inactivated virus vaccines have
been developed and are commercially avail-
able in Japan and Australia.
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Alfuy virus

John S. Mackenzie

Alfuy (ALF) virus is a mosquito-borne
flavivirus enzootic in northern Australia
and possibly in Papua New Guinea. It was
first isolated from the serum of a Swamp
pheasant (Centopus phasianinus) and from
Aedeomyia catasticta mosquitoes collected
at Kowanyama (Mitchell River Mission) in
northern Queensland in 1966.

Distribution
Isolations of ALF virus have been reported
from Queensland and northern Western
Australia, and seroepidemiological results
have suggested that it might also extend
through parts of New South Wales.

Virus
Alfuy virus is a member of the Japanese
encephalitis (see entry) antigenic complex.
It was originally classified as a separate
member of the group, but in the recent 7th
Report of the International Committee for
the Taxonomy of Viruses (in Sydney, 1999)
it was reclassified as a subtype of Murray
Valley encephalitis (see entry) virus.

Clinical symptoms
There has been an unconfirmed report of a
mild case of polyarticular disease attributed
to ALF virus in Queensland, but no details
have been described.

Diagnosis
Diagnosis would be carried out by an
immunoglobulin M (IgM) capture enzyme-
linked immunosorbent assay (ELISA) or by
immunofluorescence, with confirmatory
testing by a plaque reduction neutralization
test.

Transmission
Alfuy virus has been isolated from A.
catasticta and Culex pullus mosquitoes in
Queensland, and from Culex annulirostris
in Western Australia. However, the role of
these species in transmission is not yet
known.

Ecology
The vertebrate hosts of ALF virus are
believed to be birds, and especially ardeid
water-birds. Seroepidemiological studies
in New South Wales have suggested that
occasional subclinical human infections
may occur.

Selected bibliography
Mackenzie, J.S., Lindsay, M.D., Coelen, R.J.,

Broom, A.K., Hall, R.A. and Smith, D.W.
(1994) Arboviruses causing human disease in
the Australasian region. Archives of Virology
136, 447–467.

American tick-borne typhus see Rocky Mountain spotted fever.

American trypanosomiasis see Chagas disease.
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Anaplasma species see Anaplasmosis.

Anaplasmosis

Katherine M. Kocan

Infection of cattle, sheep and wild rumi-
nants with ehrlichial pathogens of the
genus Anaplasma.

Anaplasmosis, bovine and wild ruminants
Anaplasmosis or gall sickness is a
tick-borne disease of cattle, sheep and wild
ruminants that is caused by intraerythro-
cytic parasites of the genus Anaplasma,
which were first described by Sir Arnold
Theiler in South Africa in 1910. Anaplasma
species were classified within the family
Anaplasmataceae, order Rickettsiales, but
recently have been reclassified in the
genogroup II of the ehrlichial complex
based on comparison of 16S ribosomal RNA
(rRNA) gene sequences. Anaplasma species
were found to be most closely related to
Ehrlichia equi, Ehrlichia phagocytophila,
Ehrlichia platys and the human
granulocytic ehrlichia (HGE). Anaplasma
marginale and the less virulent Anaplasma
centrale are parasites of cattle and wild
ruminants, while Anaplasma ovis infects
sheep and goats. Bovine anaplasmosis is
endemic in several areas of the USA and
is estimated to cause US$300 million loss
to cattle production annually. The disease
remains a major constraint to cattle pro-
duction worldwide, along with three other
economically important tick-borne diseases
of cattle, cowdriosis, theileriosis and babe-
siosis (see specific entries). The majority of
information in this review on anaplasmosis
concerns A. marginale, which is pathogenic
for cattle and is the most economically
important species.

Distribution
Anaplasmosis is endemic worldwide in
most tropical and subtropical areas of the
world, including North and South America,
sub-Saharan Africa, Australia, the Carib-
bean, the former Soviet Union, the Far East

and countries bordering the Mediterranean.
The distribution of anaplasmosis is similar
to that of the tick vectors. The major
endemic areas of the USA are the north-
western states and California, the south cen-
tral states and the south-eastern Gulf states.
Isolates from the widely separated geo-
graphical areas are antigenically different.

Parasite
Anaplasma species are intracellular
ehrlichial haemoparasites that are found
within a membrane-bound parasitophorous
vacuole in the host cell. Anaplasma infec-
tion in cattle, sheep and goats has only been
described in erythrocytes, in which the
Anaplasma-containing vacuole, called an
‘inclusion’ or ‘marginal body’, contains
approximately one to six organisms (Figs 1
and 2). The scientific name is based on
staining characteristics and location within
the host cell. ‘Anaplasma’ refers to the lack
of stained cytoplasm, and the species names,
centrale and marginale, refer to the location
of the inclusion body in the erythrocyte.

Anaplasma is also found within para-
sitophorous vacuoles, called colonies, in
the tick vectors (Fig. 3). These colonies are
considerably larger than the erythrocytic
inclusions and each may contain several
hundred organisms. Six major surface
proteins (MSPs) have been described on
erythrocytic-derived A. marginale (MSP1 a
and b, MSP2, MSP3, MSP4, MSP5). Major
surface proteins 1b, 2 and 3 are from multi-
gene families and vary antigenically in
persistently infected cattle.

Clinical symptoms
Non-specific resistance to Anaplasma
infections often occurs in young animals,
while older animals may develop mild to
severe clinical disease. The clinical signs of
anaplasmosis result from varying degrees of
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anaemia caused by the removal of infected
erythrocytes by reticuloendothelial cells.
The clinical signs, which include icterus
without haemoglobinuria, fever, anaemia,

weakness, anoxia and depression, are
observed when approximately 30% of
erythrocytes have been removed. Anaemia
is apparent by examination of the mucous
membranes, which appear pale. Animals
may experience respiratory distress and
myocardial hypoxia. Nervous symptoms
may occur and include unexpected aggres-
siveness, especially in bulls. Cows that
develop acute anaplasmosis during the
third trimester of pregnancy may abort and
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Fig. 1. Anaplasma marginale inclusion bodies
(arrows) on the margins of bovine erythrocytes in a
stained blood smear.

Fig. 2. An electron micrograph of an Anaplasma
marginale inclusion (arrow) in a bovine erythrocyte.
The inclusion body contains four organisms.

Fig. 3. Tick salivary gland acini that contain three colonies (C) of Anaplasma
marginale: 1 µm thick plastic section stained with Mallory’s stain.
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bulls may develop infertility. Cattle that
suffer acute anaplasmosis will have notice-
able loss of body mass and will take a long
period of time to regain condition. Cattle
that recover from the initial acute A.
marginale infection become persistently
infected with low levels of organisms. Per-
sistently infected cattle are solidly immune
if re-exposed to A. marginale.

Diagnosis
A tentative diagnosis of anaplasmosis can
be made on the basis of clinical signs. A
definitive diagnosis is made by demonstra-
tion of anaplasmal inclusion bodies in
stained erythrocyte smears, by detection
of antibodies by serodiagnostic tests or
by molecular tests, including DNA probes
or polymerase chain reaction assays. Sero-
diagnosis is done routinely in most diagnos-
tic laboratories, while molecular assays are
currently used mainly as research tools. The
complement fixation test (CFT) has long
been the approved test for anaplasmosis in
the USA, but this test does not consistently
identify cattle that are persistent carriers
of infection. Also, false-positive reactions
occur in CFT tests using guinea-pig com-
plement because of failure to detect all
bovine immunoglobulin isotypes. Recently a
competitive enzyme-linked immunosorbent
assay (cELISA) was developed using MSP5
which was found to be conserved on all A.
marginale isolates tested, as well as on A.
centrale and A. ovis. The MSP5 was charac-
terized, cloned and expressed and defined
by a specific monoclonal antibody that was
incorporated into the cELISA. The cELISA
has proved to be a sensitive and specific test
for bovine anaplasmosis in the USA, was
found to be especially useful for identifica-
tion of persistently infected cattle and will
most probably replace the CFT. Similar
ELISAs have been tested in many areas
of the world and have been found to be
effective for serodiagnosis of anaplasmosis.

Transmission
Anaplasma species differ from other tick-
borne diseases of cattle because, in addition
to cyclical transmission by ticks, transmis-
sion can be effected by blood-contaminated

fomites or mechanically by biting flies.
The major such vectors are tabanids, but
stable-flies (Stomoxys species), mosquitoes,
such as species of Psorophora and Ano-
pheles, and other Diptera, such as eye-flies
(eye-gnats), are also known to be mechani-
cal transmitters of anaplasmosis. Mechani-
cal transmission occurs via any blood-
contaminated fomite, including contamina-
ted needles, dehorning saws, nose tongs,
tattooing instruments, ear-tagging devices
and castration instruments.

Anaplasma marginale is transmitted
biologically by ixodid (hard) ticks. Approxi-
mately 20 species of ticks have been shown
capable of becoming infected and transmit-
ting A. marginale. For example, Boophilus
decoloratus is a vector in Africa and
Boophilus microplus is an important vector
in Australia, while in South Africa Rhipice-
phalus simus is also a vector of A. marginale.
In the USA transmission is by several tick
species, including Dermacentor andersoni,
Dermacentor variabilis and Dermacentor
albipictus. Rhipicephalus sanguineus has
been shown to be an experimental vector
of A. marginale but is quite host-specific
to dogs. It is also likely that Dermacentor
occidentalis can vector A. marginale,
although it does not seem to be a notable
vector in the USA.

Transmission of A. marginale by ticks
occurs after a complex developmental cycle,
during which extensive multiplication
occurs in several tick tissues. Tick transmis-
sion is from stage to stage (trans-stadial) or
within a stage (intrastadial) but transovarial
transmission from one generation to the next
does not occur. Male ticks develop persis-
tent generalized infections, in which many
tick cell types become infected with A. mar-
ginale. Intrastadial transmission by male
ticks is believed to be an important mecha-
nism of transmission because male ticks can
become infected after a short feeding period
on an infected animal, and then can transmit
infection during repeated feedings on multi-
ple susceptible cattle. Male ticks, therefore,
serve as a reservoir of infection. They readily
become infected after feeding on persis-
tently infected cattle and the percentage of
infected ticks is related to the parasitaemia
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during feeding. However, once ticks become
infected, the infection rate of individual
ticks is similar because of extensive multi-
plication in tick cells.

Treatment
Tetracyclines (tetracycline hydrochloride,
chlortetracycline, oxytetracycline and
doxycycline) are the most commonly used
drugs for the prevention and treatment of
anaplasmosis. Chlortetracycline is usually
administered orally, while the others are
injected intramuscularly or intravenously.
Tetracycline is most effective when admin-
istered prior to the onset of parasitaemia. As
the parasitaemia increases, infected eryth-
rocytes are rapidly removed by reticulo-
endothelial cells, which results in anaemia
and the related clinical signs. However, by
the time clinical symptoms are apparent,
the parasitaemia has peaked, rendering
tetracycline treatment ineffective. When
tetracycline is used as a control strategy
and administered to animals as a food or
mineral supplement, the drug is effective
in reducing parasitaemia and thus clinical
disease, providing that individual animals
consume an effective dose. Blood trans-
fusion is usually not recommended for an
acutely anaemic animal. Large volumes of
transfused blood may cause cardiac stress
and subsequently heart failure. The period
of acute anaemia is usually 24–48 h and ani-
mals often have the best chance of recovery
when left undisturbed.

Control
The paradox of anaplasmosis control is
that persistently infected carrier cattle are
solidly immune to reinfection but these
carrier cattle serve as the main reservoir
hosts of infection for mechanical or bio-
logical transmission and thus contribute
markedly to the spread of anaplasmosis.
Cattle infected with low-level A. marginale
parasitaemia are often difficult to detect by
serodiagnosis. In addition, cattle that are
treated with tetracycline, which reduces
the number of infected erythrocytes and
subsequently reduces antibody titres, may
test negative by serological tests.

Control methods for anaplasmosis vary
with geographical location and include
arthropod control by application of
acaricides, administration of antibiotics,
premunization with live vaccines, immuni-
zation with killed vaccines and maintenance
of Anaplasma-free herds. Use of control
methods is influenced by availability, cost,
governmental restrictions and feasibility of
application.

Vector control
Arthropod control by application of acari-
cides can be used for control of both ticks
and biting flies but this method is labour-
intensive and expensive. Environmental
pollution is becoming a more important
issue and repeated application of acaricides
can result in selection of resistant tick
and fly populations and bears the risk of
creating a susceptible population of cattle.
In areas in which anaplasmosis is endemic,
interruption of acaricide application allows
susceptible cattle to be at risk of becoming
infected and thus may lead to large out-
breaks of disease. While tick control is
widely practised in Africa, this method is
rarely used in the USA, where both ticks
and biting flies are often involved in the
spread of anaplasmosis.

Chemotherapy
Antibiotic therapy, first tested for control
of anaplasmosis beginning in the 1950s,
includes the use of tetracycline drugs (tetra-
cycline hydrochloride, chlortetracycline,
oxytetracycline and doxycycline), imido-
carb and gloxazone. Chemotherapy is
directed toward prevention of clinical
anaplasmosis and does not prevent cattle
from becoming persistently infected with A.
marginale. In addition, cattle receiving anti-
biotic therapy may not be cleared of infec-
tion. Administration of tetracycline to cattle
has been effected by injection, through
medicated feed or by incorporation into
feed supplements. When added to feed or
used as feed supplements, equal doses per
bovine are difficult to ensure. Tetracycline
is used extensively in some areas of the
USA for anaplasmosis control, but rarely
in other areas of the world. Tetracycline
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administration is accompanied by the dis-
advantage of expense, the requirement of
continuous feeding and the risk of select-
ion of Anaplasma-resistant organisms,
although, to date, resistance of A. marginale
to antibiotics has not been reported.

Vaccines
Development of long-term immunity by
vaccination has been used extensively for
control of anaplasmosis throughout most of
the world and represents the most effective
control measure for anaplasmosis. Vaccina-
tion with live or killed vaccines has been
directed toward prevention of morbidity
and mortality and does not prevent cattle
from becoming infected upon challenge
exposure. Therefore, immunized cattle can
develop persistent field-derived infections
and may serve as a reservoir host of A.
marginale for mechanical or biological
transmission. Premunization by infection of
cattle with the less pathogenic A. centrale
has been practised in many areas of the
world for over 75 years, including Israel and
South Africa. Premunized cattle develop
mild to inapparent infections and become
persistent carriers, which protects them
against clinical anaplasmosis. However, A.
centrale does not provide effective cross-
protection in widely separated geographical
areas. Live vaccines are generally not
approved for use in the USA. An inacti-
vated (killed) vaccine was first marketed in
the USA in the 1960s. The vaccine was
effective in preventing clinical anaplasmo-
sis in the south central USA, where geo-
graphical isolates were cross-protective.
This first vaccine was contaminated with
bovine cell membranes, which resulted in
neonatal isohaemolytic anaemia in some
calves after ingestion of colostrum from
immunized dams. Killed vaccines were
effective when used in areas where they
were cross-protective with endemic ana-
plasmosis. The extensive purification,
dependence upon live animals as an
antigen source, requirement for booster
immunization and difficulty of standard-
ization has contributed to the expense of
producing and using killed vaccines. Subse-
quent killed vaccines have been purified

to remove host cells, but these vaccines,
marketed primarily in the USA, were with-
drawn recently and are not available. A cell
culture system was developed recently for
propagation of A. marginale and may serve
as a non-bovine source of antigen for devel-
opment of new and more effective vaccines.

Surveillance and maintenance of
disease-free herds

Maintenance of an anaplasmosis-free herd
is effective for control of anaplasmosis in
areas where anaplasmosis is not endemic.
However, serological tests often do not
have the sensitivity to detect persistently
infected cattle that would enable identifica-
tion and culling of infected cattle. In the
future, molecular diagnosis may be adapted
for routine testing of cattle and may allow
for reliable detection of infection in per-
sistently infected cattle. Control of ana-
plasmosis could then be effected by surveil-
lance and removal of persistently infected
cattle, which serve as a source of infection
for both mechanical and biological trans-
mission of A. marginale.
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Animal trypanosomiasis

Tudor W. Jones

Animal trypanosomiasis is caused by infec-
tion with single-celled, flagellated, extra-
cellular, obligate, blood parasites belonging
to the genus Trypanosoma (Fig. 1). The dis-
ease principally affects domestic livestock
in South and Central America, Africa and
Asia and is associated with severe produc-
tion losses, reduced reproductive capabil-
ity, reduced work output and death. Cattle,
buffalo, horses, camels (Camelidae) and
pigs are particularly at risk. In Africa, ani-
mal trypanosomiasis, often called nagana, is
caused by Trypanosoma vivax, Trypano-
soma congolense or Trypanosoma brucei
brucei. The disease is found in 37 sub-
Saharan countries covering an area of 11
million km2 containing 160 million cattle
and 260 million sheep and goats with esti-
mated annual production losses of US$5000
million. The animal trypanosomiases are
transmitted by a range of blood-sucking
insects and the vector–parasite relation-
ships can be highly specific.

Trypanosomes are ingested by the
vector during feeding on an infected animal.
This is followed, in some trypanosome
species, by a period of development in
the vector before the parasite is returned
to another host during subsequent feeding
(cyclical development). Some trypanosome
species are transmitted directly between
hosts without any development in the vector
(mechanical or non-cyclical transmission).

The vector species, the development site in
the vector and the route by which infective
forms are passed to the vertebrate host are
important characteristics of the different
trypanosome genera and species (Table 1).

The species of trypanosomes infecting
animals range in length from 9 to 100 µm
and can be differentiated using a number of
morphological criteria (Table 2). All species
have a single flagellum, which extends along
the length of the organism and is usually
joined to the outside of the cell membrane
to form an undulating membrane. In some
species the flagellum extends beyond the
end of the cell body to form a free flagellum.
The DNA of trypanosomes is organized into
two bodies – a larger single nucleus and
a smaller extranuclear body called the
kinetoplast, which consists of a network of
circular DNA molecules and is the origin
of the mitochondrion. Multiplication is by
binary fission and there is evidence that
genetic exchange takes place between indi-
vidual organisms, although gamete forms or
mating types have not been described.

Taxonomically the trypanosome spe-
cies infecting animals belong to the order
Trypanosomatida (formerly in the Kineto-
plastida), family Trypanosomatidae and
genus Trypanosoma. The genus is divided
into two major sections – the Stercoraria and
Salivaria – and each section contains a num-
ber of subgenera and species. A trinomial
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system is often used for the nomenclature
for trypanosome species, based on genus,
(subgenus) and species. In some cases this
is extended to include subspecies, e.g.
Trypanosoma (Trypanozoon) brucei brucei.

Section Stercoraria
Stercorarian trypanosomes develop in the
mid-gut and hind-gut of the vector
(posterior station development), and the
infective forms (metacyclic trypanosomes)
are usually passed out in the vector’s faeces
immediately after feeding. Trypanosomes
then enter the host via the feeding site
(contaminative transmission).

The Stercoraria consists of three sub-
genera – Megatrypanum, Herpetosoma and
Schizotrypanum. None of these is of particu-
lar importance as an animal pathogen apart
from Schizotrypanum, which contains the
zoonotic Trypanosoma (Schizotrypanum)
cruzi, the cause of Chagas disease (see entry)
in humans in Central and South America.
Dogs and cats can act as reservoir hosts
for T. cruzi and dogs can develop some
of the symptoms associated with human
infections, including cardiac lesions.

All trypanosome species of the sub-
genus Herpetosoma infect rodents.

Members of the subgenus Megatry-
panum are large trypanosomes that infect
many hosts, including domestic ruminants,

and are considered to be non-pathogenic.
They are transmitted by blood-sucking
Diptera; for example, tabanid flies transmit
Trypanosoma theileri in cattle, while hippo-
boscids or keds (e.g. Melophagus ovinus) are
vectors of Trypanosoma melophagium in
sheep. Most of these trypanosomes are
cosmopolitan, with infection rates of up
to 100% of animals in some areas.

Section Salivaria
The salivarian trypanosomes are transmit-
ted via the mouthparts of the vector (ante-
rior station development), involving either
the proboscis (subgenera Duttonella and
Nannomonas) or salivary glands (subgenera
Trypanozoon and Pycnomonas). These
subgenera include species causing severe
disease in animals. The salivarian trypano-
somes are transmitted by blood-sucking
insects during feeding, either after a period
of development in the vector (cyclical
or biological development) or directly via
blood residues on vector mouthparts
(non-cyclical or mechanical transmission).
Salivarian trypanosome species that under-
go cyclical development are transmitted
by tsetse-flies (Glossina species), while
mechanical transmission can be achieved
by a range of flies, including tabanid flies
(Tabanidae) and stable-flies (Stomoxys
species).

34 Animal trypanosomiasis

Fig. 1. Trypano-
somes (Trypanosoma
evansi ) in the blood
of a cow (Bos taurus).
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Tsetse-transmitted trypanosomes
The relationship between the tsetse-
transmitted trypanosomes and the vector
is highly specific, which effectively limits
their distribution to that of the tsetse-fly –
principally areas of Central and southern
Africa between 15°N and 29°S. Most of
these trypanosomes can be transmitted by
a range of Glossina species depending on
the habitat – G. morsitans (savanna areas),
G. palpalis (river and lake areas), G. fusca
(forest areas). Tsetse-transmitted trypano-
some species can usually infect a range of
animal species, but cattle (Fig. 2) and horses
are usually more severely affected than
small ruminants such as sheep and goats.
However, pigs can be severely affected by
certain species of trypanosome. Exotic
breeds of livestock are often more severely
affected than indigenous breeds, which
frequently show a degree of resistance to
the effects of infection (trypanotolerance).
Animals are often infected with more than
one species of trypanosome and the com-
mon name given to the disease associated
with animal trypanosomiasis is nagana,
which usually relates to infection with
trypanosomes per se, rather than infection
with a particular species.

Trypanosome species can be differenti-
ated using morphological features, such as
their length, characteristics of the flagellum,

position of subcellular organelles, such as
the nucleus and kinetoplast, and their devel-
opment site in the vector (Tables 1 and 2).
However, species and subspecies usually
consist of a number of morphologically simi-
lar populations (strains or stocks) that have
different properties, such as pathogenicity,
host range and drug sensitivity. These popu-
lations can usually be differentiated only by
using molecular or biochemical criteria.

Parasites
The salivarian trypanosomes are divided
into four subgenera – Duttonella, Nanno-
monas, Trypanozoon and Pycnomonas –
which differ in their morphology (Table 1)
and their developmental behaviour in the
vector.

Subgenus Duttonella
This subgenus consists of two species T.
(D.) vivax and T. (D.) uniforme.

TRYPANOSOMA (DUTTONELLA) VIVAX (NAGANA)

Distribution. Found in Africa and also in
South America. It is thought to have been
introduced into Latin America in the late
19th century in cattle exported from Africa.

Morphology. Parasites have a character-
istically rapid movement in fresh blood;
they are principally monomorphic, with an

Animal trypanosomiasis 37

Fig. 2. A sick zebu cow (infected with trypanosomes) among healthy ones
(courtesy of A.M. Jordan).
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overall length of 18–26 µm including the free
flagellum. The kinetoplast is large and found
close to the posterior end of the parasite,
which appears swollen, making the trypano-
some appear club-shaped.

Pathogenicity. The principal hosts affected
by T. vivax in Africa and Latin America
are cattle, horses, sheep and goats, with
cattle being most severely affected (Fig. 2).
Although principally a blood parasite, T.
vivax can be found in other body tissues,
particularly the lymphatic system. Trypano-
soma vivax can also affect the anterior
chambers of the eyes, leading to severe
conjunctivitis. Acute infections with some
strains of T. vivax can lead to extensive
haemorrhages beneath the skin, often
leading to death within a few days of the
onset of symptoms. The haemorrhagic form
of T. vivax is found more frequently in West
Africa than in East or Central Africa. Sheep
and goats often recover from T. vivax
infection, while horses usually develop
chronic infections. Pigs and dogs are
refractory to infection with T. vivax.

Transmission. In Africa T. vivax is trans-
mitted by a range of Glossina species, with
development restricted to the proboscis of
the fly; the salivary glands are not involved.
In Latin America transmission is considered
to be effected by a range of blood-sucking
flies, principally tabanid flies.

TRYPANOSOMA (DUTTONELLA) UNIFORME

Distribution. This species is uncommon,
being found only in cattle, sheep and goats in
certain areas of Central and East Africa.

Morphology and pathogenicity. Parasites are
morphologically similar to T. vivax but
shorter, measuring only 12–20 µm. Trypano-
soma uniforme has a development cycle in
Glossina species similar to that of T. vivax.
Infection usually becomes chronic.

Subgenus Nannomonas
This consists of three species, namely
T. (N.) congolense, T. (N.) simiae and T. (N.)
godfreyi, which are morphologically similar
but can be differentiated by their behaviour

in the vertebrate host and by certain
biochemical and molecular criteria. Initial
development takes place in the gut of the
tsetse-fly and the trypanosomes eventually
move forward to colonize the proboscis,
and in the hypopharynx they transform into
the infective metacyclic forms, which are
introduced into the vertebrate host during
feeding.

TRYPANOSOMA (NANNOMONAS) CONGOLENSE

(NAGANA)

Distribution. East and Central Africa.

Morphology. Parasites move slowly in
fresh blood related to their lack of free
flagellum and poorly developed undulating
membrane. They are principally mono-
morphic but with considerable variation in
length (9–22 µm). A medium-sized kineto-
plast is found close to the posterior margin.

Pathogenicity. Trypanosoma congolense
can infect cattle, horses, dogs, sheep, goats
and pigs. It is the principal cause of severe
trypanosomiasis in cattle in East and Central
Africa, where it manifests itself as the char-
acteristic wasting disease associated with
animal trypanosomiasis. In areas of high
challenge T. congolense can lead to death in
sheep and goats, with reduction in produc-
tivity in areas of low challenge. The disease
is more acute in horses than in cattle, often
resulting in swelling of the genitalia, which
can interfere with reproduction; or in death.
Infections in dogs produce a wasting disease
and a severe anaemia, with exotic breeds at
greater risk than local breeds. Trypanosoma
congolense infection in pigs is not as severe
as in ruminants but can disrupt growth rates.

Transmission. Vectors are species of Glos-
sina, such as G. morsitans and G. fusca.

TRYPANOSOMA (NANNOMONAS) SIMIAE

Distribution. Widely distributed through-
out Africa.

Morphology. Parasites are pleomorphic,
with three morphological forms in the blood:
(i) long stout forms, which usually make up
the majority; these have a free flagellum and
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a well-developed undulating membrane; (ii)
long slender forms, with a less prominent
undulating membrane and a free flagellum
present in some individuals; and (iii) short
forms, which are similar to T. congolense.

Pathogenicity. This parasite is the most
important trypanosome species affecting
domestic pigs, usually resulting in an acute
infection that is invariably fatal, but it can
also cause severe disease in camels.
Trypanosoma simiae infections in pigs are
characterized by fever and inappetence,
with death often taking place within hours.
Warthogs (Phacochoerus aethiopicus) and
Bushpigs (Potamochoerus porcus) act as
asymptomatic carriers.

Transmission. The parasites are transmitted
cyclically by Glossina species, especially G.
morsitans and G. fusca, but also mechani-
cally by other blood-sucking flies within
piggeries.

TRYPANOSOMA (NANNOMONAS) GODFREYI

Distribution. East and Central Africa.

Morphology. The parasites are morphologi-
cally similar to T. congolense but biochemi-
cally and genetically different from this spe-
cies and the other member of the subgenus
(T. simiae). This species infects pigs in East
and Central Africa, producing a chronic
infection.

Transmission. This species is transmitted
by Glossina brevipalpis and G. morsitans.

Subgenus Trypanozoon
This subgenus consists of the three subspe-
cies of T. (T.) brucei, and one other species
T. (T.) evansi. Two of the subspecies, T.
brucei rhodesiense and T. brucei gambiense
are the cause of African human trypano-
somiasis (see entry). The remaining sub-
species, T. (T.) brucei brucei, and T. (T.)
evansi infect only animals. Both T. b.
rhodesiense and T. b. gambiense can also
infect animals, which can act as reservoir
hosts for African human trypanosomiasis.
All species, other than T. evansi, undergo
cyclical development in Glossina species.

Trypanosoma evansi is transmitted mech-
anically by haematophagous flies, such as
tabanids and stable-flies (Stomoxys species),
and also by Vampire bats (Desmodus
rotundus) in South America.

TRYPANOSOMA (TRYPANOZOON) BRUCEI BRUCEI

(NAGANA)

Distribution. Widely distributed in sub-
Saharan Africa.

Morphology. The parasites are moderately
active in fresh blood and show marked poly-
morphism during the course of infection,
with three morphological forms: (i) long
slender forms, 22–30 µm in length, with a
long free flagellum and a prominent undu-
lating membrane; (ii) short stumpy forms,
13–22 µm in length, with a conspicuous
undulating membrane but often without a
free flagellum; in some individuals the
nucleus is found towards the posterior of the
cell; and (iii) intermediate forms, with a free
flagellum and a conspicuous undulating
membrane; they are intermediate in length
between the long slender and short stumpy
forms.

Pathogenicity. Parasites infect horses, dogs,
sheep, goats, cattle and pigs but they are
most important in horses where they often
result in severe disease and usually death.
Dogs can also be severely affected, involving
the eyes and central nervous system, leading
to behaviour changes. Infection in sheep
and goats can result in death. Cattle are
the least likely of domesticated animals
to be clinically affected, though a high
proportion of cattle may be infected in
endemic areas.

Transmission. Transmitted by a range of
Glossina species, where the trypanosomes
develop initially in the gut of the fly, they
then invade the salivary glands, with the
infective metacyclic forms entering the
vertebrate host with the tsetse-fly’s saliva
during feeding.

TRYPANOSOMA (TRYPANOZOON) EVANSI (SURRA)

Distribution. Widely distributed in Asia,
Central and South America, Africa and in
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parts of the Commonwealth of Independent
States (CIS).

Morphology. Trypanosoma evansi is con-
sidered to have evolved from T. b. brucei in
Camel (Camelus dromedarius) populations
away from tsetse-infested areas. Morpho-
logically it is indistinguishable from the long
slender form of T. b. brucei but is both
biochemically and genetically different.

Populations sometimes develop in
which the kinetoplast does not stain with
Romanovsky-type stains (dyskinetoplastic
strains).

Pathogenicity. This is the most widely
distributed trypanosome, affecting animals
in Latin America, North Africa and Asia.
Infects camels, Water buffalo (Bubalus
bubalis), cattle, horses and dogs. It causes a
wasting disease generally known as surra,
but also as el debab, guifar, dioufar, tahaga
or doukane. In Latin America it is known
as murrina, caderas disease, derrengadera or
tristeza. Infections in dogs and horses are
usually rapidly fatal, with death occurring
within a few weeks. Cattle, sheep and goats
are less severely affected but can act as
reservoir hosts. In Asia, Water buffalo can be
severely affected, especially if trypanosome-
naïve animals are moved into endemic
areas.

Transmission. The infection is transmitted
in the absence of tsetse-flies, probably
mechanically by blood-sucking flies, such as
tabanids and Stomoxys species. There is also
transmission by Vampire bats (D. rotundus)
in South America.

Subgenus Pycnomonas
Distribution. Principally in Central Africa,
such as Burundi and Zaïre, but also in
Tanzania.

Morphology and pathogenicity. There is just
one species, Trypanosoma (Pycnomonas)
suis, a monomorphic trypanosome of pigs,
usually resulting in a chronic infection
in adult pigs characterized by fever and
progressive weakness. In young pigs it often
results in acute disease and death.

Transmission. The vectors are G. brevi-
palpis and G. vanhoofi.

Clinical signs of animal trypanosomiasis
Trypanosome infections can result in
the development of lesions in many of the
major body systems, leading to a range of
symptoms that can be confused with other
infections. General symptoms include inter-
mittent  bouts  of  fever,  anaemia,  oedema,
splenomegaly, polyadenitis, nervous dis-
orders with hind-limb paresis, pica, eye
disorders, emaciation, cachexia and death.

Anaemia, the principal pathological
effect of animal trypanosomiasis, is charac-
terized by a severe reduction in the host’s
erythrocyte mass. In the early stages of infec-
tion anaemia is haemolytic from increased
red cell destruction by host phagocytes,
resulting from the presence of large numbers
of trypanosomes, immunological reactions,
fever and disseminated intravascular coagu-
lation. Later stages are characterized by con-
tinuing erythrocyte destruction, impairment
of the haemopoietic system, reduced para-
site density and reduced erythropoiesis.
The final phase is characterized by haemo-
siderosis and irreversible damage to bone
marrow function. Death can occur at any
stage of infection, usually due to congestive
heart failure brought on by anaemia and
myocardial damage. In some cases, evidence
of damage to the central nervous system is
seen as posterior paralysis in the later stages
of infection. The impact of trypanosome
infection on individual animals, however,
depends on a combination of parasite and
host factors, with considerable differences
between host species, breeds and individual
animals.

Diagnosis of animal trypanosomiasis
The principal tests used for the diagnosis of
trypanosome infection are as follows.

Parasitological (direct) methods
BLOOD FILM ANALYSIS This is simple to carry
out but is the least sensitive method because
of the small volume of blood that can be
examined. Trypanosomes are detected by
microscopy in wet-film preparations from
fresh blood based on their characteristic
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movement, or in fixed dried blood smears
stained with Romanovsky-type stains, such
as Giemsa’s or Leishman’s stain. Stained
smears of lymph fluid are sometimes used if
T. vivax infection is suspected.

CONCENTRATION METHODS These enable a
larger volume of blood to be examined than
can be examined with blood films. Most
methods are based on differential centrifug-
ation of blood to separate the host’s blood
cells from trypanosomes, which collect at
the leucocyte–plasma interface. This separa-
tion is usually carried out in glass capillary
tubes using a haematocrit centrifuge (micro-
haematocrit centrifugation technique).
Trypanosomes are identified either by
microscopal examination of the leucocyte–
plasma interface directly through the capil-
lary wall or by examination of the interface
region as wet films using dark-ground
illumination (buffy coat method).

Other concentration methods involve
the selective lysis of host cells using deter-
gents, or the removal of host cells by adsorp-
tion on to anion exchange resins, such
as diethyl aminoethyl cellulose (mini-ion
exchange centrifugation technique).

EXPANSION (CULTURE) METHODS Expansion
methods are not used for the routine diagno-
sis of animal trypanosomiasis due to lack of
suitable culture systems and due to cost.
Some trypanosome species (T. brucei, T.
congolense, T. evansi) can be expanded in
laboratory rodents. Xenodiagnosis is restric-
ted to the diagnosis of human Trypanosoma
cruzi infections (see Chagas disease).

Indirect methods
Indirect diagnostic methods are based on
the detection of host antibody to trypano-
somes in serum (serodiagnosis), trypano-
some components circulating in the blood
(circulating antigen methods) or trypano-
some DNA in blood (molecular methods).

ANTIBODY DETECTION METHODS Trypanosome
infections elicit a strong humoral immune
response from the host, which can be used as
an indicator of infection. A large number of
diagnostic tests based on the detection of

antibody to trypanosomes have been devel-
oped which are based on the specificity of
the antigen–antibody bond and physico-
chemical properties of antibody molecules
and antigen–antibody complexes. Antigens
used for these tests usually consist either
of whole trypanosomes (agglutination test,
fluorescent antibody staining technique) or
soluble extracts of trypanosomes (indirect
haemagglutination test, complement fixation
test, enzyme-linked immunosorbent assay
(ELISA)). The interpretation of results from
antibody detection assays is complicated by
the presence of antigens that are common to
all trypanosome species, making differential
diagnosis difficult in areas where more
than one trypanosome species is present.
Trypanosome antibodies also persist in
animals for many months after infection
even when infections have been eliminated
by drug treatment, thus making it difficult
to distinguish between active and past
infections.

AGGLUTINATION TESTS These use either intact
trypanosomes or fixed and stained trypano-
somes (card agglutination test for trypano-
somes (CATT)) as antigen, which forms visi-
ble clumps in the presence of trypanosome
antibody. Soluble extracts can also be coated
onto carrier systems, such as erythrocytes
(indirect haemagglutination test), or inert
particles, such as latex (latex agglutination
test) or polystyrene, which clump together
in the presence of trypanosome antibody.

COMPLEMENT FIXATION TESTS These are carried
out with soluble extracts of trypanosomes
as antigen and are based on the ability of
antigen–antibody complexes to reduce the
amount of free complement in the medium,
which can then be measured using an
erythrocyte–anti-erythrocyte indicator sys-
tem. Complement fixation tests can be
difficult to carry out with serum samples
from ruminants, because of poor fixation
of complement by their antibodies and the
presence of anticomplementary factors in
their serum.

LABELLED ANTIBODY TECHNIQUES Techniques
such as the indirect fluorescent antibody
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(IFA) test and ELISA are extensively used as
diagnostic tests for trypanosome infections.
The assays are based on the binding of anti-
gen–antibody complex to a second anti-host
species antibody that has been labelled with
either a fluorochrome (IFA) or an enzyme
(ELISA), which is often referred to as a con-
jugate. In each case the presence of the label
is taken as an indication that binding of host
antibody to the antigen has taken place.

In the case of IFA whole trypanosomes,
either intact or air-dried on glass microscope
slides, are used as antigen preparations. In
the presence of antibody the trypanosomes
fluoresce as a result of the binding of the
fluorochrome-labelled conjugate (second
antibody) to host antibody bound, in turn, to
the trypanosomes. The fluorescence can be
seen using a fluorescence microscope. In the
case of ELISA, soluble trypanosome antigen
preparations are bound to a solid support,
such as polystyrene, which combines with
trypanosome-specific antibody. The pres-
ence of bound antibody can then be detected
using a range of secondary systems, includ-
ing second antibody preparations labelled
with enzymes such as horseradish per-
oxidase and alkaline phosphatase, labelled
biotin–avidin systems or label–antilabel sys-
tems such as peroxidase–anti-peroxidase.

Detection of trypanosome components
ANTIGEN-CAPTURE ASSAYS A polyclonal or
monoclonal antibody preparation to one
or more trypanosome antigens is used to
capture any target antigen molecule present
in host blood. The binding of the target
molecule to the antibody is then detected,
using another antibody preparation to the
target molecule that has been labelled with
an appropriate indicator system, such an
enzyme or biotin. An antigen-capture latex
agglutination test has also been developed
by coating latex particles with the capture
antibody. The particles agglutinate in the
presence of the target antigen.

DETECTION OF TRYPANOSOME DNA The poly-
merase chain reaction (PCR) assay can be
used to amplify small amounts of DNA from
intact trypanosomes or from disintegrated
trypanosomes circulating in the blood or

dried onto filter paper, using short oligo-
nucleotide primer sequences in the presence
of a polymerase enzyme. This amplified
DNA can then be detected by gel
electrophoresis.

Control of animal trypanosomes
The control of animal trypanosomosis
depends principally on the use of vector
reduction techniques, the administration
of chemical compounds with trypanocidal
properties, or a combination of both. The
severity of the disease can be reduced
through the use of tolerant breeds (trypano-
tolerance), such as the West African N’dama
cattle (Fig. 3)

Vector reduction methods
In the case of the tsetse-transmitted animal
trypanosomes, vector reduction methods
can be used to reduce the intensity of
trypanosome challenge. Tsetse populations
can be controlled through the application of
insecticides, such as the pyrethroids, delta-
methrin, cypermethrin, lamdacyhalothrin
or the organochlorine insecticide endo-
sulphan, delivered by aerial or ground
spraying, often as ultra-low-volume (ULV)
applications. Control is often by sequential
applications (up to five sprayings). Insecti-
cides are directed at vegetation on which
tsetse-flies rest (Fig. 4) when they are not
host-seeking. Applications are best made
during the dry season so that rain does not
wash the deposit from foliage and when
there is minimum vegetative growth, which
would otherwise provide unsprayed resting
sites. Cattle can be treated with insecticides,
such as with ‘pour-on’ preparations of
organophosphates or pyrethroids, together
with an adjuvant oil that assists in rapidly
spreading the insecticide over most of the
animal. Insecticide-impregnated ear tags or
collars have also been used to reduce tsetse-
flies feeding on cattle.

Visual attraction traps, such as
biconical or monoconical ones (Fig. 5),
can sometimes prove effective in catching
both riverine vectors, such as G. palpalis
and Glossina tachinoides, and the more
widely dispersed G. morsitans and Glossina
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pallidipes. Traps are often sprayed with
residual insecticides to kill those flies
resting on the traps but which are unlikely to

enter them. A simpler idea is to use targets,
such as dark blue screen cloths impregnated
with insecticides (Fig. 6) to kill flies attrac-
ted to them; no attempt is made to trap them.
Occasionally targets have incorporated
electric grids that kill flies on impact.

Currently, there are no reported cases
of insecticide resistance being developed in
tsetse-flies.

Sterile insect techniques (SIT), involv-
ing the release of many male flies sterilized
by radiation, have sometimes been used as a
means of eliminating residual populations
remaining after control using other methods,
such as insecticidal ones. However, logistic
and financial problems can be prohibitive
with many SIT programmes. Environmental
management, such as partial (discrim-
inative, selective) bush clearing, which
involves removing selected woody vegeta-
tion known to comprise favoured tsetse
resting sites, can be used to make areas less
hospitable for tsetse-flies, or to create breaks
between grazing areas and forest reservoir
areas.

With non-tsetse-transmitted animal
trypanosomiasis, vector control is difficult
to implement because the precise vector spe-
cies for these parasites have often not been
clearly identified or their behaviour studied
in any detail. Moreover, some infections can
be transmitted by a wide range of biting flies,
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Fig. 3. A trypanotolerant N’dama bull (courtesy of Centre for Tropical Veterinary
Medicine).

Fig. 4. Insecticidal spraying of the bases of trees
and other vegetation to kill tsetse-flies when they
rest on such sites (courtesy of A.M. Jordan).
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such as tabanids and stable-flies, whose
biologies differ substantially.

Drug treatment
The use of trypanocidal drugs is an impor-
tant component of most control regimens
for animal trypanosomiasis. However, the
number of chemical compounds available
for the control of animal trypanosomiasis is
limited to formulations of five chemical
classes (Table 3). The choice of drug is

determined by the species of trypanosome
in an area, the host species, the kind of
control required and the local availability
of drugs. The appearance of drug-resistant
populations is common in areas where
particular compounds have been in use
for a long time and cross-resistance is often
encountered between compounds with a
similar chemical structure.

Treatment of animal trypanosomiasis
can be either curative or prophylactic.

44 Animal trypanosomiasis

Fig. 5. A Ngu tsetse-fly trap, devised by R. Dransfield, and used in the control of
animal trypanosomiasis in Kenya (courtesy of A.M. Jordan).

Fig. 6. A dark blue target being sprayed with insecticide to control tsetse-fly
vectors of animal trypanosomiasis in Africa (courtesy of A.M. Jordan).
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Curative drugs have little or no residual
activity in the host and are used when
the incidence of trypanosome challenge is
low or intermittent. Prophylactic treatment
is used when animals are subjected to a
constant trypanosome challenge. Curative
treatments are usually administered to
individual animals in response to signs of
clinical trypanosomiasis, while prophy-
lactic drugs are usually administered to
herds on a regular basis.

Vaccination against animal trypanosomiasis
Trypanosomes are able to prevent elimina-
tion of an infection by the host immune
response by changing the composition of
their surface antigen throughout the course
of infection. This phenomenon is known
as antigenic variation. New variants are
produced at 2–3-day intervals by complex
rearrangements of the trypanosome genetic
material and each trypanosome infection is
considered to have the potential to produce
several thousand different antigenic types
(variant antigen types) during the course of
an infection. Apart from enabling the para-
site to survive in the host, antigenic varia-
tion frustrates attempts to develop an effec-
tive vaccine against trypanosome infection
as protective immunity is directed against
individual antigenic types. Antibodies pro-
duced to one antigen type are, therefore, not
effective against any other antigenic type.
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Anthrax

Daniel C. Dragon

Infection of humans and other mammals
with the bacterium Bacillus anthracis.
The infection is global in its distribution,
occurring from the tropics to the Arctic.
An estimated 20,000 people and 1,000,000
animals are infected yearly, mostly in
developing countries or in regions where
there has been a breakdown in veterinary
services.

Distribution
Sub-Sahelian Africa and central Asia and
adjoining regions are the most severely
affected parts of the world. The disease is
endemic to south-west Texas and regions
of northern Canada. Endemic regions are
observed in all South American countries
and the disease is a serious problem
throughout Central America and Africa. In
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Europe and Asia Minor, most cases occur
within a belt running from central Spain
through Greece and Turkey to Pakistan.

Bacterium
Bacillus anthracis is an aerobic Gram-
positive rod. Central to its maintenance in a
region is its ability to form metabolically
dormant endospores, which may remain
viable for over 60 years. The spores are
resistant to desiccation, temperature and
pH extremes, ultraviolet irradiation and a
wide variety of deleterious reagents.

Clinical symptoms
In humans the disease is classified by
the route of infection. Cutaneous anthrax
accounts for 95–99% of human cases. The
spores gain entry via small cuts, abrasions
or insect bites. Two to 5 days after exposure
classic black eschars and oedema develop at
the affected site, accompanied by malaise
and fever. Seven to 10 days after onset 80%
of cases spontaneously resolve. Intestinal
anthrax results from ingestion of spore-
contaminated meat. Nausea, vomiting,
anorexia and fever develop and are
followed by abdominal pain, haematemesis
and occasionally bloody diarrhoea. The
disease may then progress to a generalized
toxaemia, shock, cyanosis and death in
50% of cases. Inhalation anthrax occurs
when the spores gain access to the lungs.
At the onset of illness symptomology is
mild, resembling a common upper respira-
tory tract infection. After several days the
patient exhibits a sudden onset of acute
dyspnoea, diaphoresis and cyanosis, with
death occurring within 24 h in most cases.

In animals, especially herbivores, the
disease is usually rapidly fatal. In extremely
sensitive species, such as Impala (Aepyceros
melampus) the disease manifests as a severe
peracute septicaemia, with death occurring
in less than 24 h. In other herbivores,
such as cattle and North American bison
(Bison bison), a haemorrhagic septicaemia
develops, including severe congestion,
multiple petechial haemorrhages, cyanosis,
poorly clotting blood and pronounced
splenomegaly. Carnivores typically develop
localized lesions with no or later-onset

septicaemia. The lesions are of variable
severity and are usually localized on the face
or in the oral cavity.

Diagnosis
Isolation of B. anthracis provides the
standard for confirmation of anthrax. Direct
sampling of suspect cutaneous lesions is
recommended. Samples should be obtained
before therapy is initiated as vegetative cells
are rapidly eliminated by antibiotics. With
suspected animal cases a blood sample
is best; however, the microbe may also
be recovered from nasal and anal swabs,
oedematous swellings or peripheral blood
from an ear or tail. Detection of the compo-
nents of the anthrax toxin is also diagnostic.
This may be accomplished with various
monoclonal and polyclonal sera against the
components in immunoassays using blood
or tissue specimens or cultured organisms.

Transmission
The vast majority of human cases are
contracted directly from infected carcasses
or the handling of contaminated products
from morbid animals. Transmission of
anthrax spores has been demonstrated with
a wide variety of tabanid and mosquito
species, and with stable-flies (Stomoxys
species), but insects are not believed to play
a major role in epizootics. Successful inges-
tion of infective doses of the microbe by
biting insects occurs only within a limited
period a few hours before death, when a
large-scale bacteraemia develops, and a few
hours after death, before the vegetative cells
are destroyed by the putrefactive process.

Although domestic animal outbreaks of
the disease may be traced to contaminated
feed or nutrient supplements, in most cases
the source of the spores remains unknown.
Water may concentrate spores to infectious
levels and may transport them to areas
where they have a greater chance of contact
with a susceptible animal. Similarly, exca-
vations may uncover spores left during
previous outbreaks and allow them to infect
new hosts. Ants, earthworms and some
coprophagous and necrophagous beetles
(e.g. Dermestidae, see Beetles) have been
implicated in transferring spores from
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buried carcasses back to the surface but their
contribution to the initiation of outbreaks
remains speculative. Recently it was demon-
strated that blow-flies (Calliphoridae) can
spread the disease from grazing to browsing
herbivores during active outbreaks. The
blow-flies feed on the carcasses of grazers
which contract the spores from the soil with
their grass diet. When disturbed the flies fly
from the carcass and alight on nearby foliage,
where they deposit spores in their faeces
and vomit. Later browsing herbivore species
eat the soiled leaves and contract anthrax.
House-flies (Musca domestica) have been
suspected of mechanically spreading
anthrax, but there is little or no proof that
they actually spread infections.

Treatment
The drugs of choice for treatment are
erythromycin and tetracycline, which are
given for 5–7 days and are almost 100%
effective against cutaneous anthrax. Anti-
biotic treatment is also effective against
intestinal anthrax, although, because it is a
more systemic infection, mortality is still
25% with treatment. Antibiotics are only
effective against vegetative cells, not the
spores. Spores can remain in the alveolar
spaces of the lungs for extended periods of
time following inhalation. Because of this,
it has been found effective to use vaccina-
tion in conjunction with antibiotic treat-
ment when dealing with inhalation anthrax.
The antibiotic eliminates any B. anthracis
that germinate in the body prior to the
development of immunity, which then

provides protection once the antibiotic
treatment is discontinued. Although anti-
biotic treatment is also effective in animal
cases of anthrax, it is impractical with large
or wild herds.

Control
Vaccines are available for personnel poten-
tially at risk of contracting the disease and
for domestic animals in endemic regions.
During outbreaks in domestic animals the
affected herd is quarantined and vaccina-
ted, and infected carcasses are burned
or buried to minimize environmental con-
tamination from scavengers rending the
carcasses. With wild herds quarantine and
vaccination are impossible and control is
limited to surveillance and rapid disposal
of carcasses.
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Arboviruses

C.A. Hart

Most of the infections listed in this book
are caused by a special category of viruses
(see entry) termed arboviruses. The word
arbovirus is derived from arthropod-borne
virus – that is, a virus biologically trans-
mitted by haematophagous arthropods,
such as mosquitoes or ticks, biting
vertebrate hosts. The virus replicates in the
vector and, following a particular migration

route, such as passing to the vector’s
stomach during ingestion of a blood meal, it
then migrates to the salivary glands. In the
vertebrate host arboviruses usually produce
viraemia. Other viruses can be mechani-
cally transmitted by arthropods but involve
no replication or long-term survival in
the vector, such as fleas and mosquitoes
transmitting myxoma viruses causing
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myxomatosis in rabbits; these are not
arboviruses. The term arbovirus has no
taxonomic significance, merely describing
the mode of transmission of viruses of many
families, subfamilies and genera.

Nearly all arboviruses are zoonotic;
that is, they are primarily infections of
vertebrates other than humans. However, a
few appear to involve only humans. Certain
birds and rodents are termed maintenance or
reservoir hosts because they provide a mech-
anism for the long-term survival of viruses.
In addition to serving as reservoir hosts of
virus in a particular geographical area, some
maintenance hosts can carry infections into
new areas, even to different continents (e.g.
West Nile in New York in 1999 and 2000).

Maintenance hosts often show no signs
of illness. Ticks, which can live for many
years, are sometimes also regarded as
maintenance hosts. Other animals, pigs in
the case of Japanese encephalitis virus, are
amplifying hosts because they produce very
high-titre viraemias in their blood, often
for relatively long periods. This ensures that
a potential vector ingests large numbers of
viruses, thus greatly enhancing its likeli-
hood of becoming infected. Viraemias of low
titre and short duration are less likely to be
infectious for vectors.

The most important arboviruses are in
the families Togaviridae (only genus Alpha-
virus), Flaviviridae (only genus Flavivirus),
Bunyaviridae (members of the genera
Bunyavirus, Nairovirus, Phlebovirus and a
number of unassigned viruses), Reoviridae
(genera Orbivirus and Coltivirus) and
Rhabdoviridae (genera Ephemerovirus and
Vesiculovirus). Other viruses have been
isolated from arthropods but they are not
arboviruses.

With the exception of African swine
fever (a DNA virus) and a very few other
viruses, all arboviruses are RNA viruses. Of
the 504 arboviruses listed in the 1985 inter-
national catalogue of arboviruses, 115 are
considered to be definitely arboviruses, 92
are probably arboviruses, 265 are possible
arboviruses and the remaining 32 most
probably are not true arboviruses. Of the
arboviruses, some 100 infect humans and
about 40 infect livestock. The greatest

number of arboviruses belong to the family
Bunyaviridae (c. 250 species), but the most
important economically are in the families
Flaviviridae (c. 67 species) and the Toga-
viridae (c. 26 species). Families containing
the most well-known viruses are as follows:

Togaviridae
Enveloped (50–70 nm), single-stranded,
positive-sense RNA viruses with an icosa-
hedral nucleocapsid (e.g. eastern equine
encephalitis, western equine encephalitis,
Venezuelan equine encephalitis, Ross
River, Semliki Forest, Sindbis viruses).

Flaviviridae
Enveloped (45 nm), single-stranded, positive-
sense RNA viruses with icosahedral sym-
metry (e.g. mosquito-borne viruses, such
as dengue, Japanese encephalitis, yellow
fever, St Louis encephalitis and West Nile,
and tick-borne viruses, such as louping
ill, Kyasanur Forest disease, tick-borne
encephalitis and Powassan viruses).

Bunyaviridae
Enveloped (80–120 nm), single-stranded,
trisegmented, negative-sense RNA viruses
with icosahedral symmetry (e.g. genus
Bunyavirus: Bunyamwera, Akabane, Oro-
pouche, Germiston and La Crosse viruses;
genus Phlebovirus: Phlebotomus fever and
Rift Valley fever viruses and the Uukuniemi
group; and genus Nairovirus: Crimean–
Congo haemorrhagic fever, Nairobi sheep
disease and Dugbe viruses).

Reoviridae
Unenveloped (70 nm), multiply segmented,
double-stranded RNA viruses with spheri-
cal symmetry (e.g. genus Orbivirus: blue-
tongue, African horse sickness viruses;
genus Coltivirus: Colorado tick fever virus).

Rhabdoviridae
Enveloped (usually 50–100 nm), bullet- or
rod-shaped viruses with a negative-sense,
linear RNA genome (e.g. genus Ephemero-
virus: bovine ephemeral fever viruses;
genus Vesiculovirus: vesicular stomatitis
viruses).
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Asfaviridae
Enveloped (175–215 nm), double-stranded,
DNA viruses with icosahedral symmetry.
The only member is African swine fever,
formerly classified with the Iridoviridae.

Only the more important or scientifically
more interesting arboviruses are considered
in this encyclopedia.
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Astrakan fever see Tick-borne typhuses.

Avian borreliosis

Klaus Kurtenbach and Stefanie M. Schäfer

Avian borreliosis, or avian spirochaetosis,
historically refers to infection of domestic
birds with Borrelia anserina. However,
various other species of the genus Borrelia
are now known to infect avian hosts, such
as B. burgdorferi sensu stricto or B. garinii,
the causative agents of Lyme borreliosis (see
entry) in humans.

Distribution
Borrelia anserina is distributed worldwide
and is of economic importance in breed-
ing domestic poultry, such as turkeys,
Pheasants (Tragopan satyra) and chickens.
Although largely under control in industri-
alized countries, it remains an important
avian pathogen in the tropics.

Aetiological agent
Like other spirochaetes of the genus
Borrelia, B. anserina has an ultrastructure
which is unique amongst eubacteria. The
0.20–025 µm wide cells are helically
shaped, with a length of 9–21 µm. Their
wavelength of 1.7 µm is shorter than that
found for Lyme borreliosis spirochaetes. An
outer surface membrane consisting of lipo-
proteins encases the protoplasmic cylinder,
in which up to eight flagella are inserted.
These periplasmic flagellae, which confer
motility, are ultrastructurally and chemi-
cally similar to external flagellae of other
eubacteria.

Borrelia anserina used to be perpetu-
ated through experimental birds or embryo-
nated chicken eggs. The development of
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modified Barbour–Stoenner–Kelly (BSK)
medium to culture B. burgdorferi sensu lato
and relapsing fever spirochaetes now allows
the in vitro propagation of B. anserina. How-
ever, infectivity of B. anserina for chickens
is lost after a few in vitro passages. Murin-
ization of B. anserina has proved to be
impossible.

Phylogeny and taxonomy
Traditionally, many Borrelia species have
been delineated and named using Linnaean
binomials based on the tick species by
which they are transmitted. Borrelia
anserina comprises Borrelia strains that are
associated with soft (argasid) ticks of the
genus Argas. Phylogenetic analysis of the
flagellin genes has placed B. anserina in
a cluster together with American relapsing
fever spirochaetes, such as Borrelia hermsii.
Phylogeny based on the 16S ribosomal RNA
(rRNA) sequences, however, indicates that
B. anserina constitutes a cluster separate
from the relapsing fever spirochaetes (see
Tick-borne relapsing fever).

Clinical signs and pathology
Avian spirochaetosis is acute and character-
ized by fever, cyanosis of the head and diar-
rhoea. Mortality is normally high in domes-
tic chickens; however, it varies with the B.
anserina strain, as well as the race and age
of the host. Peak spirochaetaemia in suscep-
tible, experimentally infected chickens is
recorded 72–96 h after infection, followed
by progressive enlargement of spleen,
extensive erythrophagocytosis in various
organs and extravascular haemolysis. As
with other species of the genus Borrelia,
no defined pathogenicity factors have yet
been found, but it has been suggested that
immune mechanisms, involving solubilized
antigens, may underlie pathogenicity. Lipo-
proteins ranging between 20 and 22 kDa
have recently been identified as possible
determinants of the pathogenic potential of
B. anserina. These belong to the family of
20 kDa outer surface proteins (Osps) found
in many Borrelia species, comprising the
small variable membrane proteins (Vmps)

of relapsing fever spirochaetes and the
OspC of B. burgdorferi sensu lato.

Diagnosis
Diagnosis of acute avian spirochaetosis in
domestic chicken populations mainly relies
on the recognition of clinical symptoms,
such as greenish diarrhoea, and on direct
microscopical detection of the spirochaetes
in blood smears stained by Giemsa.

Transmission
Transmission cycles involve mainly
domestic birds and soft (argasid) ticks,
and outbreaks of the disease among
domestic fowl are still frequent in many
parts of the tropics. Argas persicus and
Argas sanchezi are among the most impor-
tant vector species. Although wild fowl and
perhaps other avian species are susceptible
to B. anserina, the precise roles wildlife
plays in the global spread of this pathogen
are unknown.

Prevention and control
Prevention of avian spirochaetosis is based
on antibiotics and the application of acari-
cides in order to control tick infestations.
No vaccine exists because of the strain-
specific nature of immunity.

Selected bibliography
DaMassa, A.J. and Adler, H.E. (1979) Avian

spirochetosis: natural transmission by Argas
(Persicargas) sanchezi (Ixodoidea: Arga-
sidae) and existence of different serologic
and immunologic types of Borrelia anserina
in the United States. American Journal of
Veterinary Research 40, 154–157.

Fukunaga, M., Okada, K., Nakao, M., Konishi, T.
and Sato, Y. (1996) Phylogenetic analysis of
Borrelia species based on flagellin gene
sequences and its application for molecular
typing of Lyme disease borreliae. Inter-
national Journal of Systematic Bacteriology
46, 89–905.

Hovind-Hougen, K. (1995) A morphological
characterization of Borrelia anserina. Micro-
biology 141, 79–83.

Lad, P.L. and Soni, J.L. (1982) Soluble spirochaete
antigen–antibody immune complex in plasma
of Borrelia anserina-infected chickens.

Avian borreliosis 51

51
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #7.vp
04 September 2001 10:15:53

Color profile: Disabled
Composite  Default screen



Indian Journal of Animal Science 53,
583–541.

Marti-Ras, N., Lascola, B., Postic, D., Cutler, S.J.,
Rodhain, F., Baranton, G. and Raoult, D.
(1996) Phylogenesis of relapsing fever
Borrelia spp. International Journal of
Systematic Bacteriology 46, 859–865.

Rao, M.L.V. and Soni, J.L. (1986) Preliminary stud-
ies on murinization of Borrelia anserina.

Indian Journal of Animal Science 56,
1187–1189.

Sambri, V., Marangoni, A., Olmo, A., Storni, E.,
Montagnani, M., Fabri, M. and Cevenini, R.
(1999) Specific antibodies reactive with the
22-kilodalton major outer surface protein
of Borrelia anserina Ni-NL protect chicks
from infection. Infection and Immuniy 67,
2633–2637.

Avian malarias see Malaria, avian.

52 Avian borreliosis

52
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #7.vp
04 September 2001 10:15:53

Color profile: Disabled
Composite  Default screen



Babesia species see Babesiosis.

Babesiosis

Gerrit Uilenberg

Distribution
Babesiosis of domesticated animals is a
group of diseases, caused by different
pathogenic agents, occurring from temper-
ate to tropical regions. It is particularly
important in tropical and subtropical areas,
but may cause losses even in temperate
areas, particularly in traditional production
systems.

Parasite
Babesiosis is caused by intra-erythrocytic
protozoan parasites of the genus Babesia,
belonging to the class Apicomplexa
(= Sporozoa). They are members of the
family Babesiidae, tick-borne parasites
which live and multiply as ‘piroplasms’ in
the red cells of the vertebrate host. These
piroplasms do not contain pigment (as do
the erythrocytic stages of Plasmodium), and
in this respect resemble the related
Theileriidae (main genus Theileria). A fun-
damental difference between Babesia and
Theileria (see Theilerioses) is the absence in
the former of multiplication by schizogony,
which Theileria undergoes in lymphocytes
or other cells, preceding the erythrocytic
stage. Some parasites formerly classified in
the genus Babesia have thus been assigned
to Theileria after their extra-erythrocytic
schizogony and other relevant differences
with Babesia were discovered. An example
is Theileria equi, until recent years consid-
ered to be a Babesia. Another difference
with the Theileriidae is that the multiplica-
tion of the piroplasm, by budding, usually
results in two daughter parasites, against
four in Theileria; this is not, however,
an absolute rule. The cycle of Babesia in
the invertebrate (tick) host is also different
from  that  of Theileria. In  both  cases  the
piroplasms apparently form gametocytes
and zygotes in the gut of the tick, but in the

case of Babesia the zygotes multiply and
penetrate as ‘vermicules’ into numerous
tick organs, including the ovaries, so that
there is transovarial transmission to ticks of
the next generation, contrary to what hap-
pens in Theileria. Infections by Babesia are
known to occur in all groups of mammals,
including humans, and even in some other
vertebrates.

Transmission
It is usually the female tick that becomes
infected by ingesting parasites with the
blood meal. New hosts are infected with
sporozoites in the saliva of ticks of the next
generation, larvae, nymphs and/or adults.
The sporozoites are the end result of
sporogony in the salivary glands, infected
by vermicules. Maturation of the sporozo-
ites is stimulated by feeding, and therefore
transmission does not occur immediately
upon fixation of the tick on the host, so that
its early removal may prevent transmission.
Certain Babesia species may maintain
themselves in several generations of ticks,
even without new infections (this is in
particular well known of Babesia ovis).

Epidemiology
One of the important aspects of babesiosis is
the fact that animals remain long-term carri-
ers of the parasite after recovery, and as long
as the parasite exists in their organism rein-
fections will not cause disease. In circum-
stances where tick vectors are sufficiently
numerous to cause frequent reinfections,
the immune status of the animals persists
indefinitely. Other extremely important
points include tolerance or resistance (the
animals are not refractory to infection, but
tolerate its effects rather well). Young
animals possess an age-linked tolerance to
the clinical effect of infection and breeds in
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endemic areas have acquired innate toler-
ance (genetic resistance), the effect of natu-
ral selection. These points have been partic-
ularly well studied in cattle babesiosis in
tropical countries (due to Babesia bigemina
and/or Babesia bovis), where it is possible
to attain a state of endemic stability. In
stable endemic areas the number of ticks is
sufficient to infect all young calves, which
do not suffer unduly from the effects, partic-
ularly if they belong to a breed with innate
tolerance, and the immunity thus acquired
is maintained by frequent reinfections.

It should be pointed out that some of
the statements made in this entry are rather
simplistic, in order not to make it too long
and complicated. For example, the existence
of antigenically different strains of Babesia
will not be dealt with, nor will the the fact
that various immunodepressive factors may
occasionally be responsible for a breakdown
of the balance between host and parasite
and cause relapses. Another point that will
not be gone into is the fact that a ‘sterile
immunity’ may persist for some time after
the carrier state is lost.

Babesiosis of various animal species is
briefly discussed below, with remarks on

aspects specific to each species. Epidemiol-
ogy, symptoms, pathology, diagnosis, chemo-
therapy and prophylaxis are presented
in general terms. Human babesiosis is also
briefly mentioned, but babesiosis of some
domestic animals (such as cats and pigs) is
not included; although this may be locally
of some importance, its worldwide impact
is not great. Table 1 shows the species
discussed, with vectors and distribution.

Bovine babesiosis
The main species of Babesia of cattle in the
tropics and subtropics are B. bigemina and
B. bovis, with Boophilus species as the main
tick vectors. Both Babesia species are trans-
mitted by Boophilus microplus and Boophi-
lus annulatus, but Boophilus decoloratus is
a vector of B. bigemina only; the vector role
of Boophilus geigyi is not yet well estab-
lished. The most important Babesia species
in temperate Europe is B. divergens, which
has also been found in North Africa. It is
transmitted by the tick Ixodes ricinus.
Babesia major, another species in Europe, is
a much milder infection; vectors are species
of Haemaphysalis, H. punctata in western
Europe. Babesia ovata is a closely related
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Domestic host Main vector genus Distribution

Cattle
B. bigemina
B. bovis
B. divergens
B. major

Small ruminants
B. motasi
B. ovis

Horses (and other equines)†

B. caballi

Dogs
B. canis
B. gibsoni

Boophilus
Boophilus
Ixodes
Haemaphysalis

Haemaphysalis
Rhipicephalus

Dermacentor, Hyalomma, Rhipicephalus

Dermacentor, Haemaphysalis, Rhipicephalus
Haemaphysalis, Rhipicephalus

Tropical and subtropical areas of all continents
Tropical and subtropical areas of all continents*
Europe, North Africa
Europe

Africa, Asia, Europe
Africa, Asia, Europe

Africa, America, Asia, Europe

All continents‡

Africa, America, Asia, Europe

*Babesia bovis is less widespread in tropical Africa; the most common Boophilus species in that region, B. decoloratus, is not a
vector of B. bovis (but is of B. bigemina).
† Theileria equi, transferred from genus Babesia, is not included in this list, but is mentioned in the text.
‡ The species B. canis consists of three different but morphologically similar parasites; the one transmitted by Dermacentor ticks
occurs in Europe and probably parts of Asia, that transmitted by Haemaphysalis is African and the parasite transmitted by
Rhipicephalus occurs on all continents.

Table 1. Selected Babesia species of some domestic animals.
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species in Japan, also transmitted by Haema-
physalis ticks. Babesia bigemina is large
(Fig. 1), B. major is slightly smaller and B.
bovis and B. divergens are much smaller.
Most of the piroplasms of the last-mentioned
species are situated at the periphery of the
red cell (Fig. 2). Red cells infected by B.
bovis are concentrated in the capillaries of
the internal organs, such as the cerebral cor-
tex (Fig. 3), while they are usually scanty in
the peripheral circulation. An early name
for the disease due to B. bigemina is ‘Texas
fever’, as it was first described in Texas.
Babesia bovis is particularly pathogenic for
European cattle (Bos taurus), much less so
for zebu cattle (Bos indicus) and indigenous
African and Middle East taurine cattle.

Babesiosis of sheep and goats
The main species described so far are
Babesia motasi, which is large and trans-
mitted by Haemaphysalis punctata, and
B. ovis, small round parasites, situated
usually at the periphery of the red cell. The
latter is transmitted by Rhipicephalus
bursa. The taxonomy and even the geo-
graphical distribution of babesial parasites
of small ruminants are not quite settled.
Isolates of B. motasi from north-western
Europe are far milder clinically than those
from the Mediterranean basin, and there are
serological differences as well. Babesial
parasites of small ruminants in tropical
countries do not always have the classical
morphology of B. motasi or B. ovis. On the
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Fig. 1. Babesia bigemina
in a bovine blood smear.

Fig. 2. Babesia divergens
in a bovine blood smear.
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whole B. ovis is a more important parasite
than B. motasi, and generally sheep are
more susceptible to the clinical effects of
babesial infections than goats.

Equine babesiosis
Babesia caballi and Theileria equi generally
have the same tick vectors, belonging to the
genera Dermacentor, Hyalomma and Rhipice-
phalus; therefore equine babesiosis and
theileriosis are usually discussed together.
The term ‘equine piroplasmosis’ covers
both, piroplasmosis being the old name for
diseases in which piroplasms are found in
red cells. These diseases may be important
in their own right, but they are also an
important obstacle to international move-
ment of horses and other equines, as several
countries require that all equines be tested
for antibodies to both parasites before
allowing their importation, thus affecting
not only trade, but also international eques-
trian sporting events. It is relatively easy to
sterilize horses from B. caballi by adminis-
tering high and repeated doses of certain
babesicides, so that after a certain time the
antibody titres will drop below the detec-
tion threshold, but getting rid of T. equi is
far more problematic, if not impossible.

Canine babesiosis
Canine babesiosis occurs on all continents.
Although all large parasites of dogs are
usually called Babesia canis, they actually
belong to three different subspecies or

perhaps even species, transmitted by differ-
ent tick vectors. The common dog tick,
Rhipicephalus sanguineus, is the main vec-
tor of the cosmopolitan parasite B. canis
vogeli, which causes a comparatively mild
disease. The European B. canis canis, trans-
mitted by Dermacentor ticks, such as D.
reticulatus, is far more pathogenic, while
the African B. canis rossi, which has ticks of
the Haemaphysalis leachi group as its vec-
tors, is the most virulent of the three. As it is
impossible to distinguish morphologically
between the three parasites, they are
usually just called B. canis.

Besides these large parasites, there is a
small species, Babesia gibsoni which may
cause a fatal disease. It is common in Asia
and Africa, where it appears to be trans-
mitted by Haemaphysalis as well as Rhipi-
cephalus ticks. Although cases have been
recorded where the parasite has been con-
tracted in the USA and in Europe, appar-
ently transmitted by the common dog tick, R.
sanguineus, most cases, in European coun-
tries at least, are observed in dogs imported
from endemic areas of Asia or Africa. Recent
molecular studies have shown that the name
B. gibsoni has been applied to two or more
very different parasites of dogs, which
resemble each other morphologically.

Human babesiosis
Babesia divergens of cattle in Europe causes
babesiosis in humans without a spleen,
while intact individuals are apparently
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Fig. 3. Cerebral capillary
filled with red cells infected
with Babesia bovis.
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refractory to infection. Such cases are
sporadic, but usually fatal.

It was later discovered that Babesia
microti (or at least what is called B. microti
in the USA) of rodents can infect human
beings, even those with an intact spleen. The
disease is serious in individuals without a
spleen, but much milder in intact people. It
should be added that schizogony has been
described in B. microti infections and, as
division in the red cell results in four daugh-
ter parasites, the rodent parasite may well be
much nearer to Theileria than to Babesia.
Other babesial parasites which infect humans
have also been discovered; animals are
always the source of the infection.

Symptomatology and pathology
The classical signs of babesiosis are fever,
haemoglobinuria and anaemia, followed by
icterus, but all these signs are not always
present; it depends on the stage of the infec-
tion, the Babesia species and the individual
case. After having divided, the parasites
break out of their host cell, the erythrocyte,
and haemoglobin is liberated into the blood
plasma. When the haemoglobin reaches a
critical level, it is excreted in the urine,
causing haemoglobinuria or ‘red-water’;
thus red-water fever is a common name for
babesiosis. (The colour of the urine may be
brown, depending on the proportion of hae-
moglobin converted into methaemoglobin.)
The urine foams, because of the high pro-
tein content. It is important to distinguish
between haemoglobinuria and haematuria,
which results from bleeding; if in doubt,
the difference can be demonstrated by cen-
trifuging a urine sample, as in the case of
haematuria there will be blood cells in
the sediment. When many infected red cells
are destroyed, anaemia develops, which
is associated with the usual regenerative
blood picture (normoblasts, Howell–Jolly
bodies, reticulocytes, anisocytosis, poikilo-
cytosis, etc.). Some of the haemoglobin is
changed in the liver into bilirubin – hence
the development of icterus after some time.

Pathological post-mortem findings are
also explained by the pathogenesis. The car-
cass is anaemic, often icteric, and the urine

bladder may contain reddish or brownish
urine. The spleen is usually enlarged and
the liver congested, with a distended biliary
bladder. In some cases of bovine babesiosis
due to B. bovis there are central nervous
symptoms. Infected cells tend to stick
together in the capillaries of internal organs
and prevent a normal blood flow and, when
this occurs extensively in the cerebral
cortex, central nervous symptoms are
observed. Similar nervous signs are also
seen sometimes in canine babesiosis.

Diagnosis
It is probably good to point out straight
away the important difference between
‘infection by Babesia’ and ‘babesiosis’, the
latter meaning disease caused by Babesia
infections.

Serological tests are actually the only
ones allowed to detect carrier horses, and are
generally useful for detecting past infections
in all animal species. Such tests may also
be useful for helping in the diagnosis of
atypical chronic cases of canine babesiosis,
but in general the diagnosis of babesiosis,
i.e. the disease, depends on the presence of
clinical signs, associated with the detection
of parasites in blood smears. Diagnosis is
rather easy when all the classical symptoms
are present (fever, anaemia, haemoglobin-
uria, icterus). Many other infections may
be the cause of each of these separate
symptoms; all of them are not always present
in babesiosis and their appearance also
depends on the stage of the disease. When
in doubt, a blood smear made at the right
moment, fixed with methanol and stained
with Giemsa (or fast stains such as Diff-
Quik), will confirm the clinical diagnosis.
However, a negative result does not always
exclude babesiosis, because the parasites are
often scanty after the first peak (and usually
throughout in the case of B. bovis). Signs of
anaemia (regenerative changes in the blood
picture) may be of help.

For research purposes there are specific
tests, based on molecular techniques such
as nucleic acid probes and the polymerase
chain reaction, which are able to accurately
identify various species and even subtypes.
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Prevention and control
Tick control

Babesiosis is a vector-borne disease; it
is therefore logical to think of breaking
the cycle by controlling the tick vectors.
However, some ticks, such as the European
Ixodes ricinus, vector of B. divergens, can
complete their life cycle on several wild
as well as domestic animal species, and
controlling the tick on the target host
species will not affect this permanent and
inaccessible reservoir of infection. Further-
more, intensive tick control is expensive
and cost–benefit is often negative, while
intensive use of acaricides inevitably leads
to acaricide resistance and also constitutes a
public health problem because of residues
in animal products. In certain conditions,
and particularly in cattle in tropical coun-
tries, it is preferable to try to attain endemic
stability, in which all cattle are infected
early in life, when they are least susceptible
to the effects of the infection. This means
that tick control, often necessary because of
the direct effects of large numbers of ticks,
should not be so intensive that the state of
endemic stability is disrupted; at the same
time the onset of acaricide resistance in
ticks is delayed when the intervals between
applications are longer.

In certain conditions it may be possible
to avoid contact with ticks by taking a few
simple measures, such as keeping cattle on
zero grazing – that is, in stables. Also, cattle
often come into contact with I. ricinus on
the edge of forests or shrub vegetation and
hedges; this tick species needs the protec-
tion of a vegetational layer and will not sur-
vive on pastures with short grass. A buffer
zone between the pasture and surrounding
vegetation may therefore be of help.

In short-haired dogs it is certainly good
practice to inspect the animal daily and
remove all ticks that are encountered, but it
is far easier and more effective to use good
tick collars. These are made of synthetic
material impregnated with an acaricide; the
active ingredient is slowly released and
diffuses over the skin. Many of the collars
sold against fleas are not reliable against
ticks. No collar can be relied upon entirely
to prevent tick-borne diseases (babesiosis,

ehrlichiosis, Lyme disease, etc.). Relatively
reliable collars are those containing an
amidine, amitraz (which, however, is not
active against fleas!) or pyrethroids, such as
deltamethrin or flumethrin, in combination
with the carbamate insecticide, propoxur.

For the last few years, there have been
commercialized vaccines against the impor-
tant tropical cattle tick Boophilus microplus,
vector of B. bigemina and B. bovis (and also
of bovine anaplasmosis). These vaccines are
based on an antigen of the intestine of the
tick, produced by recombinant techniques.
The vaccinated animals develop antibodies
against the antigen, and ticks which ingest
these are affected by the destruction of their
intestinal cells containing the antigen. These
vaccines also act against the related tick
Boophilus annulatus. As they are based on
antibody levels, they have to be adminis-
tered at intervals of 6 months or so. They are
unlikely to constitute the ultimate answer to
the problem of ticks and tick-borne diseases,
but appear to be very promising as part of
integrated control. The approach appears to
be less promising for ticks which are not so
specific for their host.

Immunization
Another approach to preventing clinical
babesiosis is to immunize against the infec-
tion. This has been done for many decades
by the ‘infection and treatment’ method
and, with very few exceptions, is still the
only method available. Babesia parasites
are injected with blood from an infected
animal and, where necessary, the reaction is
treated with a specific babesicide, which in
endemic areas should suppress the clinical
reaction but not eliminate the parasite
entirely. The method is mainly used against
tropical babesiosis of cattle. Treatment
is not often needed, as parasites of low
pathogenicity are used. There are various
problems associated with this method, a
major one being the fact that blood
containing live organisms may, and often
does, contain unwanted pathogens. There
are examples of bovine leucosis or ana-
plasmosis having been disseminated in
this way. For these reasons, the infective
material is usually produced by government
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laboratories; private industry is not keen to
become involved.

Vaccines
There is one inactivated vaccine commer-
cially available, against European canine
babesiosis (B. canis canis), based on soluble
antigens from in vitro cultures of the para-
site. No such vaccine against babesiosis of
other animals is currently available.

For many years various research teams
have been trying to develop modern inacti-
vated vaccines against babesiosis, based on
molecular biology and/or genetic engineer-
ing. So far, none of these efforts has gone
beyond an experimental stage, but future
progress is to be expected, at least for those
target species where the financial aspects are
promising for private industry (e.g. valuable
horses, pet animals).

Chemoprophylaxis
This is yet another way of preventing
babesiosis, by administering a long-acting
anti-babesial drug, such as imidocarb
dipropionate, to animals which are then
exposed to natural infection, in the hope
that clinical signs will be mitigated and
immunity will be installed. There are
conflicting reports on the efficacy of
this method. It probably depends on the
frequency of natural infections, as it is of
course imperative that an infection occurs
while the drug level in the blood is
sufficiently high.

Treatment
Finally, there is the curative treatment
of individual cases of babesiosis, as a last
resort but sometimes the only one if no
effective method of prophylaxis can be
applied. It should be realized that the num-
ber of available babesicidal drugs is very
small. A number of drugs have been with-
drawn from the market, which is generally
too small to greatly interest the pharmaceu-
tical industry. Rather than submit existing
drugs to expensive tests as required by the
newer safety regulations, they have been
abandoned. The main drugs still available
are summarized in Table 2; no new one
has appeared for over 30 years! Additional
supportive treatment may be essential in
advanced stages of the disease with severe
anaemia or nervous symptoms.
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Common
name

Some trade
name(s)

Dosage and
route Comments

Imidocarb
dipropionate

Phenamidine
isethionate

Diminazene
aceturate

Quinuronium
sulphate

Imizol, Carbesia

Pirvedine

Berenil, Ganaseg

Acaprine

1–3 mg kg−1 (3–6 in dogs),
s.c. or i.m.

10 mg kg −1, s.c. or i.m

3.5–5 mg kg−1, i.m.

1 mg kg−1, s.c.

Residual effect (also prophylactic); in many countries
restricted to animals, not used for human consumption

Still used in dogs

Not available in all countries

Still used against B. ovis infection in a few countries

*Dosage rates differ according to toxicity for individual animal species and efficacy against various Babesia species.

Table 2. Anti-babesial drugs*.
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Bacillus anthracis see Anthrax.

Bacteria

C.A. Hart

Bacteria are prokaryotes – that is, they have
no internal organelles, such as lysosomes
or mitochondria (indeed, it is thought that
mitochondria have evolved from primitive
intracellular bacteria), nor do they have
a nucleus. Most bacteria have a single loop
of double-stranded DNA as a chromosome,
although some, such as spirochaetes or
Burkholderia, have several replicons,
which can be linear or loops. Most are
free-living but some, such as Rickettsia,
Ehrlichia and Chlamydia species, are
obligate intracellular pathogens.

Originally bacteria were classified
by phenotypic characteristics, but more
recently sequencing of 16S ribosomal RNA
genes has been adopted. Phenotypic charac-
teristics employed include the nature of the
bacterial cell wall and presence or absence
of spores. Gram-positive bacteria have only
one cell membrane but a thicker cell wall,
whereas Gram-negative bacteria have two
cell membranes, and some bacteria, such
as Mycoplasma, have no cell wall. Spores
are tough structures that allow bacteria
such as Bacillus anthracis (see Anthrax)
or Clostridia to survive desiccation or heat.
Other characteristics are atmospheric growth
conditions (anaerobes will only grow in the
absence of oxygen), bacterial shape (spheres:

cocci; rods: bacilli; bent: Vibrio and Cam-
pylobacter; spiral: Borrelia, Treponema,
Leptospira) and metabolic requirements.

Arthropods may be mechanical or
biological vectors of bacteria. Salmonella,
and Shigella, causing gastroenteritis, and
Chlamydia trachomatis, causing trachoma,
are transmitted mechanically by flies such
as house-flies (Musca domestica), but there
is no replication in the vector. In contrast,
Yersinia pestis (plague), Francisella tula-
rensis (tularaemia), Ehrlichia chaffeensis
(monocytic ehrlichiosis) and Rickettsia
species (e.g. spotted fever group of typhuses)
replicate in their arthropod vectors and are
biologically transmitted by them. Finally,
some bacteria are employed as biopesticides
– for example, Bacillus thuringiensis sub-
species israelensis (B. thuringensis serotype
H-14) and Bacillus sphaericus, both of
which have been used to kill larvae of
disease vectors, such as mosquitoes and
simuliid black-flies.
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Balantium coli see Cockroaches.

Bancroftian filariasis

M.B. Nathan

Infection of humans with the filarial worm
Wuchereria bancrofti. Together with Brugia
malayi and Brugia timori (see Brugian
filariasis), collectively referred to as human
lymphatic filariasis because the adult
worms live in the lymphatic system; other-
wise known as elephantiasis due to the
disfiguring enlargement of the limbs and
thickening of the skin associated with
chronic infection.

Distribution
Of an estimated 120 million human lym-
phatic filarial infections, approximately
90% are caused by W. bancrofti. They are
found in over 70 humid, tropical and
subtropical countries (Fig. 1). One-third of
bancroftian filariasis infections are in India.

Other endemic countries in Asia include
Bangladesh, Nepal, Sri Lanka, Maldives,
Indonesia, the countries of the Mekong
region (Laos, Cambodia, Vietnam, Thailand
and Myanmar) and China, where the
distribution has been greatly diminished by
control measures. Bancroftian filariasis
also occurs in Papua New Guinea and the
Philippines. The nocturnal periodic form
is by far the commonest, but a diurnal
subperiodic form of the parasite occurs
mainly in, but is not limited to, the eastern
Pacific islands, including New Caledonia,
Fiji, French Polynesia, Samoa, Tuvalu and
the Cook Islands. A nocturnal subperiodic
form exists in Thailand.

Another one-third of infections are
found in Africa. The disease occurs in the
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Fig. 1. Geographical distribution of bancroftian filariasis; crosses (+) denote very small foci, mainly on
small islands.
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Nile Delta area of Egypt, while south of the
Sahara it is highly endemic in the coastal
areas of Kenya, Tanzania, Zanzibar and
Madagascar and in other areas of West and
Central Africa.

Distribution in the Neotropics is limited
to Haiti, Dominican Republic and coastal
areas of Guyana and Brazil. Localized,
low-level transmission may still persist
in Trinidad and Tobago, Costa Rica and
Suriname.

Parasite
Adult male (approximately 40 mm) and
female (80–100 mm) W. bancrofti worms
live in the lymphatic system within or adja-
cent to lymph nodes. Six months to a year
after infection and fertilization, females
begin to release large numbers of embryos,
or microfilariae, each about 250 µm long
and ‘sheathed’ in the egg membrane. Adult
females live 4–6 years and produce millions
of microfilariae, which actively migrate to
the bloodstream, where they circulate for
up to 2 years. They may also appear in
hydrocoel fluid and in chylous urine. No
further larval development occurs, until or
unless the microfilariae are ingested by an
intermediate mosquito host during blood-
feeding.

Clinical symptoms
There is a wide range of clinical manifesta-
tions, with some geographical variance.
More than 50% of people with microfil-
araemia are clinically asymptomatic, even
though they have hidden damage to their
lymphatic or renal systems. Some individu-
als with microfilariae remain asymptomatic
for years; others develop clinical disease
while microfilariae continue to circulate
or after the microfilariae have disappeared
from the bloodstream. Clinical incubation is
most commonly 8–16 months but can be
considerably longer. Acute manifestations
include recurrent and irregular ‘filarial’
fevers and general malaise, often associated
with lymphadenitis and lymphangitis.
Such attacks can last for up to 2 weeks
and may recur several times a year. In
males lymphangitis may be localized in the
genitals.

Chronic disease typically develops
10–15 years after onset of the first acute
attack but can occur much earlier. It is
caused, at least in part, by lymphatic dys-
function, which frequently manifests as
hydrocoel (Fig. 2), lymphoedema, elephanti-
asis (Fig. 3) and chyluria, the incidence and
severity of which tend to increase with age.
Hydrocoel typically presents as a swelling
caused by accumulation of usually clear,
straw-coloured fluid, sometimes containing
microfilariae, within the membrane (tunica
vaginalis) that surrounds each of the testi-
cles. Other genital manifestations include
inflammatory swelling of the spermatic cord
and lymphoedematous thickening of the
scrotal skin.

Elephantiasis begins as recurrent epi-
sodes of lymphoedema and leads to gradual
loss of skin elasticity and fibrosis of the sub-
cutaneous tissues, resulting from blockage
of the lymphatics. The leg or legs are most
commonly affected, either from the thigh
or from the knee. However, the scrotum,
arm(s), penis, vulva and breast(s) may also
be affected. Bacterial and fungal infections
of the skin are frequently associated with
elephantiasis and play a major role in the
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Fig. 2. Bilateral hydrocoel associated with
Wuchereria bancrofti infection (courtesy of
Eric Ottesen).
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progression of disease and the frequency and
severity of clinical symptoms. Chyluria, the
excretion of ‘milky urine’ containing lymph
and dietary lipids and proteins in the uri-
nary tract, occurs in a minority of patients
and is sometimes associated with haem-
aturia. Occult filariasis, in which micro-
filariae cannot be found in the blood, is due
to a hypersensitivity to microfilarial anti-
gens. One manifestation of this immunologi-
cal response is tropical pulmonary eosino-
philia, a syndrome that is more common in
males than females, and in which classical
clinical manifestations are absent. It occurs
particularly in endemic areas of the Indian
subcontinent and South-East Asia, causing
nocturnal paroxysmal cough, impaired lung
function and chronic lung disease.

Chronic filarial disease imposes psy-
chological, social and economic burdens on
affected individuals, as well as physical
suffering and disability. Persons with hydro-
coel, lymphoedema and elephantiasis are
often stigmatized and become isolated
in their communities. Their ability to work
may be compromised, leading to depend-
ence on others for care and financial sup-
port. It has been estimated that, in India
alone, over US$1000 million of productivity
is lost every year as a consequence of
infection.

Diagnosis
Detection and identification of microfilariae
in the blood are widely used in situations
where newly developed circulating filarial

antigen tests are unavailable. Except in
countries with diurnal subperiodic forms,
microfilariae appear in the peripheral blood
at night (nocturnal periodicity) and the
optimal time for drawing samples is between
2200 h and 0200 h, which is extremely dif-
ficult under field conditions. Each method
has its own advantages and disadvantages.
However, the most commonly used method
is to prepare and microscopically examine a
Giemsa-stained thick blood film obtained
by finger-prick. An alternative procedure is
the counting-chamber method, in which a
similar amount of anticoagulated capillary
blood is lysed in water and examined under
a microscope for motile microfilariae.

Increased sensitivity can be achieved by
examining larger amounts of blood obtained
by venepuncture. One such method is
Knott’s concentration, in which 1 ml of
blood is shaken with 9 ml of distilled water
and 1 ml of 40% formalin, centrifuged and
the sediment examined as a wet or stained
preparation under a microscope. Another,
more efficient, method is by membrane
filtration and involves the passage of up
to 10 ml of anticoagulated blood through a
polycarbonate filter with 3–5 µm pore size.
Pre-filtered water and then air are passed
through the filter, which is subsequently
placed on a microscope slide, dried, stained
with Giemsa and examined in clear mount-
ing medium under a coverslip.

In some areas where the only micro-
filariae present are nocturnally periodic
W. bancrofti, the diethylcarbamazine (DEC)

Bancroftian filariasis 63

Fig. 3. Elephantiasis of the right
leg and lymphoedema of the right
hand in a patient infected with
Wuchereria bancrofti (courtesy of
Rifky Faris).
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provocative test has been used. This
entails the oral daytime administration
of 2–8 mg kg−1 body weight of DEC, which
results in the subsequent appearance of
microfilariae in the peripheral circulation.
Finger-prick blood is usually taken and
examined about 30 min after administration
of the provocative dose. Because of severe
host reactions to the dead or dying micro-
filariae, this test should not be used in areas
where there are infections with Onchocerca
volvulus or Loa loa (see entries on Oncho-
cerciasis and Loiasis).

A recent breakthrough in diagnosis is
based on detection of circulating filarial
antigens and has important implications for
monitoring the effectiveness of treatment and
control programmes. All individuals with
microfilaraemia, as well as a proportion of
those with clinical manifestations but with
no circulating microfilariae, have detectable
circulating antigen. Such tests are very sen-
sitive and specific, require only finger-prick
blood, which can be drawn at any time, and
are available as commercial kits, one of
which is in the form of a ‘card test’.

Transmission
The vectors are anopheline and culicine
mosquitoes; a list of the principal species is
shown in Table 1. The nocturnal periodicity
of the parasite throughout much of its
distribution is such that the microfilariae
are at their greatest concentration in the
peripheral blood during the night, when the
majority of vectors feed most avidly and
the likelihood of ingesting microfilariae
from capillary blood is greatest. Globally

the most widespread and important vector
is Culex quinquefasciatus, a circumtropical
and mainly urban or peri-urban species that
breeds prolifically in polluted water and
feeds at night (see culicines under entry on
Mosquitoes).

Some important anopheline vectors
of malaria are also major vectors of W.
bancrofti, particularly in more rural parts
of Africa and elsewhere, e.g. Anopheles
gambiae and Anopheles funestus in Africa,
Anopheles subpictus in rural Indonesia
and Anopheles balabacensis in Malaysia.
In West Africa, C. quinquefasciatus is evi-
dently a poor vector of anopheline-adapted
strains of the parasite. Similarly, in parts of
India anophelines are refractory to C. quin-
quefasciatus-adapted strains of the parasite.

In the endemic Polynesian islands, the
principal vectors are species within the
Aedes scutellaris group. Here the parasite is
diurnally subperiodic, in adaptation to the
daytime or crepuscular biting behaviour of
these mosquitoes. In a localized forest situa-
tion in west Thailand, a nocturnally subperi-
odic strain of the parasite is transmitted by
mosquitoes of the Ochlerotatus1 niveus group.

The majority of mosquito species are
refractory to W. bancrofti. If there is uptake
during blood-feeding, microfilariae may
be lethally damaged by the cibarial and
pharyngeal armatures. In the stomach, rapid
coagulation of the blood may inhibit their
movement and penetration through the
peritrophic membrane and gut wall; or after
migration through the stomach wall they
may be encapsulated and killed in the
haemocoel or in the flight muscles. The
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Parasite strains Geographical distribution Vectors

Nocturnal periodic Tropics, except Polynesia Culex quinquefasciatus
Tropics, except Polynesia Anopheles species

Diurnal subperiodic

Nocturnal subperiodic

New Guinea
China
Philippines
Polynesia
Fiji
New Caledonia
Thailand

Mansonia uniformis
Ochlerotatus togoi
Ochlerotatus poicilius
Aedes polynesiensis
Aedes pseudoscutellaris
Ochlerotatus vigilax
Aedes niveus group

Table 1. Summary of the principal mosquito vectors of Wuchereria bancrofti.
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physiological bases of such phenomena are
not well understood. Even in vector species,
some losses attributable to these mecha-
nisms also occur. However, within hours of
entering the mid-gut, surviving microfilariae
lose their sheaths, penetrate the stomach
wall and enter the thoracic muscles, where
they metamorphose into sausage-shaped,
first-stage larvae. Over a period of 10–14
days they moult twice and rapidly elongate
into third-stage, infective larvae (1.2–1.6 mm
long and 18–23 µm in diameter). Morpho-
logical features of the infective larva, in
particular the shape and position of the three
caudal papillae, aid in identification of the
parasite in the intermediate mosquito host.
The mature larvae leave the thoracic
muscles and may be found in other parts
of the body cavity, including the head
and proboscis. During blood-feeding, larvae
leave the proboscis and enter the skin via the
puncture wound. Surviving larvae find their
way into the lymphatics and thence to a site
within or adjacent to a lymph node, where
they develop to maturity and mate.

Intensity of transmission, expressed
as the annual transmission potential (ATP),
varies according to local epidemiology
and the vector species involved. The ATP is
the estimated number of infective larvae to
which a person is exposed over a 1-year
period. This in turn is derived from: (i) the
annual biting rate (ABR), estimated from
24-h human bait landing catches conducted
at regular intervals throughout a 12-month
period; (ii) the proportion of mosquitoes
which harbour infective (third-stage) larvae,
determined by microscopic dissection; and
(iii) the mean density of infective larvae
per biting mosquito. Monitoring changes of
the ATP using standardized methods can
provide a useful measure of the impact of
control measures on transmission, although
human bait mosquito collection techniques
are used less frequently than in the past,
not least for practical and ethical reasons.
The use of polymerase chain reaction (PCR)
methods to detect species-specific parasite
DNA in mosquitoes appears to offer some
promise as an alternative to the slow and
laborious dissection of mosquitoes for the
study of filariasis transmission.

Treatment
For treatment of the infection in individual
patients, single or repeated courses of DEC
are given, usually at 6–8 mg kg−1 day−1 for
12 days, though recent data suggest that a
single day of treatment (6–8 mg kg−1) is
as effective as the 12-day regimen. Such
regimens are not invariably effective in
eliminating infection, and DEC is not safe
in patients with onchocerciasis or loiasis.
Alternative drugs are ivermectin, which
does not appear to kill the adult worms
but effectively reduces microfilaraemia,
and albendazole, which kills the adult
worms but must be given daily for 2–3
weeks.

For affected individuals, managing the
consequences of debilitating infection is
often a main concern. Recognition that much
of the pathology results from bacterial and
fungal infection of tissues with compro-
mised lymphatic function has led to signifi-
cant advances in treatment. Simple, rigorous
hygiene interventions can provide sympto-
matic relief and prevent both acute inflam-
matory episodes and further disease pro-
gression. These include the treatment of
lymphoedema and elephantiasis with soap
and water, applying antiseptic creams to
small wounds and abrasions, raising the
affected limb(s) at night, keeping the nails
clean, bandaging and exercise, and the
use of footwear. Systemic antibiotics may
be needed to treat bacterial cellulitis. New
surgical techniques and better management
of lesions can improve the prospects for
males with hydrocoel and other forms of
genital damage.

Prevention and control
There is no animal reservoir host of W.
bancrofti. Prevention and control can
be achieved either by reducing contact
between humans and infective vectors or
by treating humans to reduce or eliminate
microfilariae circulating in the blood-
stream.

Vector control
In some tropical and subtropical areas,
infrastructural development, particularly
the provision of reliable water supplies and
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improved solid and liquid waste manage-
ment, have contributed to a decline in
densities of C. quinquefasciatus and a spon-
taneous reduction and even interruption
of transmission, e.g. in Japan and the
Caribbean islands of Barbados and Puerto
Rico. In contrast, in many other areas, rapid
unplanned urbanization, with inadequate
sanitation systems, has led to the pro-
liferation of polluted water bodies and
high densities of C. quinquefasciatus and
to the geographical expansion, intensified
transmission or reappearance of bancroftian
filariasis in areas where transmission had
ceased.

In some areas where spraying the
interior walls and ceiling/roof with residual
insecticides has been conducted for malaria
control (see Malaria, human) and in which
the targeted anopheline vector is also a vec-
tor of lymphatic filariasis, there has been a
reduction or cessation of transmission of the
latter parasite, e.g. in the Solomon Islands.
Similarly, in other geographical areas,
indoor residual spraying for malaria control
has had a beneficial effect on transmission of
filarial parasites by mosquito genera other
than Anopheles. The availability and proper
use of insecticide-treated mosquito nets
(usually with pyrethroid insecticides, such
as permethrin) for individual protection
against malaria vectors appears to offer
additional prospects for reducing filariasis
transmission involving nocturnal vectors.
However, the extent to which pyrethroid
resistance might reduce the efficacy of such
measures has not been adequately explored,
particularly in situations where C. quinque-
fasciatus is the main vector.

Insecticidal control of adult Aedes vec-
tors is difficult given their general exophily
and diurnal feeding behaviour. Similar con-
siderations pertain to some Mansonia spe-
cies, whereas other, endophagic, nocturnal
species are more amenable to methods used
for the control of adults of malaria vectors.

The application of larvicides to control
the vectors in their aquatic stages, including
chemical insecticides, insect growth regula-
tors and bacterial larvicides (e.g. Bacillus
thuringiensis subsp. israelensis), can also
reduce adult mosquito populations in areas

where the larval habitats are restricted. How-
ever, alone, these and other vector control
methods have rarely been successful in
controlling lymphatic filariasis, due, in large
part, to the long lifespan of the adult worms
and the difficulty of sustaining intensive
vector control measures for such lengthy
periods.

In local circumstances, notably in some
townships of Zanzibar in the United Repub-
lic of Tanzania, where pit latrines are the
major larval habitat of C. quinquefasciatus,
several years of vector control have been
achieved through application of expanded
polystyrene beads to the pits. A floating
layer of beads on the water surface forms
an inert, permanent physical barrier which
prevents gravid female mosquitoes from
depositing their eggs. In combination with
mass chemotherapy using DEC, transmis-
sion was greatly reduced in one township.

Treating the human host
Control programmes usually afford priority
to chemotherapy interventions, intended to
reduce microfilaria rates to levels at which
transmission will cease. Successful mass
or selective chemotherapy campaigns have
been conducted in several countries using
various DEC regimens, e.g. China, Suriname
and Brazil. However, following cessation of
treatment, there can be a reversal of gains
in situations where there is continued
presence of large vector populations and
low-level parasitaemias. In recent years,
two-drug treatment regimens, using alben-
dazole and either ivermectin or DEC, have
been developed. They are administered in
a single dose given once yearly and have
proved extremely effective in eliminating
microfilariae. Their development led to a
global initiative, launched by the World
Health Organization in 1998, to eliminate
lymphatic filariasis as a public health prob-
lem by the year 2020. The strategy for most
countries will entail yearly mass treatments
for 4–6 years of all ‘at risk’ populations in
order to decrease microfilariae, interrupt
transmission and thereby prevent infection.
An alternative intervention is to use com-
mon table or cooking salt fortified with DEC
in the endemic area for 1 year. At the same
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time, to alleviate the suffering caused by the
disease, community education programmes
will be carried out to promote the benefits
of intensive and appropriate hygiene prac-
tices. A global partnership, which has been
established to develop and implement the
plans, involves ministries of health of the
endemic countries, international organiza-
tions and development agencies, the private
sector, non-governmental organizations and
academia.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Bangkok haemorrhagic disease see Leucocytozoonosis.

Barmah Forest virus disease

John S. Mackenzie

Infections of humans with
Barmah Forest virus

Barmah Forest (BF) virus is the aetiological
agent of an epidemic polyarthritic disease,
known as Barmah Forest virus disease. It
accounts for about 10% of cases of epidemic
polyarthritis-like illness in Australia, and
is thus the second most common arboviral
disease in Australia. There are about 700
cases on average reported each year. The
virus was first isolated from Culex annul-
irostris mosquitoes trapped in 1974 from
the Barmah Forest of northern Victoria. At
about the same time, a second isolate was
obtained from C. annulirostris collected in
south-west Queensland, and was initially
called Murweh virus. Although early
isolations in the mid-1970s were obtained
from various mosquito species across a
wide geographical area, including Victoria,

Queensland and the Northern Territory, BF
virus was not associated with human infec-
tion until 1986, or with human disease until
1988. The first recognized epidemic of Bar-
mah Forest disease occurred at Nhulunbuy
in the Northern Territory in 1992 concur-
rently with an epidemic of Ross River (RR)
virus (see entry), a closely related virus.

Distribution
Barmah Forest virus is found in all main-
land states of Australia. There has been no
evidence of the virus in offshore islands or
in Papua New Guinea. Virus isolations have
been made from a number of mosquito
species and there has been a single report of
isolation from Culicoides marksi from the
Northern Territory near Darwin. There is
evidence that the virus has only recently
emerged in Western Australia; the virus
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was first detected in 1989 in the north of
the State, but it did not spread or cause
apparent disease until a small epidemic in
1993–1994, and it then spread the following
year into the south-west of the State. The
mechanism of this spread is unknown.

Virus
Barmah Forest virus is an alphavirus with
a positive single-stranded RNA genome
of 11,488 nucleotides (prototype strain).
Sequence studies show that it is related
most closely to RR and Semliki Forest
viruses (see entries), but on antigenic
grounds it is placed as the sole member of a
serological group. The BF virus envelope
protein E2 is unique among sequenced
alphaviruses in having no N-linked glyco-
sylation sites.

Clinical symptoms and pathogenesis
Barmah Forest virus disease is an epidemic
polyarthritis-like disease similar to that
described for RR virus, a related Australian
alphavirus, and indeed cannot be distin-
guished from it on clinical grounds. Barmah
Forest virus disease has been reported in
people in all age groups from 5 to 75 years.
After an incubation period that is believed
to be from 7 to 9 days in most cases, the
clinical disease develops, characterized by
arthritis, arthralgia, myalgia, fatigue, fever
and rash. The rash appears to be relatively
common, and its incidence has varied
between just over 50% in one outbreak to
100% in another. Most patients present
with a florid, erythematous, maculopapular
rash covering about 75% of the body surface
and, although it can last for 3–21 days, most
commonly it lasts for about 4 days. The rash
can be vesicular in about 10% of patients.
Joint involvement is seen in most patients
(69–86%), but only about 30% of cases
report stiffness and swelling. The joints
most commonly involved are the knees,
wrists, ankles and metacarpophalangeal
and interphalangeal joints of the fingers,
but the elbows, toes, tarsal joints, vertebral
joints, shoulders and hips can be involved.
The signs of involvement can vary from
restricted movement to prominent swelling
and tenderness. There is less information

on chronicity of symptoms; there is anec-
dotal evidence that joint symptoms can last
for at least 6 months. In one outbreak, 10%
of cases had joint tenderness at 6 months,
whereas in another up to 45% of patients
had not fully recovered after a year.

No studies have been carried out to
investigate the pathogenesis of BF virus
disease.

Diagnosis
Laboratory diagnostic tests have only been
available relatively recently, and it is proba-
ble that the incidence of BF virus infections
is significantly under-reported. Laboratory
diagnoses are made on the basis of sero-
logical tests, and are usually done by detec-
tion of immunoglobulin M (IgM) antibody.
Frequently, only single specimens are
sent for diagnosis and, as IgM antibody
is believed to persist for several months,
such diagnoses can only be considered
presumptive. False-positive IgM responses
have been a problem with first-generation
commercial kits, so that tests with such
kits should be considered negative if IgG
antibody is absent. Antibody responses
to BF virus appear to be slow and, in one
outbreak, IgG antibody was not detected in
most cases until 28 days after presentation
with a rash. Virus isolation is not normally
attempted. It is seldom effective, is techni-
cally demanding and labour-intensive and
is only possible from seronegative patients.
If early samples fail to show IgG antibodies,
collecting a late-convalescent serum sample
at least 4 weeks after onset of symptoms is
recommended.

Transmission
The vertebrate hosts of BF virus are
believed to be mammals, including marsu-
pials, although the involvement of birds
cannot be ruled out. Seroepidemiological
studies have shown that the prevalence of
antibodies is quite low in a number of mar-
supial species, and lower than found for the
related RR virus. Barmah Forest virus has
been isolated from a range of mosquito spe-
cies, although the ability for most of them to
transmit the virus is less certain. In coastal
areas, two salt-marsh-breeding species,
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Ochlerotatus1 vigilax and Ochlerotatus
camptorhynchus, are major vectors of BF
virus. In inland rural areas and probably
some urban areas, the major vector is C.
annulirostris. Elsewhere, temporary ground-
pool-breeding species, such as Ochlerotatus
bancroftianus, Ochlerotatus normanensis
and Ochlerotatus pseudonormanensis, are
probably involved in transmission cycles,
and Coquillettidia linealis is believed to be
involved in urban areas.

Epidemiology and ecology
Most cases of BF virus disease are sporadic
rather than epidemic, and the majority of
cases are reported from Queensland. The
first outbreak of BF virus disease occurred
at Nhulunbuy in the Northern Territory
during the summer of 1991–1992. This was
followed by a smaller epidemic in Western
Australia in 1993–1994. The largest epi-
demic to be reported occurred in the
south coast area of New South Wales in
1994–1995, with 135 cases. Some outbreaks
have been concurrent with RR virus, but,
although both viruses share vectors and
vertebrate hosts, this does not always occur.

Molecular epidemiological studies have
shown limited sequence diversity between
virus isolates from different geographical
areas and/or collected in different years, but
all strains sequenced are within a single
topotype. This finding is a little surprising
given the vertebrate hosts of the virus, all of
which are sedentary. Thus the involvement
of avian species or bats as additional verte-
brate hosts of the virus cannot be ruled out.

Treatment
No specific treatment is available.

Prevention and control
Prevention has been largely directed at
behavioural changes, with local warnings
disseminated when epidemic activity is
predicted. These warnings suggest the use
of personal protection by applying insect
repellents and wearing tops with long

sleeves and long trousers at dusk and dawn.
Adult mosquito control using insecticides
is rarely used because of the difficulty in
applying such agents effectively in most set-
tings, and also because of environmental
concerns. Larvicides have been employed
successfully in certain habitats close to
human habitation. Runnelling and improved
drainage have been important in decreasing
mosquito breeding in salt-marsh habitats.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Bartonella bacilliformis see Carrión’s disease.
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Bartonella henselae see Bartonella quintana and Bartonella henselae, and
Cat-scratch disease.

Bartonella quintana and Bartonella henselae

Karim E. Hechemy and Burt E. Anderson

Bartonellosis
The infections described here are due to
former members of the genus Rochalimaea
that were merged in 1993 with the genus
Bartonella. They are to be distinguished
from human bartonellosis, Bartonella
bacilliformis, which causes Carrión’s dis-
ease (see entry), also known as Oroya fever,
which is endemic in the highlands of the
Andes in South America.

The new members of the Bartonella are
the epitome of the rationale for studying
emerging infections and re-emerging infec-
tions. Bartonella quintana, the agent of
trench fever, which all but disappeared
after the First World War (1914–1918), has
re-emerged as one of the agents of bacillary
angiomatosis and bacillary peliosis in
human immunodeficiency virus (HIV)-
infected patients and patients with trench
fever that have been identified recently. A
new Bartonella agent, Bartonella henselae,
was described in 1992 and subsequently
associated with the above syndromes,
and was shown to be the primary agent of
cat-scratch disease (see entry). In addition,
B. henselae, B. quintana and a third species,
Bartonella elizabethae, have been impli-
cated in causing endocarditis. A number of
additional species have been isolated from a
variety of different rodents, feline species,
cattle and other animals. However, currently
none of these species is thought to be a
common human pathogen.

Nomenclature
Gene sequence data of 16S ribosomal
RNA (rRNA) and DNA hybridization data
revealed high levels of relatedness between
B. bacilliformis and members of the former
genus Rochalimaea, namely, B. quintana,
Bartonella vinsonii and B. henselae (Table
1). The removal of these species from the

genus Rochalimaea, named after H. da
Rocha-Lima in 1917, into the genus Bar-
tonella, named after A.L. Barton in 1909, is
because of the precedence of the Bartonella
taxon. Both 16S rRNA gene sequencing and,
to a lesser extent, DNA hybridization data
have been used extensively to establish spe-
cies and define phylogenetic relationships
within the genus Bartonella.

Bacteria
Members of the genus Bartonella resemble
members of the genus Rickettsia in morph-
ology and staining. They are piliated, non-
flagellated (except for Bartonella clarrid-
geiae and B. bacilliformis), short rods,
0.3–0.5 to 1.0–1.7 µm in size and frequently
slightly curved. They are Gram-negative,
and in the Giménez stain procedure Bar-
tonella species retain the basic fuchsin dye.
They are aerobic organisms that are both
fastidious and relatively slow growers. They
are cultivated in axenic media, unlike Rick-
ettsia species, which are obligate intracel-
lular organisms. They are also co-cultivated
in cell culture, where they may be found
in large intracellular aggregates contained
within a vacuole or on the cell surface of
several different types of eukaryotic cells.
Succinate, pyruvate, glutamine or gluta-
mate, but not glucose, serve as a source of
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B. henselae
(Bh)

B. quintana
(Bq)

B. bacilliformis
(Bb)

B. vinsonii
(Bv)

Bh
Bq
Bb
Bv

– 98.7
–

98.2
98.1

–

99.3
99.0
98.6

–

Table 1. Per cent identity of the 16S rRNA gene
from the major human pathogens of the genus
Bartonella. Full-length sequences were aligned for
maximum identity. Bartonella vinsonii subspecies
vinsonii is shown for reference.
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energy. The biochemical characteristics are
negative for catalase, oxidase, nitrate reduc-
tion, indole and urease, and the bacterium
produces acid from carbohydrates. Cellular
fatty content in Bartonella species is mainly
C18:1 and C16:0. The main fatty acids in B.
quintana and in B. henselae are C16:0 and
C18:1, respectively.

Isolation procedures
All members of the genus can be grown on
enriched bacteriological media containing
blood or amino acids, yeast extract and fetal
bovine serum or haematin in 5–10% CO2

at 35–37°C (except B. bacilliformis, which
grows best at 25–28°C). The bacterium can
also be isolated by cell culture. Bartonella
species are susceptible to antimicrobial
agents in vitro; hence collection of blood
should be made prior to the initiation of
antimicrobial therapy. Suitable specimens
include blood, pus or homogenized tissue
suspension, inoculated on to blood agar
plates or co-cultivated with endothelial cell
culture. The agar plates are incubated for as
long as 3–4 weeks, when small, translucent
colonies appear on the plate. In tissue cul-
ture, elongated pleomorphic organisms are
observed within 72 h. The microorganisms
are checked for morphological and staining
properties and confirmed by direct immuno-
fluorescence, using fluorescent-conjugated
specific antibodies. The presence of Barto-
nella species can also be identified in
isolated colonies, in co-cultivated cultures
and directly in tissue specimens, lesions,
pus or blood by nucleic acid amplification
methods coupled with sequence analysis of
the amplification product, or by hybridiza-
tion with a specific probe.

Laboratory diagnosis
Because of the difficulty and the time
needed to grow the organism from patient
specimens, determination of antibodies to
Bartonella infections has become the test
of choice for laboratory diagnosis. Both
enzyme immunoassay (EIA) and indirect
fluorescent antibody (IFA) tests are avail-
able, although the latter has been more
thoroughly evaluated. It is often difficult to
speciate the specific causative bartonella

agent because of the substantial cross-
reactivity, both qualitative and quantitative,
observed when reacting a patient’s serum
with various Bartonella species. The sensi-
tivity of the serological modalities is
85–95%. When available, the sensitivity
and specificity of a formatted polymerase
chain reaction (PCR) test for routine testing
of specimens can approach 100%.

Trench fever
Distribution

Trench fever was first recognized in the
First World War (1914–1918) as a febrile
illness of up to 6 days’ duration. It was
considered the most common disease that
afflicted the soldiers on both sides of the
war. It disappeared after the First World
War and reappeared in the armies of the
eastern front during the Second World War
(1939–1945). The disease disappeared again
after the Second World War and then reap-
peared in homeless people in North Amer-
ica and Europe. Trench fever has also been
reported from Mexico and North Africa.

Clinical symptoms
Trench fever is distinguished by an array of
self-limiting clinical symptoms. The incu-
bation period of trench fever varies from 5
to 30 days. Clinical manifestations are vari-
able. There may be uninterrupted fever for
from 2 to 6 weeks. Alternatively, the patient
can undergo single or multiple bouts of fever
lasting 5 days each, giving rise to the name
B. quintana. With the fever, the patient may
experience episodes of chills. Other symp-
toms are headache, malaise, myalgias and
bone pain. A macular rash similar to the
typhoid fever rash may develop.

Transmission
The disease is caused by B. quintana. The
vector is the human body louse, Pediculus
humanus, and the host/reservoir is both
the human and the body louse. Pathogens
ingested by the louse with a blood meal
attach to the walls of the gut, where they
multiply, but do not penetrate the cells,
as do typhus rickettsiae, and so are not
injurious to the louse. The disease is spread
through crushing lice or by the faeces
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coming into contact with mucous mem-
branes or skin abrasions. The bacteria can
remain viable in louse faeces for many
months. Once infected, the louse continu-
ously excretes the bacterium with the fae-
ces. Transovarial infection does not occur.
Between epidemics, little is known about
the prevalence of the bacterium in nature.

Treatment
Treatment regimens have not been estab-
lished because very few cases of trench
fever have been described in the literature
since the discovery of antibiotics. Based on
in vitro sensitivity studies, tetracyclines are
likely to be the drugs of choice.

Bacillary angiomatosis (BA)/Bacillary peliosis
hepatitis (BPH)

Both syndromes are a reactive vascular
proliferation due to infection with either B.
henselae, the more predominant of the two
bacteria, or B. quintana. Human-to-human
transmission has not been observed, and
the reservoir hosts appear to be cats and
their fleas. Bacillary angiomatosis can affect
almost all organs. The lesions can be few
or several and have a vascular appearance.
They range from skin-coloured to deep red-
purple, with a surface that can be smooth or
ulcerated, often with a collarette of scale.
The extent of the lesions is a function of the
patient’s immune status. In immunocom-
promised patients the number and extent of
the lesions are significantly higher than in
patients with no underlying disease. The
clinical diagnosis of these lesions is difficult
because they can be mistaken for Kaposi’s
sarcoma. Diagnosis can only be ascertained
after histopathological examination to
detect the presence of the bacterium.

Bacillary peliosis hepatitis (BPH) is a
disorder with a hallmark that is a unique vas-
cular lesion associated with hepatomegaly
or splenomegaly. It can cause elevated trans-
aminase, with normal or slightly elevated
bilirubin. The condition may cause cata-
strophic intra-abdominal haemorrhage.

Endocarditis
The spectrum of human bartonella infec-
tions now includes endocarditis. Because

the bartonellas are slow growers, diagnostic
laboratories are advised to prolong the incu-
bation times of cultures of blood and tissues
from patients with suspected endocarditis.
This is especially true in the case of a failure
to isolate an alternative causative organism
from tissues that are normally sterile.
Bartonella quintana, B. henselae and B.
elizabethae have all been associated with
endocarditis.

Treatment
Patients, especially HIV patients with vas-
cular lesions, should be treated with a pro-
longed course of antibiotics to avoid relapses.
The antibiotics are of the cycline series, such
as  tetracycline, doxycycline or minocycl-
ine, or a macrolide antibiotic, such as ery-
thromycin. The treatment may be extended
to the lifetime of the patient. The antibiotics
should be given by injection for 4–8 weeks,
followed by extended oral therapy.

Control
The vectors of trench fever (B. bartonella),
body lice, can be controlled by apply-
ing 10% DDT powder between the body
and underclothes of louse-infested people.
If DDT-resistant lice are present, other
insecticides that have very low dermal
toxicities can be used. Clothing impreg-
nated with pyrethroid insecticides can keep
people free of lice for many months.

Conclusions on Bartonella infections
The spectrum of disease attributed to mem-
bers  of  the  genus Bartonella has  not  yet
been completely defined. A role for these
bacteria in endocarditis, as possible triggers
of ‘autoimmune’ disorders and as the aetio-
logical agent of fever of unknown origin
should be further explored. Likewise, the
role of B. quintana, B. henselae and B. bac-
illiformis in human disease has been firmly
established; however, the role of many other
Bartonella species in causing human dis-
ease is probably currently under-appreciated.
Considering the ubiquitous nature of the res-
ervoir hosts of these agents (i.e. cats,
rodents), the potential to cause disease in
humans and companion animals remains
large.
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Bartonella bacilliformis see Carrión’s disease.

Bartonella henselae see Cat-scratch disease and Bartonella quintana and
Bartonella henselae.

Bartonellosis see Carrión’s disease, Cat-scratch disease and Bartonella
quintana and Bartonella henselae.

Beetles (Coleoptera)

M.W. Service

There are more than 400,000 species of
beetles and the Coleoptera comprise the
largest order of the insects. They are found
in all regions of the world except the polar
areas.

Biology
Beetles are minute (0.5 mm long) to very
large (120 mm long) in size. They are
robust and heavily sclerotized, with the
fore-wings modified to form the elytra,
which cover the hind-wings. The elytra of
Lytta vesicatoria, the so-called ‘Spanish
fly’, contains the blistering agent cant-
haradin. Most beetles are terrestrial but
a few are aquatic. The eggs hatch into
larvae, usually having legs, and the larvae
develop into pupae and eventually into
adults.

Diseases
Generally, beetles are of very minor medical
or veterinary importance. However, some
coprophagous and necrophagous beetles,
such as species of Dermestes, Anthrenus
and Attagenus (Fig. 1) in the family
Dermestidae, have been suspected of
spreading spores of anthrax (Bacillus
anthracis) mechanically. Other species,
belonging to the Silphidae, have also been
recorded in the transmission of anthrax.

Control
There are no effective control measures for
beetles transmitting anthrax.

Selected bibliography
Thédoridès, J. (1950) The parasitological, medical

and veterinary importance of Coleoptera.
Acta Tropica 7, 48–60.
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Biliary fever see Theilerioses.

Biphasic milk fever see Tick-borne encephalitis.

Biting house-flies see Stable-flies.

Biting midges (Ceratopogonidae)

M.W. Service

Biting midges (midges, punkies, no see-
ums) have an almost worldwide distribu-
tion. Unfortunately, they are sometimes
called sand-flies, a term that should be
restricted to phlebotomine sand-flies (see
entry). There are about 5000 species of bit-
ing midges in over 120 genera, the most
important from the medical and veterinary
aspects being the genus Culicoides, which
has over 1200 species.

Biology
Eggs are laid on the surface of wet soil, mud,
decaying leaf litter, manure, semi-rotting
vegetation, in tree holes or on objects near
or partially submerged in water. Some vec-
tor species (Culicoides grahamii, Culicoides
milnei group) lay their eggs in the cut
stumps of banana plants. Eggs hatch within
2–9 days, but a few temperate species
overwinter as eggs. Larvae occur in freshwa-
ter or salt-water marshy areas, in wet, boggy

and semi-waterlogged ground, manure,
banana stumps, etc. There are four larval
instars. The mature larva is whitish, except
for a blackish head, and is cylindrical,
legless and nematode-like (Fig. 1). In warm
countries larval development is completed
within 2–4 weeks, but in temperate regions
many species overwinter as larvae. The
pupal period is 3–10 days. The life cycle
(Fig. 1) from egg to adult emergence can be
20–40 or more days.

Only female adults take blood meals,
which can be from humans or a wide range of
mammals and birds. Biting can occur at any
time; most species are mainly active in the
evening and early part of the night, but C.
grahamii bites mainly in the morning. Most
biting occurs out of doors but C. grahamii
and the C. milnei group will enter houses to
feed. Adults are weak fliers, dispersing only
a few hundred metres from their larval habi-
tats, unless they become wind-borne.

74 Biting midges (Ceratopogonidae)

Fig. 1. Adult beetles. (A) Demestes species; (B) Anthrenus species; (C) Attagenus species. (From Common
Insect Pests of Stored Products, British Museum (Natural History), London, 1989.)
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Diseases
Biting midges are more important as vectors
of veterinary than of human infections.
Various Culicoides species transmit filarial
worms, causing bovine and equine oncho-
cerciasis, arboviruses, causing diseases
such as African horse sickness, Aino,
Akbane and bluetongue, bovine ephemeral
disease, epizootic haemorrhagic disease
and Issyk-Kul virus disease, and protozo-
ans, such as Haemoproteus nettionis,
Haemoproteus meleagradis and sometimes
Leucocytozoon species. Biting midges also
transmit to humans Oropouche virus and
filarial infections, such as Mansonella
perstans, Mansonella streptocerca and,
in Central and South America, Mansonella
ozzardi. (See entries on all these infec-
tions.) Forcipomyia townesvillensis has
been reported as transmitting filarial
parasites, causing bovine onchocerciasis.

Control
Some personal protection may be obtained
by applying insect repellents to the skin and
the use at night of insecticide-impregnated
bed nets, the holes in which need to be
smaller than in many mosquito-nets, other-
wise midges will squeeze through. Ultra-
low-volume (ULV) applications of insecti-
cides may kill adults resting in vegetation
but the effects are short-lived. Animal quar-
ters, such as stables, can also be sprayed
with residual insecticides to minimize con-
tact between midges and hosts. Although
elimination of larval habitats, such as by
drainage or filling in, can eradicate breed-
ing, this is costly, laborious and often
impractical. Sometimes semi-aquatic habi-
tats, such as muddy areas, can be flooded
to ensure that the soil is never exposed,
thus destroying suitable larval habitats.
Insecticidal spraying the diffuse and often

Biting midges (Ceratopogonidae) 75

Fig. 1. Life cycle of a typical biting midge (Culicoides species) (modified from M.W. Service (2000)
Medical Entomology for Students, Cambridge University Press, Cambridge).
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extensive larval habitats is often impractical
and environmentally unacceptable.
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Black-flies (Simuliidae)

M.W. Service

Simuliid black-flies (buffalo gnats, sand-
flies, reed smuts) have an almost worldwide
distribution. There are some 1720 species in
26 genera.

Biology
Eggs are brown or blackish and are laid
in sticky masses or strings, usually either
attached to submerged objects, such as
stones, rocks or vegetation, or deposited
in bottom sediment of flowing waters.
Some species, however, such as Simulium
ochraceum, scatter their eggs over flowing
water while flying over it. Breeding places
range from small trickles of water to large
fast-flowing rivers. Eggs usually hatch
within a few days. There are normally seven
larval instars. Larvae do not swim but
are sedentary for long periods, attaching
themselves to submerged vegetation, rocks
or stones, except for a few phoretic species
(e.g. Simulium neavei) that attach them-
selves to the bodies of mayflies (Ephe-
meroptera) or crabs and prawns (Crustacea).
Larval development can be as short as 6–12
days, but in some species larval duration
may extend over several months. The
mature larva spins a slipper-shaped cocoon,
which is firmly attached to rocks or
vegetation, and then pupates within this
protective cocoon (Fig. 1). After usually
2–6 days an adult emerges from the pupa,
floats to the water surface and eventually
flies away. The life cycle (Fig. 1) from egg
to adult emergence can be just 26–63
days, but is sometimes considerably longer.
Adult females normally live for about
3–4 weeks.

Only female black-flies bite and are con-
sequently disease vectors. Feeding occurs
during the day on warm-blooded vertebrates.
Some species prefer feeding on mammals,
including humans, while others feed almost
exclusively on birds. Their bites may cause
severe allergic reactions in humans and ani-
mals. After feeding, blood-engorged females
rest in a variety of natural outdoor sites until
the blood meal has been digested and the
resultant gravid female is ready to oviposit.
Adults often fly just a few hundred metres,
but they not infrequently fly 15–30 km,
and a few species have been transported
250–600 km on prevailing winds.

Diseases
The most important vector species belong to
the genus Simulium, although certain veter-
inary parasites are transmitted by species of
Austrosimulium, Prosimulium and Cnephia.
Black-flies are vectors to humans of filarial
worms causing onchocerciasis (Onchocerca
volvulus) and mansonelliasis (Mansonella
ozzardi). They are of veterinary importance
because they transmit filarial worms
causing bovine and equine onchocerciasis
(Onchocerca species), Leucocytozoon para-
sites to poultry, occasionally the virus caus-
ing vesicular stomatitis to livestock, and the
filarial parasite Splendidofilaria fallisensis
to ducks, and a few other veterinary
infections. They also transmit several other
filarial and protozoon parasites to wildlife.

Control
The application of insect repellents may
give some degree of personal protection
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from bites of black-flies, but is not usually
very effective. Control is almost exclusively
based on killing the larvae, such as by
repeatedly dosing their aquatic breeding
sites with insecticides, mainly with organo-
phosphates, such as temephos (Abate).
If insecticide resistance develops, the
microbial insecticide consisting of Bacillus
thuringiensis subsp. israelensis can be
used in larval breeding places (see
Onchocerciasis, human).

Selected bibliography
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UK, 711 pp.

Crosskey, R.W. (1999) First Update to the
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Blow-flies see Flies.

Bluebottles see Flies.
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Fig. 1. Life cycle of a simuliid black-fly (modified from M.W. Service (2000)
Medical Entomology for Students, Cambridge University Press, Cambridge).
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Bluetongue virus

P.S. Mellor

Bluetongue (BT) virus causes a non-
contagious, infectious, insect-borne disease
of wild and domestic ruminants, particu-
larly sheep. Bluetongue, the disease, was
first described in South Africa in the late
18th century, subsequent to the introduc-
tion of Merino sheep into the Cape Colony.
However, since that time the virus has
spread widely throughout much of the
world and now affects ruminants on six
continents, causing losses in terms of
disease and trade estimated at US$3000
million year−1. For these reasons BT virus
has been allocated by the Office Inter-
national des Epizooties (OIE) List A status
(that is, communicable diseases which have
the potential for very rapid spread, irrespec-
tive of national borders, which are of seri-
ous socio-economic or public health conse-
quence and which are of major importance
in the international trade of livestock or
livestock products).

Distribution
The global distribution of BT virus lies
approximately between latitudes 35°S and
40°N, although in parts of western North
America and northern China it may extend
up to almost 50°N. Within these areas the
virus has a virtually worldwide distribu-
tion, being found in North, Central and
South America, Africa, the Middle East,
the Indian subcontinent, China, South-East
Asia and Australia. Bluetongue virus has
also at times made excursions into Europe
(Spain and Portugal 1956–1960, and Spain
2000, Greece 1979 and 1998–2000, Euro-
pean Turkey 1998–2000, Italy 2000, France
2000 and Bulgaria 1999), although it has not
been able to establish itself permanently in
that continent. Nevertheless, the 1956–1960
epizootic in Spain and Portugal resulted in
the deaths of almost 180,000 sheep and is
the most severe outbreak of bluetongue on
record. As a general rule BT virus can be
considered as infecting ruminant livestock
in all countries lying in the tropics and

subtropics. Additionally, several countries
that are close to the subtropics, such as the
USA have enzootically infected livestock. It
is also the case that those countries whose
territory spans a wide range of latitudes (e.g.
USA and Australia) frequently include large
geographical areas where BT virus activity
is apparently absent.

Aetiological agent
Bluetongue virus is the type species of the
genus Orbivirus in the family Reoviridae.
Complete virions have a diameter of about
80 nm and possess a double-layered capsid.
The diffuse outer layer, comprising two
proteins, can be removed, enzymatically
or by manipulating the salt concentration
and pH, to reveal a highly structured core
particle. The core particle has a diameter of
about 54 nm, consists of 32 ring-like cap-
someres arranged in icosahedral symmetry
and contains five proteins. The name of the
genus is derived from this structure (orbis =
ring in Latin). The capsomeres are in fact
tubular structures and consist of smaller
structural units arranged in regular hexa-
gonal and pentagonal patterns. The double-
stranded RNA (dsRNA) genome consists of
ten segments that vary in size from 0.5 kDa
to 2.7 kDa and function as genes (i.e.
they are translated individually into func-
tional viral proteins). Genome segments are
labelled 1–10 in descending order of size,
whereas the viral polypeptides are divided
into structural proteins (VP1–VP7) and
non-structural proteins (NS1–NS3). Two of
the viral proteins, VP2 and VP5, form the
diffuse outer capsid layer and are responsi-
ble for the induction of serotype-specific
neutralizing antibodies in the vertebrate
hosts. At present 24 distinct serotypes of the
virus have been recognized. However, all of
these are to a greater or lesser degree related
to one another, as evidenced by cross-
reactions in neutralization tests, cross-
protection in in vivo challenge infect-
ions and the development of heterotypic
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antibodies in infected ruminants. It has
been suggested that these relationships may
have an evolutionary basis.

Bluetongue virus is relatively heat-
resistant and is stable at 20°C, 4°C and
−70°C, but is labile at −20°C. It is partially
resistant to lipid solvents but is rapidly
inactivated at pH levels below 6.5.

Clinical signs
Although BT virus infects many species
of animal, clinical signs are generally
associated with sheep and hence most
descriptions of disease apply to this spe-
cies. Clinical disease in sheep is dependent
upon the breed, the virus type or strain
and interactions with the environment.
In extent it can vary from a subclinical
infection, through fever, to severe clinical
disease, including death. Generally speak-
ing, it is the fine-wool and mutton breeds
that suffer the most severely. The first
clinical sign is a rise in temperature and
the animal may appear depressed. This is
followed by hyperaemia of the oral cavity
and swelling of the mucous membranes,
leading to oedema of the lips, tongue and
muzzle. The animal may also be anorexic.
There is lachrymation, a serous nasal dis-
charge becoming mucopurulent, excessive
salivation and conjunctivitis. At a later
stage there may be necrosis of the epithe-
lium of the nose and mouth with excoria-
tion. Oedema may extend to the ears and
brisket, and there may be wool-break. The
feet are often affected with coronitis and
laminitis, leading to lameness. The animal
may kneel on its hocks or may be reluctant
to stand at all. Torticollis may occur in
some sheep. In pregnant ewes, abortion or
mummification of the fetus may occur and
at term deformed or weak lambs may be
born. Paradoxically, cyanosis of the tongue,
from which coloration the disease derives
its common name (i.e. bluetongue), is rarely
seen.

Certain wild ruminants, such as the
North American White-tailed deer (Odo-
coileus virginianus), the Pronghorn ante-
lope (Antilocapra americana) and the
American bighorn sheep (Ovis canadensis)
may also develop severe clinical blue-

tongue similar to that seen in domesticated
sheep.

In cattle, BT virus infection is usually
inapparent. Where clinical disease does
occur, bluetongue is seen as a transient fever
followed by hyperaemia and erosions of the
nose, buccal and lingual mucosa and, rarely,
the teats. Affected cattle salivate excessively
and may walk with a stiff gait. The skin of the
nose appears mottled and dark and has been
described as ‘burnt muzzle’, and may slough
off. Fewer than 1% of infected cattle show
signs of bluetongue, and there is mounting
evidence that the expression of clinical
disease is due to an immunoglobulin E
(IgE)-mediated hypersensitivity reaction
induced by previous exposure to BT or
related viruses.

Bluetongue in goats is rarely seen and
when it does occur is usually mild.

Pathology and post-mortem findings
The post-mortem appearance of an animal
that has died of BT virus (usually a sheep) is
not spectacular and is usually remarkable
only for the absence of pathognomonic
lesions. The lesions seen, by and large,
relate to the severity of damage caused to
the microvascular system, which results
in vascular permeability with consequent
oedema, haemorrhage, thrombosis, ischae-
mia and necrosis of a wide range of tissues,
including those of the digestive tract,
muscular system, cardiovascular system
and respiratory system. Haemorrhages in
the tunica media at the base of the pulmo-
nary artery have been described as being
pathognomonic for BT virus infection, but
these lesions can be difficult to see and have
also been recorded in a number of other
infections of sheep (Rift Valley fever,
heartwater (see entries) and pulpy kidney
disease). In sheep, most deaths apparently
occur as a result of secondary (broncho-
lobular) pneumonia, which is frequently
associated with the inspiration of vomit due
to partial paralysis of the musculature of the
oesophagus.

Diagnosis
A presumptive diagnosis of bluetongue in
affected sheep, based on the clinical signs
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and lesions, can frequently be made. How-
ever, in most other ruminant species and,
indeed, in many sheep, BT virus infection
will usually be subclinical and laboratory
confirmation, either by virus isolation or
identification or by serology, is required.
The following samples are likely to be
required:

1. Blood for virus isolation; collected as
early as possible from febrile animals into
anticoagulants, such as heparin or ethylene-
diamine tetra-acetic acid (EDTA) and kept
cool (4°C) but not frozen.*
2. Tissues for virus isolation (or antigen
detection by enzyme-linked immunosorbent
assay (ELISA) or polymerase chain reaction
(PCR)). Spleen and lymph nodes are pre-
ferred. These tissues should be collected at
autopsy and should be kept and transported
to the reference laboratory at 4°C.
3. Serum for serological tests. Preferably
paired samples should be taken 14–28 days
apart and should be kept frozen at −20°C.

Confirmation of BT virus infection is by
one or more of the following:

1. Identification of the virus directly
from submitted samples by group-specific,
antigen-detection ELISA or by PCR-based
assays.
2. Isolation of infectious virus in suckling
mice or embryonating hens’ eggs followed
by adaptation to cell culture and identifi-
cation first by the group-specific agar gel
immunodiffusion (AGID) test or antigen-
detection ELISA, and then the serotype-
specific, virus-neutralization or reverse-
transcription (RT)-PCR tests.
3. Identification of BT virus-specific
antibodies by the group-specific, antibody-
detection ELISA, AGID and complement fix-
ation (CF) tests, or by the serotype-specific
virus-neutralization test.

Transmission
Bluetongue virus is transmitted between
its ruminant hosts almost entirely via the
bites of certain species of Culicoides biting
midge, which act as true biological vectors.
In consequence, its world distribution is
restricted to areas where vector species of

midge occur, and transmission is limited to
those times of the year when adult vectors
are active. In epizootic areas this usually
means during the late summer and autumn
since this is when vector abundance is high-
est. Midges become infected with BT virus
when feeding upon viraemic ruminants and
are able to support virus replication by
up to 10,000-fold. Infected midges become
competent to transmit after the virus has
reached and replicated in the salivary
glands, which takes about 6–8 days at 25°C
but progressively longer as ambient temper-
ature falls. Once infected, a vector remains
infected for life and can transmit virus at
each and every blood meal. A single midge
bite is sufficient to infect a susceptible
ruminant host. However, transovarial or
vertical transmission of BT virus through
the vectors does not seem to occur.

In the Americas the most important
Culicoides vector species of midge are C.
variipennis (North America) and C. insignis
(mainly Central and South America). In
Africa the vector is C. imicola and possibly
C. bolitinos, while in southern Europe it
is C. imicola and possibly C. obsoletus. In
Australia, C. brevitarsis, C. fulvus, C. wadai
and C. actoni are the most significant vec-
tors, while across much of Asia C. imicola is
involved in transmission in addition to these
four species. In each of these geographical
areas other species may also from time to
time play a lesser role in transmission.

In general, Culicoides species have a
flight range of a few kilometres or less. How-
ever, in common with many other groups of
flying insects, they have the capacity to be
transported as aerial plankton over much
greater distances. Indeed, the introduction
of the BT virus vector C. wadai into northern
Australia in 1971 may have been a wind-
borne introduction from Indonesia, where it
is common. In this context, a considerable
body of evidence exists to suggest that the
extension of BT virus into new areas may
sometimes be due to long-range dispersal
of infected vector Culicoides carried on the
prevailing winds.

In addition to transmission via vector
species of Culicoides, BT virus may occa-
sionally be transmitted directly in semen
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collected during the viraemic phase of the
disease. Consequently, shipment of rumi-
nant semen from BT virus-infected countries
to BT virus-free regions is strictly controlled
and detailed protocols exist that must be
complied with to ensure safety. Similarly,
protocols also exist to ensure that embryo
transfer from infected dams does not result
in virus transmission to the recipients,
although the perceived risk is lower than
when transferring semen. Transplacental
transmission has been recorded but is not
considered to be an important mechanism
for viral maintenance.

Vertebrate hosts
Bluetongue virus has a very wide host range
and probably all species of ruminant are
susceptible to infection. However, the out-
come of infection can vary greatly between
different species and breeds, as well as
among individuals of the same species. In
certain breeds of sheep and some species of
deer the outcome can be severe and often
fatal, while in most other species of rumi-
nant infection is usually inapparent. In fact,
the degree of clinical disease seems to be
dependent upon the breed and species of
animal, the serotype or strain of virus and
certain ill-defined interactions with the
environment (e.g. sheep that are stressed or
subject to high levels of solar radiation are
reputed to develop more severe lesions than
those not so treated).

It is possible that, historically, the
primary BT virus cycle involved species of
African antelope and Culicoides biting
midges. With the agricultural development
of large parts of Africa and with the introduc-
tion of BT virus into countries outside that
continent, the traditional role of wild game
animals has been largely taken over by cattle.
The virus now seems to be maintained in a
midge–cattle cycle and, once a certain level
of infection is attained, it spills over to initi-
ate a secondary cycle in sheep. This gener-
ally occurs in late summer or autumn when
vector midge populations are at a maximum.

Incubation period and viraemia
Upon introduction into a ruminant host
BT virus first replicates in the local lymph

nodes and thereafter in other lymph nodes,
blood-forming organs and the endothelial
cells lining capillaries and small blood-
vessels. In most animals viraemia is
first detected from about 3–6 days post-
infection, depending upon the infecting
dose and route of infection. Viraemia in
sheep usually lasts for 6–10 days and rarely
persists for longer than 14 days, although
a maximum time of 54 days has been
reported. A peak titre of around 106 tissue
culture infective dose for 50% (TCID)50 of
virus per ml may be reached. In cattle,
viraemia may peak at a similar level to
sheep but tends to have a longer duration
(7–28 days) and occasionally may extend
for as long as 100 days. The maximum dura-
tion of viraemia in other ruminant species
(domestic goats, Blesbok or Bontebok
(Damaliscus pygargus), White-tailed deer
(Odocoileus virginianus), Elk (Cervus
elaphus), Arabian gazelle (Gazella species),
Swamp (= Water) buffalo (Bubalus bubalis)
seems to vary from 10 to 50 days.

While in the blood system it is thought
that most BT virus is sequestered in immu-
nologically privileged sites, primarily in the
membranes of circulating erythrocytes and
to a lesser extent the cells of the buffy coat,
and is thus protected from the effects of
humoral antibody. In consequence, virus
and antibody may coexist in the circulatory
system and virus is likely to persist until
the ‘infected’ erythrocytes are eventually
removed. Since the half-life of bovine
erythrocytes has been estimated at 120 days,
isolation of BT virus from bovine blood for
up to 100 days post-infection, as reported
above, is consistent with this theory.

Treatment
Apart from supportive treatment there is
no specific therapy for bluetongue. Affected
animals should be nursed carefully, placed
in sheds or stables and protected from
extremes of temperature and direct solar
radiation. Small amounts of soft green
food should be given during the stage
when buccal lesions make feeding painful.
Secondary bacterial infections can be
controlled by antibiotic therapy. During
convalescence ruminal activity should be
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maintained or induced and this should
reduce the time until restoration of full
health.

Prevention and control
Importation of ruminants and their germ-
plasms from known infected areas to
virus-free zones should be restricted. If
importation of animals is permitted, they
should be quarantined in insect-proof
accommodation prior to movement for a
period of time sufficient to ensure that any
viraemia has ended. Germ-plasms should
only be imported if it can be confirmed that
the donor animals were uninfected at the
time that the samples were taken.

Following an outbreak of bluetongue in
a country or zone that has previously been
free of the disease, attempts should be made
to limit further transmission of the virus and
to achieve eradication as quickly as possible.
It is important that control measures be
implemented as soon as a suspected diagno-
sis of bluetongue as been made and without
waiting for the diagnosis to be confirmed. In
epizootic situations the following measures
should be taken:

• Delineate the area of infection, taking
into consideration topographical fea-
tures, such as mountain ranges and
wide stretches of water.

• Prevent the movement of all ruminants
within, into and out of the infected
area.

• Ruminants should be moved to high
pastures or, if possible, housed in
insect-proof buildings, particularly
during the period from dusk to dawn,
the major activity time for the Culicoi-
des vectors. The use of insect repellents
inside buildings and on animals may
enhance protection from vector bites.

• Vector abatement measures should be
implemented, e.g. insecticide treatment
in and around animal holdings and
of suspect Culicoides breeding sites,
elimination of breeding sites through
improved water management and
waste disposal (see Biting midges).

• Daily clinical examination of all
susceptible sheep to detect infected

animals as early as possible. Animals
with an on-going infection should be
slaughtered or housed in insect-proof
buildings to prevent access by vectors
and further spread of the virus.1

• Susceptible sheep may be vaccinated,
immediately, with polyvalent vaccines
until the causative virus has been
serotyped and the relevant monovalent
vaccine has become available. All vac-
cinated animals should be identified.2

• The virus serotype responsible for the
outbreak should be determined as soon
as possible and a suitable monovalent
vaccine produced and administered to
sheep.

• The OIE should be notified immedi-
ately of all cases of disease. In enzootic
situations and in regions where blue-
tongue outbreaks occur almost every
year, regular annual vaccination of
sheep with live, attenuated polyvalent
vaccines, effective against all known
local serotypes of BT virus, is recom-
mended. However, sheep vaccinated
during early pregnancy may abort or
give birth to malformed lambs.

Notes
* While in circulation, most BT virus is
sequestered in immunologically privileged sites
in the erythrocyte membranes and as such is
protected against the effects of humoral antibody.
Virus and antibody, therefore, may coexist in
the circulatory system. Consequently, blood and
tissue samples collected for virus isolation should
be kept cool but must not be frozen; otherwise
upon defrosting the erythrocytes will lyse and
the released virus may be neutralized by serum
antibody. Washing protocols have been devised to
remove antibody from non-lysed blood prior to
virus isolation procedures.
1 Though sheep may exhibit clinical blue-
tongue, most other ruminant species, including
cattle and goats, usually display only subclinical
infections. These other ruminant species are
likely, therefore, to provide a covert source of
virus for vector midges, enabling the virus
transmission cycle to persist.
2 The only BT virus vaccines available contain
live, attenuated viruses. They are usually avail-
able in pentavalent form. Monovalent vaccines
can be produced to special order but may take
several months to deliver. These factors can be a
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cause for disquiet since the possibility of
reversion always exists with live virus vaccines,
and many authorities, therefore, are reluctant to
potentially introduce into their ecosystems five
viruses only one of which may be already present.
Furthermore, all existing BT virus vaccines are
designed to protect sheep from clinical disease.
There are no data available to assess their efficacy
in preventing the field virus from continuing to
cycle, covertly, through cattle, goats and other
ruminant species.
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Borrelia anserina see Avian borreliosis.

Borrelia burgdorferi see Lyme borreliosis.

Borrelia duttonii see Tick-borne relapsing fever.

Borrelia recurrentis see Louse-borne relapsing fever.

Borrelia theileri

Ronald D. Smith

Borrelia theileri is a relatively non-
pathogenic member of the genus Borrelia
that is transmitted by several species of
ixodid (hard) ticks. It is most commonly
reported from cattle, but may also infect
a number of other domestic and wild
vertebrate hosts. Its importance lies in its
widespread geographical distribution and

possibility of being confused with more
pathogenic members of the genus.

Geographical and host distribution
Naturally occurring B. theileri infections
are most commonly reported in cattle, but
tick-borne infections have been induced in
sheep, horses and deer. Two other species
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of Borrelia infect cattle: B. burgdorferi and
B. coriaceae. Since the geographical ranges
of vector ticks and vertebrate hosts for
B. theileri, B. burgdorferi and B. coriaceae
overlap, species distinctions are important.

Borrelia theileri has been reported from
the African, Australasian and American
continents, reflecting the geographical
distribution of its tick vectors, Boophilus
microplus, Boophilus annulatus, Boophilus
decoloratus and Rhipicephalus evertsi. As
ticks which transmit B. theileri may also be
vectors for bovine babesiae, the presence of
B. theileri in Giemsa-stained blood smears is
often an incidental finding during studies on
bovine babesiosis (see Babesiosis).

Parasite
Borrelia theileri is classified in the family
Spirochaetaceae and the bacterial order
Spirochaetales. Other pathogenic spiro-
chaetes in the family include Treponema
and Leptospira. As a group the borreliae
are more pleomorphic than leptospires and
treponemes. The borreliae contain loose
coils whose wave amplitudes may vary con-
siderably, even within the same organism.
Replicating borreliae elongate and then
divide by transverse fission to form two
daughter cells. Dividing cells are longer,
more linear and thinner than non-dividing
forms. Borreliae stain well with aniline
dyes such as the Romanowsky-type stains

used in routine blood smears. Giemsa’s
stain is most commonly used. Borrelia
theileri is weakly Gram-negative, but the
bacterial DNA is readily visible using
acridine orange staining and ultraviolet
illumination.

Bovine blood forms of B. theileri (Fig. 1)
are generally shorter and thicker and show
less evidence of active division than tick
tissue or haemolymph forms (Fig. 2), but
lengths of all forms vary considerably.
Borrelia theileri in Giemsa-stained bovine
blood smears consist of populations of post-
and pre-division forms in approximately a
2:1 ratio. The relative proportions of these
two populations will affect estimates of the
mean length of the parasite in cattle and
ticks. As a result, inconsistent descriptions
of   the   morphology   and   dimensions   of
B. theileri have occurred. Reports of mean
lengths of 20–30 µm for bovine blood forms
are erroneous and are actually based on max-
imum lengths of B. theileri reported by ear-
lier authors. The mean length of blood forms
has been reported as 10.2–13 µm (range of
individual spirochaetes 6–19.5 µm), with
approximately five spirals per spirochaete.
The mean length for tick haemolymph forms
is 14.8–15.4 µm (range 8.3–32 µm), with
approximately seven spirals per spiro-
chaete. Tick tissue forms tend to be longer
than haemolymph forms, with a mean length
of 17.7 µm (range 8–28 µm). Tissue stages
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Fig. 1. Borrelia theileri (arrowed) in
a bovine blood smear. Giemsa-stained.
(Source: Smith, R.D. and Rogers, A.B.
(1998) Borrelia theileri: a review.
Journal of Spirochetal and Tick-borne
Diseases 5, 63–68. With permission.)
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are too pleomorphic for meaningful assess-
ment of spiral counts.

Within a given spirochaete the diameter
is relatively constant (0.1–0.3 µm depending
on stage of division) except for a gradual
tapering to a point near the poles. Wave
amplitude within and between organisms
is too variable to permit meaningful mea-
surements. Wave amplitudes of less than
0.25 µm are common in the long, thin
dividing forms (Fig. 2). In contrast, the short
non-dividing forms (Fig. 1) may exhibit
wave amplitudes up to 1.25 µm in the
centre, which decrease to less than 0.5 µm
near the poles.

The borrelial surface structure consists
of an outer surface layer, an outer membrane
and a cytoplasmic membrane. Periplasmic
flagella are located between the outer and
cytoplasmic membranes. Synonyms for
these structures are axial fibrils, periplasmic
fibrils and endoflagella. Periplasmic flagella
originate near the poles of the spirochaete
and course towards the middle of its length,
where they overlap. The number of flagella
varies between species and also within spe-
cies. Most borreliae have flagella ranging in
number from 16 to 30. From 5 to 10 flagella
have been observed in cross-sections of
B. theileri, suggesting that five flagella origi-
nate from each of the poles and intersect in
the middle of the organism. However, organ-
isms may occasionally contain up to 14–16
flagella. Membrane blebs, or gemmae, can
also be seen in negative stains of B. theileri.

When wet mounts of infected bovine
blood, tick tissues or short-term cultures are

observed by dark-field or phase-contrast
microscopy, B. theileri display translation
(linear propulsion) fore and aft, flexion and
rotational motility, similar to those of other
borreliae. Free-swimming organisms propel
themselves linearly or curvilinearly, or may
remain stationary while undergoing rapid
gyrations. Periods of activity may alternate
with periods of quiescence. Spirochaetes
often have one end embedded in a cell or
piece of tissue while the free ends undergo
gyrations to varying degrees.

In vitro cultivation
Short-term primary cultures of B. theileri
established from infected Boophilus
microplus ovaries have been used to obtain
relatively pure suspensions of organisms for
use as antigen in indirect fluorescent anti-
body testing. The culture medium was mod-
ified from that used to maintain Borrelia
recurrentis (the louse-borne relapsing fever
spirochaete) in vitro. Active B. theileri were
observed in the culture for 6 weeks post-
inoculation. Viable organisms were obser-
ved in association with tick ovarian tissue.
One end of most spirochaetes was embed-
ded in tissue while the free end gyrated
rapidly. Sometimes clusters of spirochaetes
were seen in the absence of tick tissue.
Free-swimming individual borreliae were
occasionally observed. Spirochaetes exhib-
ited translational (linear) motility, flexion
and corkscrew rotation. Replication of B.
theileri led to high concentrations of organ-
isms over the first few weeks in vitro. Large
clusters containing hundreds to thousands
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Fig. 2. Two morphological forms
of Borrelia theileri (arrowed) in the
haemolymph of an ovipositing
Boophilus microplus female. (Source:
Smith, R., Brener, J., Osorno, M. and
Ristic, M. (1978) Pathobiology of
Borrelia theileri in the tropical cattle
tick Boophilus microplus. Journal of
Invertebrate Pathology 32,182–190.
With permission).
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of borreliae were seen in the first few weeks.
In subsequent weeks the number of active
organisms diminished.

Clinical signs
Bovine borreliosis due to B. theileri is benign
in most cases, even in highly susceptible
splenectomized calves. Parasitaemia is first
detectable in Giemsa-stained thin blood
smears from 2 to 4 weeks after exposure to
infected ticks, but lasts only a few days.
During the parasitaemic phase infected
cattle may exhibit mild temperature eleva-
tions, lethargy, reductions in packed cell
volume and possibly haematuria. Clinical
signs, when present, usually last only a
few days and are followed by uneventful
recovery. Infections persist indefinitely,
during which parasite recrudescences,
characterized by spirochaetaemia with no
outward signs of illness, may occur.

Diagnosis
Borrelia theileri may be very difficult to
find in thin blood smears, even during peak
parasitaemia. Five or more minutes may be
required to locate one parasite. Ticks appear
to be susceptible to infection during all
stages of bovine parasitaemia, and may
be the best indicator of bovine infection
(xenodiagnosis). Although B. theileri causes
a relatively mild disease in cattle, infections
could potentially be misdiagnosed as being
the more pathogenic B. burgdorferi or B.
coriaceae.

Immunological response
An antibody response to tick-borne
B. theileri infection is first detectable
3 weeks after tick-borne exposure of calves.
The antibody titre then rises rapidly and
persists at high levels through at least
10 weeks post-exposure. Anti-B. theileri
antibodies cross-react with B. burgdorferi
and B. coricaeae whole-cell antigens in
indirect fluorescent antibody tests. Sero-
logical cross-reactivity among these species
is probably due, in part, to a shared, genus-
specific 39–41 kDa flagellar antigen. The
B. burgdorferi-specific outer surface protein
A (OspA) antigen does not appear to be
present on either B. theileri or B. coriaceae.

Transmission
Most studies of B. theileri in ticks have
focused on the one-host cattle tick, Boo-
philus microplus. Replication of B. theileri
appears to occur at a higher rate in B. micro-
plus ticks than in bovine blood, as masses of
replicating B. theileri are readily found in
association with tick haemocytes (Fig. 3).
Spirochaetes have also been observed in
close association with tick ovaries and in
oviposited eggs, but they are relatively rare.
Despite extensive invasion of and replica-
tion in tick tissues, B. theileri appears to be
non-pathogenic for the tick.

Only the nymphal and adult stages of
Boophilus microplus transmit the spiro-
chaete to cattle, despite the fact that transo-
varial infection occurs and borreliae can
be found in larvae within 72 h after being
placed on calves. It may be that too few spiro-
chaetes arrive in the larval salivary glands
to effect transmission. Tick-borne infections
with B. theileri have also been established in
sheep, horses and deer under experimental
conditions. Borrelia theileri can also be
transmitted by injecting fresh whole blood
from borrelaemic into naïve cattle.

Treatment and control
Therapeutic or sterilizing treatments for
B. theileri have not been reported, proba-
bly because of the non-pathogenic nature
of infection. Presumably antibiotics that are
used to treat other borreliae would be effec-
tive against B. theileri as well. Co-infection
with B. theileri could interfere with the
interpretation of studies of other borreliae
or haemoparasites in tick vectors or their
bovine hosts. In this situation a system to
assure freedom from B. theileri infection
is desirable. Tick colonies can be freed
of infection through systemic examination
and segregation of uninfected ovipositing
females. The process may have to be
repeated for several tick generations before
a borrelia-free colony emerges. Progeny
of these ticks will not transmit infection
to cattle, and subsequent generations will
remain free of infection. However, because
of the non-pathogenic nature of B. theileri
infections, systematic screening of subse-
quent tick generations is required to assure
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that bovine and tick hosts remain free of
infection.
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Borreliosis see Avian borreliosis and named Borrelia species.

Boutonneuse fever see Tick-borne typhuses.

Bovine ephemeral fever

P.S. Mellor

Bovine ephemeral fever is an arthropod-
borne disease of cattle and Water buffalo
(Bubalus bubalis) caused by bovine ephem-
eral fever (BEF) virus, a member of the
family Rhabdoviridae. The disease was first
recognized as a distinct entity in 1906
in Zimbabwe, although written accounts
alluding to the disease can be traced back as
far as 1867. The disease has had a variety of
common names, including 3-day-sickness,
stiff sickness, bovine epizootic fever, lazy

man’s disease and dengue of cattle. How-
ever, the term ‘ephemeral fever’, coined
near the beginning of the 20th century, is by
far the most widely used name.

Distribution
Bovine ephemeral fever virus occurs in
virtually all of Africa, the Middle East,
Asia (south of the former USSR) and
Australasia (excluding Papua New Guinea
and New Zealand). The limits of occurrence
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Fig. 3. Borrelia theileri in Boophilus
microplus haemolymph. Note close
association with haemocytes and
many long thin forms suggestive of
active replication. Giemsa-stained.
(Source: Smith, R.D. and Rogers, A.B.
(1998) Borrelia theileri: a review.
Journal of Spirochetal and Tick-borne
Diseases 5, 63–68. With permission.)
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in countries that are partially free, such as
Japan, China and Australia, are determined
by climate through its effects on the insect
vectors. Europe and the Americas are free
from infection.

Aetiological agent
The genome of BEF virus is a negative-sense
single-stranded RNA (ssRNA) virus belong-
ing to the family Rhabdoviridae. It has five
structural and no non-structural proteins.
In preparations of the virus three different
particle shapes may be seen. Their approxi-
mate diameter is 73 nm, which is close
to the usual diameter of 70 nm given for
animal rhabdoviruses. The longest virions
are bullet-shaped with a length of approxi-
mately 183 nm, having parallel sides and a
precisely coiled helical nucleocapsid. Parti-
cles also occur that have a truncated bullet
shape, while others appear as blunt cones.
The length of the shorter particles varies
from 70 to 140 nm. These shorter virions
are considered to be defective and to cause
interference with the growth of BEF virus in
tissue culture, sometimes making isolation
via this system uncertain. Surprisingly, BEF
virus seems to grow very poorly, or not at
all, in cell lines of bovine origin, though it
grows well in cell lines of other origins,
such as baby hamster kidney (BHK) and
African green monkey cells (VERO) and in
cells from the mosquito Aedes albopictus.

Bovine ephemeral fever virus is very
sensitive to lipid solvents and is inactivated
at pH levels below 5 or above 10. The virus
therefore survives poorly outside its verte-
brate or invertebrate hosts and is rapidly
inactivated by the high concentrations of
lactic acid which develop in the muscles
of cattle after death. Consequently, fomites,
bodily discharges and tissues play no part in
the transmission of the virus.

For many years BEF virus was consid-
ered to be unrelated to other rhabdoviruses.
However, strong antigenic similarities have
recently been shown with Kimberley, Berri-
mah, Malakal, Puchong and Adelaide River
viruses, and all six viruses have now been
grouped together within the genus Ephem-
erovirus. Consequently, any virus isolated
from a suspect case of bovine ephemeral

fever must now be identified by the virus
neutralization (VN) test with antiserum to
BEF virus itself, and not simply by comple-
ment fixation, enzyme-linked immunosor-
bent assay (ELISA) or immunofluorescence
techniques, which are merely ephemero-
virus group-specific assays.

Clinical signs
Clinical disease has been recorded only in
cattle and Water buffalo (B. bubalis). In
these animals the severity of disease can
vary widely from virtually imperceptible
clinical signs to death. In general, disease
tends to be more severe in adult cattle than
in young animals, in fat animals than in
lean animals, in heavy bulls than in light
steers and in high-lactating cattle than in
dry cows. Typically, in a herd of cattle, one
or several animals will show signs about a
week ahead of the main wave of disease and
the passage of the virus through the herd
may take 2–4 weeks, or longer, if the herd is
large. The clinical course of disease can be
divided into four main phases: onset of
fever, period of disability, recovery and
sequelae.

Onset of fever
Onset is sudden and the fever may reach
a peak of 40–42°C within a few hours.
Pyrexia may be biphasic, triphasic or even,
occasionally, multiphasic. Concurrently,
slight changes in behaviour or stance may
also be seen and milk production may drop.
This phase may last for half a day.

Period of disability
This phase may be of 1–2 days’ duration.
The first peak of pyrexia has passed but
the rectal temperature may still be elevated.
The most characteristic signs are severe
depression, a ‘tucked-up’ appearance, anor-
exia, general muscle stiffness and lameness,
with or without joint swelling. There may
also be ocular and nasal discharge and
excessive salivation. The animal usually
remains standing but may adopt sternal
recumbency although still able to rise if
forced to do so. Milk production may have
virtually ceased and the quality of the
remaining milk will be reduced. The heart
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and respiratory rates are increased. Dry
rales progressing to moist rales may be
detected in the lungs. Superimposed on
these signs may be others that are associated
with hypocalcaemia, such as muscular
fibrillation, an uncoordinated gait, inability
to rise, ruminal stasis, constipation, loss of
swallowing reflex and refusal to drink. In
severe cases the animal may lapse into
lateral recumbency with bloat and further
reflex loss, progressing to coma and death.

Recovery
In the majority of cases recovery occurs
after 1–2 days of disability and can be
gradual or dramatic. Death ensues in less
than 2% of uncomplicated cases but can
occur during the acute disease or at the
stage when most animals are recovering
uneventfully.

Sequelae
Except for cows in late lactation, milk yield
increases steadily after recovery but only to
80–90% of pre-illness levels. Complications
may also occur and are manifested by pneu-
monia, mastitis, hindquarters paralysis,
abnormal gait, abortion in late pregnancy
and temporary (up to 6 months) infertility
in bulls. Pulmonary and subcutaneous
emphysema are rare occurrences. In gen-
eral, animals with clinical signs of bovine
ephemeral fever that are forced to exercise
or are subject to any other form of climatic
or physical stress are more likely to die or
suffer complications than animals not so
treated.

Pathology and post-mortem findings
Bovine ephemeral fever is an inflammatory
disease: serofibrinous polysinovitis, poly-
arthritis, polytendovaginitis, cellulitis and
focal necrosis of skeletal muscles are the
most common pathological lesions. These
lesions vary in severity, being barely dis-
cernible in some animals and very marked
in others. The lesions in both joints and
muscles are more severe in the limbs on
which the animal was limping. A general-
ized oedema of lymph nodes is invariably
present and the lungs may also show patchy
oedema.

Microscopically there are inflammatory
changes in the small blood-vessels in a
range of organs and these are considered
to be the fundamental histopathological
lesions though they are not pathognomonic
of bovine ephemeral fever.

The lesions observed in an animal dying
of bovine ephemeral fever depend on the
stage of disease at which it dies. If death
occurs early, a fibrinous exudate is found in
the serous cavities of the thorax, abdomen
and joints and fibrin plaques may be found
on virtually all articular surfaces. If death
occurs late in the course of disease, the
effects of dehydration may be apparent, as
many sick animals exhibit aversion to water.
Abortion can occur if cows experience dis-
ease very late in pregnancy. However, the
virus does not appear to cross the placenta or
affect the fertility of the female.

Diagnosis
A presumptive diagnosis of bovine ephem-
eral fever is possible based on the sudden
onset of febrile disease in late summer,
lasting from 2 to 5 days, with spontaneous
recovery, affecting cattle in areas where BEF
virus is known to occur. The clinical signs
of oropharyngeal secretions, joint pains and
stiffness are also of value.

A confirmatory diagnosis can be
obtained by carrying out differential leuco-
cyte counts on blood smears. If there is no
neutrophilia with at least 30% of immature
forms, the animal does not have bovine
ephemeral fever. However, the test is not
pathognomonic since certain other general-
ized infections may have a similar effect.
Confirmation of bovine ephemeral fever can
also be obtained by isolation of the causative
virus, from whole blood samples, in cultures
of BHK cells, VERO cells or A. albopictus
cells, or by the intracerebral inoculation of
suckling mice and then identification by the
VN test. The VN test must be used to ensure
differentiation between BEF virus and the
other ephemeroviruses that may be present
and which are considered to be non-
pathogenic. Serological confirmation of BEF
virus may be obtained by the demonstration
of a fourfold rise in specific neutralizing
antibody titre between paired sera collected

Bovine ephemeral fever 89

89
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #7.vp
04 September 2001 11:40:23

Color profile: Disabled
Composite  Default screen



2–3 weeks apart. However, animals that
have been exposed to one of the other ephe-
meroviruses may already have low titres of
neutralizing antibodies to BEF virus and
so may exhibit an anamnestic response on
infection, possibly causing antibody titres
to plateau by the time that the first serum
sample is taken.

Transmission
Although no arthropods have yet been
shown to transmit BEF virus, the epidemio-
logical evidence that the virus is transmit-
ted by one or more species of flying insect is
overwhelming. Such evidence includes the
overall pattern of outbreaks, the fact that
bovine ephemeral fever epizootics occur in
summer and autumn and have a strong
association with recent rainfall, and that
in temperate regions outbreaks terminate
abruptly with the onset of winter (frosts).
Also, in many regions northwards and
southwards spread of the virus seems to be
limited by latitude rather than by quar-
antine, topography or the lack of suitable
vertebrate hosts. These patterns are all com-
patible with those of vector-borne diseases.

In the field, BEF virus has been isolated
from a pool of Culicoides species (C. kingi,
C. nivosus, C. bedfordi, C. imicola, C. corn-
utus) in Kenya, from C. imicola and C. coarc-
tatus in Zimbabwe, from C. brevitarsis in
Australia, and from a mixed pool of culicine
mosquitoes (mainly Culex orbostinensis,
Verrallina (formerly Aedes) carmenti, Uran-
otaenia nivipes and Uranotaenia albescens)
and from Anopheles bancrofti in Australia.
All of these isolations were made from
insects free from the overt remains of a blood
meal and therefore are unlikely to represent
mere incidental contaminations. Further-
more, the virus has been shown to replicate
in the mosquito Culex annulirostris and in
Culicoides marksi and C. brevitarsis, when
these insects were fed upon mixtures of
blood and virus in the laboratory. Neverthe-
less, despite this wide range of insects as
potential vectors, there must also be other
species involved, as the areas of the world
where BEF virus occurs extend well beyond
the distribution of the species so far impli-
cated. Clearly much work remains to be

carried out before the relative significance
of mosquitoes and Culicoides as vectors of
BEF virus is fully understood, and before
the major vector species in the different parts
of the world are identified.

Vertebrate hosts
Bovine ephemeral fever virus infects and
can cause disease in cattle (Bos taurus, Bos
indicus, Bos javanicus) and Water buffalo
(Bubalus bubalis). Antibodies have also
been detected in a range of free-living
ruminant species in Africa, Australia
and Asia (African buffalo (Syncerus caffer),
Waterbuck (Kobus ellipsiprymnus), Wilde-
beest (Connochaetes taurinus), Hartebeest
(Alcelaphus buselaphus), Red deer (Cervus
elaphus), Chital or Spotted deer (Axis axis),
Rusa or Timor deer (Cervus timorensis)) but
attempts to isolate virus from these species
have been uniformly unsuccessful. It is not
yet known whether some of these other
vertebrate species can act as ‘symptomless’
reservoir hosts of BEF virus, or whether the
detection of antibodies is merely incidental.
Sheep and domestic ruminant species,
other than cattle and Water buffalo, appear
to be insusceptible to BEF virus, though
the virus has been passaged experimentally
through sheep.

Incubation period and viraemia
The natural incubation period in cattle
is unknown but is suspected to be of some
4–8 days’ duration, which is consistent
with the 3–10 days which has been recor-
ded after experimental inoculation of the
virus. Viraemia in experimentally infected
cattle usually lasts for about 4–5 days, com-
mencing the day before fever and terminat-
ing 1–2 days after clinical recovery. Very
occasionally viraemia may extend for as
long as 13 days after infection but there is
no long-term persistence. In the circulation,
the virus appears to be primarily associated
with the white cell fraction of the blood and
has been demonstrated in neutrophils.

Treatment
Unlike most other viral diseases, early
treatment of the clinical effects of
bovine ephemeral fever can significantly
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ameliorate the effects of disease. The first
principle is to rest the sick animal, prefera-
bly for at least a week. The second is to give
nothing by mouth unless the swallowing
reflex has been observed to be functional. In
general, treatment is directed towards the
generalized inflammation and the depres-
sion of serum calcium. Inflammation can
be treated with phenylbutazone given intra-
muscularly 8-hourly for periods of up to
3 days. Treatment with calcium borogluco-
nate (intravenously or subcutaneously) is
beneficial when signs of hypocalcaemia are
present. Supplementary antibiotic treat-
ment to control secondary infection and
rehydration with isotonic fluids in cases of
dehydration may also be warranted. Pros-
pects for prognosis depend upon the time of
intervention and the duration of the illness.

Prevention and control
Live attenuated vaccines with adjuvants
have been produced in South Africa, Japan
and Australia. These vaccines have been
shown to protect against experimental
challenge with virulent virus. In Japan, a
killed virus vaccine has also been used to
boost the initial immunity produced by a
live virus vaccine.

In enzootic areas it is important to
vaccinate cattle, particularly dairy and
feedlot herds and valuable breeding stock,
to preclude production losses caused by
bovine ephemeral fever. Vaccination, there-
fore, should be carried out in spring to
ensure a high level of immunity during the
ensuing summer and autumn when vector
arthropods are likely to be most abundant
and hence virus challenge most intense.
In calves younger than 6 months of age,
maternally derived antibody may interfere
with the response to vaccine.

The arthropod vectors of BEF virus have
not all been identified, neither has the rela-
tive importance of Culicoides biting midges
and mosquitoes been properly assessed, so
at present the efficacy of any vector control
programme is likely to be uncertain.
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Brugian filariasis

M.B. Nathan

Infection of humans with the filarial worms
Brugia malayi and Brugia timori. Together
with Wuchereria bancrofti (see Bancroftian
filariasis), they are collectively referred to
as lymphatic filariasis.

Distribution
Brugia malayi occurs only in south and east
Asia (Fig. 1) and accounts for about 10% of
lymphatic filariasis infections worldwide.
In India it is mostly restricted to Kerala
State but foci have also been reported from
Orissa, Assam, Madhya Pradesh, Andra
Pradesh and Tamil Nadu. Elsewhere it is
found in widely varying degrees of endem-
icity in Sri Lanka, Thailand, Malaysia,
Indonesia, Philippines, Vietnam and Korea.
Since the early 1980s, China has reported a
dramatic decline in transmission of lym-
phatic filariasis (B. malayi and W. bancrofti)

as a result of the efforts of the national
control programme. A nocturnally periodic
strain, the most prevalent form, in which
microfilariae appear in the peripheral blood
at night, and a nocturnally subperiodic
strain, in which the microfilariae also
circulate in the peripheral blood during
the daytime, have adapted to the diel biting
behaviour of the local vector mosquitoes.
The latter is less common and is found
mainly in Malaysia, in Indonesia in west
Sumatra and northern and eastern Sumatra,
and in south-east and east Kalimantan. Leaf
monkeys (Presbytis species) and Macaques
(Macaca species), zoonotic reservoir hosts
of subperiodic B. malayi, are abundant on
these islands in localities where the human
infection occurs.

Brugia timori, recognized as a new spe-
cies in 1965, is confined to Flores, Timor and
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Fig. 1. Geographical distribution of Brugia malayi and Brugia timori.
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lowland areas of small neighbouring islands
east of Java. It is nocturnally periodic. No
animal reservoir host has been identified.

Parasites
Adult worms of both Brugia species live
in the lymphatics of the reservoir host and
have an essentially similar development
and life cycle to those of W. bancrofti
(see Bancroftian filariasis). Adult female
B. malayi are morphologically similar to
those of W. bancrofti but are usually
smaller (43–55 mm long, 130–170 µm in
breadth). Male worms vary in length from
14–23 mm and are approximately 70 µm
in breadth. The copulatory spicules and
caudal papillae distinguish them from W.
bancrofti males. The sheathed microfilariae
are 200–275 µm long and 4–7 µm wide.
Adult B. timori females (27 mm × 72 µm)
and males (17 mm × 72 µm) are smaller
than those of B. malayi.

Clinical symptoms
As with bancroftian filariasis, brugian
filariasis causes a wide range of clinical
manifestations, which often differ from one
endemic area to another. Recurring lympha-
denitis and lymphangitis of the limbs, with
fever and chills, are major signs which
occur with greater frequency than with
W. bancrofti. Most commonly involved are
the inguinal and axillary nodes and their
afferent lymphatics. In Indonesia, and to
a lesser extent in Malaysia and Thailand,
superficial lymphatic abscesses may form
with consequent scarring. Hydrocoel and
other genital involvement is only rarely

associated with brugian filariasis. Charac-
teristic sites of elephantiasis are the leg(s)
but, unlike bancroftian filariasis, swelling
usually occurs only below the knee(s)
or,  less  commonly,  the  arm(s)  below  the
elbow(s). The swelling is usually a soft pit-
ting oedema and is seldom accompanied by
verrucous changes to the skin.

Diagnosis
See entry on bancroftian filariasis for parasi-
tological diagnosis. No antigen detection test
is currently available for brugian filariasis.

Transmission
A list of the principal vectors of brugian
filariasis is shown in Table 1. Many
endemic areas with nocturnally periodic
B. malayi are open swamp habitats, where
transmission is mainly by Mansonia uni-
formis and other related species, and rice-
field habitats, where Anopheles species,
including A. barbirostris, are common
vectors. Ochlerotatus1 togoi, a vector which
breeds in rock pools near the littoral zone, is
also a vector in some areas. The nocturnally
subperiodic strains occur mostly in villages
in or near swamps, where vectors of the
Mansonia bonneae/dives group breed in
high densities; Coquillettidia crassipes is a
secondary vector.

Anopheles barbirostris is the only
known vector of B. timori.

Whereas nocturnally periodic B. malayi
is found almost exclusively in humans, noc-
turnally subperiodic B. malayi has species of
Macaca, and Presbytis monkeys as impor-
tant zoonotic reservoir hosts. Infection also

Brugian filariasis 93

Parasite strains Geographical distribution Vectors

Brugia malayi
Nocturnal periodic

Nocturnal subperiodic

Brugia timori
Nocturnal periodic

South and east Asia

Malaysia, Indonesia
Thailand, Philippines

Timor, Flores, Alor, Sumba, Roti, Savu

Anopheles species
Mansonia uniformis
Mansonia annulata
Mansonia annulifera
Mansonia bonneae
Mansonia dives
Mansonia annulata
Mansonia uniformis

Anopheles barbirostris

Table 1. Summary of the principal mosquito vectors of Brugia malayi and Brugia timori
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occurs naturally in certain wild carnivores.
Domestic cats and dogs are also susceptible
hosts but their importance as reservoir hosts
of infection has not been determined.

Treatment
See entry on bancroftian filariasis for
treatment.

Prevention and control
Prevention and control measures are
essentially similar to those for W. bancrofti
(see Bancroftian filariasis for more details),
involving treatment of humans to reduce
or eliminate microfilariae circulating in the
bloodstream and reducing contact between
humans and infective vectors. However, the
aquatic stages of Mansonia mosquitoes are
unusual in that they obtain their oxygen not
at the water surface, but by piercing and
drawing it from the roots of floating vegeta-
tion, such as Pistia, Eichhornia and Sal-
vinia, as well as from some rooted plants.
Through removal of the host plants of these
vectors from ponds, canals and ditches,
either physically or with herbicides, the
distribution and prevalence of B. malayi
has been reduced in parts of south Asia.

In forest and forest-fringe settlements
where monkeys are important zoonotic

reservoir hosts of nocturnally subperiodic B.
malayi, control efforts have been relatively
unsuccessful, probably because parasites
from monkeys are transferred to the treated
human population by the mosquito vectors.
In some situations, the forest area bordering
communities has been cleared in efforts to
increase the separation of zoonotic and
human hosts but the extent to which this has
proved effective is not clear.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Buffalo disease see Theilerioses.

Bunyamwera virus

Michèle Bouloy

Bunyamwera (BUN) virus is an African
virus isolated by K.C. Smithburn and col-
leagues in Uganda in 1943 from mosquitoes
collected for yellow fever studies. In 1973,
when the genus Bunyavirus and the Bunya-
viridae family were created, BUN virus
became the type species. This virus causes
only minor diseases in humans but is the
ninth most frequent arbovirus infecting
humans in Africa, after chickungunya,
Sindbis, yellow fever, West Nile, Wessels-
bron, Zika, Semliki Forest (see entries) and
Uganda S viruses.

Human infections
Distribution

Bunyamwera virus circulates in many reg-
ions of Africa but, with the exception of Egypt,
where a low prevalence was observed, it has
never been found in North Africa. It is
endemic in Uganda, Tanzania and Mozam-
bique, and in South Africa antibody preva-
lence is relatively high in northern Natal. A
low prevalence of BUN antibodies has been
reported in Madagascar. However, the high-
est seroprevalence is observed in Central
Africa, where 100% of the adult population
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inhabiting the rain forest of the Democratic
Republic of Congo was found seropositive.
In West Africa, the Guinean population has
a relatively high prevalence.

Serological studies seem to indicate that
virus activity is associated with rivers and
riverine forests in Nigeria and Republic of
Central Africa.

Virus
Studies on the structure of BUN virus,
the molecular organization of its genome
and its replication have largely contributed
to a better understanding of this group of
viruses.

Structure
Like every member of the family, the parti-
cle is roughly spherical, with a 90–100 nm
diameter and composed of a lipid envelope
with an outer surface covered with two
glycoproteins G1 (115 kDa) and G2 (38 kDa).
The lipid envelope is derived from the
cellular site of maturation which, for most
of the viruses of this family, occurs in the
Golgi complex. The inner structures consist
in three circular nucleocapsids containing
the large (L), medium (M) or small (S)
single-stranded RNA genome segment, the
nucleoprotein N (19 kDa) and a few copies
of the L protein (259 kDa), the RNA-
dependent RNA polymerase.

The viral genome has been analysed:
the S, M and L segments are, respectively,
961 nucleotides, 4458 nucleotides and 6875
nucleotides long, making the complete
genetic information contained within
12,294 nucleotides. A characteristic feature
of viruses of the Bunyavirus genus is the
fact that the genome segments possess
5′ eight terminal consensus nucleotides
UCAUCACA . . . which are complementary
to the 3′ terminal sequences and form pan-
handle structures.

The genome organization is of negative
polarity. Every step of the viral cycle occurs
in the cytoplasm. During transcription, three
subgenomic messenger RNA. (mRNAs) are
synthesized. These lack poly-A at their 3′
ends and are slighly shorter than their
corresponding templates. Moreover, these
mRNAs possess a 5′ methylated cap and

10–18 additional non-viral nucleotides
derived from cellular RNAs, which are used
to initiate the mRNA synthesis with a cap-
snatching mechanism, like influenza virus.
Translation of these mRNAs leads to the
expression of the four structural proteins
and two non-structural proteins, called NSs
and NSm as they are coded by the S and M
segments, respectively. The M segment
mRNA synthesizes a polypeptide precursor,
which is cleaved co-translationally and
generates, in this order, the envelope
glycoprotein G1, the NSm protein (16 kDa)
and the glycoprotein G2. To simplify the
nomenclature, it was proposed to designate
the glycoproteins GN and GC, as this indi-
cates the position within the polypeptide
precursor. The NSm protein, the role of
which is not known, localizes to perinuclear
regions, suggesting that, like the structural
proteins, it is present in the Golgi complex
and may participate in the assembly of the
virus. The NSs protein is expressed from
a bicistronic mRNA: the first open-reading
frame (ORF) codes for the N protein (233
amino acids) and the second one, over-
lapping the N ORF in a different frame, codes
for the NSs (101 amino acids, 11 kDa).
Recently, A. Bridgen and R.M. Elliott have
established a system for reverse genetics and
generated a BUN virus mutant lacking NSs.
This mutant virus grows in tissue culture
and mice but has a reduced pathogenicity
and is impaired in its ability to shut off host
cell protein synthesis. This methodology,
applied for the first time to a virus of this
family, was very helpful in determining the
role of NSs as an interferon antagonist.

Evolution
Like other viruses with a segmented
genome, BUN virus can exchange the differ-
ent segments of its genome and generate
reassortants in dually infected hosts. Reas-
sortants between Bunyamwera and Maguari,
Batai or Northway were obtained in cell
cultures. It is of note that, although reassort-
ment between closely related viruses of the
same genus and serogroup appears to be
property of this family, some viruses of the
BUN serogroup, such as Main Drain and
Northway, two bunyaviruses circulating in
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North America, were not able to exchange
their genetic material. No genetic exchange
was observed between BUN and viruses of
the California serogroup.

Sequences of the S segment of several
viruses of the BUN, California and Simbu
serogroups were analysed and the data con-
firmed the earlier classification into three
groups obtained by complement fixation
tests. However, relationships among viruses
of the BUN serogroup, established by com-
plement fixation and neutralization tests,
were not always in accordance. Since neu-
tralization tests assay the glycoproteins and
the M segment, sequencing of the M segment
of these viruses (only two, BUN and
Germiston, have been published) would be
of value to decipher possible reassortment
between ancestral viruses.

Although within the BUN serogroup,
the N proteins share more than 62%
homology and more than 40% between
serogroups, little conservation is observed
within the NSs proteins and it is very
difficult to find homology between similar
proteins of viruses in different genera. Some
insight into the evolutionary relationships
within this family was obtained by analysis
of the L proteins of representative members
of the different genera. The polymerase mod-
ule of the L proteins of the Bunyaviridae

were aligned together with those of
Arenaviridae and Orthomyxoviridae, and
the phylogenetic tree (Fig. 1) indicates that
the Bunyaviridae sequences form two clus-
ters, one containing bunyaviruses, hanta-
viruses and tospoviruses and the other
containing phleboviruses and nairoviruses.
This strongly suggests the existence of
different origins within the family.

Clinical symptoms
Bunyamwera virus infection results in
mild symptoms, such as fever, headache,
joint pains and rash, and affects children
particularly. In some cases, visual distur-
bances and vertigo are observed. However,
recovery is fast (less than 7 days). Immuno-
deficient patients can suffer from a severe
encephalitis.

Diagnosis
Like all arboviruses, BUN virus infections
can be diagnosed by isolating the virus from
the blood, serum or plasma, since infection
leads generally to a viraemia lasting for 1–2
days after the onset of the illness. Several
methods are used for virus isolation:
intracerebral inoculation of suckling mice,
which develop paralysis and die rapidly,
and inoculation of cell cultures. In the latter
case, monkey kidney (VERO), baby hamster

96 Bunyamwera virus

Fig. 1. Maximum parsimony consensus tree
constructed using the Phylip package. Only
the genus- and family-level branches are
shown. HRSV: human respiratory syncytial
virus, which served as an outgroup. (Adapted
from Marriott, A.C. and Nuttall, P.A. (1996)
Journal of General Virology 77, 1775–1780.)

96
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #7.vp
04 September 2001 11:41:22

Color profile: Disabled
Composite  Default screen



kidney (BHK-21), Aedes albopictus mos-
quito (C6/36) or Aedes pseudoscutellaris
mosquito (AP 61) cell lines are widely
utilized.

The most recent methods for serological
diagnosis involve complement fixation,
neutralization, inhibition of haemagglut-
ination or enzyme-linked immunosorbent
assays (ELISA), or immunofluorescence
tests. More recently, detection of immuno-
globulin M (IgM) antibodies has been intro-
duced in the battery of tests to diagnose a
recent infection. Because of the serological
cross-reactivity among members of the
Bunyaviridae family, a collection of viruses
and reference sera are necessary for an
unambiguous answer.

As molecular diagnosis has been devel-
oped for many viruses, reverse-transcription
polymerase chain reaction (RT-PCR), with
appropriate primers can be used to detect
the genome of BUN virus and other bunya-
viruses.

Transmission
Although Aedes species appear to play a
major role for transmission of BUN virus,
isolations have been performed from two
other genera of mosquitoes, Mansonia and
Culex. In South Africa, many strains were
isolated from Aedes circumluteolus.

Bunyamwera virus has been shown
to replicate after intrathoracic inoculation
of Aedes species, such as A. vexans and
A. aegypti, and of Ochlerotatus1 canadensis,
O. triseriatus, Psorophora ferox, Culex
pipiens and Anopheles quadrimaculatus.
Oral infection and transmission were dem-
onstrated after experimental infection of
A. aegypti with BUN virus. The virus also
replicates in C6/36 (A. albopictus) mosquito
cell lines, but, in contrast to the situation
observed in mammalian cells, which die
rapidly after infection, no cytopathic effect
was observed and persistently infected cell

lines could be established. Persistence is
accompanied by the generation of viruses
with variable genetic and phenotypic prop-
erties. If a similar accumulation of mutations
takes place in a mosquito known to generate
reassortants, the vector would appear to be a
host favouring viral evolution.

Animal infections
Bunyamwera virus has never been isolated
from naturally infected vertebrates but
experiments showing that wild African
rodents replicate the virus and develop
viraemia suggest that they may be natural
hosts involved in the viral transmission
cycle. Neutralizing antibodies against BUN
virus have been found in domestic cattle.

Treatment and control
No vaccine or treatment against this virus is
curently available, but, in the absence of
large epizootics or epidemics, there is not
a strong need when compared with other
diseases caused by members of the family.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Bwamba and Pongola viruses

Richard M. Kinney

Mosquito-borne infection of humans and
other mammals in countries of sub-Saharan
Africa with viruses of the Bwamba sero-
group, genus Bunyavirus, family Bunya-
viridae.

Distribution
Bwamba (BWA) and Pongola (PGA) viruses
are widely distributed in countries of sub-
Saharan Africa. Geographical distribution
has been confirmed by BWA and/or PGA
virus isolations from humans or mosquitoes
in Uganda, Ethiopia, Côte d’Ivoire, South
Africa, Senegal, Kenya, Central African
Republic, Mozambique and Nigeria. Based
on serosurveys for  the  presence  of BWA
virus group-specific antibodies in humans
and animals, countries of suspected virus
distribution include Tanzania, Botswana,
Angola and Namibia. Many people in sub-
Saharan Africa become infected with BWA
serogroup viruses. Human serosurveys have
identified high prevalence of neutralizing
antibodies against BWA virus or PGA virus
in both children and adults in a number
of these countries. Bwamba virus group-
specific antibodies have been identified in
up to 44% of individuals tested in Uganda
and up to 74% in various populations in
Nigeria. In one study, PGA virus-specific
antibody prevalence in humans was mea-
sured at 80% along the east coast of the
Simbu Pan, Natal, region of South Africa,
and 2.6% in the interior Transvaal region of
this country.

Virus
The Bunyaviridae family contains over 250
viruses, most of which are organized into
41 serogroups and five genera (Bunyavirus,
Phlebovirus, Hantavirus, Nairovirus, and
Tospovirus) by cross-complement fixation
tests (genus) and cross-neutralization and
cross-haemagglutination inhibition tests
(group). Bunyaviruses contain a single-
stranded, negative-sense, tripartite RNA
genome consisting of large, medium and

small RNA segments, which encode the
large viral RNA polymerase, glycoproteins
G1 and G2 and the nucleocapsid protein,
respectively. The viruses replicate in the
cytoplasm and mature by budding through
the Golgi apparatus of infected cells.
Conserved, shared antigenic determinants
of the capsid protein elicit complement-
fixing antibodies. The glycoproteins, which
are present in a host-derived lipid
membrane surrounding the nucleocapsid,
elicit neutralizing and haemagglutination-
inhibiting antibodies that permit differ-
entiation of closely related viruses within
serogroups. Serological testing has been
the method of choice for identification
of unidentified isolates. However, genetic
analyses of genomic nucleotide sequences
can be expected to complement serological
identification in the near future.

The BWA serogroup is one of 16
antigenic groups assigned to the genus
Bunyavirus. The BWA serogroup currently
contains only two viruses, BWA and PGA,
which appear to be closely related. Bwamba
virus (prototype strain M 459) was first
isolated in 1937 from mice inoculated with
sera from non-resident febrile patients who
became infected while working on a new
road in a forested area north-west of the
Ruwenzori range of mountains in Bwamba
county, Western Province of Uganda.
Pongola virus (prototype strain SAAR 1)
was isolated in 1955 from a pool of Aedes
circumluteolus mosquitoes collected near
Lake Simbu and the Pongola River in Natal,
South Africa.

Clinical symptoms
Bwamba virus causes a mild febrile illness
in humans of all ages. An incubation period
of less than 2 weeks’ duration can only be
estimated. When infection is evident, the
onset is sudden and moderately severe with
fever, slow pulse, severe frontal headache,
backache in the lumbar or cervical regions,
general body aches and moderate weakness.

98 Bwamba and Pongola viruses
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A furred tongue with bright red margins and
tip and transitory albuminuria, but not
haematuria, have been noted. A rash has not
been observed. Fever generally lasts for 2–5
days, headache and backache for another
2–3 days. Convalescence is rapid, complete
and without sequelae. No fatal cases have
been reported. Intracranial inoculation of
BWA virus in Rhesus monkeys (Macaca
mulatta) results in transient, mild fever and
the development of neutralizing antibodies.

Diagnosis
Virus isolation can be performed in a
variety of cell lines or in laboratory mice.
Mice are highly susceptible to both BWA
and PGA viruses administered by the intra-
cranial route. Following such treatment,
4-week-old and younger mice suffer 100%
mortality, with average survival times of
3–5 days. Paralysis of the hindquarters is
sometimes, but not generally, observed.
Adult mice are not susceptible to either
virus following peripheral inoculation.

Complement fixation, haemagglutin-
ation inhibition and neutralization tests
have been employed in the serodiagnosis of
BWA group viruses and infections. Bwamba
and Pongola viruses appear to be closely
related and may be genetic variants of
the same virus. However, certain inconsis-
tencies have been apparent in attempts to
differentiate isolates of these two viruses
or to differentiate immune sera resulting
from infections with these viruses. Sera
positive for BWA virus by haemagglutin-
ation inhibition testing are often negative
for BWA virus, but positive for PGA virus
in virus neutralization tests. Many human
sera neutralize one of the BWA serogroup
viruses but not the other. In one study,
monkeys immunized with BWA virus
developed antibodies that neutralized
both BWA and PGA viruses, while those
immunized with PGA virus produced
PGA virus-specific neutralizing antibodies.
Twelve strains isolated in Nigeria and first
identified as BWA virus by complement
fixation and neutralization tests were
later identified as PGA virus by agar-
gel diffusion and immunoelectrophoretic
techniques.

Bwamba and Pongola viruses appear to
co-circulate in Nigeria and Kenya. It has
been hypothesized that the antigenic struc-
ture of these viruses is unstable or variable,
depending on their recent passage history in
nature. This idea is supported by the finding
that most BWA serogroup viruses that have
been isolated from mosquitoes have been
identified as PGA virus, while human
isolates have generally been identified as
BWA virus. In agar-gel diffusion tests, one
strain (NY-45) of BWA virus, which was
isolated from a child in Kenya, exhibited a
line of identity with PGA antiserum after
passage of the virus in Mansonia uniformis
or Anopheles gambiae mosquitoes, but not
after mouse brain passage only. Antigenicity
may be influenced by viral mutations or dif-
ferences in viral maturation, such as variable
glycosylation of envelope glycoproteins, in
different host cells. Further study of the
antigenicity of these closely related viruses
following passage in different hosts would
be useful. Serodiagnostic tests for BWA
group viruses should include both BWA and
PGA viruses or antigens. Neutralization tests
should be performed by the serum-dilution
plaque-reduction method. Characterization
by nucleotide sequence analyses of the
glycoprotein genes would undoubtedly shed
considerable light on the genetic relation-
ship between BWA and PGA viruses.

Transmission
Bwamba and Pongola viruses are probably
not highly infectious for humans. They are
arthropod-borne viruses transmitted by a
wide variety of mosquitoes, including
species of Aedes, Mansonia, Culex and
Anopheles. Aedes circumluteolus, which
feeds on large mammals in the bush,
has been shown to transmit PGA virus
experimentally and is probably signifi-
cantly involved in the natural transmission
of BWA group viruses in South Africa,
Nigeria and elsewhere. Isolations have been
made from M. uniformis/Mansonia africana
in Uganda, Kenya, South Africa, Ethiopia,
Central African Republic, Mozambique
and Nigeria; from Anopheles, including
A. coustani and A. gambiae, in Uganda,
Kenya, Côte d’Ivoire, Nigeria and Senegal;
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and from Aedes species, including A.
vittatus, A. tarsalis and A. fowleri, in
Senegal, Côte d’Ivoire and Central African
Republic. Pongola virus has been isolated
from Culex zombaensis in Kenya.

Virus activity is lowest during the late
dry season and peaks during the rainy
season when there are large mosquito
populations.

Neutralizing antibodies against BWA
virus have been found in wild monkeys, and
in cattle, sheep, goats and donkeys.

Treatment
There is no specific treatment for Bwamba
fever. Standard passive treatment includes
bedrest, maintenance of fluids and treat-
ment to reduce aches.

Control
Insect repellents, such as diethyltoluamide
(DEET), can offer effective personal pro-
tection against mosquito bites. Repellents
that contain greater than 20–30% concen-
trations of DEET may be toxic for children.
Insecticidal fogging or spraying can result
in temporary and localized control, and
application of larvicides to standing water
may be effective, but when mosquitoes are
not found around habitations this approach
is impractical. Protection against night-
biting vectors, such as anophelines and
Mansonia species, can be obtained through
use of mosquito bed nets impregnated with
pyrethroid insecticides such as permethrin
or deltamethrin.
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Cache Valley virus

Paul R. Grimstad

Cache Valley (CV) virus (family Bunya-
viridae, genus Bunyavirus, Bunyamwera
serogroup) has been recognized only
recently as a potentially serious vertebrate
pathogen in North America, with transmis-
sion primarily between several mosquito
species and larger ungulates. The death of
a previously healthy adult male associated
with a mid-autumn (1995) onset of primary
Cache Valley encephalitis, serological evi-
dence of additional human central nervous
system (CNS) disease in the USA, sero-
surveys showing widespread human and
ungulate infection and linkage to a range of
reproductive problems in domestic animals
and possibly humans mark CV virus as a
newly recognized ‘emerging’ teratogenic
and neuropathogenic virus. No other North
American arbovirus has been linked to both
fatal CNS disease and overt vertebrate tera-
togenicity; CV virus may be more important
as a domestic animal and human teratogen
than as the agent of CNS disease.

The disease
No name has been given to the few
clinically recognized human CNS cases;
however, it is most appropriately called
‘Cache Valley virus encephalitis’ or
alternatively ‘Cache Valley encephalitis’,
rather than invoking the serogroup name,
‘Bunyamwera encephalitis’.

Distribution
Cache Valley virus is distributed through-
out parts of Canada, most of the USA and
into northern Mexico (one Jamaican iso-
late). Fort Sherman virus from Panama and
Tlacotalpan virus from Mexico, considered
a subtype and variant of CV virus, respec-
tively, may be more representative of the
CV-like viruses circulating south of the
USA. Cache Valley virus was first isolated
in 1956 from Culiseta inornata mosquitoes
collected in Utah’s Cache Valley; almost
400 CV virus isolates came from 29

additional mosquito species in the next
three decades (data summarized in Calisher
et al., 1986). Isolates have also come from
large ungulates, such as Caribou (Rangifer
tarandus terraenovae), White-tailed deer
(Odocoileus virginianus), horses and sheep,
and from the one fatal human case. Cache
Valley virus may not be a single virus
species per se. Studies using cross-
neutralization tests with a number of
isolates have suggested multiple subtypes;
recent work has demonstrated that the
broad range of CV virus isolates represents
a viral species complex, including several
antigenically distinct forms.

The virus
Cache Valley is an enveloped virus whose
genome is composed of three single-
stranded, negative-sense RNA segments.
The large (L) segment of related bunya-
viruses is approximately 6800 bases in
length and encodes a probable viral poly-
merase. The middle (M) CV virus segment
has a 4463-nucleotide sequence. In bunya-
viruses, this segment encodes two glyco-
proteins, G1 and G2, plus a non-structural
protein; G1 functions in vertebrate cell
infection, while G2 appears critical for
mosquito infection. Cache Valley virus’s G1
glycoprotein consists of 958 amino acids
and five glycosylation sites, two of which
are unique to CV virus when compared
with Fort Sherman and Tlacotalpan viruses.
The third and shortest (S) segment encodes
for the nucleocapsid and a second non-
structural protein.

Nucleotide sequences are conserved
within the genus.

Clinical symptoms and record of infection
In the USA, inapparent human infection is
well documented from retrospective sero-
surveys, in which anti-CV virus antibody
prevalence ranged from 3% in residents of
southern Illinois to a mean of 7% among
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residents of 22 Indiana counties, and 19%
in coastal Virginia residents. An Indiana
study, using almost 2000 cord bloods from
live births at one regional hospital, found a
2.9% specific antibody prevalence against
CV virus, with an overall bunyavirus sero-
positive rate of 8.4%. The range of clinical
CNS symptoms associated with human CV
virus infection is unknown because only a
single fatality attributed to CV virus infec-
tion has been reported. The annual (ende-
mic) clinical : subclinical case ratio is also
unknown, as no public or private medical
laboratories routinely include Cache Valley
in differential diagnoses. Febrile illness
may be the norm; in Africa, ‘Bunyamwera
fever’ has been described and other BUN
serogroup viruses, including Fort Sherman,
are associated with febrile illness. Sero-
surveys of cattle, dogs, goats, horses, sheep
and pigs have found many with neutraliz-
ing (N) antibodies, suggesting frequent
infection. Antibody prevalence is higher in
larger domestic animals, as with wildlife;
CV virus seroprevalence in Indiana and
Michigan cattle and horses was similar
to that of White-tailed deer (i.e. 50–75%).
More than 82% of East Coast (USA) dairy
cattle and 95% of horses had neutralizing
antibody.

The most significant isolations of CV
virus from a domestic animal occurred in
Texas in 1987, when it was recovered from
aborted sheep; neutralizing antibody against
CV virus was detected in all ewes that lost
lambs. These results came from the investi-
gation of an epizootic of birth defects (arthro-
gryposis with hydranencephaly, i.e. AGH
syndrome, spontaneous abortion, stillbirth)
occurring in that sheep flock. Subsequent
inoculation of sheep and follow-up studies
proved that CV virus was a teratogen of
sheep and cattle.

Reports of epizootics and other out-
breaks of musculoskeletal and CNS defects
in sheep linked to CV virus through sero-
logies and virus isolations suggest that its
teratogenicity is of considerable veterinary
importance. A 1995 study of 500 human
sera noted a significant correlation between
maternal infection in the first trimester of
pregnancy, seroconversion to CV virus and

their infants presenting with macrocephaly.
In ungulate studies, the critical period is also
the first trimester. Antibody prevalence in
wild ungulates and especially White-tailed
deer suggests that they are important CV
virus hosts, with neutralizing antibody
prevalence reaching 100%. One serosurvey
of deer in the greater Minneapolis–St Paul
metropolitan area (Minnesota, USA) showed
a 91% antibody prevalence rate; in that
study essentially every deer was seroposi-
tive against either CV virus or Jamestown
Canyon virus (see entry) or both. Sero-
positive rates are considerably lower
when smaller wildlife are sampled. Only
6.1% (5/82) of eastern Cottontail rabbits
(Sylvilagus floridanus) had N antibody in
northern Indiana regions where high human
and domestic animal N antibody prevalence
against CV virus prevailed.

Diagnosis
In contrast to the major arboviral encepha-
litides in North America, complement
fixation (CF), haemagglutination inhibition
(HI) or enzyme-linked immunosorbent assay
(ELISA) kits or reagents are not widely
available for routine serological diagnosis of
CV virus infection. Antibody neutralizing
viral infectivity has generally been meas-
ured because CF and HI assays are group-
specific and do not allow for accurate iden-
tification of closely related Bunyamwera
(BUN) serogroup viruses. Virtually all
human infections have been typed using
viral neutralization tests (NT), especially in
serosurveys. Use of NT is essential, given
the overlapping geographical range of some
of the North American BUN serogroup
viruses. Cache Valley virus isolation has
primarily been accomplished using green
monkey kidney (VERO) cells and/or suck-
ling mice. During investigations of arbo-
virus outbreaks other than CV virus, a
variety of mosquito species have yielded
multiple CV virus isolations. During inves-
tigations of the 1980 eastern equine enceph-
alitis (EEE) virus (see entry) epizootic in
Michigan (USA), 54 of the 60 CV virus iso-
lates were from the mosquito Coquillettidia
perturbans. This mosquito was targeted
because of its regional association with EEE
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virus. In the fatal human case, CV virus was
isolated at the Special Pathogens Branch,
Centers for Disease Control and Prevention
(CDC), Atlanta, due to the persistence of
those workers in identifying the agent,
and because of the fortuitous sample sub-
mission due to the severity of the patient’s
illness. The likelihood is high that CV virus
isolates, from both invertebrates and verte-
brates, especially human, have been missed
in the past.

Transmission
Multiple mosquito species are probably
involved in regional CV virus transmission
cycles. The combined geographical ranges
of four species, Anopheles quadrimaculatus
and Anopheles punctipennis (the sources
of 32.5% of all CV virus isolates), Coquil-
lettidia perturbans and Culiseta inornata,
completely overlap the broad range of CV
virus and may well represent the primary
vectors. These four mosquitoes (the sources
of 58% of all CV virus isolates) feed prefer-
entially on large mammals and, less com-
monly, or rarely, on small mammals. The
majority of CV virus isolates have occurred
from collections made in the latter part of
July into late October, suggesting greater
involvement of late-season vectors, espe-
cially the two anophelines. Vector compe-
tence trials have shown that A. puncti-
pennis, A. quadrimaculatus, C. perturbans,
C. inornata, Ochlerotatus1 sollicitans,
Ochlerotatus taeniorhynchus and Aedes
vexans are all capable of oral transmission
of this virus, although at lower levels.

Since a single geographical CV virus
cycle has yet to be elucidated, it is hypothe-
sized that CV virus is transmitted primarily
in the latter half of the summer into early
autumn by anophelines, and perhaps other
mosquito species, to a wide range of larger
ungulates. Infection of captive White-tailed
deer (Michigan, USA) occurred after mid-
August in multiple years when the only
mosquitoes feeding on large ungulates
at the site were A. quadrimaculatus and
A. punctipennis.

Local veterinarians have anecdotal
records of AGH syndrome outbreaks in
sheep during the local season when peak

anopheline populations occurred. Cache
Valley virus may overwinter in blood-fed
anophelines as no spring isolation from
other mosquito species has been obtained
prior to the emergence of overwintering
anophelines (see also Jamestown Canyon
virus). This hypothesis does not preclude
the possibility of CV virus overwintering
transovarially in culicine species, as occurs
with other bunyaviruses. Alternatively, late
spring and early summer isolations from
aedine mosquitoes in the northern half of the
USA could result from their merely probing
viraemic ungulates and not from their role as
biological vectors. Since populations of spe-
cies that are competent in one region may
not be competent in a different geographical
region, extensive vector and host compe-
tence studies are essential to elucidate the
role that each species from which CV virus
has been isolated may play in the overall
North American transmission cycles.

Treatment
The clinical treatment of a CNS case associ-
ated with CV virus infection would be
similar to that for any other arboviral neuro-
pathogen; symptoms (high fever, seizures,
coma) are treated until recovery occurs.
There have been no studies utilizing anti-
viral drugs to treat CV virus infection, nor is
there likely to be a vaccine produced, given
the current lack of interest in associating
this and other bunyaviruses with clinical
disease in domestic animals and humans.

Control
Efforts to control the probable primary
vectors of CV virus in North America would
probably  be  ineffective,  given  their  basic
biology, the range of different breeding sites
and the environmental impact of markedly
affecting the A. quadrimaculatus, A. punc-
tipennis and perhaps the C. perturbans and
C. inornata populations. Timely public
education remains the key.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Carrión’s Disease

Richard J. Birtles

Carrión’s disease, or bartonellosis, is a
biphasic disease, caused by the Gram-
negative bacterium Bartonella bacilliformis,
which affects inhabitants of the Andean
cordillera in South America. Infection man-
ifests either as a haemolytic anaemia (Oroya
fever) or as a benign eruptive syndrome
characterized by blood-filled angiogenic
skin lesions (verruga peruana). Although
the infectious nature of the disease was not
confirmed until the beginning of the 20th
century, recognition of verruga peruana
as a disease entity predates Christopher
Columbus. That the two phases of the
disease were indeed caused by the same
aetiological agent was demonstrated by the
foolhardy exploits of a Peruvian medical

student, Daniel Carrión, from whom the
disease takes its name. Carrión inoculated
himself with fluid drawn from a skin lesion
of a verruga peruana patient and subse-
quently succumbed to Oroya fever.
Although the clinical course of Carrión’s
illness was unexpected, his death was not.
Oroya fever is estimated to be fatal in over
80% of untreated patients. The name Oroya
fever was coined following a severe epi-
demic that killed 7000 immigrant labourers
working on the railway between Lima and
La Oroya, Peru, in 1871.

Distribution
Although Carrión’s disease has been
reported along the length of the Andes
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between Colombia and northern Chile, the
vast majority of cases are Peruvian. An
endemic zone for the disease exists on the
western slopes of the mountains in the cen-
tre of the country, between Cajamarca in the
north and Huancavelica in the south, with
most cases occurring in the communities
living between 1000 and 3000 m altitude.
The endemic zone has long been considered
as being limited to the area inhabited by the
phlebotomine sand-fly, Lutzomyia verru-
carum, which was identified in the 1930s as
the most likely vector of Carrión’s disease
and has remained the leading contender
ever since. Foci of Carrión’s disease have
recently been encountered in regions of
Peru where the disease was previously
unknown, such as Cusco in the Andean
Sierra and the area around Chachapoyas
(Amazonas) in the north of the country.

Aetiological agent
Bartonella species are facultative intra-
cellular haemotrophic bacteria whose natu-
ral life cycles require a warm-blooded host
(see also Bartonella quintana and Barto-
nella henselae, and Cat-scratch disease).
Bartonella bacilliformis possesses an unre-
markable morphology of a small Gram-
negative bacterium, although the presence
of polar flagella differentiates it from most
other members of the genus.

Clinical symptoms
Acute bartonellosis (Oroya fever) is classi-
cally considered as a severe haemolytic
anaemia accompanied by high fever, chills
and headache. The syndrome is character-
ized by rapid onset and progression, leading
to rheumatic pain, lymphadenopathy and
neurological dysfunction. Immunosuppres-
sion renders patients especially prone to
secondary infections, most often with Sal-
monella species. It appears to be these com-
plications, as much as the direct effects of
Carrión’s disease, that lead to profound
illness, coma and death. However, this
severe progression occurs mainly in visitors
to endemic areas or in inhabitants of places
where new foci of the disease emerge. In
contrast, most cases occurring among the
population of endemic areas (especially

among children) appear to be of a much
milder nature. Anaemia may or may not be
apparent, whereas severe headaches, joint
aches, fever and malaise are common.

Verruga peruana is manifested by multi-
ple blood-filled skin lesions that result from
angioproliferation of the subdermal vascu-
lature. The form and number of lesions can
vary. Newly formed lesions are friable but
older forms are more robust. Although often
disfiguring, the verrugas are self-limiting
and gradually disappear. Classical descrip-
tions suggest that verruga peruana follows
weeks after Oroya fever, but this is not neces-
sarily accurate. Some Oroya fever sufferers
never develop verruga peruana whereas, for
other people, the appearance of verrugas
may be the first indication of Carrión’s
disease. Alternatively, patients may develop
verrugas many years after recovering from
Oroya fever.

Pathogenicity
The biphasic nature of Carrión’s disease
results from tropism for both erythrocytes
and (micro)vascular endothelial cells. The
ability of Bartonella species to invade eryth-
rocytes is unique among bacteria, but only a
handful of virulence factors associated with
this process have been identified. Notably,
flagella appear to play a significant role
in erythrocyte interaction and an invasion-
potentiating two-gene locus has been iden-
tified. Perhaps the most remarkable viru-
lence trait of B. bacilliformis is its ability to
induce proliferation of vascular endothelial
cells. This ability appears to be mediated by
a protein factor released by the bacteria. As
yet this factor remains virtually uncharac-
terized, although rigorous efforts to do so
are in progress.

Diagnosis
The examination of peripheral blood
smears has long been used to confirm
cases of Oroya fever. On Giemsa staining,
bartonellae appear as coccobacillary forms
within erythrocytes. However, this method
is relatively insensitive, especially if the
anaemia is mild. Polymerase chain reaction
(PCR)-based methods for the detection of
B. bacilliformis have been developed and,
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in a reference laboratory setting, have
proved reliable and sensitive. Cultivation of
B. bacilliformis from infected blood is also
possible, usually using a blood-rich agar
(other media have also proved useful).
However, long incubation times compro-
mise the usefulness of this approach. Histo-
pathological diagnosis is the most often
employed method for the diagnosis of
verruga peruana, although visualization of
the bacteria is problematic and diagnosis
often relies on the observation of non-spe-
cific pathologies such as angioblastic prolif-
eration. Serological assays have been de-
scribed and some have performed well in
evaluations. However, such assays are of lit-
tle use for acute-phase diagnosis, and the
relevance of titres, especially if an asymp-
tomatic carrier state exists, is uncertain.

Transmission and epidemiology
For most of the Bartonella species, a
non-human mammalian reservoir host has
been implicated, but for B. bacilliformis and
B. quintana humans are thought to be
the principal reservoir host. Attempts to
identify non-human hosts by screening
bloods from animals inhabiting areas of
Peru where Carrión’s disease is endemic
yielded several Bartonella species, but not
B. bacilliformis. However, two recent epide-
miological investigations found the risk
of disease increased when animals were
housed inside the home or when sick chick-
ens and Guinea-pigs (Cavia porcellus) were
reported. Evidence for a human reservoir
host is derived from the relatively frequent
reports of isolation of B. bacilliformis from
asymptomatic individuals (many of whom
had previously suffered from Oroya fever).
Indeed, some surveys have indicated that
as many as 10% of inhabitants of endemic
areas may be carriers of the bacterium.
However, a recent study of 243 children
in southern Ecuador failed to identify any
asymptomatic infections despite Carrión’s
disease being present in the region for at
least the last 15 years.

Although the phlebotomine sand-fly,
L. verrucarum, is still considered the princi-
pal vector of Carrión’s disease, this species is
absent from many of the areas where new

foci of the disease have emerged. Other
Lutzomyia species may act as vectors under
these circumstances. Nothing is known
about the mechanism of transmission, or
whether the bacterium interacts with the
vector in any way.

Treatment
Appropriate antibiotic therapy reduces
mortality among Oroya fever patients to less
than 10%. Although many antibiotics are
effective against B. bacilliformis, it is the
usefulness of chloramphenicol against sec-
ondary infections due to salmonellae that
has made it the drug of choice.

Control
There are no realistic control measures to
prevent infection, although sleeping under
a sand-fly net and the use of insect repel-
lents may reduce the biting of potential vec-
tors, such as phlebotomine sand-flies.
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Cat-scratch disease and other related Bartonella infections

Bruno B. Chomel and Chao-chin Chang

Cat-scratch disease
Cat-scratch disease (CSD), first clinically
identified in humans in the 1930s, was
described in 1950 in France. However,
it was only in the early 1990s that the
appropriate aetiological agent, Bartonella
henselae, was identified. It was an indirect
and unexpected consequence of the
acquired immune deficiency syndrome
(AIDS) epidemic, as this bacterium was also
identified as the cause of bacillary angio-
matosis in immunocompromised individu-
als. Bacillary angiomatosis is a potentially
deadly vascular proliferative infection of
the skin, bone and other organs associated
with the presence of clumps of bacteria.
Cat-scratch disease in humans is typically
a benign, subacute regional lymphadeno-
pathy resulting from dermal inoculation of
the causative agent. Domestic cats are the
major source of human infection and repre-
sent the main reservoir of the organism. The
cat flea, Ctenocephalides felis, is the main
vector of transmission from cat to cat.

Distribution
Cat-scratch fever has a worldwide dis-
tribution, especially in warm and humid
countries. There is, however, a prevalence
gradient from the south to north, at least for
the northern hemisphere.

Aetiological agent
The bacterial origin of this disease was
demonstrated in 1983 by the presence of
bacilli in histological sections after silver
staining (Warthin–Starry staining). In 1988,
a pleiomorphic Gram-negative bacterium
was isolated from the lymph node of an
infected individual and named Afipia felis.
It was regarded as the aetiological agent of
CSD for a few years. However, the isolation,
identification by polymerase chain reaction
(PCR) or the presence of B. henselae-
specific antibodies, and the lack of Afipia
felis antibodies or organisms from CSD
patients, either by isolation or by PCR, led

to the exclusion of this bacterium as the
aetiological factor for CSD. Furthermore,
only Bartonella DNA was identified in der-
mal tests that were used for CSD diagnosis.
Based on serological evidence, two human
cases of CSD have been associated with
infection by Bartonella clarridgeiae, a
flagellated organism first isolated from
domestic cats, which represent the natural
reservoir host.

Clinical symptoms
In humans, 1–3 weeks elapse between the
scratch or bite and the appearance of clini-
cal signs. Usually, patients develop a small
skin lesion at the inoculation site within
3–10 days after the scratch. Within 3 weeks,
a unilateral, painful lymphadenopathy dev-
elops, usually in the epitrochlea, axillary,
cervical or inguinal lymph nodes, and
persists for a few weeks to several months.
Suppuration and atypical or systemic
manifestations, including encephalitis, may
occur in 15% of the cases. Furthermore, the
clinical spectrum of symptoms associated
with B. henselae infection has expanded in
recent years to include fever of unknown
origin, endocarditis and haemolytic
anaemia.

Diagnosis
Since 1992, serological tests and techniques
to isolate, or to identify by PCR, the pres-
ence of the bacteria have been developed.
The most common test is the detection of
specific antibodies by immunofluorescence
assay (with a titre ≥ 1 : 64 for positive indi-
viduals). Isolation by blood culture often
leads to false-negative results, and is classi-
cally substituted by PCR from a lymph node
biopsy, or PCR on an ethylenediamine tetra-
acetic acid (EDTA) blood sample. Two
serotypes of B. henselae have been identi-
fied, with possible negative results for one
or the other. Similarly, cross-reactivity for
B. clarridgeiae and B. henselae in humans
may be limited.
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Epidemiology and transmission
There were an estimated 22,000 individuals
with CSD in the USA in 1992, of whom
2000 required hospitalization. It is also esti-
mated that 2000 CSD cases occur annually
in The Netherlands. Cat-scratch disease
occurs in immunocompetent patients of all
ages, with more than half of the cases being
less than 20 years of age. It is the most com-
mon cause of chronic benign adenopathy in
children and young adults. More than 90%
of the cases have a history of some contact
with cats, and 57–85% of patients recall
being scratched by a cat. In a case–control
study, cases were more likely than healthy
cat-owning controls to have at least one
kitten ≤ 12 months of age, to have been
scratched or bitten by a kitten, to have at
least one kitten with fleas and to have found
a tick on their own body.

Human infection usually results from a
cat scratch. It has been suggested that cats
inoculate infective faeces from fleas (C. felis)
with their claws during scratching. In at least
one instance, human infection was associ-
ated with flea exposure. Two human cases of
CSD have also been associated with tick
bites.

Domestic cats are the main reservoir
host of B. henselae and B. clarridgeiae and
transmission of infection from cat to cat has
only been successful in the presence of
infected fleas. Up to 40% of stray and
free-roaming cats have been found to be
bacteraemic with B. henselae. In Europe and
in the Philippines, up to one-third of the cats
were B. clarridgeiae-bacteraemic, whereas
in North America and Japan B. clarridgeiae
prevalence was approximately 10%. Co-
infection in cats with both species has also
been reported.

Treatment
Most individuals with CSD experience mild
illness and require minimal treatment.
Antibiotics may be recommended in
severe forms and in immunocompromised
individuals. Ciprofloxacin, rifampin or
gentamycin have been suggested, as well
as azithromycin. In immunocompromised
individuals, doxycycline and erythromycin
are the antibiotics of choice.

Other related Bartonella infections
Besides the well-known infections caused
by Bartonella bacilliformis, causing Car-
rión’s disease (see entry) and veruga
peruana, transmitted by phlebotomine
sand-flies in the Andes, and by Bartonella
quintana causing trench fever (see Barto-
nella quintana and Bartonella henselae),
transmitted by human body lice (Pediculus
humanus), several new Bartonella species
or subspecies have been recently associated
with human or animal diseases or
infections.

Several Bartonella species, which have
rodent reservoir hosts, have been found to
cause human endocarditis (B. elizabethae),
myocarditis (B. washoensis), neuroretinitis
(B. grahamii) or high fever with neurological
symptoms (B. vinsonii subsp. arupensis).
Unfortunately, in no instances, were the
sources and vectors of infection identified.
More recently, a human case of endocarditis
caused by B. vinsonii subsp. berkhoffii has
been reported from Europe. Similarly,
no source of infection or vector was
identified.

In domestic animals, Bartonella have
also been isolated from dogs suffering from
endocarditis (B. vinsonii subsp. berkhoffii)
or peliosis hepatis (B. henselae). For dogs
infected with B. vinsonii subsp. berkhoffii,
tick transmission has been suggested, based
on epidemiological evidence. Bartonella
koehlerae has been isolated from two
cats from northern California and B. weissii
has been isolated from cats in Utah and
Illinois, USA. In cattle, we isolated a new
Bartonella species, B. bovis, closely related
to B. weissii, and its transmission is likely to
be tick-borne.

Several Bartonella species have also
been isolated from wildlife, including many
rodent species (B. taylorii, B. doshiae,
B. tribocorum, B. birtlesii), rabbits (B. alsa-
tica) and carnivores such as Coyotes (Canis
latrans) and Gray foxes (Urocyon cinereo-
argenteus) which are infected with
B. vinsonii subsp. berkhoffii; and there is
as yet an unidentified Bartonella, close to
B. weissii, infection in wild Mule deer1

(Odocoileus hemionus) and Elk (Cervus
elaphus).
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Note
1 Mule deer and Black-tailed deer are usually
considered to be the same species.
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Cattle-tick fever see Babesiosis.

Central European encephalitis see Tick-borne encephalitis.

Ceratopogonidae see Biting midges.

Cerebrospinal nematodiasis see Setariosis.

Chagas disease, human

C.J. Schofield

Chagas disease (also known as American
trypanosomiasis) is a protozoon infection in
humans named after the Brazilian clinician
Carlos Justiniano das Chagas, who first
described the disease in 1909. Chagas also
determined the infectious agent and worked
out most of its life cycle, including recogni-
tion of its insect vectors and some reservoir
hosts. In Latin America, 16–18 million peo-
ple were estimated to be infected in 1990,
with about 100 million considered at risk,
and the World Bank ranked Chagas disease
as the most serious parasitic infection of
the Americas in terms of its social and
economic impact. Since then, transmission
has been substantially reduced, following
extensive vector control programmes.

Distribution
As a zoonotic infection of small mammals
and marsupials, Trypanosoma cruzi occurs
throughout the Americas from the Great
Lakes of North America to southern
Patagonia. Human infection is primarily
among poorer rural communities of Latin
America, living in houses infested with the
insect vectors – large blood-sucking bugs of

the subfamily Triatominae. However, about
10% of parasite transmission occurs
through blood transfusion from infected
donors, so that increasing numbers of
infected people are recorded from cities,
including some cases outside the Americas.
Cases of congenital (transplacental) trans-
mission from infected mothers living
outside the Americas have also been
recorded.

Parasite
Trypanosoma cruzi is a flagellated proto-
zoan, typically about 8–15 µm long, charac-
terized by a large DNA-containing kineto-
plast at the base of the flagellum. It
undergoes transformation and division in
mammalian cells, particularly those of
smooth muscle and cardiac muscle, eventu-
ally rupturing these cells to allow escape of
the parasites and infection of further cells.
Some of the parasites escape to the periph-
eral bloodstream, where they may be taken
up by feeding triatomine bugs. These para-
sites transform and multiply in the bug’s
gut, and may be shed in the bug’s faecal
droplets when it next feeds.
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Clinical symptoms
Human infection with T. cruzi proceeds
through two phases, acute and chronic,
either or both of which may be with or with-
out clinical symptoms. There may be a char-
acteristic lesion at the portal of entry,
known as a chagoma, and, if the portal of
entry was the optic mucosa, there may be a
highly characteristic unilateral ocular
oedema, known as Romaña’s sign. Follow-
ing a brief incubation period, the acute
phase of infection typically lasts about 2–4
weeks. During this time the parasites are
circulating in the peripheral bloodstream
and progressively invading cells of various
tissues, particularly heart muscle. There
may be a patent parasitaemia, but not
always. Acute-phase symptoms may
include fever, malaise, hepatomegaly and
splenomegaly, lymphadenopathy, menin-
goencephalitis and acute or diffuse myocar-
ditis, but many acute cases are undetected.
Mortality during the acute phase is esti-
mated to be 5–15% (mainly among younger
children), depending on the strain of para-
site and state of the patient.

Immune response to the circulating
parasites increases during the acute phase
of infection, gradually clearing the blood-
stream of parasites. Bloodstream parasites
are thus rare during the chronic phase of
infection, although there may be a reactiva-
tion of the acute phase if the patient becomes
immunocompromised (e.g. through human
immunodeficiency virus (HIV) infection or
the use of immunosuppressants). Generally,
the chronic phase is without symptoms, but
20–30% of chronic-phase patients may
eventually develop clinical symptoms as a
result of progressive tissue destruction over
a period of several years. The most frequent
symptoms involve progressive destruction
of muscle and nervous tissue of the heart,
leading to arrhythmias, atrial fibrillation,
conduction problems and insufficiency.
Patients may feel tired and present periph-
eral cold oedemas due to chronic cardiac
insufficiency, which may be the direct cause
of death. Severe lesions may also result in
aneurisms of the cardiac wall, causing sud-
den death (morte subita), often following
unaccustomed exercise. Parasite strains that

most usually circulate in the Southern Cone
countries of Latin America also show some
tropisms for intestinal tissues, causing
destruction of the digestive autonomous
nervous plexus, leading to intestinal
‘mega-syndromes’ (gross dilatations of parts
of the intestinal tract). Most common are
mega-oesophagus, which can lead to diffi-
culties in swallowing (mal de engasgo), and
mega-colon, which can lead to failure in
stool transit and consequent faecaloma.
More generalized nervous system disorders
have been reported, but now seem less
frequent.

Trypanosoma cruzi is a common infec-
tion of marsupials, armadillos (Dasypus
species), rodents and other small mammals
in Latin America, although clinical disease
due to the infection is rarely seen in such
animals. Birds and reptiles are refractory to
the infection (the parasite is killed through
complement-mediated lysis in bird blood).
Large domestic mammals, such as cows, pigs
and horses, are rarely infected (probably
because they have little contact with
infected bugs, and the parasite may have
difficulty in penetrating the skin). Goats are
more frequently infected, probably because
goat corrals often have heavy infestations
of triatomine bugs. Domestic dogs and cats
are readily infected, and often show clinical
symptoms similar to those described for
humans.

Diagnosis
Acute chagasic infection can be suspected
in patients complaining of fever who are
residents of endemic rural areas of Latin
America, especially if a possible chagoma
is apparent and/or the patient’s abode is
known to be infested with triatomine bugs.
Romaña’s sign (unilateral ocular oedema) is
strongly diagnostic. During the acute phase,
parasites may be seen in fresh blood films
(e.g. from finger-prick blood) or thin films
stained with Giemsa, but not always.
Serological diagnosis can be made in late
acute infections and in chronic infections,
using enzyme-linked immunosorbent assay
(ELISA), indirect haemagglutination (IHA)
and/or indirect fluorescent antibody (IFA)
tests, but it is recommended that at least
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two serological tests be carried out for
confirmation. Parasitological diagnosis can
be confirmed by haemoculture and/or xeno-
diagnosis (feeding uninfected triatomine
bugs on the patient and then examining the
bug’s faecal material for parasites some
20–30 days later).

Transmission
Over 80% of transmission of T. cruzi to
humans is by the insect vectors, large blood-
sucking bugs of the subfamily Triatominae
(see Triatomine bugs). Well over 100
species of Triatominae have been described
from the Americas, but the majority are of
sylvatic habit and rarely come into contact
with people. Important vector species are
those that have adapted to living in human
dwellings (Fig. 1), particularly Triatoma
infestans in the Southern Cone countries,
Triatoma brasiliensis and Panstrongylus
megistus in north-eastern Brazil, and
Rhodnius prolixus and Triatoma dimidiata
in the Andean Pact countries and parts of
Central America. Domestic species gener-
ally feed at night when their potential hosts
are asleep. Both sexes and all five nymphal
stages of triatomine bugs feed on vertebrate
blood and can become infected if feeding
on an infected host. Once infected, bugs

remain so for life and infection rates of 50%
or more among domestic bug populations
are not uncommon. Ingested parasites pass
to the mid-gut and rectum of the bug, where
they transform and multiply, with infective
trypomastigote forms subsequently passed
out with the bug’s faecal droplets. Efficient
vectors are those that defecate during the
act of feeding, so that the infected faecal
droplets are passed out directly on to the
host. Parasites in the bug’s faeces may be
able to penetrate the host skin, especially
if abraded. More usually, the host will
rub the bitten area and then touch the
eye, nose or mouth, allowing the parasites
to pass readily through the mucosal mem-
branes. Parasites are not transmitted by the
bite of the insects, and transmission by the
faecal route is relatively inefficient. It has
been statistically estimated that on average
over 1000 contacts with infected bugs are
required to result in a new human infection,
but in heavily infested houses people may
be receiving over 25 bites per night so that
transmission during the first year of life
becomes highly probable.

Trypanosoma cruzi can also be trans-
mitted by blood transfusion from infected
donors or by transfusion of infected blood
products, with a transmission efficiency
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Fig. 1. Typical thatched-roof house in rural Trujillo, Venezuela, infested with
Rhodnius prolixus.
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variously estimated between 20 and 40%.
Organ transplants from infected donors
(especially kidney transplants) can also
result in transmission, even if the donor
is pretreated with trypanocidal drugs. Con-
genital transplacental transmission is also
recorded, although this is usually in less
than 2% of births to infected mothers.
Oral-route transmission is highly efficient,
but of infrequent occurrence; it may involve
eating undercooked meat or blood from
infected mammals (particularly opossums
(Didelphis species) and armadillos (Dasypus
species)) or from food or drink contaminated
with infected bug faeces. It seems likely,
however, that oral-route transmission is the
usual transmission method among wild
mammals, by eating infected bugs, and
this may also be common among domestic
cats and dogs. Several cases of accidental
transmission of T. cruzi among laboratory
workers have been recorded (usually by
accidental finger-pricking with contami-
nated syringes).

Treatment
Two drugs are available for specific treat-
ment of acute infections – nifurtimox
(Lampit® from Bayer) and benznidazole
(Rochagan® or Radanil® from Hoffman La
Roche). In both cases the drugs must be
given over extended periods, at dosages
that are close to their therapeutic limits,
so that toxic side-effects are common. For
treatment of acute infections in adults,
nifurtimox is given at 10–12 mg kg−1 day−1

divided into three spaced doses per day
after meals, for up to 60 days. Benznidazol
is given at 5–7 mg kg−1 day−1 in two or
three spaced doses before meals, for up
to 60 days. Children seem to have better
tolerance and can be given higher doses, up
to 15 mg kg−1 day−1 for nifurtimox and up
to 10 mg kg−1 day−1 for benznidazol. In all
cases, early initiation of treatment is more
likely to result in cure, and for accidental
laboratory infections, where treatment is
begun within 24 h of the presumed infec-
tion, the treatment schedule can be reduced
to 10–12 days. This is important because
toxic side-effects generally begin from the
eighth day onwards.

Chronic infections are more difficult to
treat successfully, and large-scale treatment
is not usually recommended for chronically
infected adults because of the low likelihood
of cure and high likelihood of side-effects. In
children, however, treatment is now being
recommended even in chronic infections
because of their higher tolerance to the
treatment and improved likelihood of at
least limiting the progression of chronic
lesions. For chronically infected adults, non-
specific symptomatic treatment may include
vasodilators and antiarrythmic drugs, such
as amiodarone, although advanced cardiac
arrythmias may require pacemaker implants.
Mega-syndromes can sometimes be correc-
ted by surgical intervention.

Control
The primary concept in Chagas disease con-
trol is to halt transmission by eliminating
domestic vector populations and by
improved screening of blood donors to
reduce the risk of transfusional transmis-
sion. Serological screening of blood donors
to reject those infected with T. cruzi (and
other blood-borne infections, such as HIV,
hepatitis and syphilis) is now carried out
routinely by many Latin American coun-
tries, with a consequent reduction in the
likelihood of transfusional transmission. In
some rural clinics, blood for transfusion is
treated for 24 h with 0.4% gentian violet,
which will clear the blood parasites but
results in a transient bluish colour for the
recipient. Regrettably, however, donor
screening for T. cruzi is not yet carried out
in all countries of the Americas.

Vector control is carried out by large-
scale spraying of infested premises with resi-
dual formulations of synthetic pyrethroid
insecticides – mainly with deltamethrin,
cyfluthrin, lambdacyhalothrin or cyperme-
thrin (Fig. 2). The initial spraying is followed
up by programmes of community-based vigi-
lance (to report any residual infestations),
with selective respraying where necessary.
Large-scale control of domestic vector popu-
lations can be highly effective, as shown by
campaigns against R. prolixus in Venezuela
during the 1960s and against T. infestans in
Brazil and Argentina during the 1970s–1980s.
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The problem was that treated premises
remain susceptible to reinfestation by bugs
carried in from untreated foci. This problem
has been addressed by very large-scale
regional campaigns designed to eliminate all
domestic foci of the primary vector species.
The first of these campaigns, known as
the Southern Cone Initiative, was formally
launched in 1991 by Argentina, Bolivia,
Brazil, Chile, Paraguay and Uruguay, joined
in 1996 by Peru. These countries encompass
the entire geographical range of T. infestans,
and the campaign to eliminate all domestic
populations of this species has already been
highly successful, especially in Brazil, Chile,
Argentina and Uruguay, where T. infestans
is now extremely rare and transmission rates
have been drastically reduced. Ongoing
campaigns in north-eastern Brazil are
also controlling domestic infestations of
T. brasiliensis and P. megistus. Based on the
Southern Cone experience, two further
regional initiatives were formally launched
in 1997 for the Andean Pact countries
(mainly involving Colombia, Ecuador and
Venezuela) and Central America (mainly
involving Guatemala, El Salvador, Honduras
and Nicaragua). For these countries the
main vector targets are R. prolixus and
T. dimidiata.

Where vector control has been success-
fully carried out, even in the absence of other
measures, it has been found that the likeli-
hood of transfusional and congenital trans-
mission has also declined, possibly because
reinfection has been stopped, thus reducing
the frequency of bloodstream parasites in
patients already infected with T. cruzi.
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Fig. 2. Spraying a pyrethroid insecticide (cyfluthrin
wettable powder) to eliminate Triatoma dimidiata
and Rhodnius prolixus from a bug-infested house
in Madriz, Nicaragua. Spraying also eliminates
scorpions and provides transient control of cock-
roaches, house-flies, fleas and mosquitoes, which
are also a nuisance in the house.

Chigger-borne rickettsiosis see Scrub typhus.

Chiggers see Mites.

114
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #7.vp
04 September 2001 12:30:50

Color profile: Disabled
Composite  Default screen



Chikungunya virus

Jack Woodall

An infection of humans and other primates.
Chikungunya (CHIK) virus was first isolated
from serum collected from a patient during
an outbreak of dengue-like illness in the
former Tanganyika, East Africa, in 1953. A
second outbreak occurred in South Africa
in 1956, and the virus has since been recov-
ered from other outbreaks in Africa and
Asia. Huge epidemics, some lasting for
years, others sweeping through a city and
infecting the whole population within a few
months, have been recorded. The name
means ‘that which bends up’ in the lan-
guage of the people of the Makonde plateau,
Newala Province, which is what the people
there called the first recognized epidemic. It
is a descriptor, not a place name like most
other arboviral names, so it does not begin
with a capital letter (cf. dengue, yellow
fever).

Distribution
Chikungunya virus is found in sub-Saharan
Africa from Senegal across to Ethiopia and
south to Angola, Zimbabwe, Mozambique
and South Africa. It is also found in India,
Sri Lanka and tropical South-East Asia –
Cambodia, Indonesia, Malaysia, Myanmar,
Philippines, Thailand and Vietnam. Anti-
body surveys have shown that 20–90% of
a given population may be immune to
it. Haemagglutination-inhibiting (HI) anti-
bodies have been detected in 15% of 83 sera
tested in the former USSR, but these could
have been due to infection with a cross-
reacting alphavirus.

Domestic animals
Only one of 183 zebu cattle tested in the
Central African Republic had enzyme-
linked immunosorbent assay (ELISA) anti-
body to CHIK virus, and only 4/370 domes-
tic animals in South Africa had neutralizing
antibodies; 5/220 domestic animals in
Nigeria, 171/755 in Thailand and 11/112
horses in Indonesia were seropositive by
haemagglutination inhibition (HI). But, in

the absence of any virus isolation from
livestock, these results may only indicate
cross-reactions with another alphavirus,
and CHIK virus has not been associated
with disease in livestock anywhere.

Virus
An RNA virus, family Togaviridae, genus
Alphavirus, which includes the viruses of
eastern equine encephalitis, western equine
encephalitis and Venezuelan equine encep-
halitis, Getah, Ross River, Semliki Forest,
Sindbis (see entries), Sagiyama and others.
By electron microscopy the virion diameter
is 42–59 nm. The nucleocapsid is surroun-
ded by a lipid envelope derived from host
cell membrane during budding, containing
two distinct glycoproteins.

The genome contains about 12,000 nuc-
leotides arranged as single, non-segmented
positive-sense strands of RNA. The genomes
are polyadenylated at the 3′ end and capped
with 7-methylguanosine at the 5′ end.
Subgenomic messenger RNA (mRNA) (26S
RNA) is formed during replication and con-
tains about 4100 nucleotides, the sequence
of which is identical to the 3′ terminal third
of the genomic RNA. This RNA is also poly-
adenylated and capped and is the template
for the four viral structural proteins; the 49S
RNA non-structural region serves as the tem-
plate for four non-structural proteins and the
capsid. The genome can accept mutations in
the conserved regions without destroying
biological activity; only sequences at the 3′
and 5′ termini are essential for amplification
and packaging. Where the non-structural
and structural genes meet, 19 nucleotides
upstream from the beginning of the 26S RNA
sequence and five downstream from it are
needed for production of 26S RNA. The non-
structural proteins of alphaviruses are more
conserved than the structural proteins.

The virus forms plaques and causes
cytopathic effects in vertebrate cell cultures
(HeLa (named after a patient), VERO,
LLC-MK2, baby hamster kidney (BHK-21),
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chick and duck embryo) and invertebrate
cultures (C6/36 from Aedes albopictus mos-
quitoes). These cells can be used as sub-
strates for ELISA or for tests to detect
neutralizing antibodies to the virus.

Alphaviruses have common antigenic
determinants, as shown by many serological
tests, including HI, complement-fixation
(CF), ELISA and immunofluorescence. They
have been classified into six antigenic com-
plexes: (i) eastern equine encephalitis; (ii)
Middelburg; (iii) Ndumu; (iv) Semliki For-
est; (v) Venezuelan equine encephalitis; and
(vi) western equine encephalitis. Chikun-
gunya virus has several varieties and two
subtypes: CHIK and o’nyong-nyong (ONN)
(see entries). Getah virus has three subtypes:
Getah, Sagiyama and Bebaru, and Mayaro
virus has two: Mayaro and Una. (See entries
on all of these except for Ndumu, Sagiyama
and Una.) Phylogenetic trees indicate that
CHIK virus originated in Africa, and that
Asian strains are most closely related to
strains from East and South Africa, which
are in their turn distinguishable from those
from West Africa.

Field strains of the virus are non-
pathogenic to adult mice but are pathogenic
for suckling and weanling mice inoculated
intracranially. Humans, newly hatched
chickens, laboratory mice and other rodents,
such as the White-tailed mouse (Mystromys
albicaudatus), African vervet monkeys
(Chlorocebus aethiops1) and Asian Rhesus
monkeys (Macaca mulatta), Chacma baboon
(Papio ursinus), African prosimians, such as
the Lesser galago (Galago senegalensis), and
bats (species of Tadarida, Pipistrellus and
Scotophilus) are susceptible to the virus
and develop high-titre viraemias, without
necessarily causing any symptoms.

Clinical symptoms
Chikungunya virus infection can be
symptomless; two infections without any
clinically recognized disease occurred in
laboratory technicians in Nigeria. When
symptoms do appear, the incubation period
is normally 2–3 days (range 1–12 days),
followed by sudden onset of fever, severe
chills, arthralgia, leucopenia and often a
rash. Biphasic fevers occur, contributing to

difficulty in distinguishing CHIK virus
infection clinically from malaria (see entry).
Severe polyarthralgia commences at or soon
after onset of fever and chills, predomi-
nantly affecting the small joints of the
hands, wrists, ankles and feet (distinguish-
ing it from dengue, which usually attacks
the elbows and knees), but it moves around
and may affect more than one joint at a
time. Generalized myalgia is also common.
Arthralgias usually resolve within a week
but may persist for weeks, months or even
years. More than 10% of patients with
chikungunya disease develop chronic joint
symptoms.

Headache, photophobia, conjunctival
inflammation, retro-orbital pain, anorexia,
nausea, vomiting and abdominal pains
occur but are not usually severe or pathog-
nomonic. The rash is maculopapular and
ranges from mild to extensive; it is often
confused with the rash caused by dengue
viruses, and mixed epidemics of chikun-
gunya and dengue have been recorded. The
rash has been seen from as early as the day of
onset to as late as the tenth day after onset;
however, it usually appears at the time
the fever abates and lasts 1–5 days. Severe
arthralgia is the symptom most indicative of
chikungunya illness. Lympadenitis occurs,
but is much less marked than in o’nyong-
nyong infection. Petechiae may be pres-
ent, but haemorrhagic manifestations are
unusual. However, in infants and young
children infected with the virus, haemor-
rhagic manifestations have been seen, fol-
lowed by the rare fatality. A mixed epidemic
due to the CHIK virus and yellow fever was
seen in Senegal in 1996. The occurrence of
focal seizures, repeated seizures and convul-
sions in adults suggests that CHIK virus may
on occasion directly involve the brain.

Diagnosis
Because of serological cross-reactions with
other alphaviruses, virus isolation is the
standard for laboratory diagnosis. Alpha-
viruses can be distinguished one from
another by use of virus-specific or strain-
specific monoclonal antibodies employed
in HI, neutralization, ELISA and other tests.
Both antigenic and biological variation have
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been detected between strains of CHIK virus
from widely different geographical areas.
African and Asian strains of CHIK virus can
be distinguished by using kinetic haemag-
glutination inhibition tests or by the use
of monoclonal antibodies in any of various
tests, including ELISA.

Antibody to CHIK virus cross-reacts
in immunoglobulin M (IgM)-capture ELISA
tests with heterologous alphaviruses, but is
most reactive with other viruses of the same
antigenic complex. Immunoglobulin M anti-
body from patients with chikungunya dis-
ease have highest titres to CHIK virus, lower
titres to ONN and Mayaro viruses (which are
in the same complex), and even lower to, for
example, eastern equine encephalitis virus
(which is not in the same complex). Immu-
noglobulin M antibody peaks 3–5 weeks
after onset of illness and persists for about
2 months. Immunoglobulin G antibody also
appears relatively soon after onset but,
unlike IgM, persists for many months or
years after the illness. Immunoglobulin M
antibody inhibits haemagglutination by the
virus, immunofluoresces and neutralizes it;
IgG antibody reacts in these tests and in CF
tests as well. Thus, IgM ELISA is the diag-
nostic test of choice for determining recent
infections (if confirmed by neutralization
tests) and may be applied to single serum
samples in some instances. The presence of
IgG antibody to any of these viruses is simply
an indication of past infection and, without
demonstration of a significant (fourfold or
greater) increase or decrease between paired
acute-phase and convalescent-phase serum
samples, cannot be used to implicate the
virus in the aetiology of the illness; the use-
fulness of IgG assays is limited because of
cross-reactivity.

Transmission
The virus is transmitted between vertebrate
hosts by mosquitoes; aerosol transmission
has been recorded in the laboratory. Human
infections with CHIK virus occur primarily
in the rainy season when mosquito popula-
tions peak. In tropical Africa the virus has
been isolated from many species of mosqui-
toes, including many Aedes species, such

as A. aegypti, A. africanus, A. cordillieri,
A. furcifer, A. luteocephalus, A. opok and
A. taylori, and Mansonia africana. Trans-
mission has been obtained in the laboratory
for many of these. The evidence is that the
principal vectors in Africa are the sylvan
mosquitoes A. furcifer and A. africanus.
In Asia the vectors are probably urban
A. aegypti and various species of Culex, as
isolations have been made from them. The
Asian mosquito A. albopictus may also be a
vector, since after experimental infection it
transmitted the virus by bite, and also trans-
mitted it transovarially in the laboratory
(but only when co-infected with micro-
filariae, and then only to the F1, but not the
F2, generation).

Humans develop high-titre viraemias
and the peridomestic A. aegypti transmits
the virus to humans in both urban and vil-
lage settings. Chikungunya virus has been
isolated from an African vervet monkey (C.
aethiops) and a Baboon (Papio hamadryas)
in Senegal, indicating that non-human
primates are the primary vertebrate hosts
in Africa, with spread to humans occurring
under favourable conditions. But in Asia the
virus is maintained in a human-to-human
cycle through A. aegypti mosquitoes.

A single isolate was obtained from
100,000 ixodid (hard) ticks collected and
processed in the Republic of Guinea
between 1978 and 1991, and which yielded
multiple isolates of 12 other viruses; a single
isolate was also obtained from Ornithodoros
sonrai ticks in Senegal. This suggests that
ticks are not important vectors of this virus,
and, in fact, the isolates could have come
from an undigested blood meal in the tick’s
gut rather than from infection of the tick.

Although experimentally infected Asian
monkeys (Macaca species) develop high-
titre viraemia, they do not appear to serve
as the principal reservoir host of the virus
there, as they do in Africa. Antibody to the
virus has been detected in Chimpanzees
(Pan troglodytes) and in various species of
monkeys; there has been one isolate from
a bird, the Golden sparrow (Auripasser
luteus), and two from bats (Scotophilus
species), both in West Africa.
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Treatment
Since there is no specific antiviral drug,
treatment consists primarily of supportive
therapy. Symptoms respond partially to
non-steroidal anti-inflammatory drugs, hae-
morrhagic cases require whole blood and
platelet transfusions.

Control
Prevention of infection involves reducing
contact between humans and mosquitoes by
avoidance behaviour and mosquito control
operations. Clothing that covers arms and
legs, insect repellents on exposed skin, stay-
ing indoors in mosquito-screened houses
after dark and using bed nets, preferably
insecticide-impregnated, are all effective.
Larviciding, done by hand or by spraying
insecticides from backpacks, and adulticid-
ing, by spraying insecticides from trucks or
planes, can temporarily interrupt trans-
mission. Community education and media
publicity are essential to engage the general
public in cleaning up the environment
to get rid of mosquito breeding places.
Providing piped water and proper sewage
disposal and managing irrigation systems
have all been successfully used to reduce
vector populations.

The widespread prevalence of CHIK
virus in both Africa and South-East Asia
and of competent vectors for the virus
(A. albopictus, A. aegypti) in the USA and
focally through a substantial portion of the
Americas, and a human population com-
pletely susceptible to these viruses, together
with the isolation of the virus from travellers
arriving in North America sick with CHIK
virus infection, suggest that a vaccine would
be useful. A live, attenuated vaccine has
been developed by the US military and is
being tested in humans. It has been found
that it greatly diminishes the response to
subsequent Venezuelan equine encephalitis
(VEE) (see entry) vaccination and, convers-
ely, that the VEE vaccine greatly diminishes
the response to subsequent CHIK vaccina-
tion. This could indicate that a CHIK vaccine
might cross-protect against the closely related
o’nyong-nyong and Mayaro viruses (see
entries), and that VEE vaccination could

provide some protection against CHIK virus
infection.

Note
1 Formerly in the genus Cercopithecus.
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Cholera see Flies.

Chrysops species see Horse-flies.

Cimicidae

M.W. Service

The Cimicidae are a well-defined family
of blood-sucking bugs, containing almost
100 species, the best known of which are
the bedbugs (Cimex lectularius and Cimex
hemipterus). However, bedbugs are not
vectors of any of the infections in this ency-
clopedia, but the swallow bug, Oeciacus
vicarius, is a vector of the Bijou Bridge
subtype of Venezuelan equine encephalitis.
This bug has a Nearctic and western Palae-
arctic distribution.

Adults of O. vicarius are flattened
dorsoventrally, brown in colour and about
5 mm long and lack wings. The life cycle
consists of eggs, followed by five nymphal
stages, all of which blood-feed on swallows
or sometimes on other birds, and finally
the adults. The bugs do not migrate with

the swallows during winter and many die,
but some, mainly adults, overwinter in a
semi-dormant state in cracks and crevices of
their nests; occasionally they may attach to
other species of birds and blood-feed. Very
occasionally, O. vicarius bites humans but
they cannot mature their eggs on a diet of
human blood.
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Clegs see Horse-flies.

Cockroaches (Blattaria)

M.W. Service

There are about 4000 species of cockroaches
(roaches, steam-bugs, black-beetles), of
which some 50 species have become dom-
estic pests. They have an almost worldwide
distribution, but tend to be more numerous
in warm climates. The most important
vectors of disease pathogens to humans and
animals are the German cockroach (Blatella
germanica), the American cockroach (Peri-
planeta americana) and the Oriental cock-
roach (Blatta orientalis).

Biology
Eggs are laid encased in a brown bean-
shaped capsule called an ootheca (Fig. 1),
which commonly contains 24–50 eggs.
Female cockroaches are often seen running
around with an ootheca protruding from the
abdomen. Small pale miniature editions of
the adults, called nymphs, hatch from the
eggs after 1–3 months, the time depending
mainly on temperature. Nymphs are wing-
less. There are usually six nymphal instars,

Cockroaches (Blattaria) 119

119
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #7.vp
04 September 2001 12:30:52

Color profile: Disabled
Composite  Default screen



although in P. americana there can be 13;
older nymphs are progressively darker and
resemble more closely the adults. Duration
of the nymphal stages depends on tempera-
ture, abundance of food and species, but
can vary from about 3 months to 2 years.
The fore-wings, called tegmina, are brown
and rather leathery and fold over one
another to protect the hind-wings (Fig. 1);
there are no elytra (see Beetles).

Cockroaches like warmth and during
the day hide in almost any dark place, rang-
ing from under tables and in cupboards to
cesspools, underground sewers and drains;
they become very active at night. They can
be very common in kitchens, bakeries, hos-
pitals and restaurants, where nymphs and
adults feed on discarded foods. They are
voracious and omnivorous feeders, consum-
ing dried blood, sputum, excreta and almost
any vegetable or animal matter. They fre-
quently disgorge partially digested meals
and deposit their excreta on food. Adults can
live for many months.

Diseases
Because of their insanitary habits, cock-
roaches have long been suspected of
mechanically transmitting a great variety of
pathogens and parasites to humans and, to a
lesser extent, to animals. Although many
pathogens can be isolated from the body
and legs of cockroaches and their excreta,
there is usually insufficient evidence that

they can actually result in infections,
especially when such pathogens are easily
spread directly from person to person with-
out the aid of cockroaches. Consequently, it
is difficult to prove that cockroaches are the
prime cause of any disease outbreak. Never-
theless, cockroaches are known to carry
pathogenic viruses, such as those responsi-
ble for poliomyelitis and hepatitis; bacteria,
such as Escherichia coli, Staphylococcus
aureus, Klebsiella pneumoniae, Shigella
dysenteriae, Salmonella typhi, Salmonella
typhimurium and other species; and proto-
zoans, such as Entamoeba histolytica,
Toxoplasma gondii, Trichomonas hominis,
Giardia intestinalis and Balantium coli.

In addition, cockroaches have been
incriminated in triggering various respira-
tory infections, including asthma.

Control
Ensuring food is covered and not left out
overnight may help reduce contamination
with pathogens from cockroaches. How-
ever, the main method of alleviating disease
risks is to destroy the cockroach population.
Residual insecticides, such as the organo-
phosphates and pyrethroids, or insect
growth regulators (IGRs) can be sprayed in
kitchens and other places harbouring cock-
roaches. Alternatively, various very simple
attractant traps, baited with food or phero-
mones, can be employed to catch and/or kill
cockroaches.
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Fig. 1. (A) Adult
cockroach (Periplaneta
americana); (B) ootheca
(egg capsule) protruding
from abdomen of Blatta
germanica; (C) typical
ootheca. (Modified from
M.W. Service (2000)
Medical Entomology
for Students, Cambridge
University Press,
Cambridge.)
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Colorado tick fever

Charles H. Calisher

In the mid-19th century, settlers in and
visitors to the Rocky Mountain region of
North America mentioned ‘mountain fever’
as a cause of morbidity and occasional mor-
tality. ‘Mountain fever’ was probably any of
a number of illnesses, including typhoid
fever, Rocky Mountain spotted fever, Colo-
rado tick fever and other febrile illnesses.
The subsequent association of fever, chills,
headache, myalgia and arthralgia with onset
in spring and summer in the Rocky Moun-
tain region suggested a connection between
the illness and transmission by ticks. L.
Florio and co-workers isolated Colorado
tick fever (CTF) virus from humans and
from Dermacentor andersoni (‘the wood
tick’) and demonstrated that this virus is the
aetiological agent of the disease. When the
maintenance cycle of CTF virus in natural
foci in Colorado and Montana was better
understood, it was apparent that the virus
and probably the disease were more wide-
spread than first recognized.

Distribution
The distribution of CTF virus roughly
approximates that of its vector tick, D.
andersoni. It has been isolated from
humans, ticks or both in Colorado, Utah,
Montana, California, Wyoming, Idaho,
Oregon, South Dakota, Washington, New
Mexico and Nevada, and also in southern

Alberta and British Columbia, Canada.
Many of these areas are vacation destina-
tions, frequented during the tick season
(spring and early summer) by large numbers
of  tourists.  Colorado  tick  fever  virus  has
been isolated from humans vacationing in
or travelling through these states and physi-
cians should be aware of the possibility
of Colorado tick fever in febrile patients
returning from these regions.

Aetiological agent
Colorado tick fever virus has been placed
in the family Reoviridae (genus Coltivirus).
It is an RNA virus, so that genotypic and
phenotypic variations among isolates are
common. Nine genera and one proposed
genus comprise the family Reoviridae. More
than 138 viruses have been arranged in the
genera Aquareovirus, Coltivirus, Cypovirus,
Fijivirus, Orthoreovirus, Orbivirus, Oryzo-
virus, Phytoreovirus and Rotavirus or in the
proposed genus of plant reoviruses. All
members of the family are composed of
ten to 12 segments of double-stranded
RNA, six to ten proteins and carbohydrate.
Members of this virus family replicate
in cytoplasm and genetic recombination
occurs very efficiently by genome segment
reassortment.   Colorado   tick   fever   virus
is the prototype member of the genus
Coltivirus (from Colorado tick fever virus),
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established because it has 12 RNA seg-
ments, compared with ten in members of
the genus Orbivirus, in which it had been
placed originally. Also, the surface capso-
meric structure of the core particles differs
from that of the orbiviruses. The coltiviruses
are spherical particles 80 nm in diameter,
with two outer capsid shells and a core with
no projections. They are labile at pH 3 and
are scarcely sensitive to lipid solvents (as
opposed to most other arboviruses, which
are extremely sensitive to lipid solvents).
Replication occurs in cytoplasmic viro-
plasms; during morphogenesis regularly
structured filaments and tubules form.

Viruses with genomes consisting of 12
segments of double-stranded RNA were
isolated from mosquitoes collected in
Indonesia. It is thought that these isolates
represent two new genotypes and they
have been placed in the genus Coltivirus. In
addition, viruses isolated from adult Ixodes
ricinus ticks and Ixodes ventalloi larvae in
Germany and France are members of this
genus. Comparisons of numerous strains
of CTF virus from ticks, humans and other
mammals by neutralization, hybridization
and polyacrylamide gel electrophoresis
indicated that, although multiple geno-
types and some antigenic variations exist
and therefore reassortment of gene segments
must occur, most of the 12 genes were
highly conserved over the 33-year period
represented.

Clinical symptoms
Classically, symptoms of Colorado tick
fever appear abruptly, with initial features
of high fever, chills, joint and muscle pains,
severe headache, ocular pain, conjunctival
injection, nausea and occasional vomiting.
Fever, headache, lumbar pains, aching in
the extremities and anorexia may continue
for a few days more; the spleen and liver
may be palpable. A transitory petechial or
maculopapular rash is seen in a minority of
patients. The biphasic character of Colorado
tick fever is exemplified by defervescence
for a few days followed by a relapse of
2–3 days. A small proportion of patients
complain of more severe illness, including
extended prostration, anorexia, continuing

fatigue and convalescence for several or
more weeks. A more severe picture is occa-
sionally seen in children, who may have
haemorrhagic manifestations, ranging from
more pronounced rash to disseminated
intravascular coagulopathy and gastro-
intestinal bleeding. Central nervous system
involvement, including aseptic meningitis
and encephalitis, has been seen in severely
affected children. Rarely, adult orchitis, peri-
carditis, hepatitis and symptoms mimicking
myocardial infarction have been reported.
Because few fatalities have been associated
with CTF virus infection, little informat-
ion on human pathological changes is
available.

Diagnosis
The incubation period of Colorado tick
fever is <1 to 19 days (average about 4 days),
possibly dependent on the dose of CTF
virus the patient receives from the infecting
tick.

Antibody to CTF virus is not detected
until 1–2 weeks after the onset of illness.
A remarkable finding in both humans and
experimental animals is prolonged vira-
emia, which may last for several months,
a phenomenon advantageous for diagnosis.
Early in the disease, virus can be isolated
from both serum and blood clots with about
the same frequency, but later it is more easily
isolated from blood clots. Because there
are no pathognomonic profiles, no specific
symptom or array of signs and symptoms, no
physical findings, laboratory abnormality,
radiographic or electroencephalographic
features that can be used to define Colorado
tick fever, a differential diagnosis on clinical
grounds can be very difficult. However, a
thorough knowledge of illness caused by
CTF virus, of the epidemiological aspects of
the natural cycles of CTF virus and of the
patient should enable an attentive clinician
to make a rational differential diagnosis.

Numerous serological surveys have
demonstrated that human populations in
endemic areas have low, moderate or high
prevalence of antibody to CTF virus. Thus,
detecting antibody to CTF virus cannot be
taken as absolute evidence of an association
of the current illness with that virus but
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antibody to CTF virus is certainly evidence
of infection with that virus.

A history of tick exposure, knowledge
of a patient being fed on by ticks (90% of
patients recall having had an attached tick or
having seen a tick crawling on their body or
clothing) or early clinical signs and symp-
toms may provide preliminary evidence that
the patient has Colorado tick fever or Rocky
Mountain spotted fever. However, the char-
acteristics of the rash and the progression
of the illness, as well as the presence of
leucocytosis, distinguish Rocky Mountain
spotted fever from Colorado tick fever. Other
diseases with which Colorado tick fever
might be confused are tick-borne tularaemia,
relapsing fever and acute rheumatic fever.
Differential diagnosis of these infections is
important because Colorado tick fever is not
treatable with antibiotics.

Geographical distribution, principal
arthropod vector and vertebrate hosts of CTF
virus have been well established for many
years, and yet this disease continues to be
under-recognized and under-reported. For
example, only 441 cases of Colorado tick
fever occurred between 1985 and 1989 in the
states that had active Colorado tick fever
surveillance programmes, namely Colorado,
Montana, Utah, Wyoming, California, and
Idaho. An analysis of 606 Colorado tick fever
cases by age and sex, revealed: 11.6% were
0–9 years of age, 16.4% 10–19 years, 23%
20–29 years, 12.7% 30–39 years, 12.8%
40–49 years, 9.6% 50–59 years, 10.9%
60–69 years and 3.0% > 70 years of age. In
all, 71.5% of cases were in males and 28.5%
in females. The excess number of cases in
males and people aged 20–29 years is
probably indicative of more time spent in
outdoor activities. The primary risk factor
for acquiring Colorado tick fever is exposure
to infected D. andersoni ticks in CTF virus-
endemic areas.

Whole blood and serum, taken for virus
isolation attempts, should be processed
immediately or placed on dry ice (−70°C) or
otherwise suitably frozen until they can be
tested. Serological conversion from a nega-
tive or low titre to a positive or high titre
is most often used for confirmatory diagno-
sis. Because a person can be infected and

seroconvert to a virus without becoming ill,
identifying CTF virus isolated from the
patient is a more dependable basis for
laboratory confirmation. Because CTF virus
replicates in erythrocytes this virus is seq-
uestered from the quenching effect of anti-
body and can be isolated for an extended
period; and the probability of obtaining a
CTF virus isolate from patient blood is
high. When an isolate is obtained, various
methods are available for its identification.

Electron microscopy can be used at an
early stage of virus identification, allowing
placement of the isolate into a particular
virus family and thus greatly facilitating or
making unnecessary subsequent character-
ization (determination of size, species of
nucleic acid, ether or sodium deoxycholate
sensitivity, pH stability and spectrum of
animal or cell culture sensitivity). Detection
of viral antigen by immunofluorescence
has been a standard assay for many years;
detection and identification of CTF virus
RNA by polymerase chain reaction has
recently become available and holds many
advantages for diagnosis, surveillance and
research. Virus antigen or nucleic acid is
either detected directly in the infected speci-
men or after amplification in laboratory
animals, vertebrate cell cultures (VERO,
LLC-MK2, baby hamster kidney (BHK-21)),
or live ticks inoculated with material
suspected to contain CTF virus.

Direct immunofluorescence with anti-
body to CTF virus is used to detect CTF
virus antigen in cell cultures infected with
the virus; indirect immunofluorescence also
uses polyclonal antibodies but requires the
additional use of anti-species antibody. Nev-
ertheless, the latter is a more widely used
test because of its flexibility. Enzyme-linked
immunosorbent assay (ELISA) depends on
reactions between viral antigens and anti-
bodies to them (for example, those prepared
in mice) and then uses an enzyme-labelled
reporter antibody (continuing the example,
anti-mouse) to demonstrate those reactions.

For rapidly determining virus identity,
group-specific and complex-specific anti-
bodies to CTF virus are available from
arbovirus reference centres and from
various research laboratories. For final
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identification, an antiserum is also prepared
against the isolate and cross-tested against
reference antigens and viruses of the sero-
group to which the isolate belongs. Ultimate
definitive determination of genotypic varia-
tion can only be done by fingerprint (gene
sequencing) or footprint (protein sequenc-
ing) genomic analyses.

Infection with CTF virus leads to pro-
duction of immunoglobulin M (IgM), IgG
and, probably, IgA antibodies. These can
be detected by ELISA, immunofluorescence,
neutralization, complement fixation or any
of a great variety of other assays.

Immunoglobulin M antibody to CTF
virus does not cross-react with antibody
to any other North American virus, so that
detecting such antibody, even in a single
serum, can be considered presumptive evi-
dence of recent infection with that virus.
However, IgM antibody to CTF virus is not
detected until 1–2 weeks after the onset of
illness and may persist for some weeks or
months. Immunoglobulin G antibody to CTF
virus appears relatively soon after onset but,
unlike IgM, persists for many months or
years after the illness or may persist for life.

Because IgG antibody to CTF virus
persists, detecting IgG antibody to CTF virus
in a serum sample from an acutely ill, a
convalescing or a recovered patient cannot
alone be used as evidence of current infec-
tion with that virus. Detecting IgM antibody
to a given virus in a serum sample from an
acutely ill, a convalescing or a recovered
patient is at least provisional evidence of
infection with that virus.

The IgM antibody-capture ELISA
(MAC-ELISA) is the serodiagnostic test of
choice for determining recent human infec-
tions with CTF virus. The MAC-ELISA has
the distinct advantage of being able to
provide the clinician with relevant results
within a matter of hours, rather than days or
weeks as with most other techniques. Never-
theless, whereas it might be acceptable
to consider MAC-ELISA-positive sera as
presumptive evidence of recent infection
during such a situation, in all such instances
supportive epidemiological information
must be obtained and attempts made to
obtain additional serum specimens.

A serologically confirmed infection
with CTF virus requires demonstration of
significant (fourfold or greater) increase or
decrease in antibody titre between paired
acute-phase and convalescent-phase serum
samples collected days to weeks apart. A
serologically presumptive infection is one in
which only an acute-phase serum is avail-
able, but that serum contains IgM antibody
to CTF virus and it is negative or shows only
very low titre to CTF virus by other assays,
including those for IgG antibody; often, col-
lecting and testing another serum later in the
illness reveal antibody of sufficient titre to
allow shifting the ‘presumptive’ designation
to ‘confirmed’. Whereas IgM antibody usu-
ally begins to decline a few weeks or a few
months after onset of illness, a minority
of patients have prolonged IgM antibody
responses, somewhat limiting the value of
these assays as a measure of very recent
infection. Thus the presence of IgM class
antibody in a patient with an illness clini-
cally compatible with Colorado tick fever
is, in itself, not confirmatory of such an
infection.

Antibody, assistance in preparing such
antibodies, antigens, viruses and additional
information can be obtained from any of
the World Health Organization Centres for
Arbovirus Reference and Research. The
World Reference Centre is at the University
of Texas, Medical Branch, Galveston, Texas;
the reference centre for the Americas is at the
Centers for Disease Control and Prevention
(CDC), Fort Collins, Colorado.

Transmission
Colorado tick fever virus is transmitted
exclusively by ticks in North America.
Infection of ticks by CTF virus appears to
be lifelong, with no observable pathological
changes or untoward effects on the tick.

Many factors help to determine the
effectiveness of a vertebrate as a CTF virus
reservoir host. Among those of greatest
importance are the presence of a high-titre
viraemia of duration adequate to infect a
critical number of ticks, attractiveness to
the tick and a continuing availability of addi-
tional non-immune individuals. Humans are
dead-end or tangential hosts for tick-borne
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viruses and do not play a significant role in
the maintenance and dissemination of CTF
virus.

The vertebrate host spectrum varies for
each virus; generally, particular species of
smaller vertebrates with high population
replacement rates, such as birds or rodents,
serve as hosts, but larger mammals can be
involved.

Colorado tick fever virus is trans-
ovarially (adult female→egg) and transtad-
ially (larva→nymph→adult) transmitted
in D. andersoni ticks. The virus has also
been isolated occasionally from some other
Dermacentor species, as well as from ticks in
other genera. In a detailed study of CTF virus
and Colorado tick fever in Rocky Mountain
National Park, Colorado, increased CTF
virus activity was detected at sites with
south-facing slopes, open stands of Ponder-
osa pine and shrubs on dry, rocky surfaces,
and these landscape characteristics were
determined to be fundamental in maintain-
ing the virus. These specific ecological char-
acteristics were vital to tick populations,
as they comprised specific habitats for the
small mammals on which the ticks depend
for both blood meals and shelter. Mammals
involved in the natural cycle of CTF virus
include the Golden-mantled ground squirrel
(Spermophilus lateralis), Porcupine (Eri-
thizon dorsatum), Least chipmunk (Tamias
minimus), Deer mouse (Peromyscus mani-
culatus) and Bushy-tailed woodrat (Neo-
toma cinerea).

The biological transmission cycle of
CTF virus can be conceived of as beginning
with an uninfected, susceptible and compe-
tent tick taking a blood meal from an infected
vertebrate. If there is no ‘mesenteronal
escape barrier’ (a not yet understood mecha-
nism that prevents virus from moving from
infected gut tissue to other tissues), ingested
virus then replicates in the tick’s mid-gut
and is disseminated to other tissues.

Treatment
There is no specific antiviral therapy for
Colorado tick fever. Therapeutic efforts are
directed towards managing symptoms, such
as reducing fever and relieving headache.
Because CTF virus is not transmitted from

person to person, containment barriers are
not necessary, but care should be taken in
handling tissues and body fluids because
they may contain virus, and laboratory
infections can occur. Vaccines for pre-
exposure prophylaxis are not available for
Colorado tick fever. Prevention (education)
is the best defence. People should be aware
of CTF virus in their home areas and in the
areas they visit and learn to avoid contact
with suspected vectors during the trans-
mission season.

Control
Potential vector control measures include
spraying or fogging insecticides (larvicides
and adulticides) from the air or by ground
equipment, and reducing or altering habitats
(source reduction). These measures should
be supplemented by surveillance program-
mes intended to provide early warning of
virus activity. However, no such methods
have been applied to the control of ticks
that carry CTF virus because of the impossi-
bly monumental effort this would require.
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Cone-nose bugs see Triatomine bugs.

Conjunctivitis see Eye-flies and Flies.

Cornybacteriun pyogenes see Mastitis.

Corridor disease see Theilerioses.

Cowdria ruminantium see Heartwater.

Cowdriosis see Heartwater.

Coxiella burneti see Q fever.

Crimean–Congo haemorrhagic fever

P.A. Nuttall

Disease of humans caused by Crimean–
Congo haemorrhagic fever (CCHF) virus.

Crimean–Congo haemorrhagic fever,
human

The name derives from the separate regions
in Asia and Africa where severe and often
fatal human cases of haemorrhagic disease
and fever were recognized in the 1940s and
1950s. Virus isolates from the two regions
are antigenically indistinguishable. The
disease came to people’s attention in the
Crimea when about 200 military personnel
became ill while helping peasants to har-
vest grain. Russian scientists, led by Profes-
sor M.P. Chumakov, isolated the virus from

human patients and from ticks. The same
virus was isolated by C. Courtoise in 1956
from a 13-year-old patient in the Belgian
Congo (Democratic Republic of Congo).
However, Crimean–Congo haemorrhagic
fever has a much longer history, with the
first record in the early 12th century.
Although ticks transmit CCHF virus to a
wide variety of animal species, the severe
disease only affects humans. Cattle, sheep
and small mammals, such as hares (Lepus
species) may develop mild fever following
infection. The disease in humans is compar-
atively rare but a cause for concern because
of high mortality and transmission through
contact with patients. Handling the virus
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requires the highest degree of laboratory
containment.

Distribution
Second only to dengue viruses (see entry)
as the most widely distributed medically
important arthropod-borne virus. Recorded
in Africa, the Middle East, Europe and Asia
(Fig. 1); see under Epidemiology below for
a more detailed account. The virus distri-
bution largely corresponds with the dis-
tribution of Hyalomma species of ticks that
occur in semi-desert, steppe, savannah and
foothill biotopes. Exceptions are the decid-
uous forests of Moldavia, where Hyalomma
has been replaced by Ixodes ricinus and
Dermacentor and Rhipicephalus species,
and in Madagascar, where Hyalomma ticks
do not occur and where CCHF virus has
been isolated from Boophilus microplus.
Environmental changes associated with

wartime neglect of agricultural land or
conversion of flood plains and marshy
deltas to farmland, significantly increase
the prevalence of CCHF virus. In temperate
regions CCHF virus enzootic foci occur in
areas of warm summers and relatively mild
winters. Hyalomma marginatum, the pri-
mary tick vector in Eurasia, cannot survive
monthly mean winter temperatures below
−20°C.

Virus
Crimean–Congo haemorrhagic fever virus is
the type species of the Nairovirus genus in
the virus family, Bunyaviridae. The genus
is named after Nairobi sheep disease virus
(see entry), a tick-borne relative of CCHF
virus that causes disease in sheep and goats.
All nairoviruses infect vertebrates (mam-
mals and/or birds) and most of them are
transmitted by ticks.

Crimean–Congo haemorrhagic fever 127

Fig. 1. Geographical distribution of CCHF virus. For countries indicated in white
boxes, evidence is based solely on antibody detection in humans and/or other animals.
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Viewed using an electron microscope,
CCHF virus appears spherical, approxi-
mately 100 nm in diameter (buoyant den-
sity, 1.17 g ml−1), with a dense core (capsid)
surrounded by a lipid envelope, through
which protrude spikes, 5–10 nm in length.
The viral genome is segmented, comprising
three circular, single strands of negative-
sense RNA. All three genomic RNA segments
have a unique 3′ end sequence of 3′-AGAG-
(A/U)UUCU. The small (S) segment (approx.
1.7 kb) has a single open-reading frame
encoding the nucleocapsid (N) protein. In
contrast, the medium (M) segment (approx.
5.0 kb) encodes a large polyprotein, which is
processed into the two surface glycopro-
teins, G1 and G2, and several non-structural
proteins. The large (L) segment encodes a
single L protein of approximately 460 kDa,
which is probably the viral polymerase.

Virus infection of cells is probably
through receptor-mediated endocytosis,
followed by fusion of the viral envelope with
endosomal membranes. Monoclonal anti-
bodies directed against G1 (but not against
the N protein) neutralize viral infectivity,
suggesting an important role for G1 in the
infection process. All stages of viral replica-
tion occur in the cell cytoplasm, although
comparatively little is known of these
events. As the viral RNA is negative-sense,
the first step in replication is the transcrip-
tion of the incoming genomic RNA into viral
complementary RNA. The transcriptase has

not been identified. Viral messenger RNA
(mRNA) has host-derived primer sequences,
indicating a ‘cap-snatching’ mRNA priming
mechanism, as found with influenza
viruses. Virion assembly occurs in the Golgi
complex. Nucleocapsids acquire their outer
envelope by budding into the Golgi lumen.
Virions are then transported to the cell
membrane and released from the infected
cell by exocytosis.

Clinical symptoms
Disease severity appears similar wherever
Crimean–Congo haemorrhagic fever occurs.
Clinical signs of the disease follow an
incubation period of 1–7 days but this may
be longer when infection is by contagion
rather than by tick feeding. The disease is
characterized by a sudden onset with severe
headache, dizziness, neck pain and stiffness
and photophobia. Fever with chills occurs
at about the same time. Patients rapidly
develop general myalgia and malaise, with
intense leg and back pains. By the second
to fourth day of illness, patients may have
a flushed appearance. In severe cases, a
petechial rash appears on the trunk and
limbs by the third to sixth day of illness
(Fig. 2). Internal and external bleeding are
common, although sometimes a tendency to
haemorrhage is apparent only from the ooz-
ing of blood from injection or venepuncture
sites. Severely ill patients may show hepato-
renal and pulmonary failure from about

128 Crimean–Congo haemorrhagic fever

Fig. 2. Haemorrhagic rash
on the arm of a CCHF
patient (courtesy of D.S. Ellis
and the Tropical Medicine
Resource, The Wellcome
Trust, London).
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day 5 onwards, and become progressively
drowsy, stuporous and comatose. Deaths
generally occur on the 5th to 14th day
of illness. Recovery from Crimean–Congo
haemorrhagic fever begins on day 9 or 10
with the abatement of the rash and a general
improvement, although convalescence may
continue for a month or longer.

Pathogenicity
Pathogenesis resulting from an infection
of CCHF virus is poorly understood. As
an arthropod-transmitted virus, it probably
undergoes local replication in the skin site
of infected tick feeding. In humans, the
virus then probably spreads via blood
and/or lymph, infecting organs (such as the
liver) that are major sites of replication.
Capillary fragility is a feature of CCHF
virus, suggesting infection of endothelium.
Circulating immune complexes may form,
which, together with complement activa-
tion, would contribute to damage to the
capillary bed and to renal and pulmonary
failure. Endothelial damage would account
for the characteristic rash and contribute to
haemostatic failure by stimulating platelet
aggregation and degranulation, with conse-
quent activation of the intrinsic coagulation
cascade.

Complete autopsies are seldom per-
formed on patients who die from Crimean–
Congo haemorrhagic fever. Examination is
often confined to blood changes and liver
biopsies. Disseminated intravascular coagu-
lopathy is probably an early event, the sever-
ity of which predicts a fatal outcome. Liver
lesions vary from disseminated necrotic foci
to massive necrosis. Necrotic hepatocytes
appear as acidophilic, amorphous masses
and there is little or no inflammatory
response.

Diagnosis
Early diagnosis is essential because infec-
tion can be transmitted by contagion. Clini-
cal symptoms and exposure details provide
the first indicators – for example, if patients
from endemic regions have been in contact
with or bitten by ticks or exposed to fresh
blood or other tissues of livestock or human
patients. A characteristic symptom is the

sudden onset of a severe influenza-like ill-
ness. The disease is easier to recognize once
a rash appears and there are haemorrhagic
signs. Laboratory diagnosis is based on
virus isolation from serum or plasma taken
early in the disease or demonstration of an
immune response in samples taken later.
Isolation is by intracerebral inoculation of
day-old mice with blood from patients or by
inoculation of patient samples into African
green monkey kidney (VERO) cells. The
virus is only weakly cytopathic in cell cul-
ture and is detected by immunofluorescent
antibody tests. Although not as sensitive as
mouse inoculation, virus isolation in cell
culture is more rapid, taking 1–5 days com-
pared with 5–8 days in mice. More recently,
the polymerase chain reaction (PCR) has
been used to detect CCHF viral RNA in
patient tissues. Antibodies to CCHF virus
are detectable by indirect immunofluores-
cence assay from about day 7 of illness, and
are present in the sera of survivors by day
9 at the latest. Immunoglobulin M (IgM)
antibody levels decline and become unde-
tectable by the fourth month after infection.
Immunoglobulin G levels may also begin to
decline at this time but remain detectable
for at least 5 years. Recent or current
infection is confirmed by demonstrating
seroconversion, an equal or greater than
fourfold increase in antibody in paired
serum samples or IgM antibody in a single
specimen. Patients who succumb rarely
develop an antibody response, and the diag-
nosis is confirmed by virus isolation from
serum or liver specimens taken after death.

Differential diagnosis should consider
tick-borne typhus (Rickettsia conorii
infection, known as tick-bite fever; see
Tick-borne typhuses), which responds to
broad-spectrum antibiotics. Other infections
presenting as haemorrhagic disease include
bacterial septicaemias and viral haemor-
rhagic fevers. In Africa, the latter include
Marburg disease, Ebola fever and Lassa
fever, none of which is tick-borne. Haemor-
rhagic fever with renal syndrome is more
widespread and caused by rodent-borne
hantaviruses (see Haemorrhagic fever with
renal syndrome). Mosquito-borne yellow
fever and dengue viruses (see entries) are
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capable of causing fatal haemorrhagic
diseases in humans.

Transmission
Vectors are ixodid (hard) ticks (Fig. 3).
Although CCHF virus has been isolated
from at least 31 different tick species and
subspecies (including two argasid (soft)
species), the primary vectors are Hyalomma
species, particularly H. marginatum margi-
natum, H. marginatum rufipes (the African
representative of the H. marginatum com-
plex), and H. anatolicum anatolicum. All
three species are two-host ticks: immature
stages (larvae and nymphs) feed on the
same individual host before dropping off to
moult to the adult stage which then feeds on
a second host. Both immature stages and
adults of H. a. anatolicum feed on domesti-
cated mammals, whereas H. m. marginatum
and H. m. rufipes immature stages and
adults feed on dissimilar hosts: immature
stages on birds, hares (Lepus species) and
hedgehogs (Erinaceus and Hemiechinus
species), and adults on cattle and other
large mammals (Fig. 4). Adult ticks success-
fully attack humans, only being detected
after a few days of feeding when they
become enlarged with blood. It is unlikely
that humans contribute to the transmission
cycle. Hares (Lepus species), hedgehogs
(Erinaceus and Hemiechinus species) and
cattle are probably important amplifying
hosts. Feeding on viraemic animals may
provide the source of infection for ticks.
However, screening domestic and wild ver-
tebrates for CCHF viraemia has often failed
to identify viraemic host species that main-
tain the viral enzootic cycle. Transmission
from infected to uninfected ticks feeding
together on non-viraemic hosts provides an
alternative route. This route exploits the
pharmacological properties of tick saliva
that promote virus transmission. Sheep and
ground-feeding birds, such as Hornbills
(Tockus erythrorhynchus) and Ostriches
(Struthio camelus), may act as non-viraemic
hosts. Otherwise birds play an important
role in disseminating ticks, particularly
those of the H. marginatum complex. Virus
can be transmitted sexually, from infected
male to uninfected female ticks during

mating (venereal transmission), and trans-
ovarially, from infected females to their
offspring. The epidemiological significance
of vertical (transovarial) transmission is
unknown. However, it could provide an
important amplification mechanism if virus
is transmitted from infected to uninfected
larvae co-feeding on the same host. Virus
survival in infected ticks and the ability
of Hyalomma species to survive at least
800 days without a blood meal indicate that
ticks act as virus reservoirs. Direct transmis-
sion through contact with infected blood
and body fluids and, possibly, crushed ticks
is an important route of human infections.

Epidemiology
The disease in humans has been recorded in
Africa (Mauritania, Burkina Faso, Central
African Republic, Democratic Republic of
Congo, Tanzania, Uganda, Namibia, Repub-
lic of South Africa), the Middle East (Iraq,
United Arab Emirates), Europe (Bulgaria,
Albania, Macedonia, Kosovo, Moldavia)
and Asia (Russia, Ukraine, Kyrgyzstan,
Tajikistan, Uzbekistan, Kazakhstan, Turk-
menistan, Armenia, Pakistan, western
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Fig. 3. Adult female Hyalomma tick (artwork by
André Olwage, copyright Oxford University Press).
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China). In addition, the virus has been iso-
lated from ticks collected in Greece, Sene-
gal, Nigeria, Madagascar, Kenya, Uganda,
Ethiopia, Afghanistan, Iran and Azerbaijan,
although there have been no records of
human disease in these countries. There
is limited evidence of infections in France,
Portugal, Turkey, India, Hungary, Kuwait,
Benin, Zimbabwe and Egypt, based on anti-
body detection in humans and/or other
animals.

Enzootic foci have often been recog-
nized only after unpredictable and sudden
occurrences of human Crimean–Congo
haemorrhagic fever cases. For example,
Crimean–Congo haemorrhagic fever was not
recognized in South Africa until 1981, when
a child was bitten by a Hyalomma tick in the
western Transvaal. Subsequent serosurveys
of livestock and wild vertebrates revealed
that CCHF virus was present long before its
presence was first recognized. New enzootic
foci may arise following dispersal of infected
ticks carried by birds and livestock. Despite
the lack of systematic surveillance for CCHF
virus, morbidity data reveal a characteristic

pattern of sporadic occurrence and widely
scattered cases, both spatially and tempo-
rally. In the Rostov region of the Ukraine, the
reported morbidity rate was 13.5/100,000
persons between 1963 and 1969, whereas
only a few cases were registered during
1970–1971, and none in 1972–1973. Mortal-
ity rates average 30%, but higher rates have
been reported, particularly when infection
has been by contagion.

In Eurasia, transmission appears during
early spring until late autumn, with human
cases peaking in June to August. In milder
climates where ticks remain active, trans-
mission probably occurs throughout the year.
Agricultural practices, particularly involv-
ing livestock, are important risk factors for
human Crimean–Congo haemorrhagic fever
cases acquired from tick-borne infections.

Treatment
Antiviral therapy may be effective in treating
CCHF viral infections if given early in the
course of disease. Promising results were
obtained in a trial of the chemotherapeutic
drug, ribavirin. However, as human cases
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Fig. 4. Routes of CCHF virus transmission. (1) Vertical (transovarial) transmission from infected adult tick
to offspring; (2) horizontal transmission from infected tick to uninfected vertebrate host or from infected
vertebrate host to uninfected tick during tick blood-feeding; (3) trans-stadial persistence during moulting
from one tick stage to the next stage; (4) direct transmission from infected human or non-human to
uninfected human by contagion; (5) sexual transmission from infected male to uninfected female tick.
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generally occur in less developed parts of the
world, the availability of such treatment is
limited. Treatment of the symptoms is the
usual course of action, and consists of sup-
portive and replacement therapy with blood
products. Immune-plasma therapy has been
used extensively when available.

Control
Acaricide treatment of livestock and con-
trolling the numbers of hares are effective in
reducing the population of infected ticks
and hence the risk of infection. However,
tick control is impractical in many regions
of the world where Hyalomma ticks are
most prevalent. Clothing impregnated with
pyrethroid acaricides can give some protec-
tion against tick bites. Wearing gloves and
limiting exposure of naked skin to fresh
blood and other tissues of animals are
practical control measures that should be
undertaken by veterinarians, slaughter
workers and others involved with poten-
tially infected livestock, and by medical
staff treating patients.

Inactivated virus vaccines prepared
from infected newborn mouse brain have

been used successfully in humans in the
former USSR and Bulgaria. Commercial
vaccines are not available.
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Deer-flies see Horse-flies.

Deer-fly fever see Tularaemia.

Dengue

Vincent Deubel and Bernadette Murgue

Dengue is caused by any one of four viruses
vectored mainly by the mosquito Aedes
aegypti and has a worldwide distribution in
the tropics. Dengue is the most important
medical arbovirus disease of the world
today, with an estimated annual 100 mil-
lion cases and several hundred thousand of
them severe.

Distribution
Dengue fever (DF) was first described in
1779 in Jakarta, Indonesia, and in Cairo,
Egypt and 1 year later in Philadelphia, USA.
From 1823 to 1905, major epidemics of
dengue-like disease occurred in Zanzibar,
India, the Caribbean and Hong Kong. In the
20th century, the largest outbreaks of den-
gue occurred in Australia (1925, 1942), the
USA (1922), the Seychelles (1926), Tunisia
and Greece (1927), Taiwan (1931) and Japan
(1942). During the 1980s and the 1990s an
increasing number of dengue epidemics
have been responsible for hundreds of
thousands of cases in South-East Asia and
in tropical and subtropical America, where
the virus has become endemic and regularly
associated with disease outbreaks.

One of the severe forms of the disease,
dengue haemorrhagic fever (DHF), became
epidemic in Manila, Philippines, in 1953
and has since spread throughout South-East
Asia. Increasing numbers of DHF cases have
been reported every year in the Caribbean
and other parts of the Americas since a major
epidemic in Cuba in 1981.

Before the 1980s, little was known about
dengue (DEN) virus distribution in Africa.
Since then, outbreaks have occurred in East
and West Africa, with major transmission
reported in the Seychelles, Kenya, Sudan
and Somalia. In addition, sporadic cases of

disease, clinically compatible with DHF,
have been reported from Mozambique,
Djibouti and Saudi Arabia.

Virus
Virus structure

There are four antigenically different DEN
virus serotypes, namely dengue-1, dengue-
2, dengue-3 and dengue-4, based on plaque
reduction neutralization and other tests.
They belong to the genus Flavivirus, family
Flaviviridae. Flaviviruses are enveloped
nucleocapsid spherical viruses 40–50 nm in
diameter. The virion has a density of about
1.23 g cm−3 in sucrose gradients and a sedi-
mentation coefficient of around 210 S20, w.
The mature virion contains three structural
proteins: the core protein (C), a membrane-
associated protein (M) and the envelope
protein (E). The viral nucleocapsid consists
of the core protein and a single-stranded,
positive-sense RNA approximately 11 kilo-
bases in length. The genomic RNA has a
type I 5′ cap of m7 GpppA and lacks a 3′-end
poly(A) track. The non-coding region at the
5′ end is about 110 nucleotides long and
that of the 3′ end ranges from 300 to 600
nucleotides. The flavivirus genome encodes
a polyprotein precursor of about 3390
amino acids, which is processed by co-
translational proteolytic cleavage by cellu-
lar (signalases and convertase) and viral
proteases. The gene order for the structural
proteins from the 5′ terminus is C-prM(M)-
E-NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5.
The properties of the viral proteins are
indicated in Table 1.

Virus replication and morphogenesis
Flaviviruses replicate in a wide variety of
cultured cells of both vertebrate and insect
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origins. Dengue viruses bind to susceptible
cells by three known mechanisms. Gluco-
aminoglycans, which are present on a mul-
titude of cell membranes, are target mole-
cules for DEN virions and may represent
a first non-specific step of virus binding.
Alternatively, non-neutralizing anti-virus
envelope immunoglobulin G (IgG) anti-
bodies form immune complexes, which
may mediate virion attachment and uptake
by binding to macrophages or monocytes
via Fc receptors found at the cell surface.
In addition, DEN viruses may bind to cells
via an as yet unknown protease-sensitive
receptor. Dengue viruses enter cells by
endocytosis, with the formation of coated
vesicles (Fig. 1). Uncoating of the nucleo-
capsid is accomplished by an acid-
dependent fusion of viral and endosomal
membranes. Viral fusion is mediated by the
E protein, which undergoes an irreversible
conformational change at acidic pH.

Uncoated viral genome is immediately
translated into viral proteins, including NS3
helicase and NS5 polymerase, involved in
RNA replication. The replication process
includes transcription of the positive-strand
RNA to negative-strand RNA, which then

134 Dengue

Proteins

C

PrM

M

E

NS1

NS2A 

NS2B

NS3

NS4A 

NS4B

NS5

Amino acids

102–126

166–183
(Glycoprotein)

75

495
(Glycoprotein)

352
(Glycoprotein)

348–354

618–623

395–405

900–905

Functions

Nucleoprotein. Forms the capsid

Stabilizes E protein at acidic pH in
the immature intracellular virion

Membrane protein

Binding to a cell receptor, fusion on
the mature viron, induction of neutralizing
antibodies

Functions in the viral RNA replication.
Other functions (extracellular form)?

Role in the cleavage of NS1–NS2A?

Cofactor in NS3 protease activity

Protease, helicase, NTPase

RNA replication

RNA replication

Polymerase, methyltransferase

Comments

Cytoplasmic

Precursor of M. Forms heterodimers with
E protein in the immature virion.
N-glycosylation on one site

Present on the mature extracellular virion

Dimeric envelope protein. N-glycosylation
on one site

Forms intracellular dimers and extracellular
hexamers. N-glycosylation on two sites

Hydrophobic protein

Hydrophobic protein

Cytoplasmic protein

Hydrophobic protein

Hydrophobic protein

Cytoplasmic protein

Table 1. Biological characteristics of flavivirus proteins.

Fig. 1. Dengue virus morphogenesis. Viruses bind
to an unknown receptor (I) and enter into the cells
by endocytosis (II). After fusion of the viral envelope
with the endosomic membranes (III), the nucleo-
capsid is processed in the cytoplasm and viral RNA
replicates (IV). Immature viral particles are formed
in the endoplasmic reticulum (ER) (V) and are
transported through the Golgi network (VI) to the
internal side of the cell surface. Viral particles are
released from the cells by reverse pinocytosis (VII).
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serves as template for additional positive
strands. Positive-strand RNA may serve
either as a template for further transcription
and translation into viral proteins, or for
encapsidation and virus assembling, which
occur during late eclipse, approximately
15 h after virus infection. All flavivirus
nucleocapsids appear to form immature
enveloped virus-like particles containing
E and prM protein heterodimers through a
process of budding, in which virus particles
assemble in the cisternae of the rough endo-
plasmic reticulum. Release of virus from the
infected cells occurs via secretory exocytosis
as virus-containing vesicles fuse with
the plasma membranes (Fig. 1). The final
cleavage step of prM by furin-like convertase
of the Golgi apparatus leads to release of
fully infectious virus particles.

Cytopathic effects of virus infection
range from inapparent to severe, depending
on the cell line and virus strain used. Cell
fusion is sometimes observed in mosquito
cells, whereas cell rounding and shrinking
in mammalian cells may be associated with
apoptotic cell death. Persistent infections
with production of infectious DEN virus
have been established in vertebrate and
invertebrate cell cultures.

Clinical symptoms
The incubation period of DEN virus infec-
tion is 3–10 days. According to the World
Health Organization (WHO) definition,
infection by a DEN virus causes either an
asymptomatic infection or a spectrum of ill-
ness, ranging from fever through relatively
mild disease, known as classic dengue fever
(DF), to a more severe form (DHF).

Classic DF occurs in adults as a febrile
illness with abrupt onset, lasting 2–7 days
and characterized by malaise, headache,
retro-orbital pain, myalgia and arthralgia.
A maculopapular rash develops with defer-
vescence. Hepatomegaly occurs in 10–30%
of DF cases; myocarditis has been observed.
In 5–30% of DF cases, a variable degree of
bleeding can occur, including petechiae,
purpura, epistaxis, gingival bleeding,
haematuria and hypermenorrhoea. Dengue
fever can be confused with influenza,
chikungunya (see entry), measles, rubella,

typhoid, malaria, leptospirosis and entero-
virus infections, and differential diagnosis
must be based on laboratory tests.

The clinical definition of DHF estab-
lished by the WHO in 1986 is based on the
presence of fever, haemorrhagic manifesta-
tions, thrombocytopenia and haemoconcen-
tration. The WHO classification further
subdivides DHF (Fig. 2) into four grades of
severity. Grades III and IV are characterized
by circulatory failure and may become
life-threatening because of the occurrence of
profound shock (dengue shock syndrome
(DSS)). Plasma leakage due to an increase in
vascular permeability is the main patho-
physiological hallmark of DHF. However, in
clinical practice the distinction between DF
and DHF remains sometimes difficult.

In addition to DHF, several severe and
fatal forms of DEN virus infection have been
reported which do not fit the DHF descrip-
tion. Severe hepatic disorders have been
reported and there is evidence that dengue
is associated with Reye’s syndrome and
fulminant hepatitis. Liver involvement
may also contribute directly to bleeding.
Severe neurological manifestations include
depressed sensorium, lethargy, confusion,
seizures, paresis and coma. Encephalo-
pathy, which may occur after infection, can
include paralysis, epilepsy, tremor, amne-
sia, dementia and Guillain–Barré syndrome.
Other severe manifestations have been
reported with lungs, kidneys, gall-bladder
and pancreatic involvement. Recently,
co-infections of humans with two viruses
have been described. These may modify the
clinical presentation of dengue.

Infection with any of the four serotypes
may cause severe illness. In endemic areas,
DHF/DSS occurs in 0.1–2% of dengue cases,
leading to a less than 1% mortality rate
when patients are treated under appropriate
intensive care.

Convalescence is usually brief, but may
take weeks, with attendant weakness and
bradycardia; there are no known sequelae
associated with dengue.

Clinical laboratory findings associated
with DF include neutropenia and lympho-
cytosis, with presence of large B lympho-
blastoid cells. Liver enzymes (aspartate

Dengue 135

135
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #7.vp
04 September 2001 12:32:34

Color profile: Disabled
Composite  Default screen



aminotransferases usually higher than
alanine aminotransferases) are mildly
elevated but in some cases levels of liver
enzymes are very high. Hypoalbumina-
emia and prolonged prothrombin times
are observed. Disseminated intravascular
coagulopathy is frequent. Thrombocyto-
penia is common and platelet counts can
be very low < 20,000 mm−3. Signs of plasma
leakage include haemoconcentration (at
least 20% increase of haematocrit), hypo-
proteinaemia and hypoalbuminaemia.

Pathology
Due to the risk of bleeding, it has not been
possible to obtain tissues from living
patients and most of what is known about
the pathology of DHF is limited to observa-
tions made at autopsy. There are no signifi-
cant pathognomonic lesions at the organ
level. Haemorrhages appear as petechial
rashes or purpura in the nose, gums and
gastrointestinal tracts, underneath the cap-
sule of the liver and in the meninges and
the brain. Haemorrhages appear in patches
in subcutaneous tissues. Serous effusions
are present in the pericardial, pleural and
abdominal cavities. The liver is enlarged in
one-third of the cases and may show fatty

metamorphosis. Histological analysis of the
liver shows midzonal and paracentrilobular
necrosis, swelling of Kupffer cells with
hyaline necrosis and formation of acido-
philic cells similar to the Councilman
bodies observed in yellow fever (see entry).
Dengue virus replication in hepatocytes
and in Kupffer cells induces apoptotic cell
death in vivo and in vitro, a correlate of
the presence of Councilman bodies in liver
of dengue-infected patients. Microsteatosis
in hepatocytes is often observed. Viral
antigens are present in Kupffer cells and
in hepatocytes. Oedema and haemorrhages
have been observed in the brain and spinal
cord without evidence of encephalitis-
related pathological changes. Bone marrow
examinations show in all cases a hypo-
cellular marrow with abnormal megakaryo-
cytopoiesis during the febrile phase of
the illness. At the time of defervescence,
the bone marrow appears normocellular or
hypercellular with a large numbers of blast
cells. Dengue virus antigens have also been
localized in cells of reticuloendothelial
origin and in mononuclear phagocytes in
the spleen, thymus, lymph nodes and liver.
Most observations, however, do not support
direct cellular pathology caused by the
virus.
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Fig. 2. Spectrum of dengue fever, dengue haemorrhagic fever and dengue shock syndrome.
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Pathogenesis
The pathogenesis of DHF/DSS is controver-
sial. Both viral and host factors may influ-
ence the severity of dengue. Considerable
evidence supports the assumption that
more severe dengue is observed with partic-
ular genotypes of virus, but the molecular
basis for such an association remains
elusive. The rapid onset of capillary leak-
age and minimal endothelial damage sug-
gest that immunopathological events with
sudden release of cytokines from activated
cells might be at the origin of DHF and DSS.
It has been suggested that cells of the mono-
nuclear lineage become infected by DEN
virus–antibody complexes bound to their
Fc receptor. Therefore cross-reactive non-
neutralizing antibodies in patients infected
for the second time may enhance the infec-
tion and replication of DEN virus in these
cells (antibody-dependent enhancement),
which then produce and secrete vasoactive
mediators, leading to an increased vascular
permeability. However, this hypothesis has
never been demonstrated in vivo. In addi-
tion cytotoxic T-cell activation may occur
in patients with primary and secondary
infections and may be influenced by genetic
factors of the host. Several cytokines, such
as tumour necrosis factor (TNF), interferon
(IFN), tumour growth factor (TGF) and
interleukin-8 (IL-8) have been observed
to be associated with capillary leakage
syndrome, and elevated titres have been
noticed during the acute phase of DHF and

DSS. Coagulation disorders may be linked
in part to autoimmunity against clotting
factors containing epitopes similar to those
present on the envelope protein of DEN
viruses. Thrombocytopenia might be due
to bone marrow failure. An indirect effect
of DEN virus infection on haematopoiesis
mediated by a suppressive cytokine has
been demonstrated in vitro.

In addition, autodestruction of endo-
thelial cells and platelets displaying at their
surface epitopes similar to that present on
the non-structural NS1 protein of DEN virus
may occur. The mechanism of immuno-
pathogenesis remains hypothetical and
further analyses of human specimens and
the development of animal models which
can reproduce DHF and DSS as observed in
humans are needed urgently.

Diagnosis
Laboratory diagnosis of DEN virus infec-
tions depends on isolation of infectious
virus, detection of virus-specific RNA or
antigens in serum and tissues, or identifica-
tion of specific antibodies in the patient’s
serum. Circulating virus remains readily
detectable in the blood up to 5 days after
onset of symptoms, with titres reaching 107

mosquito infectious dose (MID50) per ml of
serum and then is rapidly cleared by the
appearance of IgM antibody (Fig. 3). There-
fore, an acute-phase blood sample should
be taken as soon as possible after onset
of symptoms and preserved cold or frozen
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Fig. 3. Viraemia and
humoral response to
dengue virus infection.
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at −80°C for virus isolation. Ideally, a
convalescent-phase sample should be taken
10–15 days later for identification of virus
antibody. Information on the patient (e.g.
age, sex, date of onset of fever, travel and
vaccination history) and clinical data are
required to help laboratory staff in selecting
and interpreting tests.

Virus isolation
Isolation of DEN virus is the most accurate
method of diagnosis. Four isolation systems
are used for DEN viruses. In order of
decreasing sensitivity, these are: (i) intra-
thoracic inoculation of mosquitoes; (ii)
inoculation of mosquito cell cultures;
(iii) inoculation of mammalian cell cul-
tures; and (iv) intracerebral inoculation
of suckling mice. The latter two methods
are not recommended for isolation of
DEN viruses because their low sensitivity
requires multiple passages to adapt the
virus. The only advantage of these methods
is the possibility of isolating other viruses
that may cause dengue-like illnesses.
Although 10–15% more sensitive than
mosquito cell cultures, intrathoracic inocu-
lation of mosquitoes (male Aedes aegypti
or Toxorhynchites amboinensis) has the
disadvantage of being tedious and requiring
an insectary for mosquito rearing. Four to
7 days post-inoculation, virus is detected
in neural tissues and salivary glands by
indirect fluorescence assay (IFA), using
polyclonal and monoclonal antibodies.
Cultures of mosquito cell clones, Aedes
albopictus C6/36 and Aedes pseudo-
scutellaris AP61, are widely used for DEN
virus isolation. Cells are tested by IFA 3–7
days after inoculation.

Detection of viral RNA and antigens
Detection of DEN virus antigens in viraemic
sera has not been used extensively. How-
ever, detection of DEN virus has been
reported by direct capture of viral antigens
using monoclonal immunoassay. Soluble
NS1 antigens were detected in sera of
patients who were secondarily infected
with DEN virus. Such methods are poten-
tially extremely valuable, because they
require only a few hours to complete and

can detect virus produced during the very
early stages of the acute phase of illness,
before any IgM antibodies can be detected.
A commercial diagnostic kit for direct
detection of virus antigens in patient sera is
now available.

Reverse transcription–polymerase chain
reaction (RT-PCR) has been extensively used
for virus detection in human clinical sam-
ples, autopsy tissues or mosquitoes and
is particularly suited for DEN virus, in
providing a rapid, sensitive, simple and
reproducible serotype-specific diagnosis.
When properly controlled to avoid amplicon
contamination, this method circumvents
problems encountered with virus isolation,
such as time-lags for virus isolation, loss of
virus viability in serum samples maintained
in poor storage conditions or the presence
of neutralizing antibody. Several techniques
have been developed for RT-PCR which
differ in the procedure of RNA extraction
from clinical specimens, in the specificity
of the oligonucleotide primers and in the
identification of the amplified genes. How-
ever, RT-PCR should not be used as an
alternative to virus isolation, which is still
required for virus characterization.

By immunohistochemistry it is possible
to detect virus antigens in a variety of tissues
from fatal dengue cases. Methods using
polyclonal or monoclonal antibodies for
immunofluorescence tests or peroxidase or
phosphatase conjugate-labelled antibody on
fresh tissue slices are simple methods for
dengue diagnosis and can be completed in
just a few hours. Alternatively, formalin-
fixed and paraffin-embedded tissues can be
tested for DEN viruses.

Serological diagnosis
Historically, methods for measuring anti-
bodies, such as haemagglutination inhibi-
tion (HI), complement fixation (CF) and
neutralization (N), tests have been used
as reliable tests for measuring anti-
bodies. These tests required acute- and
convalescent-phase samples to measure
significant increases in antibody.

The NT is the most specific serological
test for DEN virus in first infections. In sec-
ond infections, the specificity of the NT test
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is less reliable. The enzyme-linked immuno-
sorbent assay (ELISA) has provided more
rapid and simple quantitative methods to
measure IgG and IgM antibody isotypes. Due
to cross-reactivity between the flaviviruses
the antigen battery for most of the serological
tests should include all four DEN serotypes
and one or several other flavivirus (e.g.
yellow fever, Japanese encephalitis. West
Nile – see entries). Immunoglobulin M anti-
body-capture ELISA (MAC-ELISA) is widely
used for early IgM detection, because at
day 5 of illness 80% of the patients develop
IgM antibody and 99% have detectable IgM
antibody between 6 and 10 days after
onset. Immunoglobulin M antibody usually
persists for about 60 days. Immunoglobulin
M antibody-capture ELISA-positive results
obtained with a single serum sample are
only presumptive of DEN virus infection,
because this test, like the others, is broadly
reactive, in particular in secondarily
infected patients or in patients with pre-
existing flavivirus antibodies (vaccinated
or flavivirus serially infected patients). Gen-
erally, IgG antibody can be detected about
24 h after IgM antibody in primary DEN
virus infection and is broadly cross-reactive.
Dengue IgM titre is usually higher than IgG
titre in a primary infection, but it is lower in
a secondary infection. Therefore the ratio
of antibody titres in IgG-ELISA and MAC-
ELISA can be used to differentiate primary
and secondary infections. A number of com-
mercial kits for dengue IgM and IgG sero-
logical diagnosis are available. The specific-
ity of these kits may be improved in the
future with the use of recombinant proteins.

Transmission
Anthropozootic cycles in rain forests
involving Aedes mosquitoes and monkeys
have been described in Malaysia, Vietnam
and West Africa. Although such cycles may
play a role in the maintenance of DEN
viruses in nature, there is no evidence that
enzootic strains are involved in epidemics.
Dengue epidemics which emerge in large
tropical urban centres are due to inter-
human transmission of DEN virus by
A. aegypti mosquitoes (Fig. 4). Hyperen-
demic situations may occur when multiple

serotypes co-circulate in the same urban
area. Biting rates of A. aegypti are highest
after sunrise and before sunset. Females fre-
quently need multiple blood meals during
their gonotrophic cycle and this enhances
the probability of multiple virus trans-
mission. Aedes aegypti oviposits in peri-
domestic and usually shaded, man-made
containers (e.g. water-storage pots outside
or inside houses) containing more or less
non-polluted water.

Ochlerotatus1 albopictus is an Asian
mosquito that has since the 1970s become
established in parts of the USA, several Latin
American countries, a few Afrotropical
countries, some Pacific islands and even in
European countries, such as Albania and
Italy. Oviposition occurs in both natural (e.g.
tree holes) and artificial containers (e.g.
vehicle tyres, water pots) in peridomestic
environments. Aedes albopictus is a known
vector of DEN viruses in Asia, but, being less
anthropophagic than A. aegypti, is usually
considered a less important vector. Never-
theless, it could serve as an alternate vector
of DEN viruses in its newly colonized areas.

Ochlerotatus1 mediovittatus, a forest
species that has encroached into peri-urban
areas, may contribute to the maintenance of
DEN viruses in the Caribbean region, while
Aedes polynesiensis and Aedes scutellaris
may act as alternate vectors of DEN viruses
in the western Pacific region.

Several factors influence the transmis-
sion of DEN viruses. In some areas, such as
South-East Asia, there is often a strong corre-
lation between rainfall and the incidence
of DEN virus infection, with maximum
transmission occurring in months with high
precipitation. However, there are exceptions
and dengue epidemics may occur outside
the rainy season. Ambient temperature
is epidemiologically important because
it influences vector distribution, blood-
feeding frequency, duration of the extrinsic
incubation period and adult survival rates.
There is little, if any, transmission, below
17°C. Temperature may therefore play a
more important role than rainfall in DEN
virus transmission. Furthermore, global
warming may extend the distribution of
aedine vectors to more temperate regions;
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for example, there is concern about the
possible spread of A. albopictus into more
northern areas.

Infected mosquitoes do not disperse far
after blood-feeding. Mostly A. aegypti and
A. albopictus bite, and sometimes breed,
in and around neighbouring houses and
remain in the vicinity after blood-feeding.
However, transportation of adult mosqui-
toes by intercontinental air travel and larvae
(e.g. those of A. albopictus) in shipments of
tyres on board ships can result in long-
distance dispersal. This can involve intro-
ductions of potential vectors into countries
free of them and dispersal of adult females
can give rise to multiple introductions of
DEN viruses in distant countries.

Human-to-human transmission in the
absence of mosquito vectors is an exceed-
ingly rare event. Congenital infection in
humans is also rare. One nosocomial infec-
tion has been described in a nurse, who
became infected through a needle puncture

from a febrile dengue patient. Several labora-
tory infections have been documented; but
have usually occurred after accidental
needle-stick injury.

Epidemiology
Dengue viruses and A. aegypti mosquitoes
have a worldwide distribution in tropical
areas, where more than 2500 million people
live. The number of DF cases is estimated
to be about 100 million annually, causing
several hundred thousand cases of DHF.
Dengue is one of the major causes of
hospitalization of children and is the most
important arthropod-borne viral disease
worldwide. Dengue circulation is either
endemic or hyperendemic, when several
serotypes co-circulate, or epidemic. Explo-
sive outbreaks are generally first notified
in cities where most of the population is
non-immune. Such outbreaks affect mainly
older children and adults, with an attack
rate between 40 and 90%. In endemic
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Fig. 4. Natural cycles of dengue transmission.
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regions of South-East Asia and more
recently in South America, DEN viruses are
hyperendemic and affect mainly young
children.

The severity of clinical syndromes is
multifactorial and depends on the virus
genotype, the age, the genetic characteristics
and the flavivirus/dengue immune status of
the human host and of the vector (Fig. 5).
Increasing incidence of DHF/DSS in most
countries has been associated with the
development of hyperendemicity. Factors
responsible for the increasing incidence
of DHF are: (i) population growth and
uncontrolled urbanization; (ii) poor waste-
water management systems associated
with unplanned urbanization; (iii) lack of
mosquito control in areas where A. aegypti
circulates; and (iv) increasing air travel,
which provides opportunities for the viruses
to be transported from one endemic/epi-
demic area to a population-receptive area.

Because the dispersal rate of A.aegypti
is usually low, DEN viruses are normally

dispersed by movements of viraemic
persons. The transmission rate is high
if viraemic people enter an environment
where there are both large populations of
vectors and susceptible humans. Epidemics
of dengue in the tropics often occur in the
rainy seasons, when the vectors are usually
more abundant and their survival rate is
higher.

Treatment
In the absence of specific treatment for
DEN virus-infected patients, management
of DHF/DSS is mostly symptomatic and
supportive. Antipyretics and analgesics,
avoiding those which are hepatotoxic, are
supportive medicaments. Salicylates, such
as aspirin, should be avoided. Prognosis
depends upon early diagnosis and early
intervention to manage shock and coagula-
tion disorders. The case fatality rate has
decreased remarkably since fluid and
electrolyte therapy has been instituted to
combat impending shock.
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Fig. 5. Factors involved in the out-
come of dengue pathogenesis.
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Prevention and control
There is no fully effective method of
preventing infections with DEN viruses.
Candidate vaccines against DEN virus are
not yet available and tools for mosquito
control are somewhat limited.

Vector control
The proliferation of domestic containers
(e.g. water-storage pots, discarded tin cans
and tyres) in urban and rural situations and
the presence of a forest DEN virus cycle
reduce the likelihood of any global success
in controlling the vector populations.

Space-spraying with insecticides to kill
adult mosquitoes is not always very effective
unless carried out in houses. However, in an
epidemic urban situation, the most effective
control is to use ultra-low-volume (ULV)
applications of insecticides, such as mala-
thion, fenitrothion or permethrin, to kill
adult mosquitoes, especially infected ones.
Best coverage is achieved by aerial spraying.
This is clearly an emergency tactic and the
long-term aim should be to minimize vector
population size, thus circumventing an
epidemic situation. The most appropriate
methods are those that reduce populations
of mosquito larvae. This is best achieved
by eliminating mosquito breeding in peri-
domestic containers. The insecticide teme-
phos (Abate) is considered safe to add to pots
containing water destined for domestic pur-
poses. Alternatively, tight-fitting lids can
be placed on pots to prevent mosquito
oviposition, but in practice this has gener-
ally not proved a practical, or acceptable,
control measure. Larval source reduction is
often advocated. Basically this consists of
removing larval habitats, such as unwanted
pots, tin cans and tyres and a general
clean-up of house premises. This approach
has sometimes been based on community
participation, but people’s cooperation can
prove difficult to sustain.

At the individual level, personal protec-
tion can be obtained by people repeatedly
space-spraying their houses. Using insect
repellents on exposed skin and wearing pro-
tective clothes impregnated with repellents
or insecticides, such as permethrin, may
help reduce exposure to mosquito bites.

Vaccine possibilities
Several approaches have been investigated
to develop protective immunity against DEN
viruses. However, neutralizing antibodies
raised against one DEN virus serotype are
not cross-protective against other serotypes.
The potential risk of DHF due to pre-
existing non-neutralizing heterotypic DEN
antibody would require a tetravalent
vaccine for effective vaccination. Classical
studies have used either inactivated DEN
viruses purified from mouse brain and cell
culture or attenuated DEN viruses. Dengue
viruses attenuated in cell culture have, after
sequential passages, been successfully tested
for safety and immunogenicity in human
volunteers and are promising vaccine can-
didates. Recombinant DEN virus vaccines
using molecular technologies have raised
considerable interest but their efficacy has
not yet been tested in humans. In particular,
synthetic peptides, purified recombinant
structural and non-structural proteins as
subunit vaccines, recombinant live virus
vectors, infectious complementary DNA
(cDNA) chimeric virus vaccines and naked
DNA are future vaccine candidates.

At present, prevention of dengue out-
breaks is based on laboratory-based surveil-
lance, emergency response, education of the
medical staff to ensure effective case man-
agement and community-based integrated
mosquito control.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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‘Dengue’ of cattle see Bovine ephemeral fever.

Dog-flies see Stable-flies.

Dog heartworm see Dirofilariasis.

Dirofilariasis

Silvio Pampiglione and Francesco Rivasi

Infection of humans and other mammals with
filarial nematodes of the genus Dirofilaria.

Dirofilariasis, human
Of the parasitic filariae infecting domestic
and wild mammals, some species of the
genus Dirofilaria can also accidentally
infect humans. Since humans are not the
most suitable host, the parasites do not usu-
ally reach complete maturity in humans.
Even if they do and if they mate, no
microfilariae are normally found in the
bloodstream. The parasite is almost always
enclosed by the defensive reaction of the
host and in an inflammatory nodule, or
eliminated as a foreign body by a process
of suppuration. Until almost 50 years ago,
human dirofilariasis (HD) was considered
a rare occurrence; in recent decades, how-
ever, the increase in the number of cases
reported has been such that HD can now be
classified as an emerging zoonosis.

There are three main species involved:
Dirofilaria repens, a subcutaneous parasite
of dogs, cats and a few other carnivores
(Fig. 1); Dirofilaria immitis, in dogs, cats and
numerous other species of mammals, para-
sites lodge preferably in the right ventricle of
the heart (hence the name heartworm) and in
the pulmonary artery and its ramifications
(Fig. 2); and Dirofilaria tenuis, a subcutane-
ous parasite of the Raccoon (Procyon lotor).
All three species are transmitted by mosqui-
toes. A few other Dirofilaria species have
very occasionally been reported in humans:
D. ursi, a parasite of the subcutaneous,
perirenal and tracheal tissues of the Brown
or Grizzly bear (Ursus arctos); D. striata, a
subcutaneous parasite of the Puma (Puma
concolor) and other Felidae; D. magni-
larvatum, a subcutaneous parasite of Asiatic
monkeys; D. spectans, a parasite of the heart
of Mustelidae; D. subdermata, a subcutane-
ous parasite of the porcupine (Hystricidae);
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and perhaps also D. linstowi, a subcutaneous
parasite of monkeys (Cercopithecidae) in Sri
Lanka.

Distribution
The geographical distribution of HD coin-
cides with the distribution of the natural
reservoir hosts, which constitute the reser-
voir of infection for humans (i.e. dogs for D.
repens and D. immitis, raccoons for D.
tenuis) and that of the mosquito vectors.

Dirofilaria repens
This species has been found only in the Old
World, being recorded from 36 countries.

The country with the highest prevalence of
infection in Europe is Italy; other endemic
pockets of infection exist in France, Greece
and Ukraine, while sporadic cases are
reported from Albania, Bulgaria, Romania,
Hungary and ex-Yugoslavia. In Asia, the
country most affected is Sri Lanka, followed
by Turkey, Russia, Uzbekistan and other
states of the ex-Soviet Union. Sporadic
cases are reported in China, India, Iran,
Israel, Japan, Kuwait, Malaysia and Thai-
land, while there are rare reports of infec-
tion from countries of the African conti-
nent, including Tunisia, Senegal, Nigeria
and the Republic of South Africa. The total
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Fig. 1. Dirofilaria repens adults in subcutaneous tissue of a dog.

Fig. 2. Dirofilaria immitis adults in a dog’s heart.
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number of cases reported since 1885 (when
the first case was published) is just over
780. However, it is likely that many other
cases go unreported, either because they are
not apparent and cure spontaneously, or
because they are not diagnosed or reported
by medical practitioners. Most infections of
D. repens are subcutaneous or subconjunc-
tival (hence the first designation, Filaria
conjunctivae) but they have also been
reported in the lungs, the sexual organs and
in a few other visceral locations.

Dirofilaria immitis
In dogs this parasite has a virtually cosmo-
politan geographical distribution, but infec-
tions in humans have been reported mainly
in the USA and Japan, less frequently in
Australia and Brazil and rarely in Europe. A
total of about 200 cases have been reported
and in almost all instances the lungs were
affected. It is again possible that many
asymptomatic cases go unobserved.

Dirofilaria tenuis
This species is found only in North
America, particularly in the southern states
of the USA and along the Atlantic seaboard.
There do not appear to have been more than
70 cases of human infection (subcutane-
ous/conjunctival), discounting those that
have gone unobserved or undiagnosed, as in
the case of D. repens.

Of the other species of Dirofilaria cited
as infecting wild animals, only ten or so
human cases are provisionally associated
with D. ursi in Canada and the northern
states of the USA. Infection by the other spe-
cies is exceptional. It is clear that in many
developing countries it is almost impossible
to establish whether infections due to
Dirofilaria are rare, frequent or non-existent,
because their diagnosis is largely dependent
on the level of services and of public health
facilities available and on the pressure of
dealing with other, much more significant
diseases.

Parasite
The genus Dirofilaria is subdivided into
two subgenera, Nochtiella and Dirofilaria,
in accordance with certain morphological

characteristics, of which the presence or
absence of longitudinal ridges running
along the surface of the cuticle is a crucial
distinguishing feature.

Dirofilaria (Nochtiella) repens
The male worm measures 48–70 mm ×
370–450 µm, the female is 100–170 mm ×
450–650 µm and microfilariae are 350–380
× 7–8 µm. In the female the vulva is about
1800 µm from the cephalic extremity, while
the anus is located about 100 µm from the
caudal extremity. Both sexes have incon-
spicuous cephalic papillae and, all over the
cuticle apart from the extremities, there are
prominent longitudinal ridges 4–24 µm
apart. For the three species of zoonotic
interest, the caudal extremity of the male
features two small caudal alae, the preanal
and postanal papillae and two asymmetric
spicules.

Dirofilaria (Dirofilaria) immitis
The males are 120–180 mm × 700–900 µm,
the females are 250–300 mm × 1000–1300 µm
and microfilariae are 290–330 × 5–7 µm.
The vulva of the female is about 2700 µm
from the cephalic extremity, while the anus
is located about 150 µm from the caudal
extremity. The cuticle is smooth in both
sexes apart from the cephalic extremity,
where there are six papillae and the
ventrocaudal region of the male, which has
longitudinal ridges.

Dirofilaria (Nochtiella) tenuis
The males are 40–48 mm × 190–260 µm,
the females are 80–130 mm × 260–360 µm
and microfilariae are 220–250 × 4–5 µm.
In the female the vulva is about 1300 µm
from the cephalic extremity and the anus
is 130 µm from the caudal extremity. The
cuticle has longitudinal ridges about 10 µm
apart.

Clinical symptoms
The nematodes can lodge in subcutaneous
tissues (Fig. 3) in practically any part of the
body, but usually in the upper half or under
the conjunctival mucosa (Fig. 4) (D. repens
and D. tenuis), more deeply in the lung
(D. immitis and D. repens), in the omentum,
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in male sexual organs or in the female
breasts (D. repens). Wherever a nematode
resides in the body, the defensive reactions
of the host form a reactive nodule 1–3 cm
in diameter (Fig. 3). Depending on the
reactions of the host and the localization of
the nodule, symptomatology can vary from
infections which are completely silent to
forms in which localized manifestations of
an inflammatory–allergic nature (e.g. tran-
sient swellings similar to ‘Calabar swell-
ings’ of Loiasis (see entry), erythema and
pruritus) appear during the development of
the nodule. The nodule is usually single
and of an elastic or hard consistency. It may
be painful spontaneously, or only when
pressed. Suppuration may occur. Enlarge-
ment of satellite lymph nodes is rare, as are
general manifestations. When the nematode
is under the conjunctiva it causes localized
reddening of the tissues, discomfort, water-
ing, itching, oedema of the eyelids and pain.
In 65% of the pulmonary cases the infection
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Fig. 3. A nodular subcutaneous lesion due to
Dirofilaria repens (courtesy of Pathologica, 1994,
86, 396–400).

Fig. 4. Dirofilaria repens
visible under the bulbar
conjunctiva (courtesy of
Pathologica, 1994, 86,
528–532).
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is asymptomatic; a coin lesion, betraying
the presence of a nodule, is discovered by
chance at X-ray examination. Otherwise,
the most frequent symptoms are unproduc-
tive cough, chest pain, high temperature,
dyspnoea, slight haemoptysis and malaise.
When the nematode lodges in the epidi-
dymis, the spermatic cord or the omentum,
it can cause excruciating pain. Haematic
eosinophilia is infrequent. The 40–60-year
age group is most affected.

Histological examination shows a nod-
ule to have a necrotic central area containing
one or more sections of the nematode
(Fig. 5) surrounded by granulomatous tissue,

ranging from acute to chronic, depending on
the stage of development, rich in histiocytes,
plurinucleate giant cells, plasma cells and
eosinophils. In cases involving a lung, the
nematode is always inside a thrombotic arte-
rial blood-vessel, forming a small roundish
infarcted area.

Diagnosis
In almost every case the initial clinical
diagnosis is wrong. For example, in the
subcutaneous forms the nodule is usually
mistaken for a sebaceous cyst, a fibroma
or some other benign tumour; when the
lungs, sexual organs or breasts are affected,
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Fig. 5. Histological sections of a coiled Dirofilaria repens in a subcutane-
ous nodule (haemotoxylin and eosin original magnification × 35). Twelve
sections of the nematode are visible.

Fig. 6. Transverse section of Dirofilaria
repens female extracted from a subcutane-
ous nodule (periodic acid–Schiff, original
magnification × 250). Cuticula with exter-
nal ridges (Cu), genital tubes (GT), intes-
tine (IN), lateral cords (LC) and myoid
fibres (MF).
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it is misinterpreted as a malignant tumour.
Techniques involving serological tests and
molecular biology (DNA probes) are still
being perfected. At the moment, the only
sure way of making a correct diagnosis is by
histological examination of the nodule and
identification of the nematode’s morpholog-
ical characteristics (Fig. 6).

Transmission
The vectors are various species of mosqui-
toes mainly in the genera Aedes, Ochle-
rotatus,1 Culex, Anopheles and Mansonia.
Microfilariae are ingested by a vector during
feeding on an infected reservoir host
and pass from the insect’s stomach to the
Malpighian tubules, from where they enter
the haemocoel and finally the labium of
the proboscis (Fig. 7). When the mosquito
feeds on another host, the third-stage larvae
emerge from the labium and actively

penetrate the skin, taking advantage of the
puncture caused by the mosquito bite.

In humans larvae take about 6 months to
reach maturity. There appears to be no sub-
stantial difference between the biological
cycles of the various species of Dirofilaria,
apart from the fact that D. repens and
D. tenuis are almost always located in the
subcutaneous tissue, while D. immitis enters
the cardiac blood-vessels.

Treatment
The most practical treatment consists of the
surgical removal of the nodule containing
the nematode. Antifilarial chemotherapy is
not recommended.

Control
Control of HD is based on the reduction
of infection in reservoir hosts (dogs, in
the case of D. repens and D. immitis and
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Fig. 7. Biological cycle of
(a) Dirofilaria repens and
(b) Dirofilaria immitis
(1) Microfilariae in bloodstream
(a) through lymphatic circulation
and (b) directly from the heart.
(2) Ingestion of microfilariae by
the vector. (3) and (4) Develop-
ment of the larvae in the vector.
(5) Passage of larvae in the
Malpighian tubules, haemocoel
and labium of proboscis.
(6) Active penetration of the
larvae into dog during biting.
(7a) Larvae in subcutaneous
tissue (D. repens) or (7b) in
bloodstream (D. immitis).
(8a) Adults mating in the subcu-
taneous tissue (D. repens) or
(8b) in the heart (D. immitis).
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raccoons, in the case of D. tenuis); animals
testing positive can be treated with
filaricides. Where HD is endemic, it may
be possible to treat all the reservoir hosts
with filaricidal drugs and/or give them the
chemoprophylactic drug ivermectin. Anti-
mosquito campaigns, including measures
to protect humans from mosquito bites, are
important concomitant strategies.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Dirofilariasis, animal
There are at least 27 species belonging to
the genus Dirofilaria and they can affect 111
species of mammals. The zoonotic impor-
tance of some of them has been reported
in the preceding account of human diro-
filariasis. Of these, two parasites (D. immitis
and D. repens) are of particular veterinary
interest, since they infect dogs.

Canine dirofilariasis
Dirofilaria immitis (dog heartworm)

This is the nematode responsible for heart
infections in dogs, cats and many species of
wild mammals. Distribution is worldwide.
The adults (length, 12–30 cm; diameter,
1–1.3 mm) live in the right ventricle and
the pulmonary artery and its ramifications,
releasing microfilariae into the bloodstream
and exerting a mechanical and phlogistic
effect that debilitates the cardiac muscle,
the pulmonary circulation and, ultimately,
the entire organism. The microfilariae
are ingested by mosquitoes belonging to
various genera (e.g. Aedes, Ochlerotatus,1

Culex, Anopheles, Psorophora), which,
during subsequent feeding, transmit them
in turn, after an extrinsic incubation period
of 13–18 days, to a new host in the form of
infective larvae. In dogs, they cause mainly
cardiac–respiratory and circulation disor-
ders, ranging from mild to fatal, depending
on the number and location of the filarial
worms. Cats can also be affected, but more
rarely, as can, by chance, humans. The
prevalence of infection in dogs can
vary from just a few cases to more than
40–50% of the animals examined. The
dogsmost at risk are those living outdoors at
night during the summer when there are
large populations of vector mosquitoes.

Dirofilaria repens
This nematode causes the subcutaneous
form of canine dirofilariasis, but it can also
affect domestic cats and other carnivores, as
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well as humans. It is found only in the Old
World. For the veterinary surgeon it is far
less important than D. immitis, because it
causes only slight cutaneous lesions in its
habitual host, or may even go unobserved
owing to lack of symptoms. However, it is
of greater importance in public health,
because it infects humans more frequently
than does D. immitis.

Diagnosis
Microfilariae can be identified in the blood
or following filtration by a modified Knott
procedure. Serological tests, such as enzyme-
linked immunosorbent assay (ELISA) and
immunofluorescent antibody (IFA) and
polymerase chain reaction (PCR) techniques
can be used to detect infections.

Treatment
Drugs of choice are triacetarsamide or
melarsomine (macrofilaricide), administra-
tion of which can be followed by ivermectin
(microfilaricide).

Control
Reduction in the numbers of both mosquito
larvae and adults is of fundamental

importance in minimizing transmission.
Dogs should be given prophylactic treat-
ment with ivermectin to protect them
against infection. It is also vital to inform
and educate dog-owners about canine
dirofilariasis and how it is spread.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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East Coast fever see Theilerioses.

Eastern equine encephalitis

Scott C. Weaver

Eastern equine encephalitis is a serious
and often fatal disease of humans, equines
and other domesticated animals. Although
outbreaks are sporadic, both temporally and
spatially, and generally involve smaller
numbers of cases than do Venezuelan
equine encephalitis and western equine
encephalitis (see entries), the high mortality
rates and serious sequelae make eastern
equine encephalitis a feared disease.
Control measures are extensive in many
coastal North American communities,
making this an economically important
disease.

Distribution and history
Outbreaks date back at least to 1831, when
the first clinical descriptions consistent
with eastern equine encephalitis were
reported in Massachusetts. The aetiological
agent, eastern equine encephalitis (EEE)
virus, was first isolated in 1933 from a
horse during a major equine epizootic in
Maryland, Virginia, Delaware and New
Jersey in the USA. Five years later, the
first human isolate was made from brain
tissue of a fatal case in Massachusetts.
North American epidemics and epizootics
involving up to tens of thousands of equines
and dozens of humans continued sporadi-
cally during the 20th century, primarily
along the Atlantic coast from Massachusetts
to Florida and the Gulf coast to eastern
Texas. From 1964 to 1995, the highest
mean annual human incidence (≥0.011 per
10,000) occurred in Florida, Massachusetts
and Georgia. During the past two decades,
eastern equine encephalitis incidence
and mortality have declined in North
America.

The distribution of enzootic EEE virus
in North America coincides with that of the
principal enzootic mosquito vector, Culiseta

melanura. Inland foci have also been
documented where C. melanura occurs, in
the Canadian provinces of Quebec and
Ontario and in the states of New York, Wis-
consin, Michigan, South Dakota, Minnesota,
Ohio and Tennessee. Beginning in 1908,
equine outbreaks were also documented
in Argentina, and the distribution of EEE
virus is now known also to extend through
much of South and Central America (Fig. 1).
Equine epizootics have also been docu-
mented on the Caribbean islands of Jamaica
and Hispaniola, as well as in north-eastern
Mexico. Virus strains isolated during these
outbreaks are clearly of the North American
variety (see below), suggesting transport
beyond the presumed enzootic range by
migratory birds.

Virus
Viral replication

Eastern equine encephalitis virus, like other
alphaviruses in the family Togaviridae, is
an enveloped RNA virus about 70 nm
in diameter with a plus or messenger-
sense RNA genome of about 11,700 nucleo-
tides (Fig. 2). The genome encodes four
non-structural proteins (nsP1–4), while a
subgenomic 26S messenger RNA (mRNA),
identical to the 3′ one-third of the genome,
encodes the structural proteins (capsid,
E1 and E2 glycoproteins).

Alphaviruses are believed to enter the
cytoplasm of vertebrate cells via receptor-
mediated endocytosis, although specific
EEE virus receptors have not been
investigated. Genomic RNA is translated
by cellular components to produce a non-
structural polyprotein, and is the template
for minus-strand RNA synthesis involving
non-structural proteins. The 26S mRNA is
also translated as a polyprotein; the capsid
protein is cleaved in the cytoplasm and

151

151
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #7.vp
04 September 2001 12:35:16

Color profile: Disabled
Composite  Default screen



the remaining polyprotein is processed and
cleaved in the secretory pathway to yield the
E1 and E2 glycoproteins, which are inserted
into the plasma membrane as a heterodimer.
Following encapsidation of genomic RNA in
the cytoplasm, enveloped virions mature
when nucleocapsids bud through the
plasma membrane.

Antigenic relationships
Eastern equine encephalitis is the only
virus (species) in the EEE antigenic com-
plex of alphaviruses. North and South
American antigenic varieties were first dis-
tinguished using kinetic haemagglutination
inhibition (HI) studies, and later using
monoclonal antibodies (Mabs). One of these
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Fig. 1. Map showing the
location of EEE virus isolation
in the Americas. Symbols
indicate distinct genetic
lineages of virus circulating in
each region (see Fig. 3).

Fig. 2. Genome map of EEE virus showing the genes encoding the four non-structural proteins (nsP1–4),
the capsid (C) and the E2 and E1 envelope glycoproteins.
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Mabs specifically recognizes an E1
glycoprotein epitope of North American
isolates, regardless of year or location of
isolation, demonstrating antigenic conser-
vation within North America. In contrast,
South American EEE viruses exhibit greater
antigenic diversity, as demonstrated by
the inability to produce a South American
variety-specific Mab. Humans receiving the
formalin-inactivated EEE vaccine, devel-
oped from a North American strain, develop
neutralizing antibodies against North but
not South American strains, further sup-
porting their antigenic distinction.

Genetic relationships
Ribonucleic acid (RNA) fingerprinting
provided the first genetic corroboration of
antigenic conservation of EEE virus within
North America. More recent studies using
restriction fragment length polymorphism
((RFLP) of polymerase chain reaction (PCR)
products from the North and South Ameri-
can varieties yielded different patterns,

with more variability within the South
American viruses. This technique could
be useful as a rapid molecular method for
distinguishing the two EEE virus varieties.

Molecular phylogenetic evidence,
based on sequences from several regions of
the EEE genome, has demonstrated that the
North and South American varieties com-
prise distinct lineages (Fig. 3). North Ameri-
can isolates are highly conserved over a
63-year time-period and over a geographical
range exceeding 2000 km, comprising a
single, highly conserved lineage. The South
American variety exhibits greater genetic
diversity, with three major lineages identi-
fied, and appears to evolve more rapidly.
Based on recent evaluations of antigenic and
genetic relationships, four subtypes of EEE
virus have been proposed (Fig. 1).

The differences in genetic diversity
between North and South American EEE
viruses may reflect differences in their
enzootic ecology. In North America, where
passerine birds serve as reservoir hosts,
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Fig. 3. Phylogenetic tree of EEE virus isolates generated from partial nsP4, E2 and 3′ untranslated
sequences. The tree topology was generated using the maximum parsimony method, and the branch
lengths were drawn using the neighbour-joining method, with the Kimura two-parameter distance formula
to correct genetic distance for superimposed nucleotide substitutions. Bootstrap values indicate support
levels for groups to the right. The scale shows a genetic distance of 0.1.
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avian mobility may maintain genetic
homogeneity when virus populations are
occasionally mixed following dispersal
of viraemic hosts. Overall, genetic relation-
ships among North American EEE viruses
are correlated with the year or decade of
isolation rather than geographical location.
However, detailed studies indicate geo-
graphically restricted evolution for time-
periods of a few years. In contrast, South
American isolates group by geographical
region rather than year of isolation, indicat-
ing that multiple virus lineages circulate for
periods of decades or more. Some South
American strains may be transmitted among
small rodents with limited dispersal, result-
ing in discrete genotypic foci that evolve
under the influence of genetic drift or
different selection due to different hosts or
vectors.

Clinical symptoms
Eastern equine encephalitis causes high
rates of mortality in humans, equines,
turkeys, chickens, Emus (Dromaius
novaehollandiae), Whooping cranes (Grus
americana) and pigs. In North America,
most human infection is subclinical or
inapparent. The incubation period prior
to apparent disease is probably 3–10 days,
and a prodromal illness lasting from
several days to over a week may precede
acute symptoms. Early symptoms typically
include fever, headache, myalgias, photo-
phobia and dysthesias. Fifty to 90% of
apparent cases proceed to encephalitis,
characterized by irritability, restlessness,
headache, drowsiness, anorexia, diarrhoea,
convulsions and coma. Laboratory findings
often include elevated leucocyte counts
of 15,000–35,000 mm−3, with a neutrophilic
predominance and left shift. The cere-
brospinal fluid (CSF) also shows an ele-
vated white blood cell count, with a
polymorphonuclear cell predominance in
most cases.

The fatality rate from eastern equine
encephalitis is higher in patients over 10
years of age, but surviving children generally
suffer more severe sequelae. Death due to
encephalitis usually occurs 2–10 days after
the onset of signs and symptoms, and

survivors generally suffer progressive, dis-
abling mental and physical sequelae. In 36
human cases reported in the USA between
1988 and 1994, the mortality rate was 36%
and 35% of survivors were moderately or
severely disabled. The prognosis for a good
recovery is correlated with age (i.e. those
over 40 years have a higher rate of complete
recovery than younger people), a long
prodromal course (5–7 days) and the
absence of coma. The average total medical
cost per transiently affected human case is
US$21,000. Patients who suffer permanent
neurological sequelae usually live a normal
lifespan, but without gainful employment.
Insecticidal interventions designed to avert
eastern equine encephalitis epidemics cost
between US$0.7 million and US$1.4 mil-
lion, depending on the extent of the treated
region, far less than the US$3 million cost of
one person suffering residual sequelae.

In equines infected in North America,
rates of encephalitis are also high, with up to
80–90% of infected horses developing acute
and lethal disease. As with human cases,
many equine survivors develop severe
neurological sequelae. Typical equine signs
and symptoms include fever, depression,
incoordination, circling, anorexia, stupor,
convulsions, prostration, ataxia and paraly-
sis. Domestic birds suffer either from central
nervous system or viscerotropic disease.
Some wild birds, especially immature
passerines, including both native and
introduced species, also suffer natural
mortality.

In South and Central America, equine
outbreaks are common in some regions but
there is little evidence of human disease. A
single human case attributed to EEE virus
based on serological grounds was reported
in a Brazilian child. Eastern equine encepha-
litis virus-specific human antibodies have
been reported in many regions of Latin
America. However, no evidence of human
disease has been found in Argentina, despite
intensive epidemiological studies following
extensive equine epizootics. It is likely that
the South American variety of EEE virus
is less infectious and/or less virulent for
humans than is the North American variety.
However, more detailed studies of human
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exposure and response to EEE virus infec-
tion are needed in regions of Latin America
where continuous enzootic transmission is
detected.

Diagnosis
Diagnosis of eastern equine encephalitis
relies on virus isolation, detection of viral
antigens or specific immunoglobulin M
(IgM) antibodies or demonstration of sero-
conversion. Immunoglobulin M capture
enzyme-linked immunosorbent assay
(ELISA) is highly sensitive in detecting anti-
bodies, which generally appear in serum or
CSF within 7 days of infection. Serum IgM
can persist for several months, while its
presence in CSF indicates recent infection.
A fourfold or greater increase in antibodies
detected using HI, ELISA, complement fixa-
tion (CF), plaque reduction neutralization
(PRN) or indirect immunofluorescence (IF)
is also considered diagnostic. High anti-
body titres in single serum specimens (e.g.
HI ≥ 160; CF ≥ 40; IF ≥ 60; PRN ≥ 80) are
suggestive but not diagnostic of recent
infection. However, the sequential applica-
tion of these tests can be used to arrive at a
specific diagnosis, because IF, ELISA and
HI antibodies are broadly reactive among
alphaviruses, while CF and PRN antibodies
are highly specific.

Isolation of EEE virus from human
serum is unusual by the time neurological
disease occurs, but virus can often be iso-
lated from the brain in fatal cases. Virus
isolation from vertebrate or mosquito sam-
ples is accomplished using intracerebral
inoculation of newborn mice, or cell cul-
tures such green monkey kidney (VERO) or
baby hamster kidney (BHK-21) cells, which
show cytopathic effects (CPE) 1–2 days after
infection, followed by antigenic identifica-
tion. Mosquito cells, such as C6/36, are also
susceptible to infection but do not generally
show CPE. Enzyme-linked immunosorbent
assay, nucleic acid hybridization and PCR-
based methods have been shown to be
more rapid and nearly as sensitive as virus
isolation. Immunohistochemical detection
of EEE antigen in brain tissues has also been
used for diagnosis. Radiological imaging
of the brain, using computed tomographic

scans and magnetic resonance imaging,
sometimes, but not always, shows abnormal
findings.

Transmission
In temperate climates, enzootic EEE virus
transmission is seasonal, peaking in the late
summer or early autumn. In tropical and
subtropical regions, including South and
Central America and the southern USA,
nearly continuous transmission occurs. In
North America, Culiseta melanura, a highly
ornithophagic mosquito that rarely feeds on
mammals, is the principal enzootic vector
(Fig. 4). This mosquito is susceptible to
infection with relatively small oral doses of
virus, and biological transmission can occur
as little as 48–72 h after an infectious blood
meal. Pathological lesions in the mosquito
mid-gut, caused by EEE virus, may facilitate
rapid dissemination into the haemocoel and
to the salivary glands. Horizontal trans-
mission among passerine birds occurs
primarily in forested coastal and inland
hardwood swamps. Red maple (Acer
rebrum), Hornbeam (Carpinus caroliniana).
Cedar (Thuja occidentalis) and Loblolly bay
(Gordonia lasianthus) trees provide root
systems favourable for the larval develop-
ment of C. melanura. The geographical dis-
tribution of EEE virus coincides with that of
another alphavirus, Highlands J, which is
also transmitted by this mosquito.

Culiseta melanura larvae develop in
swamp ‘crypts’ (i.e. water-filled cavities
under roots of trees) and emergence is
bivoltine in the north-eastern USA; an over-
wintering generation of larvae emerges as a
spring brood and a later generation emerges
in the autumn. Higher water temperatures
may hasten development of the later genera-
tion and increase the probability for EEE
virus amplification in juvenile birds. Water
temperatures in the ‘crypts’ may regulate
the northern limit for virus amplification
each year. Fledgling and nestling birds are
considered the most important amplifica-
tion hosts because they develop higher-titre
and longer-lasting viraemia than adults, and
are less defensive toward biting mosquitoes.
Although the passerine fauna has not
been extensively evaluated for reservoir
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competence, European starlings (Sturnus
vulgaris) exhibit more intense and longer-
lasting viraemia than American robins
(Turdus migratorius) and other birds, and
can infect about three times as many
mosquitoes. Infection of a wide variety
of secondary hosts, including mammals,
amphibians and reptiles, is also indicated
by the presence of antibodies in natural
populations.

Epidemics are usually preceded by
detection of EEE virus in mosquitoes or birds
and often by equine cases. Because equines

and humans generally do not develop
high-titre viraemia, they are considered
dead-end hosts. Equine and human infec-
tions seldom occur more than a few kilo-
metres from an enzootic swamp habitat,
also suggesting that humans and equines do
not serve as amplification hosts. Therefore,
eastern equine encephalitis epidemics/epi-
zootics do not spread geographically like
Venezuelan equine encephalitis (see entry),
which exploits equines as efficient amplifi-
cation hosts. An association between the
occurrence of human cases and excess
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rainfall indicates that mosquito population
sizes probably regulate epidemic transmis-
sion to some extent. Passerine birds develop
very high-titre viraemia of up to 1012 infec-
tious units per ml of blood, so many different
mosquito species are probably capable of
transmitting following an infectious blood
meal. Wading shore birds, including fledg-
ling Glossy ibises (Plegadis falcinellus) and
Snowy egrets (Egretta thula), also develop
moderate-titre viraemia and some infections
are fatal.

The mosquito vectors responsible for
human and equine infection have not been
identified conclusively. Culiseta melanura
resides in hardwood swamp habitats where
enzootic transmission occurs, but also dis-
perses upland to areas where human and
equine cases often occur. However, because
C. melanura rarely feeds on hosts other than
birds, other mosquito species are believed
to transmit to mammals. During a recent
Connecticut epizootic, C. melanura, Culex
pipiens, Culiseta morsitans, Ochlerotatus1

sollicitans, Ochlerotatus cantator, Ochlero-
tatus trivittatus, Aedes vexans and
Coquillettidia perturbans were found to
be infected. Other studies implicated C.
perturbans, Ochlerotatus canadensis, O.
sollicitans, Culex salinarius and Anopheles
quadrimaculatus as potential epizootic/
epidemic vectors, based on their catholic
feeding behaviours, abundance during epi-
zootics and laboratory transmission experi-
ments. Aedes albopictus is also highly
susceptible to experimental infections and
has been found naturally infected in Florida.
However, it has not been incriminated in
natural transmission. Direct transmission
via pecking among penned game-birds
has been documented, and chicken mites
(Dermanyssus gallinae) can transmit EEE
virus between birds following ingestion of
moderate-titre bloods meals.

Epidemiological and phylogenetic data
support the hypothesis that EEE virus
overwinters in temperate latitudes. How-
ever, the mechanism(s) of overwintering
remains enigmatic. Although there are
reports of EEE virus isolation from over-
wintering C. melanura larvae and adult
males, and from C. perturbans eggs, most

field, and all experimental, studies have
failed to demonstrate transovarial transmis-
sion. Because C. melanura overwinters as
diapausing larvae, transovarial transmission
would be required for virus overwintering in
this species. Migration of viraemic birds has
been suggested as a possible means for EEE
virus reintroduction each spring. However,
phylogenetic studies indicate that geneti-
cally distinct EEE virus populations remain
in the same enzootic foci from year to year,
suggesting that the virus is not reintroduced
into temperate regions from a common,
subtropical source.

The first annual isolations of EEE virus
in New Jersey are generally made from
juvenile birds, prior to virus isolation from
mosquito pools, indicating that persistently
infected resident birds may be responsible
for annual reinitiation of transmission.
Experimental infections of avian hosts are
needed to test this hypothesis. Meteoro-
logical data have also shown a correlation
between wind patterns and the appearance
of eastern equine encephalitis, suggesting
the possibility that infected mosquitoes may
transport the virus via low-level (surface)
winds. For example, climatic data indicate
that the virus may have been introduced
into Quebec province, Canada, by infected
mosquitoes carried on low-level winds from
Connecticut in 1972. The 400-km distance
could have been covered in 14–16 h at a
speed of 25–30 km h−1 and at a temperature
of 15°C or higher. However, regular, wide-
spread transport of EEE virus via low-level
winds is inconsistent with genetic studies
indicating that the virus undergoes region-
ally independent evolution for time periods
up to several years.

The transmission cycles of EEE virus
have not been well characterized in most
parts of Latin America, primarily because
human disease has rarely been documented
and enzootic sylvatic foci are often in remote
locations. A preponderance of isolations in
South and Central America from Culex mos-
quitoes of the subgenus Melanoconion have
implicated them as probable enzootic vec-
tors, with C. (Melanoconion) taeniopus
incriminated in several locations. Antibody
prevalence indicates that both small
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mammals and birds probably serve as reser-
voir hosts. Viruses isolated during Carib-
bean and Mexican outbreaks have been of
the North American variety and were proba-
bly introduced via viraemic migratory birds.
Although EEE virus has been isolated from
migratory birds in the southern USA and
Cuba, the genetically and antigenically dis-
tinct nature of all North vs. Central/South
American viruses indicates that introduc-
tions do not often result in stable enzootic
transmission.

Treatment
No antiviral treatment is available for
eastern equine encephalitis. Elevated intra-
cranial pressure, which probably contrib-
utes to morbidity and mortality, can be
treated, as can convulsions. Airway protec-
tion may be needed in patients exhibiting
loss of consciousness, along with hyper-
ventilation accompanied by anaesthesia
and sedation, Cerebral blood flow should be
maintained via regulation of arterial partial
pressure of carbon dioxide (PaCO2). Brain
swelling can be minimized by regulating
serum sodium and osmolarity. Nosocomial
infections, especially pneumonia, should
be prevented and treated aggressively when
they occur.

Control and prevention
Vectors

Because EEE virus is maintained in
zoonotic transmission cycles in swamp hab-
itats, little can be done in an ecologically
acceptable manner to control levels of virus
circulation. Control of EEE virus generally
relies on early detection of enzootic amplifi-
cation in birds, followed by mosquito
control to reduce vector populations in
inhabited regions. Sentinel Ring-necked
pheasants (Phasianus colchicus) or chick-
ens used for detection of seroconversion,
as well as adult female mosquito col-
lections for virus isolation, can detect high
levels of virus circulation. The abundance
of C. melanura is also an indicator of
potential epizootic amplification, and high
rates of infection indicate hyperenzootic
transmission levels. Because equine cases

usually precede human infection by a few
weeks, they are also indicators of the need
for large-scale adulticide programmes.

As with many arthropod-borne dis-
eases, personal protection against mosquito
bites is often the most effective means of
prevention of EEE virus infections. This is
especially important for individuals who
reside, work or take recreation near swamp
habitats known or suspected of harbouring
enzootic transmission. Diethyltoluamide
(DEET) (≤35% formulations recommended;
≤10% for children) is the most effective
mosquito repellent generally approved for
use on the skin, and permethrin insecticide
can be applied to clothing and camping gear
to enhance protection. Education of persons
likely to contact enzootic habitats is also an
important ingredient in preventing human
infection.

Mosquito control to reduce vector pop-
ulations generally relies on large-scale appli-
cation of adulticides in regions of enzootic
transmission. Larvicides directed at breed-
ing sites can also be useful in controlling
some potential epizootic vector, such as
Culex salinarius, Ochlerotatus sollicitans
and Anopheles quadrimaculatus. The inac-
cessibility of enzootic swamp habitats often
necessitates aerial insecticide applications.
Recently, remote sensing using satellite
imagery has proved valuable for identifying
EEE virus foci. This approach can be used to
target surveillance, as well as prevention
and control measures.

Vaccines
A formalin-inactivated EEE virus vaccine is
used to protect laboratory workers at high
risk for infection, as well as to immunize
equines, pigs and domestic birds, such as
emus and pheasants. However, antibodies
generated in response to the vaccine, which
was derived from a North American EEE
virus strain, are short-lived and do not
appear to cross-react strongly with South
American strains.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Ehrlichiosis

S.A. Ewing

Ehrlichia species are obligate, intracelluar
parasites that infect granulocytes, agranulo-
cytes or platelets of human beings, domesti-
cated animals and certain wild animals.
This genus is currently assigned to the order
Rickettsiales, tribe Ehrlichieae, and com-
prises numerous species, many of which
are tick-borne pathogens, whereas others
are helminth-borne parasites. Information
currently being assembled through use
of modern techniques that enable study of
molecular genetics is likely to result in
reclassification of these bacteria, and it
seems probable that tick-borne species will
be found to be more closely related to
one another than to the helminth-borne
agents. Inasmuch as this encylopedia deals
with arthropod-borne agents, nothing
more will be said about the organisms
currently considered to be helminth-borne
ehrlichieae.

Distribution
Ehrlichiosis was recognized to be a problem
in the Old World long before its presence
in the New World was discovered. Dogs
in Africa were to be found infected in the
1930s, and tick-borne fever (TBF) was rec-
ognized in ruminants in Europe and the UK
around 1950. The causative agent of TBF,
now known as Ehrlichia phagocytophila,
was found to be transmitted by the tick,
Ixodes ricinus. Unlike Ehrlichia canis and
Ehrlichia chaffeensis, but similar to Ehrli-
chia ewingii, E. phagocytophila parasitizes
granulocytes.

Following the discovery of E. chaf-
feensis as a zoonotic agent, another human
pathogen was recognized in North America.
At the time of writing (2000) the agent has
not been assigned a specific epithet and is
commonly referred to as human granulo-
cytic ehrlichia (HGE). (Unfortunately, the
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disease is also called HGE (human
granulocytic ehrlichiosis).) Based upon
molecular genetic evidence the agent is very
closely related to E. phagocytophila, caus-
ative agent of TBF in Europe and the UK,
and to Ehrlichia equi, a parasite of horses
found mainly in western North America.
Ixodes scapularis, a New World relative of
I. ricinus, has been found to transmit HGE;
another member of this complex of ixodids,
Ixodes pacificus, transmits this equine para-
site in western North America, especially
California. These findings, along with other
evidence, have led some to postulate that
an array of ehrlichial species is distributed
among mammals and ticks in the Nearctic
region where species have circulated contin-
uously in endemic cycles since the end of
the last ice age, only to be discovered com-
paratively recently. New species are being
found constantly; for example, an agent
genetically similar to E. chaffeensis was
recently (2000) reported from Ixodes ovatus
in Japan.

Ehrlichiosis has an almost worldwide
distribution.

Parasite
Ehrlichia canis, the type species of the
genus, was discovered in Algeria in the
1930s and was itself originally assigned
to the genus Rickettsia. In 1945 the genus
Ehrlichia was created to accommodate
those intracellular bacteria that form clus-
ters (known as morulae) in leucocytic host
cells and are transmitted by ixodid (hard)
ticks. Ehrlichia canis is widely distributed
in domestic dogs in the Old World and New
World, and is transmitted by Rhipicephalus
sanguineus, the brown dog tick. Over time,
additional ehrlichial species have been dis-
covered in a variety of mammals and vari-
ous ticks found to be vectors. New species
are being recognized in mammalian hosts at
a more rapid pace than in the past and it has
proved impossible, in some instances, to
identify the vectors responsible for trans-
mission. Information is being assembled in
both the Old World and the New World that
will better delineate the taxonomic status of
ehrlichial species and clarify which ixodids
transmit them. Rickettsial agents attach to

host cells and are believed to gain entry
by inducing phagocytosis. The molecular
mechanism for achieving invasion remains
unknown. These organisms must have a
remarkable ability to adapt to new condi-
tions, because they are constantly shifting
between invertebrate and vertebrate hosts.
There appear to be complex reproductive
cycles in both types of hosts, with parasite
amplification resulting in remarkable levels
of organisms in the blood of vertebrates and
in various tissues and the saliva of ticks.

Clinical symptoms
Ehrlichial infections cause multisystemic
disorders. Patients typically present with
fever, depression and anorexia and some-
times with haemorrhagic tendencies. Some
species cause neurological disease; menin-
gitis is a common feature of E. canis infec-
tions, as is ocular disease, especially uveitis
and retinal dysfunction.

Diseases that result from ehrlichial
infections vary from mild or inapparent to
fatal. The factors that determine severity of
disease are not well known beyond the obvi-
ous susceptibility of immunocompromised
hosts, a situation recognized in domestic
animals as well as in human beings. The
agranulocytic parasites are generally more
pathogenic than the granulocytic ones. A
somewhat aberrant species, Ehrlichia platys,
parasitizes dog platelets and is thought to
be transmitted by R. sanguineus. It causes
cyclic thrombocytopenia, which is generally
relatively harmless. If, however, a dog
should suffer traumatic injury or be sub-
jected to surgery during a thrombocytopenic
episode, the consequences might be fatal.

Some evidence exists for an immuno-
pathological basis for disease in ehrlichial
infections. For example, interferon (IFN)
gamma is thought to mediate tissue injury,
at least in so-called human granulocytic
ehrlichiosis (HGE); moreover, it is posited
that interleukin 10 suppresses IFN-gamma-
mediated damage in HGE.

In 1987 an arthropod-borne ehrlichiosis
was discovered to be a zoonotic disease
and E. chaffeensis, a parasite principally
of agranulocytes, was eventually found to
be the causative agent in North America.
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Central nervous system disorder is com-
monly seen in people with E. chaffeensis
infections, although asymptomatic infec-
tions apparently occur. Shortly after its
discovery, this agent was determined to be
a parasite of White-tailed deer (Odocoileus
virginianus) and to be transmitted by the
lone star tick, Amblyomma americanum.
More recently E. ewingii, long recognized
as parasitizing dog granulocytes, was also
found to infect people; the lone star tick also
transmits this species.

Diagnosis
Diagnosis of ehrlichial infections is often
problematic. Finding morulae in leucocytes
by light microscopy is difficult even during
acute infection. A variety of serological tests
have been used successfully; one difficulty
with these is that patients who recover
spontaneously or are cured by antibiotic
therapy remain seropositive for extended
periods. Moreover, cross-reactivity among
ehrlichial species is common and diagnos-
tic reagents are unavailable for those spe-
cies (such as E. ewingii) that have not been
cultivated in vitro. Polymerase chain reac-
tion (PCR) techniques have been developed
in recent years and are proving to be valu-
able diagnostic aids; these techniques are
both more specific and more sensitive than
earlier diagnostic methods.

Transmission and epidemiology
The developmental cycle of Ehrlichia spe-
cies within ticks is not well documented. So
far as is known, only trans-stadial transfer
occurs. Attempts to demonstrate trans-
ovarial transmission have been made, in
part, because E. canis has commonly been
found in combined infections with Babesia
canis, a protozoan parasite, which is
also transmitted by the same vector,
R. sanguineus (see Babesiosis). Ticks have
been found to harbour more than one
ehrlichial agent concurrently, as well
as simultaneously supporting ehrlichial
agents and Borrelia burgdorferi (see Lyme
borreliosis) and/or Babesia microti.

Experimental evidence with HGE in lar-
val/nymphal ticks indicates that organisms

find their way to the salivary glands in the
fourth week after exposure, about the time
digestion of the blood meal is completed. At
first, organisms are arranged around the host
cell nucleus. At 6 weeks, infected salivary
acinar cells become hypertrophied and large
numbers of organisms are found; these find-
ings suggest that few ehrlichial organisms
reach the salivary glands until moulting of
the tick vector is completed.

Considerable work must be done to
determine the phylogenetic affiliation of
known members of the genus Ehrlichia.
More importantly, perhaps, epidemiological
studies are needed to determine the extent to
which ehrlichial agents are exchanged
among vertebrate hosts as a result of the feed-
ing habits of ixodid ticks. If the biology of the
numerous three-host ticks that are available
candidates to serve as vectors in various
parts of the world is explored thoroughly,
the potential for zoonotic disease and the
possibility for exchange of these obligate
intracellular parasites can be better pre-
dicted. Transmission is trans-stadial and
apparently ticks must remain attached for
several hours for transfer of the parasite to
occur. Experimental transmission is easily
effected by blood transfusion, and care must
be exercised in selecting blood donors in
veterinary hospitals because asymptomatic
convalescent carriers are common.

Treatment
Like other rickettsial agents, the tick-borne
ehrlichieae are sensitive to antibiotics of the
tetracycline group. This fortunate circum-
stance means that, with timely diagnosis,
treatment of the parasitized host is easily
accomplished. Absence of pathognomonic
signs or lesions renders diagnosis difficult
and delayed treatment results, sometimes
with fatal consequences. Doxycycline is
reported to control acute E. canis infections
effectively, but efficacy of tetracycline
derivatives in clearing chronic ehrlichial
infections remains controversial.

Control
Control of ehrlichial infections is largely
a matter of tick control. This can involve
removal of ticks from pets, such as
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dogs, and/or systematic use of pesticides
to keep animal quarters free of acarines.
Although the epidemiological features of
classic canine ehrlichiosis, caused by
E. canis, are fairly well studied, the same
cannot be said for most other ehrlichial
diseases. In North America Rhipicephalus
sanguineus lives in homes, kennels and
other protected places and it feeds almost
exclusively on dogs. As a consequence,
classic canine ehrlichiosis is not seasonal.
In contrast, those ehrlichial species that are
transmitted by ticks such as Amblyomma
americanum (E. chaffeensis and E. ewingii)
and Ixodes pacificus (E. equi) are far more
likely to be seasonal, appearing from spring
to autumn. Cognizance of the risk of tick
exposure and appropriate efforts to mini-
mize risks will automatically reduce the
likelihood of ehrlichial infections in both
domestic animals and human beings.
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Elaeophora species see Elaeophorosis.

Elaeophorosis

Danny B. Pence

This is an infection of the blood-vessels
of domesticated and wild herbivores with
filarial nematodes of the genus Elaeophora.
Infections range in clinical severity from
non-pathogenic to life-threatening.

Distribution
Elaeophora schneideri occurs in the lumen
of the carotid, iliac and mesenteric arteries
of sheep, goats and several species of wild
ruminants in the southern and western
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USA. It is a normal parasite of Mule deer
(Odocoileus hemionus hemionus) and
Black-tailed deer (Odocoileus hemionus
columbianus) in the western USA and, to a
much lesser extent, White-tailed deer
(Odocoileus virginianus) in the southern
and western USA. In domestic sheep and
goats, other native cervids, including Elk
(Cervus elaphus) and Moose (Alces alces),
native Bighorn sheep (Ovis canadensis) and
certain introduced exotics, such as Sika
deer (Cervus nippon), Barbary sheep
(Ammotragus lervia) and Ibex (Copra ibex),
E. schneideri is pathogenic. Prevalence of
elaeophorosis in domestic sheep in New
Mexico, Arizona and Colorado was about
1% in the early 1970s, but this seems
to have declined dramatically in recent
years. Likewise, prevalence seems to have
declined in Elk in Arizona and New Mex-
ico. Elaeophora bohmi occurs in the tunica
media of metacarpal, metatarsal and distal
extremity veins and arteries in equines in
Europe (Austria), and Elaeophora poeli is
found in the aortic intima of cattle and
buffalo in Africa and Asia. Elaeophora
elaphi infects the portal veins of Red deer
(C. elaphus) in Europe (Spain).

Parasite
Females of E. schneideri are slender, loosely
coiled nematodes that reach 120 mm in
length; males are smaller, reaching 85 mm.

Females are ovoviviparous, producing
numerous sheathless microfilariae (280 µm
long) that migrate to the capillaries of the
skin of the face of sheep, goats, deer, Elk
and Moose; they may also localize in
the capillaries of the skin on the lower
extremities and in the mucous membranes
of the head of sheep and goats. Adults of
E. poeli are long and threadlike; females
reach 300 mm long. Elaeophora bohmi and
E. elaphi are similarly long and entwined
within the vascular tissues.

Clinical symptoms
Elaeophorosis in North America is a
variable disease, depending on the host
involved. In the normal definitive Mule
deer and Black-tailed deer hosts, there
are no clinical signs of disease. Likewise,
lesions are minimal in White-tailed deer. In
domestic sheep and goats, Bighorn sheep,
Barbary sheep, Sika deer and Ibex, a filarial
dermatitis, known as ‘sore head’, results
from an allergic response to microfilariae in
the skin. An exudative dermatitis is charac-
terized by haemorrhage, vesiculation and
ulceration of the skin, with serum, erythro-
cyte and leucocyte extravasation on the poll
and face (Figs 1 and 2), sometimes with
lesions also on the abdomen and lower
parts of the legs. The intensely pruritic
lesions often result in severe self-induced
trauma from rubbing and scratching.
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Fig. 1. Bloody lesions from
rubbing on the poll of a domes-
tic sheep with sore head caused
by elaeophorosis (courtesy of
C.P. Hibber, Wildlife Disease
Association Study Set on
Elaeophorosis).
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Lesions may persist for years. The disease is
more severe in Elk and Moose, and lesions
result not from the microfilariae, but from
adult nematodes, which evoke a severe
arteritis, with hyperplasia and occlusion
of cephalic and sometimes other arteries.
Ischaemic necrosis and haemorrhage in the
brain lead to ataxia, circling and blindness
in Moose and Elk. Additionally in Elk,
thrombosis, causing ischaemic damage to
the eyes, optic nerves, ears, muzzle and
other tissues, may lead to blindness, dry
gangrene of the ear tips, muzzle and
nostrils, abnormal antler growth and
emaciation. Calves and yearlings, as well as
adults, are affected. Death may occur within
weeks to months.

Infections of E. poeli in cattle and
E. bohmi in horses seem to be of little
clinical significance. Although it evokes an
intense arteritis and periportal multifocal
granulomas, the clinical importance of
E. elaphi remains to be determined.

Diagnosis
Unsheathed microfilariae of E. schneideri
can be demonstrated microscopically in
skin snips taken from the head or legs of
sheep and goats. Microfilariae are often not
abundant and the diagnosis is frequently
presumptive for elaeophorosis in any sheep
or goat with a facial dermatitis in the

summer months from an endemic area.
Diagnosis is usually presumptive or at
necropsy in wild herbivores.

Transmission
Horse-flies (i.e. tabanids) are the vectors for
E. schneideri. Vectors and the life cycles for
the other species are unknown. Skin lesions
in domestic sheep and goats are most
pronounced during the summer months,
coinciding with peak horse-fly abundance.
At least 16 species, representing two genera,
Hybomitra and Tabanus, of horse-flies have
been implicated as vectors of E. schneideri.
Hybomitra laticornis and Hybomitra aatos
are common vectors in the south-western
USA, whereas Tabanus lineola hinellus is
important in the south-eastern USA. In
any single area there appears to be one
primary vector and one or more species of
lesser importance in transmission of these
nematodes.

Prevalence of nematode larvae in taba-
nids varies from as high as 20% to as low
as 0.3%. Intensities of larvae in individual
flies range from 1 to 181. The preferred
feeding sites for these flies are the facial area
or legs. Horse-flies are infected by ingestion
of microfilariae in the skin of the definitive
host when they take a blood meal. Ingested
microfilariae migrate to the fat bodies,
where they develop to first-stage larvae.

164 Elaeophorosis

Fig. 2. Extensive proliferative
encrustations on the head and
muzzle of a domestic goat with
sore head resulting from
elaeophorosis (courtesy of
C.P. Hibler, Wildlife Disease
Association Study Set on
Elaeophorosis).
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They then migrate to the haemocoel, where
they grow and moult through second-stage
to third-stage larvae, which, after a period
of growth and maturation, migrate to the
fly’s head and mouthparts. The infective
third-stage larvae are a replicate of the adult
nematode without the reproductive system.
The entire cycle in the fly takes about
2 weeks. Infective third-stage larvae are
released from the horsefly’s mouthparts
when it takes a blood meal. Once established
in a suitable vertebrate host, third-stage
larvae enter the leptomeningeal arteries
and moult to migrating subadults, which
localize and mature to adults mostly in the
common carotid arteries and their terminal
branches, especially the internal maxillary
arteries, but they can occur in any other
arteries in the body large enough to
accommodate them. The nematodes reach
sexual maturity in about 6.5–7.5 months
following initial infection; they live about
4 years.

Treatment
Sheep and goats can be treated with
repeated administration of diethylcarba-
mazine, but not without risk of fatality due
to dead nematodes in the arteries. Appar-
ently, there have been no clinical trials with
ivermectin.

Control
With the major decline in population levels
of the Mule deer reservoir host and lower
numbers of horse-flies, presumably from
loss of breeding habitat due to a several-year
drought in previously hyperendemic areas
of Arizona and New Mexico, the risk of
elaeophorosis to sheep, goats and elk has
greatly decreased. Widespread use of insec-
ticide spraying and dipping and the use
of ivermectin for gastrointestinal nematode
control may also have reduced the preva-
lence of elaeophorosis in sheep and goats in
many areas.
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Encephalitis see named infections, such as Eastern equine encephalitis.

Encephalomyelitis see named encephalitis infections.

Endemic relapsing fever see Tick-borne relapsing fever.

Endemic typhus

Karim E. Hechemy and Abdu F. Azad

Endemic typhus, murine typhus or flea-
borne typhus is an important zoonosis and
a widespread infectious disease of urban
areas, with an apparent low prevalence.
This is probably a result of the protean
manifestations that this disease exhibits.

Endemic typhus is difficult to diagnose
because it is a relatively less severe rickett-
sial disease and its clinical presentation and
course resemble those of other infectious
diseases. As a result, endemic typhus is
probably under-diagnosed. The disease is
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caused by Rickettsia typhi (formerly known
as Rickettsia mooseri, after Herman Mooser,
who delineated the differences between the
bacteria that cause endemic and epidemic
typhus – see entry). More recently it has
been shown that endemic typhus is also
caused by another organism, identified
as Rickettsia felis. Both rickettsiae are
transmitted from the animal host/carrier,
e.g. rodents, cats and opossums (Didelphis
species), to humans by fleas.

Distribution
Endemic typhus is one of the most widely
distributed arthropod-borne infections,
endemic to many coastal areas, to ports
throughout the world and in inland areas. It
occurs in individual cases or in sporadic
epidemics. For example, individual human
cases are reported annually in the USA.
Outbreaks have been reported in Australia
and recently in China, Greece, Israel,
Kuwait and Thailand. Recent serosurveys
have demonstrated high prevalence of
antityphus group (TG) rickettsiae in Asia
and southern Europe. It is often unrecog-
nized and significantly under-reported.

Aetiological agent
Taxonomy

Rickettsia typhi is a member of the typhus
group (TG) which belong to the genus
Rickettsia → tribe Rickettsiae → family
Rickettsiaceae → order Rickettsiales → α
group proteobacteria. Recently, another
rickettsia, R. felis, which is maintained in
opossums (Didelphis species) and cat fleas
(Ctenocephalides felis) has been found to
occur in typhus endemic areas, particularly
in south Texas and California. It has certain
characteristics that place this organism in
the typhus group, but its phylogeny puts it
in the spotted fever group (SFG) rickettsia.
Although R. felis is placed within the SFG
based on the sequence homologies of
selected groups of genes, it is closer to TG
rickettsiae in its utilization of an insect vec-
tor. Immunological characterization with
monoclonal and polyclonal antibodies to
rickettsial proteins and lipopolysaccharide
shows reactivity with both TG and SFG
rickettsiae.

Bacteria
Both R. typhi and R. felis are small,
0.2–0.5 µm by 0.3–2.0 µm, obligate intra-
cellular bacteria. Ultrastructurally, these
bacteria have a typical Gram-negative
prokaryotic cytoplasm containing ribo-
somes and indistinct strands of DNA in an
amorphous cytosol, which is surrounded
by a plasma membrane. The G + C content
of DNA is 28.5–29.7 mol% and the
genome size is 1.1 × 109 Da. Typhus group
rickettsiae grow in the cytoplasm of
eukaryotic host cells. During growth, very
few bacteria exit the infected cells. Instead
they grow and fill the cytoplasm until the
large number of cells overwhelms the host
cell capabilities to support the growth of the
bacterium. As a result, the host cells burst
and the released bacteria initiate infections
of neighbouring cells. The mechanism by
which a cell is lysed is not well understood.
However, it appears that haemolysins and
phospholipase A stimulate the host cell
to internalize the rickettsiae, and possibly
help them to escape the phagosome to live
in the cytoplasm.

Culture
The pure bacterium can be grown in
the yolk-sac of 5–7-day-old embryonated
chicken eggs or in vertebrate cell lines, e.g.
VERO cells and L929 cells, and incubated at
37°C in 5% CO2 for 4–7 days.

Isolation
Rickettsia typhi is preferably isolated from
clinical or survey specimens suspected of
containing the rickettsiae by animal inocu-
lation, e.g. into mouse, rat or guinea-pig.
For the production of seed inoculums of
the bacterium, spleen and other organs
are collected from the moribund animal
and inoculated into the egg yolk-sac of
embryonated chicken eggs. Rickettsiae can
be maintained for decades at −70°C or in
liquid nitrogen. The bacteria lose viability
in a few days when they are repeatedly
frozen and thawed or maintained at 4°C.
Also they lose viability within hours when
left at room temperature. However, they
may be quite stable in desiccated arthropod
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faeces and in this state they have been the
source of infection in humans.

Clinical symptoms
Both urban (R. typhi) and rural (R. felis)
types of endemic typhus are usually mild
illnesses. The incubation period ranges
from 1 to 2 weeks. The major features of
endemic typhus are abrupt onset of fever,
headache, myalgias and, in most cases,
a non-purulent maculopapular skin rash,
which starts on the trunk and later spreads
to the extremities. The rash may be fleeting
or absent. In addition, patients have been
reported to have chills, cough, arthralgias
and   nausea   followed   by   vomiting.   An
untreated illness may last up to 2 weeks.
The patient is immune from recurrent
infection for life and acquires a partial resis-
tance to epidemic typhus, i.e. Rickettsia
prowazekii (see Epidemic typhus). Severe
cases of endemic typhus infection have
been associated with old age, delayed
diagnosis, hepatic and renal dysfunction,
central nervous system abnormalities and
pulmonary compromise. Death occurs in up
to 4% of hospitalized patients.

Pathology
Vascular lesions can largely account for
the pathological manifestations observed
in rickettsioses. The rickettsiae multiply in
the endothelial cells lining the small blood-
vessels, causing endothelial proliferation,
thrombosis, perivascular haemorrhage and
extravasations of plasma, which lead to
haemoconcentration and shock in extreme
cases. Vascular lesions occurring in the skin
produce the rash. In extreme cases, the
changes in vascularity in heart and kidney
may lead to myocardial/and or renal failure.

Diagnosis
For antigen diagnosis, e.g. typhus bacterium
isolation, a laboratory equipped with a bio-
logical safety level 3 facility is required and
all the proper precautions must be taken by
laboratory workers. As a result, rickettsial
isolation is performed in very few labor-
atories. Blood should be collected in a
heparinized vial before any antibiotic is
administered to the patient. Blood should

be stored for the short term at 4°C and pro-
cessed as rapidly as possible. If processing
is delayed for more than 24 h, the blood
should be centrifuged, and the white buffy
coat separated and frozen at −70°C. The
classic but cumbersome methods are animal
inoculation, e.g. male guinea-pigs, rats,
mice or the yolk-sacs of embryonated
chicken eggs. Direct cell culture isolation
has been done from clinical specimens with
mixed results. One of the more promising is
the shell-vial technique containing several
coverslips, each with a confluent layer of
host cells, e.g. VERO cells. Samples con-
taining the clinical material are mixed with
tissue culture medium at a ratio if 1 : 1 and
centrifuged at 700 × g for 1 h at 25°C. The
supernate is then decanted and fresh
medium is added in the vial and the vial
incubated at 34°C in 5% CO2. A coverslip
is removed at time intervals and examined
by direct fluorescent antibody, using
fluorescein-tagged antibodies to the TG
bacteria. An alternative method is to use
indirect fluorescent antibody (IFA), using
group-, species- and strain-specific mono-
clonal antibody as the first antibody, and
then to probe this immunoreaction with
a fluorescein-tagged antibody to the mouse
monoclonal antibody. If present, rickettsiae
are usually detected within 72 h. Alterna-
tively, or in addition, the tissue culture
can be tested for the presence of the typhus
bacterium by molecular methods, such as
the polymerase chain reaction (PCR), using
specific primers such as the gene encoding
the 17-kDa protein, citrate synthase gene
and 16S ribosomal RNA (rRNA).

Direct detection of the rickettsiae has
also been performed, using punch biopsies
from the rash area on the patient’s skin.
For maximum sensitivity, biopsies should
be obtained before starting the patient
on antibiotics. Formalin-fixed and paraffin-
embedded sections of the maculopapular
rash are tested as above for the shell-vial
modality. Alternatively, the unfixed skin
biopsy can be tested by molecular
techniques.

The most common test to detect rickett-
sial infection is done by the detection of
antibodies to the typhus organism, but
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these tests are not species-specific. The test
cannot differentiate between the various
species of the typhus group Rickettsia. The
extent of cross-reactivity by all present
modalities of serological testing are exten-
sive, both qualitatively, i.e. the number
of specimens, and quantitatively, i.e. titre
levels. Because the titres are within one
dilution in at least 90% of the cases,
speciation cannot be undertaken.

Serological tests are based on two
modalities: particle agglutination and
probe-based modality. The agglutination-
based assays include indirect haemag-
glutination and latex antigen. Both assays
use the erythrocyte-sensitizing antigen (i.e.
substance) (ESS). The ESS is derived from
boiling a suspension of purified rickettsiae
in a water-bath for 30 min. The ESS is then
absorbed on sheep erythrocytes or adsorbed
on latex particles. For the haemagglutination
assay, equal volumes are mixed on a
microtitre plate, incubated at 37°C for 2 h
and left at 5°C overnight. Unsensitized
erythrocytes are run with each test serum to
determine the presence of anti-erythrocyte
globulins that may be naturally present. Nei-
ther particle agglutination test distinguishes
between the presence of immunoglobulin G
(IgG) and IgM antibodies to typhus antigen.
However, a titre of ≥ 128 is usually indica-
tive of an active infection. Particle agglutina-
tion-based test titres are usually higher in the
presence of IgM antibodies as determined by
the IFA (see below). Both tests can be used
only for the diagnosis of active infections.
They are not suitable for serosurveys. The
probe-based modality for the detection of
antibody to TG antigen includes the IFA
assay and enzyme-linked immunoassay.
The IFA is at present the ‘gold standard’.
After incubating the slides containing the
acetone-fixed antigen with the test serum,
the immunoreaction is probed with a
fluorescein-tagged probe to IgM or IgG
antibodies. The IFA can be used to detect, in
retrospect, an active infection or could be
used for serosurveys using a fluorescein-
tagged probe to IgG antibodies. A minimum
titre of 128 for IgG and 32 for IgM is indica-
tive of the presence of antibodies. Immuno-
globulin G antibodies to the TG could last for

years at high titres; therefore, unless a
second test performed 2–3 weeks later
shows a change in titre levels, the IFA test
cannot distinguish between an active infec-
tion and an ‘old’ one. In contrast, IgM titre
levels usually, but not always, decrease after
the first 3 months to below the minimum sig-
nificant level, but sometimes a relatively low
titre that is above the significant level may
persists for up to 6 months. As a result, two
serum specimens drawn from a patient at
least 2 weeks apart are needed to determine
the status of the infection. An increase in
titre ≥fourfold in IgM and/or IgG antibodies
indicates an active infection; a ≤fourfold
decrease in IgM titre may indicate a recent
infection. A static titre or changes in titre of
<fourfold in IgG and IgM antibodies indi-
cates an infection at an undetermined time.

Transmission and ecology
The major cycle of R. typhi, the aetiological
agent of endemic typhus, involves rats
(Rattus rattus and Rattus norvegicus) and
the rat flea, Xensopsylla cheopis, which
has been considered the main vector.
Rickettsiae ingested by fleas while blood-
feeding multiply enormously in the gut,
but, unlike plague transmission (see entry),
they do not cause any blockage in the pro-
ventriculus. Neither fleas nor rats appear
to be harmed by their infection with either
R. typhi or R. felis (see below). Rat-to-rat
transmission can also involve the rat louse,
Polyplax spinulosa, as a vector.

Once infected, fleas remain infected
for life and the bacteria are transmitted
transovarially. Field data, epidemiological
surveys and new molecular techniques have
prompted a reconsideration of the estab-
lished components of the typhus vector-
reservoir transmission cycle and their inter-
action with humans. Endemic typhus exists
in some endemic disease foci where both
rats and rat fleas are absent. Reported cases
of murine typhus in the USA are focused
largely in central and south central Texas
and Los Angeles and Orange counties in Cal-
ifornia; however, infected rats and their fleas
are hard to document in these areas. Cases of
locally acquired endemic typhus in Los
Angeles county have been associated with
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seropositive domestic cats and opossums
(Didelphis species). Ctenocephalides felis,
the cat flea, was the most prevalent flea spe-
cies collected from opossums, cats and dogs
(but not rats) in southern Texas. Surveys in
other areas of the country have given similar
results, which further minimizes the role of
rat fleas in the maintenance of endemic
typhus within the USA. The maintenance of
R. typhi or an R. typhi- like organism in the
cat flea/opossum cycle is, therefore, of
potential public health importance, since C.
felis is a widespread pest that avidly bites
humans.

Recently a new typhus-like rickettsia
(initially designated ELB), R. felis, was iden-
tified in cat fleas and opossums (Didelphis
species) from the Californian and Texas
murine typhus foci. Both R. typhi and R. felis
were found in fleas and in opossum,
(Didelphis species) tissues. Additionally, a
retrospective investigation using molecular
techniques demonstrated that four patients
were infected with R. typhi and a fifth had
been infected with R. felis. The implication
of documented human infections with R.
felis and its presence in opossums, and pos-
sibly other wildlife associated with human
habitation, raises concerns about the extent
of R. felis infection in human populations.
As a result of these observations, two types
of endemic typhus can be described: the
urban type, which involves the classical
rat/rat flea cycle, and the other is the rural
type, which involves the opossum, cat/cat
flea cycle.

Vertebrate reservoir hosts and humans
are infected with R. typhi or R. felis when
infected fleas taking a blood meal defecate
on the host. In turn, the host self-inoculates
by abrading the skin via scratching areas
containing the rickettsia-contaminated
faeces. The rickettsia then passes through
the abraded skin, infecting the vertebrate
host.

Alternatively, infection through the
mucosal surfaces, such as the conjunctivae,
can occur if contaminated faecal material
is deposited on the mucosal surface.
Rickettsiae in dry flea faeces can remain
viable, possibly for 1–3 months.

Endemic typhus can occur throughout
the year if climatic conditions are favourable
for the survival of rats and their ecto-
parasites. The majority of cases occur during
the late spring and early autumn, or when-
ever warm and humid climates prevail.
Although it is a clinically mild disease, it
can cause severe illness leading to death.

Treatment
Tetracycline is the drug of choice and
is taken for 10 days. Usually the patient
defervesces and recovers promptly within
24 h from the start of medication. Relapses
do not occur if the full regimen of the
tetracycline is taken.

Control
There are usually no specific control mea-
sures, but killing rats with rodenticides and
fleas, on or off the host, with insecticides,
as practised in plague control (see Plague),
might be appropriate in some situations.
Such control measures may help reduce the
chance of contracting the disease but will
not eliminate it.
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Entamoeba infections see Cockroaches and Flies.

Eperythrozoonosis see Haemotrophic mycoplasmas.

Eperythrozoon species see Haemotrophic mycoplasmas.
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Ephemeral fever see Bovine ephemeral fever.

Epidemic haemorrhagic fever see Haemorrhagic fever with renal syndrome.

Epidemic relapsing fever see Louse-borne relapsing fever.

Epidemic typhus

Karim E. Hechemy and Abdu F. Azad

The origin of the name typhus is from the
Greek typhos, which means stupor arising
from fever, one of the symptoms of the
disease. Classical epidemic typhus, also
known as louse-borne typhus, is the only
rickettsial disease that can cause explosive
epidemics in humans. Throughout history,
epidemic typhus and plague have decided
the outcome of more military campaigns
than all the generals of history. In the past,
epidemic typhus was associated with wars
and human disasters. After the First World
War (1914–1918), it is estimated that over
20 million people were infected with Rick-
ettsia prowazekii, the aetiological agent of
epidemic typhus, with a mortality rate of
~20% in eastern Europe. After the Second
World War (1939–1945), it is estimated that
7 million people died from epidemic
typhus. Today typhus still occurs in war-
torn countries and remains endemic in
cold areas of tropical regions, where it is
maintained in the human–louse cycle.

In addition, R. prowazekii causes
recrudescent typhus or Brill–Zinsser disease
(see Transmission below).

Distribution
Classic louse-borne typhus was world-
wide in the pre-antibiotic era. Even in the
antibiotic era, the disease is still endemic,
but restricted to the highlands and cold
areas of Africa, Asia, Central and South
America and parts of eastern Europe. For
example, it is found during the winter in
regions such as the Sahara and Arabian
deserts, when heavy clothing is worn
continuously; in tropical regions, among
people wearing ornamental waist bands or
arm and leg coverings that can harbour the

body louse; and in other cold regions, such
as the mountainous regions of Guatemala
and Mexico, the Andean highlands and
the Himalayan region. Depending on many
factors, epidemic typhus can occur as a
truly epidemic disease, as a prolonged
endemic–epidemic infection, or as an
endemic infection with sporadic outbreaks
of limited geographical scope, as in a village
in, for example, the Andean mountains.
Large outbreaks have occurred through
the years since the Second World War
(1939–1945) in war-torn countries of Africa,
such as Burundi, Ethiopia and Rwanda.
Twenty thousand cases were reported from
Burundi for the period from January to
March 1997.

Bacterium
Rickettsia prowazekii has the same morpho-
logical and growth characters as R. typhi,
the causative agent of endemic typhus (see
entry). The bacterium is a small, 0.2–0.5 µm
by 0.3–2.0 µm, obligate intracellular bacte-
ria. Ultrastructurally, it has a typical Gram-
negative prokaryotic cytoplasm containing
ribosomes and indistinct strands of DNA in
an amorphous cytosol, which is surrounded
by a plasma membrane. The G + C content
of DNA is 28.5–29.7 mol% and the genome
size is 1.1 × 109 daltons. Typhus group
(TG) rickettsiae grow in the cytoplasm of
eukaryotic host cells. During growth, very
few bacteria exit the infected cells. Instead
they grow and fill the cytoplasm until the
sheer number of cells overwhelms the host
cell capabilities to support the growth of the
bacterium. As a result, the host cells burst
and the released bacteria initiate infections
of neighbouring cells. The mechanism
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by which the cell is lysed is not well
understood.

The complete genome of R. prowazekii
was recently characterized. The genome
contains 834 protein-coding genes. The
functional profiles of these genes show
similarities to those of mitochondrial genes,
indicating that R. prowazekii is more closely
related to mitochondria than to any other
microorganisms studied to date. Genes for
encoding anaerobic glycolysis are not found
in either R. prowazekii or mitochondria; but
both have the gene encoding components
of the tricarboxylic cycle and the respira-
tory-chain complex for the production of
adenosine triphosphate (ATP). In addition,
many genes involved in the encoding and
regulation of the biosynthesis of amino acids
and nucleosides that are present in free-
living bacteria are missing in R. prowazekii
and in mitochondria. The proportion of non-
coding DNA in the R. prowazekii genome is
the highest (24%) of non-coding DNA in the
many bacterial genomes studied so far.

Taxonomy
Rickettsia prowazekii is a member of TG,
which belongs to the genus Rickettsia →
tribe Rickettsiae → family Rickettsiaceae →
order Rickettsiales → α group proteobac-
teria. While DNA analyses of R. prowazekii
isolated from Flying squirrels (Glaucomys
volans) differ slightly from human/lice
isolates of R. prowazekii, biologically these
isolates are very similar; nevertheless the
significance of the observed differences
remains to be determined.

Clinical symptoms
Classic epidemic typhus is one of the most
virulent diseases known to humanity.
Symptoms appear about 10 days after an
infected body louse has bitten a person.
Symptoms include a high fever of ~42°C,
extreme pain in the muscles and joints,
stiffness, headaches that have been charac-
terized as worse than migraines, and cere-
bral impairment. About the third to the fifth
day of illness, a maculopapular rash, con-
sisting of elevated dark red spots, appears
on the trunk and then spreads to the rest

of the body. The rash may not occur in 10%
of the affected persons. During the second
week, the patient may become delirious
with neurological symptoms and may expe-
rience stupor. In extreme untreated cases,
hypotension, oliguria, azotaemia, second-
ary bacterial bronchopneumonia, otitis
media and parotitis may occur. Thrombosis
may affect the large arteries, leading to
hemiplegia. Gangrene and necrosis may
occur, due to thrombosis of the small
vessels in the extremities. The mortality
rate in untreated patients is ~20%. In a
severe epidemic, the mortality rate is often
as high as 40%. After 14–21 days, untreated
patients may undergo a sudden remission of
fever and their mental and physical states
undergo quick recovery. However, full
strength returns more slowly, often taking
2–3 months.

In Brill–Zinsser cases (see Transmission
below), the symptoms are less pronounced
than those described in classic epidemic
typhus, the fever is less, the rash is usually
absent or, if present, is less intense, and the
mortality rate is <1%. The clinical picture of
sylvatic typhus (see Transmission below) is
similar but milder than that of epidemic
typhus. The illness is characterized by the
abrupt onset of the illness, headache, fever,
myalgias and the characteristic exanthems
of rickettsial infection. No deaths have been
reported from patients with sylvatic typhus.

Pathology
The hallmark of epidemic typhus patho-
genesis, as well as members of the genera
Rickettsia and Orientia, is vasculopathy.
After penetration into the body, the bacte-
rium spreads throughout via the blood-
stream, enters the endothelial cells and
proliferates intracellularly until the bacteria
reach a critical number. The cells then burst
and release the bacteria to spread and rein-
fect intact cells. This seems to be the major
cause of cellular injury, since it is not medi-
ated via toxins (none has been detected
to date) and it occurs in the absence of
immune and inflammatory response.
Cellular injury leads to extensive vasculitis,
increased vascular permeability, resulting
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in   oedema,   and   activation   of   humoral
inflammatory and coagulation mechanisms.
In addition, lymphocytes and macrophages
accumulate around the injured small blood-
vessels. Besides the vascular lesions on the
skin, lesions can also be found in the heart,
brain, kidney, skeletal muscle and testes.
In severe infection in untreated patients,
the changes in permeability in the host cells
are such that plasma and plasma proteins
permeate to the interstitium from the intra-
vascular spaces.

Diagnosis
The modalities for the laboratory diagnosis
of epidemic typhus are similar to those
for endemic typhus (see entry). Antigeno-
diagnosis by isolation of the organism is
discouraged and should only be done in
specialized laboratories that have level
3 biological safety. The isolation should
be performed with specimens from patients
before instituting antibiotic therapy. Simi-
larly, antigenodiagnosis by direct immuno-
fluorescence on skin biopsies should be
done on biopsies before antibiotic therapy
is administered to the patient. Serodiagno-
sis is the modality of choice, even though
the diagnosis is made in retrospect. Neither
the particle-mediated serodiagnosis, using
sheep erythrocytes or latex sensitized with
the erythrocyte-sensitizing substance from
R. prowazekii, nor the immunoprobe
assays, e.g. indirect immunofluorescence
or enzyme-linked immunosorbent assay
(ELISA), speciate the typhus fever group
agent that is causing the disease. This is
because of the extensive quantitative (titre
levels) cross-reactivity among the typhus
fever group. It has been shown that
speciation of the causative agents could
be done with immunoprobe assays by an
inhibition reaction.

To differentiate between an endemic
typhus infection and an epidemic typhus
infection, the patient serum is first incu-
bated with both organisms separately. Each
immune reaction is then probed with a
monoclonal antibody specific to the TG
rickettsia used in the first incubation. The
monoclonal antibody reactivity is then

probed with tagged anti-mouse immuno-
globulin G (IgG) antibodies. It is expected
that, if the first reaction was a homologous
antigen/antibody reaction, the monoclonal
antibody will not react with the specific
epitope. On the other hand, if the first reac-
tion was a heterologous reaction, the specific
epitope will be free and available to react
with the monoclonal antibody. While both
standard immunoprobe and particle assays
can be used for the serodiagnosis of active
infection, only immunoprobe-based assays
should be used for serosurveys. Titres of
≥128 in the particle agglutination assays are
often indicative of active infection. In con-
trast, single titres of ≥128 in the immuno-
probe assays may not necessarily indicate
an active infection, but an infection in
the recent past. Anti-rickettsial IgG antibody
titres have been known to remain at very
high levels 2 years post-infection while
anti-rickettsial IgM antibody titres decrease;
nevertheless, they remain at diagnostic
levels for up to 6 months.

Transmission and epidemiology
The main vector of classical epidemic
typhus is Pediculus humanus, the human
body louse. Although experimentally Pedi-
culus capitis, the head louse, is capable of
maintaining R. prowazekii, its role in the
transmission of this rickettsiosis is not well
established. Body lice feed only on humans
and all three stages of the louse life cycle,
namely eggs, nymphs and adults, occur
on the same host. After adult lice, or their
nymphal stages, take a blood meal from
R. prowazekii-infected human, they become
infected. Patients are infective to lice during
the febrile illness and possibly for 3–4 days
after the temperature returns to normal.
In the louse the rickettsiae invade the gut
cells, where they multiply enormously, and
after about 4 days the cells burst, releasing
rickettsiae into the lumen of the gut and
contaminating the faeces. During a blood
meal, the louse excretes faeces that contain
millions of live infectious R. prowazekii.
A minimal amount of the excreta rubbed
on the skin or any exposed mucous area,
such as the cornea, will cause the disease to
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erupt in humans. Rickettsiae can remain
alive in dry faeces for about 70 days.

Body lice seek locations on the human
body where the temperature is approxi-
mately 20°C. These temperatures are nor-
mally found in the folds of clothing. The
body louse will abandon a patient with a
temperature ≥40°C, as well as the body of a
dead person. When the body louse is not
feeding on the blood of its victim, it lives
in seams and folds of clothing. Body louse
infestation occurs through contact with
discarded infested clothing and bedding, as
well as by direct contact with an infected
person via the migration of the louse from
the patient to another person. Lice may feed
several times a day and thus may transmit
rickettsiae to several people in close contact,
such as in crowded conditions. The body
louse proliferates and spreads very rapidly
in refugee camps and other crowded condi-
tions. The risk can be expected to increase in
rainy seasons, when more clothing and blan-
kets are used and clothes are not changed.
Body lice do not transmit R. prowazekii to
their offspring. The rupturing of the gut
cells in the louse often allows blood to seep
through into the haemocoel, giving the louse
a reddish colour; such sick lice may die after
8–12 days.

Humans are the essential reservoir
host for maintaining the R. prowazekii infec-
tion during interepidemic periods. Young
patients who survive the illness may har-
bour the organisms in their lymphatics and
develop recrudescent typhus or Brill–
Zinsser disease at a much older age. This is a
full-blown infection of typhus, and body lice
feeding on a Brill–Zinsser patient become
infected and the cycle then repeats itself
from human to louse to human. Brill–
Zinsser is named for Nathan Brill, who first
recognized and described the disease and
Hans Zinsser, who suggested that the disease
was a relapse of a past epidemic typhus
infection.

Although epidemic typhus rickettsiae
were considered to be maintained only in
the human–louse cycle, the discovery in the
late 1970s of a sylvatic cycle in the eastern
USA revealed the existence of an enzootic
cycle involving Flying squirrels (Glaucomys

volans) and their fleas (Orchopeas howardi)
and lice (Neohaematopinus sciuropteri).
Most of the cases have occurred in the east-
ern USA in rural environments, namely in
the states of Georgia, Tennessee, Pennsylva-
nia, Virginia and Massachusetts, during
the colder time of the year when squirrels
may seek refuge in the attics of residences.
Serosurveys of flying squirrels have demon-
strated the presence of antibodies to TG
antigens. Seroconversion was also observed
in serially trapped animals during the cold
months of the year. While the organism
resembling R. prowazekii was isolated from
the flying squirrels and their ectoparasites,
no organisms were isolated from humans
presumed to have sylvatic typhus. Further
studies will be crucial in determining the
underlying mechanisms involved in the
survival and persistence of this rickettsiosis.

Treatment
As with all rickettsial infections, antibiotics
of the family of tetracyclines or their deriva-
tives, such as doxycycline, are the drugs of
choice. For epidemic typhus, intravenous
fluids and oxygen may also be necessary as
supportive therapy in addition to the anti-
biotics. Patients with typhus are usually
expected to recover completely with prompt
antibiotic therapy, although they could
remain infected with R. prowazekii and
develop Brill–Zinsser disease later in life
and infect a louse if they are exposed to one.

Prevention
It is possible to reduce epidemic louse–
human–louse transmission of R. prowazekii
by using simple precautions, because the
disease is not transmitted from person
to person. Patients with epidemic typhus
infections should be immediately deloused
and provided with clean clothing. Heating
clothes to 70°C will kill lice and prevent the
infection from spreading. DDT powder can
be applied to the body to kill lice. However,
there is widespread resistance to DDT and,
if this is known to occur, other insecticides,
such as permethrin or temephos (Abate),
can be used. In addition, impregnating
clothing and bedlinen with pyrethroid
insecticides, such as permethrin, may
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provide long-lasting protection against
louse infestations. Because insecticidal
dusts come into close and prolonged con-
tact with peoples’ bodies, they must have
very low mammalian toxicities.
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Epizootic cerebrospinal nematodiasis see Setariosis.

Epizootic haemorrhagic disease

P.S. Mellor

Epizootic haemorrhagic disease of deer is
a non-contagious, infectious, insect-borne
disease of ruminants, especially certain
species of deer.

Distribution
Epizootic haemorrhagic disease has a very
wide distribution and occurs in North,
Central and South America, Africa, South-
East Asia, Japan and Australia.

Aetiological agent
The virus causing epizootic haemorrhagic
disease is a member of the genus Orbivirus
in the family Reoviridae and is therefore
closely related to bluetongue virus (see
entry), the type species of the genus. The
virion is icosahedral and unenveloped, and
has a diameter of about 80 mm, with a core
particle containing ten segments of double-
stranded RNA (dsRNA) surrounded by a
diffuse outer capsid. Eight serotypes of the
virus have been identified to date.

Epizootic haemorrhagic disease (EHD)
virus serotype 1 has been isolated in North
America and Australia, serotype 2 in
North America, the Middle East, Australia
and Japan, serotypes 3 and 4 in Africa and

serotypes 5, 6, 7 and 8 in Australia. A further,
untyped, EHD virus, designated ‘318’ has
also been isolated from Bahrain. In addition,
specific antibodies to EHD virus have been
detected in cattle across much of South-East
Asia.

Clinical signs
In most ruminants, infection with EHD
virus is usually inapparent but in certain
species of deer and other wild ruminants,
particularly in North America (e.g. White-
tailed deer (Odocoileus virginianus), Mule
deer (Odocoileus hemionus hemionus),
Black-tailed deer (Odocoileus hemionus
columbianus), Pronghorn antelope (Anti-
locapra americana)), the disease can be
severe and is then indistinguishable from
bluetongue (see entry). Cattle are usually
subclinically infected but in 1959 Ibaraki
virus, a variant of EHD virus serotype 2,
caused a bluetongue-like disease in 39,000
Japanese cattle, killing approximately 4000
of them. More recently suspicions have
been growing that EHD virus may also be a
cause of disease in cattle in other parts of
the world, including the USA and South
Africa.
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Pathology and post-mortem findings
Epizootic haemorrhagic disease virus can
be very pathogenic in some ruminant
species, especially in White-tailed deer,
causing a syndrome referred to as haemor-
rhagic disease (HD). This syndrome is
sometimes divided into three categories:
peracute, acute and chronic. The peracute
form of the disease is characterized by
oedema of the head, neck and lungs and
sudden death. The acute form also causes
oedema but in addition produces haemor-
rhages in the heart, gastrointestinal tract
and other organs, and erosions on the dental
pad, tongue and palate. The chronic form of
HD is actually a convalescent state resulting
from the slow healing of lesions of the acute
disease. If damage to the epithelial surfaces
has been severe, the animal may succumb
to starvation or to secondary bacterial
infections.

Diagnosis
Most infections with EHD virus are
inapparent and, when clinical disease is
caused, it is indistinguishable from blue-
tongue.  Laboratory  confirmation  of  infec-
tion is therefore essential. Confirmation is
by virus isolation from or identification
in whole blood or organs (spleen, kidney,
liver, lung, lymph nodes) or by the demon-
stration of rising antibody titres in paired
serum samples. A variety of diagnostic tests
are available, but the tests of choice are neu-
tralization tests, which are serotype-specific,
the competitive enzyme-linked immunosor-
bent assay (cELISA) (for antibody detection)
and the sandwich ELISA (for antigen detec-
tion), which are both serogroup-specific.

Transmission
Epizootic haemorrhagic disease virus is
transmitted between its vertebrate hosts
almost entirely via the bites of certain
species of Culicoides biting midges, which
are true biological vectors. In North
America the most important vector species
is C. variipennis, but C. lahillei has also
been implicated and other species may
be involved to a lesser extent. In Africa
the virus has been isolated from C. nevelli,
C. cornutus and C. schultzei group midges,

while in Australia numerous isolations
have been made from C. brevitarsis. The
vectors in Central America, South America,
Japan and South-East Asia are at present
unknown.

In addition to transmission via the bites
of vector species of Culicoides, EHD viruses
have been reported to be transmitted trans-
placentally to the fetus from cows and ewes
infected during gestation. However, the
route is not considered to be of signifi-
cance in epizootic haemorrhagic disease
epidemiology.

Vertebrate hosts
Epizootic haemorrhagic disease virus infects
and replicates in a wide range of domestic
and wild ruminant species.

Treatment
Apart from supportive treatment there is no
specific therapy for epizootic haemorrhagic
disease.

Prevention and control
Following an outbreak of epizootic haemor-
rhagic disease in a country or zone previ-
ously free of the disease, attempts should be
made to limit further transmission of the
virus and to achieve eradication as quickly
as possible through control of animal move-
ments, housing of susceptible stock and
vector abatement measures.

In enzootic situations, control of epi-
zootic haemorrhagic disease is unlikely to be
feasible since it is primarily a disease of
wildlife. However, since the risk of disease is
minimized in deer herds that do not exceed
the carrying capacity of their habitat, it has
been suggested that the size of susceptible
deer populations should be regulated
through properly managed hunting. There
are no vaccines available for the control of
epizootic haemorrhagic disease.
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Equine biliary fever see Theilerioses.

Equine infectious anaemia

C.J. Issel

Commonly referred to as EIA, or swamp
fever, this persistent lentivirus infection of
equid host species is mechanically trans-
mitted between equids in close proximity
by haematophagous insects and is best
thought   of   as   a   blood-borne   infection.
Although EIA virus is not an arbovirus (the
agent does not replicate in the vector), it
provides an excellent model for the investi-
gation of the dynamics of mechanical trans-
mission of retroviruses.

Distribution
Infections with EIA virus are found world-
wide where people have transported
infected equids. As the majority of infec-
tions with EIA virus today are without overt
clinical signs, it is reasonable to assume
that, historically, the distribution of EIA
virus silently followed the movement of
humans accompanied by equids, and
thrived where conditions were optimal
(areas with high vector populations and/or
where humans facilitated the transfer of
blood between horses under domestica-
tion.) As a disease, EIA has been recognized
since the middle of the 19th century, but
it is not officially recognized in wild or
domesticated equids in some areas. Where
testing for the infection is common, foci

may be found with infection rates exceed-
ing 30% on ranches and individual
premises or in bands of free-roaming horse
populations. In the USA, over a million
horses (of an estimated 6 million) are tested
each year, with about 1000 new cases found
every year. In recent years, the majority of
infections have been found in areas or on
premises where testing for EIA had not been
practised routinely.

Virus
Equine infectious anaemia virus is in the
genus Lentivirus in the family Retroviridae.
It has a relatively simple genetic organiza-
tion  for  a lentivirus:  gag,  pol, env genes
encode structural proteins and enzymatic
functions; regulatory proteins are coded by
three small open-reading frames. The virus
replicates predominantly in mature tissue
macrophages in vivo. Equine infectious
anaemia virus and other lentiviruses exist
as quasispecies because of inherently high
mutation rates. Mutations appear at highest
frequency within hypervariable regions of
the surface unit protein gene. These muta-
tions can result in the emergence of novel
antigenic variants that escape immuno-
surveillance, perhaps with higher capacity
to replicate and induce disease.
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Clinical signs
The majority of infections in equid host
species appear to be clinically inapparent
when first detected by routine surveillance
testing. Research suggests that most strains
have the capacity to regain the ability to
cause disease through selection by rapid
serial passage in equids; exposure to high
doses of these strains can result in death
within 20 days of exposure. The clinical
signs associated with infection with EIA
virus include fever, thrombocytopenia,
lethargy and petechial haemorrhages on
mucous membranes. Frequently, these
acute signs of disease are short-lived and
not observed by the owner or attending
veterinarian. Most infected horses appear
to recover from the initial bout, but some
develop recurring febrile episodes. This
chronic form of the disease is more com-
monly diagnosed and may be additionally
characterized by anaemia, dependent
oedema and profound weight loss. Classical
studies of the chronic form of the disease
have proved that antigenic variation of EIA
virus was occurring.

Diagnosis
Equine infectious anaemia was not reliably
diagnosed until practical serological tests
were defined in 1970 and correlated with
the presence of EIA virus. Foals of test-
positive dams, however, may test positive
because of active infection and/or passively
acquired colostral antibodies. Since 1970,
the agar gel immunodiffusion (AGID or
Coggins) test has received wide inter-
national acceptance, and detects antibodies
against the major core protein of EIA virus.
The incubation period – that is, time from
exposure to first positive test – is generally
within 21–45 days in horses; once positive,
the equid remains test-positive for life. The
accuracy and reliability of the AGID test has
encouraged the adoption of regulations for
EIA control in local, national and inter-
national jurisdictions. Additional enzyme-
linked immunosorbent assay (ELISA)-based
tests have received approval as official tests
for EIA, but confirmatory AGID tests are
required. In some cases, application of more

sensitive immunoblot tests has proved use-
ful. Infections with EIA virus are more
readily diagnosed by serological methods
because EIA virus strains from the field are
not easily cultivated in the laboratory, and
because clinical signs, clinicopathological
changes and pathology findings are not
specific.

Transmission
The major determinants of EIA virus trans-
mission between equids by individual
insects are the amount of EIA virus in the
blood and the volume of blood transferred
by the vector to a second host (via inter-
rupted feeding). The plasma viraemia with
EIA is highest during acute febrile episodes
and may approach 106 ml−1. In contrast,
equids without clinical disease have lower
levels of virus (generally ≥1000-fold less),
making transmission by a haematophagous
insect less probable. Any blood-feeding
insect has the theoretical potential to
transmit EIA virus. In critical laboratory
experiments, tabanids such as horse-flies
(Tabanus species) and deer-flies (Chrysops
species) have proved the most efficient,
followed by stable-flies (Stomoxys species).
Under experimental conditions, virus
infectivity was retained and transmitted to a
recipient by 25 Tabanus fuscicostatus held
for 30 min (but not 4 h) after their partial
feeding on a donor with acute disease.

In wild, free-roaming ElA virus-infected
populations, an exceptionally high rate
of infection in mature/dominant stallions
has been observed, suggesting that their
combative behaviour may increase the risk
of acquiring EIA virus.

Treatment
Although the anti-retrovirus drugs, such
as reverse transcriptase inhibitors, are able
to interfere with EIA virus replication in
vitro, no drugs have been found to cure EIA
virus-infected equids, nor have serious
attempts been made because of the expense
of drugs and the uniform failure of anti-
human immunodeficiency virus (HIV) (a
closely related lentivirus) drug regimens to
cure acquired immune deficient syndrome

Equine infectious anaemia 177

177
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #7.vp
04 September 2001 12:37:17

Color profile: Disabled
Composite  Default screen



(AIDS) patients. Thus, the slogan ‘once
infected, always infected’ is appropriate.
Although antipyretic drugs may reduce the
severity of a febrile episode, no treatments
have been shown to have long-term effects
on an infection. The routine use of cortico-
steroids in equids should be avoided unless
accompanied by a negative serological test
for EIA, because of the possible recrudes-
cence of clinical signs of EIA through the
use of such drugs.

Control
Serological testing for EIA provides a sense
of protection and, when rigorously applied
to populations, can lead to the eradication
of the disease and the infection. Adoption
of uniform methods for the control of EIA
has facilitated the international movement
of horses. The strict adherence to quaran-
tine recommendations (200-metre spatial
separation of test-positive individuals from
other equids) has proved effective in the
field. In many jurisdictions, owners are
not given the option to maintain the test-
positive equid; in some cases, this discour-
ages testing of potential reservoir hosts and
leaves the population at higher risk.

International control depends on the appli-
cation and accuracy of testing in the mobile
horse population. As no practical preven-
tive immunization is available, more wide-
spread testing is required to continue to
reduce the threat of EIA.

There are no practical methods for con-
trolling the arthropod mechanical vectors.
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Equine piroplasmosis see Babesiosis and Theilerioses.

Escherichia coli see Cockroaches and Flies.

Espundia see Leishmaniasis.

Eye-flies (Chloropidae)

M.W. Service

The family Chloropidae comprises several
genera, some of which contain flies of agri-
cultural importance, e.g. frit-flies (Oscinella
frit), but the genera Hippelates and Siphun-
culina contain species of minor veterinary
and medical importance, and are commonly
known as eye-flies or eye-gnats. They are
small flies about 2 mm long and shiny
black. Species of Siphunculina occur in

Asia, while the genus Hippelates is found
only in the Americas and probably contains
the more important vector species.

Biology
Eggs of Hippelates are laid in light,
well-drained sandy soils, especially culti-
vated land: they hatch after about 2 days.
The maggot-like larvae (Fig. 1) are mainly
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saprophagous and coprophagous, feeding
on decaying organic matter. In warm
weather larval development is completed in
7–12 days. The puparial period lasts about
a week. Larval and puparial durations are
greatly lengthened by low temperatures.
The life cycle is completed in about
3 weeks. Adults, which can appear in
large numbers in the spring and autumn,
are very persistent and tormenting pests of
domesticated animals and humans. They
commonly settle on or around the eyes,
especially if they have discharges, and are
also attracted to sores, pus, blood, sweat
and other bodily secretions. The flies do
not bite but spines on the proboscis scarify
tissues and so facilitate transmission of
infections. Adults are strong fliers, some-
times dispersing as much as 7.5 km.

The life cycle of Siphunculina species
is similar to that of Hippelates, but in hot
weather can be as short as about 10 days. In
Asia species of Siphunculina are attracted to
the eyes and sores of cattle and horses,

to wounds and blood on animals caused by
biting flies, such as stable-flies (Stomoxys
species), and also to human and animal
faeces.

Diseases
Hippelates and Siphunculina species are
involved in the mechanical transmission of
bacteria causing infection of the conjunc-
tiva in humans, a condition often called
pink-eye or red-eye. They have sometimes
been considered as transmitting the causal
agents of yaws (Treponema pertenue) and
pinta (Treponema carateum). They have
also been considered to play a minor role in
the transmission of some types of tropical
ulcers, but there is little evidence for this. In
Trinidad a tropical skin infection caused by
Streptococcus pyogenes can apparently be
spread to humans by Hippelates species.
Eye-flies can also spread, to a certain
extent, trachoma (Chlamydia trachomatis)
and anaplasmosis (see entry). Eye-flies have
sometimes been suspected of transmitting
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Fig. 1. Life cycle of an eye-fly (Hippelates pusio) (modified from D.G. Hall (1932) American
Journal of Hygiene 16, 854–864).
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mastitis, but there is little evidence for
this. In Colorado Hippelates species have
been associated with vesicular stomatitis
(see entry), a disease of livestock.

Control
There are no easy control options. Concerns
over environmental contamination largely
prevent insecticidal spraying of soils to kill
the larvae. Some temporary relief from
the annoyance caused by adult eye-flies to
both people and livestock may be obtained
by ultra-low-volume (ULV) spraying of
pesticides. The best measures are probably
cultural control, involving discing of agri-
cultural land and especially weed control,
and traps employing attractants such as
fish oil. In the USA 10,000–12,000 traps are
employed in the Coachella valley, Califor-
nia, while there are 12,000–14,000 baited
traps in Yuma county, Arizona.
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Eye-worms see Thelaziasis.
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Fièvre boutonneuse see Tick-borne typhuses.

Filaria see Nematoda.

Five-day fever see Phlebotomus fevers.

Flea-borne typhus see Endemic typhus.

Fleas (Siphonaptera)

M.W. Service

There are some 2500 species and subspecies
of fleas, belonging to 239 genera, but only
a few are of medical or veterinary impor-
tance. Fleas have an almost worldwide
distribution, and about 94% of species feed
on mammals, the others on birds. The most
important vectors belong to the genus
Xenopsylla.

Biology
Adult fleas are small insects (1–4 mm) and
are flattened laterally. Wings are absent,
but the hind legs are specially modified
for jumping.

Both sexes of adults suck blood and are
therefore equally important in the transmis-
sion of diseases. When ready to lay eggs the

181

Fig. 1. Life cycle of a flea (modified from M.W. Service (2000) Medical Entomology for Students,
Cambridge University Press, Cambridge).
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female flea may leave the host (e.g.
commensal and wild rodents, cats and dogs)
to deposit her eggs among debris littering the
host’s dwelling-place, such as rodent bur-
rows. Fleas that attack humans and domestic
pests usually lay eggs in cracks and crevices
of floors or among dust and debris. Occa-
sionally eggs are laid on the host but they
generally fall off. The whitish eggs are sticky
and soon become covered with dirt and dust.
Fleas usually live for 10–45 days, but some-
times they live for 6–12 months. During her
lifetime a female flea may lay 300–1000 eggs.

Eggs hatch within 2–14 days into min-
ute legless larvae (Fig. 1), which avoid
light and are found on floors and carpets of
houses, on pet’s bedding and in rodent
burrows. Larvae feed on almost any organic
debris, including the host’s faeces, as well as
on partially digested blood excreted by adult
fleas. There are usually three larval instars.
The larval period may be as short as 10–21
days, but, in unfavourable conditions, such
as lack of food or coldness, this can be
extended to about 200 days. Mature larvae
are about 4–10 mm long. They spin a silken
cocoon around themselves and then pupate
within this. Adults can emerge from the
cocoons within 5–14 days, but they require
stimuli to do so, such as vibrations caused by
host movements in burrows or houses.
Adults may remain alive in their cocoons for
up to a year, and this explains why people
occupying buildings that have remained
empty for months may be bitten by
numerous hungry fleas, which have been
stimulated to emerge and are taking their
first blood meal.

The life cycle from egg to adult emer-
gence (Fig. 1) may be only 2–3 weeks, but is
often considerably longer.

Adult fleas avoid sunlight and are found
sheltering among the hairs of hosts or under
people’s clothing. Fleas may feed several
times a day. Although fleas have one or two
favourite host species, most are not entirely
host-specific. For example, rat fleas in the
genus Xenopsylla will feed on humans in the
absence of rats, and cat (Ctenocephalides
felis) and dog (Ctenocephalides canis) fleas
readily attack humans. Fleas rapidly aban-
don dead hosts, which is of epidemiological

importance in plague transmission when
fleas leave dead rats and jump on humans.

Diseases
The most important infection spread by
fleas is plague (Yersinia pestis), which is
transmitted among rats and to humans by
rat fleas of the genus Xenopsylla, in particu-
lar X. cheopis. Fleas also spread flea-borne
endemic typhus (murine typhus), caused by
Rickettsia typhi, and play a role in the trans-
mission of rural epidemic typhus (Rickett-
sia prowazekii) and animal parasites, such
as Mansonella reconditum. Other infections
spread by fleas include mechanical, not bio-
logical, transmission of cat-scratch disease
(Bartonella henselae), fowl pox virus and
the virus causing myxomatosis in rabbits.

Control
Insect repellents can give some protection
from flea bites when visiting flea-infested
areas. Despite insecticide resistance being
reported in cat and rat fleas, insecticides
form the basis of flea control. Insecticides
can be liberally applied to floors of houses
and to rodent burrows and runways. Insec-
ticidal fogs or aerosols have sometimes been
used to fumigate buildings. When control-
ling fleas in urban outbreaks of plague
and endemic (murine) typhus, rodenticides
should be used to kill rat populations; how-
ever, if fast-acting ‘one-dose’ rodenticides
are employed, these should only be applied
several days after insecticide usage – other-
wise fleas leaving dead rats will switch
their attention to humans.

Cat fleas can be killed by insecticidal
spraying of houses, carefully applying insec-
ticides to cats or using insecticide-impreg-
nated cat collars. Alternatively, insecticides
formulated as ‘spot-on’ can be applied to the
cat’s skin. These are absorbed into the cat’s
blood and so poison blood-feeding fleas.
Insect growth regulators (IGRs) can be
applied topically to cats or given orally and,
through the production of non-viable eggs,
give flea control for 4–6 weeks.
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Flies (Diptera)

M.W. Service

There are possibly 150,000 species of flies;
they have an almost worldwide distribu-
tion. Except for a few wingless species, such
as the sheep ked (Melophagus ovinus (see
Hippoboscids)) flies have just one pair of
membranous wings; the hind-wings are
replaced by a pair of balancing knob-like
structures called halteres. There are two
suborders of the Diptera: the Nematocera,
comprising small and slender-bodied flies,
such as mosquitoes, biting midges, simuliid
black-flies and phlebotomine sand-flies,
and the suborder Brachycera, which
includes the larger more robust flies, such
as house-flies, bluebottles, greenbottles,
tsetse-flies and horse-flies. Although mos-
quitoes are technically flies, the term fly is
usually reserved for species in the suborder
Brachycera. Separate entries in the encyclo-
pedia are given to flies belonging to the
Nematocera, such as mosquitoes and sim-
uliid black-flies, which transmit medical or
veterinary infections. Here the role of the
stouter-built brachyceran flies belonging
to the infraorder Muscomorpha, formerly
called Cyclorrhapha, in mechanically
transmitting infections is considered. The
flies concerned with such transmission are
mainly house-flies, belonging to the family
Muscidae, and greenbottles and bluebottles
(blow-flies) in the family Calliphoridae.

Biology
House-flies (Muscidae)

There are about 66 species of flies in the
genus Musca, the most common of which
is Musca domestica, the house-fly, which

occurs more or less throughout the world.
In some parts of Africa, Asia and the Pacific
areas, another similar species, called Musca
sorbens, is a great nuisance. The biology of
the two species is almost identical and can
be summarized as follows.

Female house-flies lay their eggs on a
variety of materials, such as freshly prepared
or waste foods from kitchens and hotels,
household rubbish, decomposing organic
debris found in rubbish dumps, animal and
human faeces and animal feeds. Eggs can
hatch within 6–12 h, but this period is
extended in cool weather. The resultant lar-
vae, called maggots, are whitish, cylindrical
and without legs. They feed on liquid food
resulting from decomposing and decaying
organic matter. There are three distinct lar-
val instars. In hot weather the larval period
can be as short as 3–5 days, but in cooler
conditions it is often 7–10 days, and some-
times can be as long as about 24 days. The
third-instar larva measures about 8–14 mm,
and its whitish skin turns brown and
hardens to form a barrel-shaped puparium
(Fig. 1). In warm weather the puparial period
lasts 3–5 days, but during cooler weather can
be 7–14 days.

Developmental time from egg to adult
fly is about 49 days at 16°C, 25 days at 20°C,
16 days at 25°C, 10–12 days at 30°C and 8–10
days at 35°C. Very occasionally the period
from egg to adult can be just a week. Adult
flies avoid direct sunlight and prefer to
shelter in buildings occupied by humans or
animals. They frequently regurgitate their
food and defecate at random, resulting in
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unsightly ‘fly spots’ on windows and walls,
etc. Although adults can fly up to 5 km, most
flies remain within about a 500 m radius of
their larval habitats. Adults of M. sorbens
frequent the face more often than do typical
house-flies (M. domestica).

Blow-flies (Calliphoridae)
The so-called greenbottles (Lucilia species)
and bluebottles (Calliphora species) are
often referred to collectively as blow-flies.
The adults are considerably larger than
house-flies and, as to be expected, green-
bottles have a metallic or coppery green
body, while in bluebottles the body is dull
metallic-bluish or bluish-black. Green-
bottles occur in most areas of the world,
the commonest species being Lucilia
(= Phoenicia) sericata. Bluebottles have a
more or less worldwide distribution,
although they are more common in north-
ern temperate regions than in tropical or
southern temperate areas.

The biology of both greenbottles
and bluebottles is very similar to that of
house-flies, the developmental stages being

the eggs, larvae (maggots), puparia and
adults. Eggs are laid on meat, fish and
carrion and also on or near festering, often
foul-smelling, wounds of mammals. The
life cycle usually takes 12–24 days, depend-
ing mainly on temperature. Adults are
common in houses and around slaughter-
houses, piggeries, butcher’s shops and local
markets where fish and meat are
uncovered.

Diseases
House-flies are involved in the cyclical
transmission of a number of filarial
parasites to livestock, such as Habronema
muscae and Draschia megastoma to cattle
and horses (see Habronemiasis), Parafilaria
bovicola to cattle and Parafilaria multi-
papillosa to equines (see Parafilariasis),
Stephanofilaria assamensis to cattle (see
Stephanofilariasis) and Thelazia callipaeda
to cattle and humans (see Thelaziasis).
Phormia species, sometimes called black
blowflies and belonging to the family
Calliphoridae, are vectors of rabbit haemor-
rhagic disease (see entry).

184 Flies (Diptera)

Fig. 1. Life cycle of flies, such as house-flies (Musca species) and blow-flies
(Lucilia, Calliphora species) (modified from M.W. Service (2000) Medical Entomol-
ogy for Students, Cambridge University Press, Cambridge).
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In addition, because house-flies, and
related flies, almost indiscriminately visit
faeces, garbage, festering wounds and food,
they have the potential to mechanically
transmit a variety of pathogens to humans
and animals. The principal routes of trans-
mission are as follows.

1. By flies’ contaminated feet, body hairs
and mouthparts. However, most pathogens
remain viable on flies for less than 24 h and
there are usually too few organisms to cause
direct transmission, except possibly with
Shigella. The human infective dose for viral
and bacterial infections is often about
105–106 organisms. However, if pathogens
are first transferred to food, they may multi-
ply and reach sufficient numbers for an
infective dose (this does not apply to viruses
or most rickettsiae, as they require a host cell
for replication).
2. By flies’ frequently regurgitating their
stomach contents on food during feeding.
3. Probably the most important route of
transmission is through flies’ defecating on
food.

Over 100 different pathogens have been
recorded from house-flies, of which at least
65 have been shown to be mechanically
transmitted to a greater or lesser extent, and
these include the following.

• Viruses. Coxsackie, infectious hepati-
tis, myxomatosis, poliomyelitis.

• Bacteria. Anthrax (Bacillus anthracis),
bovine mastitis, Campylobacter, cho-
lera (Vibrio cholerae), bacterial
conjunctivitis (pink-eye), bovine infec-
tive keratitis, dysenteries (Shigella
species), enterotoxic Escherichia coli
(ETEC), haemolytic streptococci, lep-
rosy (Mycobacterium leprae), tropical
ulcers, typhoids (Salmonella typhi) and
paratyphoids (Salmonella paratyphi),
Staphylococcus aureus, trachoma
(Chlamydia trachomatis), yaws (Trepo-
nema pertenue).

• Rickettsiae. Coxiella burnetii.
• Protozoans. Amoebic dysenteries (Ent-

amoeba histolytica, Giardi lamblia).

The recovery of pathogens from flies
does not prove that they can transmit infec-
tions, or, if they do, how important they are
in the spread of diseases. This is because
there are usually more direct routes, such as
faeces-contaminated hands and improperly
cleaned food utensils. However, it has often
been noted that seasonal increases in fly
populations are accompanied by outbreaks
of diarrhoeal diseases. An experiment over
50 years ago reported that, in a town in
Texas which had been sprayed with DDT to
control house-flies, the incidence of acute
diarrhoeal infection in children caused by
Shigella declined, although there was no sig-
nificant reduction in diarrhoea due to Sal-
monella. In a similar town left unsprayed,
there was no such reduction in disease. It
is interesting to note that only about 100
Shigella bacteria can result in a human
infection, but many more are required to
establish a Salmonella infection.

More recent trials involving controlling
house-flies appear to support the belief that
under certain circumstances flies may be
important in disease transmission. For exam-
ple, when in 1988 attractant traps were used
to control house-fly numbers in an Israeli
army camp there was a reduction in Shigella
infections and also apparently ETEC infec-
tions. In 1995 and 1996 when breeding sites
in Pakistan villages were sprayed with insec-
ticides, fly populations decreased by 97%
and the incidence of childhood diarrhoea
decreased by 23%. Similarly, ultra-low-
volume (ULV) spraying with deltamethrin in
The Gambia caused an 87% reduction in fly
densities, and the prevalence of trachoma
was four times lower in villages that had been
sprayed compared with unsprayed villages.
Moreover, diarrhoea in children was reduced
by 25%. Other, even more recent, investiga-
tions in The Gambia have suggested that,
because of the frequency of M. sorbens land-
ing on the eyes of children, this fly may be a
vector of trachoma.

It now seems that house-flies, and
probably other common synanthropic flies,
such as blow-flies, contribute to disease
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transmission to humans, and probably also
to livestock.

Control
Larvae

Garbage and refuse heaps, manure piles,
the insides of dustbins and other known or
suspected larval breeding sites can be spra-
yed with insecticides to kill the maggots
(larvae). But large volumes are often needed
to penetrate the surface layers and reach the
larvae.

Adults
Flies, together with other obnoxious
insects, can be prevented from entering
buildings by placing plastic-mesh screens
over doors, windows and other openings,
but screening becomes ineffective unless
it is well maintained and any damage
is repaired. The well-known practice of
placing curtains made of numerous, often
coloured, vertical strips of plastic or beads
in doorways is a simple but effective way of
excluding flies. Ultraviolet light traps are
often used to kill flies entering restaurants,
food stores and dairies. Flies attracted to the
traps are electrocuted on entering them by
contact with an electric grid.

Environmental sanitation can be adop-
ted to reduce flies, such as placing house-
hold and farm refuse in plastic bags or
in bins with tight-fitting lids, ensuring that
dustbins are emptied once or twice a week
and preventing the accumulation of decay-
ing vegetable or animal matter and other
rubbish. Refuse should be placed in pits and
covered daily with a 15 cm layer of earth
and, when full, covered with 60 cm of com-
pacted earth to prevent rats from digging up
buried garbage.

Residual insecticides can be sprayed on
the interior walls, doors and ceilings of ani-
mal shelters and houses; such treatments
should remain effective in killing adult flies
for 1–2 months. Exterior walls of dairies and
piggeries can also be sprayed, but the dura-
tion of effectiveness will depend on whether
deposits are washed off by rain. Outdoor
applications of insecticidal aerosols from
ground-based spraying machines or aerial
ULV spraying can give relief from flies

around dairies, cattle markets and recre-
ational areas – but the effects are short-lived.

Cords or rope strips soaked in insecti-
cides, and preferably dyed red to alert peo-
ple of their toxic nature, can be hung up in
dairies and cowsheds to kill flies landing on
them. Dichlorvos (DDVP)-impregnated resin
strips, often sold as Vapona strips (in some
countries, however, they are no longer avail-
able), are commonly used in houses, hotel
kitchens, restaurants and hospitals. Their
fumigant effect can last for 2–3 months.
Commercially available sticky tapes (fly-
papers) incorporating sugar as an attractant
can be relatively effective, although
unsightly, in attracting and catching flies.

Liquid or solid baits incorporating an
attractant, such as sugar, and insecticides
are sometimes used to control house-flies.
Sometimes the house-fly sex pheromone cal-
led muscalure is added to baits to enhance
their attractiveness.
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Flinders Island spotted fever see Tick-borne typhuses.

Fortuna disease see Theilerioses.

Fowl pox

Antony J. Della-Porta

Fowl pox is an infection of poultry and wild
birds caused by avipoxviruses of the family
Poxviridae.

Avian pox is a common viral disease of
poultry and of wild birds. These viruses
have infected over 60 species of birds in 20
families. Of the domestic bird species, those
that are infected with poxviruses include
chickens, turkeys, Pigeons (Columba livia)
and Canaries (Serinus canaria). The disease
has a worldwide distribution. Fowl pox was
originally used to describe poxvirus infec-
tions of all avian species but more recently
has been used to refer to poxvirus infections
of chickens. There are two forms of the
disease: a cutaneous form, characterized by
proliferative skin lesions, and the diphthe-
ritic form, characterized by lesions in the
respiratory tract.

Distribution
Fowl pox has a worldwide distribution.
The incidence of the disease is variable
because of differences in management and
hygiene or the use of vaccination to limit
infection. It is a relative slow-spreading
disease.

Virus
Fowlpox virus is the type species of the
Avipoxvirus genus in the family Poxviridae
(subfamily Chondropoxvirinae). The virion
is enveloped and contains one molecule of
double-stranded DNA of a total genome
length of between 130,000 and 150,000 nuc-
leotides (EMBL/GenBank accession number
X17202/D00295).  The  virus  multiplies  in
the cytoplasm of epithelial cells, with
the formation of large intracytoplasmic
inclusion bodies (Bollinger bodies), which
contain smaller elementary bodies (Borrel
bodies).

Clinical symptoms
The cutaneous form of the disease is charac-
terized by the appearance of nodular lesions
on various parts of the bare skin of the bird.
The disease can be seen as a mild form with
only small focal lesions, usually on the wat-
tles and comb. It can also be seen as a severe
form, where lesions can occur on any part of
the body; they may be small and discrete or
they may coalesce to cover large areas. The
surface of these lesions is moist only for
a short period of time before it dries and
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forms rough yellow-brown scabs. Removal
of such lesions before the scab is completely
dry can leave behind a haemorrhagic moist
surface. When the scab dries, it will fall off
to leave a scar.

In the diphtheritic form, the lesions
occur mainly around the mucous mem-
branes in the mouth, nostrils, pharynx,
oesophagus, larynx and trachea. The bird
has difficulty feeding if the lesions are in the
mouth. Breathing becomes difficult if the
lesions are in the trachea, and the clinical
signs may appear similar to those of infec-
tious laryngotracheitis (ILT). In commercial
poultry, fowl pox and turkey pox can cause
serious economic loss. Egg production is
reduced in layers and the growth of young
chickens is retarded. In birds with the diph-
theritic form involving the respiratory tract,
mortality can be as high as 50%.

Diagnosis
There are two forms of fowl pox seen in
birds, and these relate to the route of infec-
tion. The cutaneous form is transmitted by
contact with infected lesion material or by
virus-contaminated insect mouthparts. The
lesions are typical of poxviruses and must
be confirmed by histology (the presence of
cytoplasmic inclusions) or by virus isola-
tion. The respiratory or diphtheritic form of
the disease must be differentiated from ILT,
an infection caused by a herpesvirus.

Virus identification
Smear technique for fowl pox

Elemental bodies (Borrel bodies) can be
detected in smears prepared from lesions
and stained with Wright’s stain or by the
Gimenez method.

Histology
Tissue sections from lesions, stained with
haematoxylin and eosin, show cytoplasmic
inclusions. The main lesion is hyperplasia
of the epithelium and enlargement of cells,
with associated inflammatory changes.
Characteristic eosinophilic A-type cytoplas-
mic inclusion bodies (Bollinger bodies) are
observable by light microscopy. These bod-
ies can also be seen using acridine orange or
Giemsa’s stains. The specific nature of these

bodies can be demonstrated using fluores-
cent antibodies or by immunoperoxidase,
using a specific anti-fowlpox virus serum.

Electron microscopy
Electron microscopy can be used to demon-
strate the typical morphology of the virus
by negative staining or by thin section.
Fowlpox virus, the type species of the Avi-
poxvirus genus, is a brick-shaped or rec-
tangular virus, with dimensions of around
250 nm × 354 nm, with what appears to be
a random distribution of surface tubules.
In thin section, the virion consists of an
electron-dense, centrally located, biconcave
core or nucleoid, with two lateral bodies in
each cavity and surrounded by an envelope.

Virus isolation
BIRD INOCULATIONS Inoculations of suscepti-
ble birds by applying a suspension of lesion
material to the scarified comb or the
denuded feather follicles of the thigh, or by
the wing-stick method. The lesions usually
develop within 5–7 days, giving cutaneous
lesions typical of poxviruses.

IN CHICKEN EMBRYOS Nine to 12-day-old emb-
ryonated chicken eggs are inoculated on
to the chorioallantoic membrane (CAM),
using standard CAM inoculation tech-
niques. Pocks of a diffuse or focal nature
develop on the membrane after incubation of
the embryos for 4–7 days at 37°C.

IN CELL CULTURE A range of primary chicken
cells (chicken embryo fibroblasts, kidney or
dermis) or the continuous Japanese quail
cell line, QT35, can be used to grow fowlpox
virus. Some isolates may require adaptation
to be grown in these cells. Isolation in cell
lines is not, however, used in primary
identification of fowlpox virus.

Restriction endonuclease mapping
Restriction endonuclease mapping has been
applied to distinguish Avipoxvirus genus
members in a range of species of birds. The
genomes of fowl- and pigeon poxvirus iso-
lates, analysed using BamHI and HindIII
endonucleases, were found to be very simi-
lar, with only one or two bands different.

188 Fowl pox

188
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #7.vp
04 September 2001 12:38:33

Color profile: Disabled
Composite  Default screen



Polymerase chain reaction (PCR)
identification

Using specific DNA primers, PCR has been
useful for the detection and identification of
fowlpox virus. This technique can detect
small qualities of virus and distinguish
fowlpox from other avian poxviruses.

Serological tests
Virus neutralization

Virus neutralization in chick embryos or
cell culture may be used for antibody deter-
mination. It is rarely used in diagnostic
testing because of the time it takes and the
cost. Avian poxviruses are immunogeni-
cally distinct, although varying levels of
cross-reactivity exists. Virus neutralization
may be used to identify virus isolates.

Agar gel immunodiffusion
Immunodiffusion may be used for differ-
ential identification of poxviruses or their
antisera. It is of no value for quantifying
antibody responses.

Passive haemagglutination
A passive haemagglutination assay has been
developed for fowl pox and is of use for the
quantification of antibody levels in serum.

Enzyme-linked immunosorbent assay (ELISA)
An ELISA can be used for the quantification
of antibody levels in serum. It is proba-
bly the assay of preference in most labor-
atories that have adopted ELISAs as the
standard serological technique for antibody
quantification.

Transmission
Individuals handling birds at the time of
vaccination may carry virus on their hands
or clothes and may inadvertently infect
birds by transferring it to lesions on the skin
or depositing it in the eyes. If the bird-
holding facility is contaminated, virus in
feathers or dried scabs can generate an
aerosol that can infect the birds via the
respiratory tract and/or through cutaneous
lesions.

Mosquitoes have been shown to be able
to transmit the virus to birds following feed-
ing on infected animals. The species that

have been associated with this transmission
include Aedes aegypti, Aedes vexans, Och-
lerotatus1 stimulans, Anopheles maculipen-
nis, Culex nigripalpus, Culex pipiens, Culex
quinquefasciatus, Culex tarsalis, Culiseta
annulata and Wyeomyia vanduzeei. The
stable-fly, Stomoxys calcitrans, has also
been incriminated as a vector. Virus has also
been shown to be transmitted by the mite
Dermanyssus gallinae. The sticktight flea,
Echidnophaga gallinacea, has also been
associated with possible transmission of
fowl pox virus. Arthropod transmission
is also undoubtedly associated with trans-
mission of reticuloendotheliosis (RE) virus,
because of its integration in the fowlpox
genome. In all instances transmission
involving arthropods is mechanical, by con-
tamination with the vector’s mouthparts;
there is no replication of the virus in the
vector.

Treatment
It is difficult to eliminate fowlpox virus
from the environment because of its high
resistance to chemical and physical treat-
ments. When desiccated, the virus shows
remarkable resistance. It can survive in
dried scabs for periods from months to
years. For this reason, vaccination is
recommended where fowl pox is endemic
or on premises where infection has been
diagnosed.

There is no treatment for birds infected
with avian poxviruses. Care should be taken
to exercise good husbandry of the birds and
to reduce environmental stress.

Control
Modified live fowl- or pigeon pox virus
vaccines are available commercially. These
should be used where fowlpox is endemic
or where it occurred the previous year.

The immune status of the birds needs to
be taken into consideration when adminis-
tering the vaccine. If the birds have recently
come from a vaccinated flock or one in
which there was a recent fowl pox infection,
the vaccination should be delayed until
the immunity has waned. The vaccination
is applied using the wing-stab method of
vaccination.
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It has recently been reported that there
is an association between vaccination of
flocks with fowl pox vaccine and the
occurrence of reticuleoendotheliosis in the
flock. Originally it was suggested that the
vaccine might have been contaminated with
RE virus, but recent studies show that the RE
virus genome has been integrated into the
fowl pox genome. Fowlpox virus carrying
RE provirus has a global distribution and RE
virus seems to be restricted to fowlpox virus
and is not present in other avipox viruses of
non-domestic poultry (D. Boyle, personal
communication).

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Francisella tularensis see Tularaemia.
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Gad-flies see Horse-flies.

Gall-sickness see Anaplasmosis.

Gan Gan virus

John S. Mackenzie

Infections of humans with Gan Gan virus
Gan Gan (GG) virus is a mosquito-borne,
unassigned member of the family
Bunyaviridae. It was first isolated in 1969
from Ochlerotatus1 vigilax mosquitoes
trapped at the Gan Gan Army camp at
Nelson Bay in the sand-dunes and swamp
country of the Port Stephens Peninsula of
New South Wales.

Distribution
Gan Gan virus has been obtained from
mosquitoes collected in New South Wales
and Queensland.

Virus
Gan Gan virus has been grouped with three
other antigenically related viruses in the
Mapputta antigenic group. This group
comprises two other Australian viruses,
Trubanaman virus (see entry) and Mapputta
virus, and a virus from Papua New Guinea,
Maprik virus.

Clinical symptoms and pathogenesis
Only three cases of acute polyarthalgia or
polyarthritis disease due to infection with
GG virus have been recognized. All three
cases were observed during a widespread
outbreak of epidemic polyarthritis due to
Ross River virus in 1983–1984, but they
were negative serologically to Ross River
virus (see entry). The three patients lived at
Griffith in the Murrambidgee irrigation area
of New South Wales, and suffered acute
febrile illnesses, with malaise, myalgia,
polyarthralgia or polyarthritis with or with-
out sore eyes or rash. These were self-
limiting illnesses of several days’ duration,
with complete recovery. Antibodies to GG
virus were found in paired sera.

Diagnosis
Diagnosis is made serologically by standard
serological techniques, such as immuno-
globulin M (IgM) capture enzyme-linked
immunosorbent assay (ELISA), with confir-
mation by neutralization tests.

Transmission
Gan Gan virus has been isolated from
Ochlerotatus vigilax in New South Wales,
and from Ochlerotatus theobaldi theobaldi,
Ochlerotatus theobaldi eidsvoldensis and
Culex annulirostris in Queensland. The role
of these species in transmission cycles is
not known.

Ecology
Little is known about the ecology of GG
virus. It is believed that the vertebrate hosts
of the virus are probably terrestrial animals.
Human infections appear to be widespread
in New South Wales, with an overall preva-
lence of 4.7%, but with some pockets of
higher prevalence rates.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Ganjam virus see Nairobi sheep disease.

Germiston virus

Michèle Bouloy

Germiston (GER) virus, a member of the
Bunyaviridae family and the genus
Bunyavirus, was isolated for the first time
by R.H. Kokernot and colleagues from
mosquitoes collected in South Africa near
the town of Germiston. This virus infects
humans but, like many viruses of this
family, it causes only mild febrile illness.
It also infects wild and domestic animals,
as revealed by virus isolations or by the
presence of specific antibodies. However,
the circulation of GER virus has not been
reported to be responsible for any large epi-
demics or epizootics and as a consequence
it has no great social and economic impact.
Whereas very little information on the epi-
demiology of the virus has been reported
during the last 20 years, the molecular
organization of the particle and its genome
has been deciphered.

Human infections
Distribution

The virus is endemic in southern Africa,
particularly in South Africa, Angola,
Botswana, Zimbabwe and Mozambique.
Strains of GER virus have also been isolated
in Kenya and Uganda.

Virus
As are all members of the Bunyaviridae,
GER virus is a spherical particle approxi-
mately 100 nm in diameter, composed of an
envelope with protruding spikes and three
internal circular and helical nucleocapsid
structures. These ribonucleoproteins con-
sist of three single-stranded RNA molecules
(L, M, S, for large, medium and small,
respectively) forming the tripartite genome,

associated with many copies of the N
nucleoprotein and a few molecules of L
protein, the RNA-dependent RNA polymer-
ase. A characteristic feature of the viruses of
the genus Bunyavirus is the fact that the
genome segments possess the 3′ terminal
consensus nucleotides UCAUCACA . . .,
which are complementary to the 5′ terminal
sequences and form panhandle structures.
These sequences are identified at the ter-
mini of the GER virus genome.

The genome is of negative polarity. The
L segment (approximately 7000 nucleotides)
codes for the L protein, the M segment (4534
nucleotides) for the precursor to the enve-
lope glycoproteins and the S segment (980
nucleotides) for the N protein (26 kDa) and
for a non-structural protein NSs (11 kDa)
from two overlapping open-reading frames.
The M segment messenger (mRNA) syn-
thesizes a polypeptide precursor (162 kDa),
which is cleaved co-translationally and
generates, in this order, the envelope
glycoprotein G1 (98 kDa), the NSm (16 kDa)
protein and the glycoprotein G2 (37 kDa).
The role of the non-structural proteins
NSm and NSs is still unknown. The whole
replication cycle occurs in the cytoplasm of
infected cells. During transcription, three
subgenomic mRNAs are synthesized: they
are slightly shorter than their corresponding
templates because transcriptase terminates
synthesis some 60–100 nucleotides before
the end of the template is reached. Mes-
senger RNAs lack poly-A at their 3′ ends
and possess a 5′ methylated cap and
10–18 additional non-viral nucleotides
derived from cellular RNAs, which are
used to initiate the mRNA synthesis with
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a cap-snatching mechanism, like that of
influenza virus. Morphogenesis occurs by
budding through the membranes of the Golgi
complex.

In an attempt to gain a picture of
bunyavirus evolution, sequences of several
viruses of the Bunyamwera, California and
Simbu serogroups have been analysed. The
resulting dendrogram (Fig. 1) shows that the
viruses are classified into three groups,
confirming earlier classification using data
of complement fixation and other tests.

However, whereas GER virus (as well as
Guaroa and Kairi viruses) was distinct from
the viruses of the Bunyamwera complex by
complement fixation, it was shown to belong
to the complex when analysed by the
neutralization test. This suggests that the
segmented genome of GER virus may result

from reassortment with ancestral viruses of
different origins.

Clinical symptoms
As with other viruses of the genus, the most
frequent symptoms of GER virus infection
are fever, rash and headache. Two human
cases occurred from laboratory contam-
ination: the disease was mild and of brief
duration (37 h to 3 days).

Diagnosis
When an infection with GER virus, or
any other virus, is suspected, the method
of choice for diagnosis is virus isolation.
Germiston infects mice and most of the
strains were isolated after intracerebral
inoculation of the biological specimens to
suckling mice, which develop encephalitis
and die within a few days. At present, there
is a tendency to use cell cultures, such
as VERO, LLC-MK2 or BHK-21, which are
susceptible to the virus and exhibit cyto-
pathic effect. Mosquito cells (C6/36 or AP61
derived from Aedes albopictus and Aedes
pseudoscutellaris, respectively) may also
be used for isolation but, in contrast to
mammalian cells, virus infection does not
produce any cytopathic effect.

Although there are serological cross-
reactions between viruses of the Buny-
amwera group, identification of viruses by
complement fixation and neutralization
tests have been classically used as sero-
logical methods. Nowadays, enzyme-linked
immunosorbent assays (ELISA) have been
established for the detection of immuno-
globulin G (IgG) and IgM antibodies against
many arboviruses.

As molecular diagnosis has been devel-
oped for many viruses, reverse transcription–
polymerase chain reactions (RT-PCR) with
appropriate primers can be used to detect the
presence of the viral genome.

Transmission
Germiston virus has been repeatedly iso-
lated from the culicine mosquito Culex
rubinotus in South Africa, Zimbabwe,
Mozambique, Kenya and Uganda. It seems
likely that transovarial transmission occurs
in this species.
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Fig. 1. Relationships between the N protein
sequences of bunyaviruses. The dendrogram was
generated by the PILEUP program in the UWGCG
package. The distance along the axis is proportional
to the similarity between sequences. (Adapted from
Dunn, E.F., Pritlove, D.C. and Elliott, R.M. (1994)
Journal of General Virology 75, 597–608.)
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Animal infections
As suggested by the presence of neutral-
izing antibodies, livestock such as goats,
sheep and cattle, as well as horses, can
be infected by GER virus. A high
seroprevalence to GER virus was also
reported in wild rodents (e.g. Nile rat
(Arvicanthis niloticus), Black rat (Rattus
rattus), Brush-furred rats (Lophuromys
sikapusi, Lophuromys flavopunctatus),
Water or Marsh rat (Dasymys incomtus))
and the Large grey mongoose (Herpestes
ichneumon). A transmission cycle involv-
ing rodents and C. rubinotus is likely to be
responsible for the maintenance of virus in
nature.

Laboratory rodents (mice and hamsters)
are sensitive to the virus: Germiston virus
causes death of weaned mice inoculated by
the peripheral route and sentinel hamsters
have been used successfully to isolate
strains of GER virus in Mozambique and
South Africa.

Monkeys experimentally infected
develop viraemia but exhibit mild disease or
inapparent infections.

Treatment and control
No treatment or vaccine for human or
veterinary use is available. Because of the
absence of epidemics, the low pathogenic-
ity and the low economic impact, no control
measures against the virus have been
considered.
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Getah virus

T. Kumanomido

Distribution
The virus was initially isolated from Culex
gelidus mosquitoes in Malaysia in 1955 but
has since been isolated from mosquitoes
in other Asian countries, Australia and
north-eastern Russia. The first outbreaks
of disease caused by Getah (GET) virus
occurred among racehorses in Japan in
1978. Since then, further research has
shown that GET virus is an equine
pathogen.

Aetiological agent
Getah virus is a member of the Semliki
Forest (SF) (see entry) antigenic complex,
family Togaviridae, genus Alphavirus. It is
a typical alphavirus and is readily propa-
gated in cell culture from a wide variety
of species lines, including mosquito cells.

Antigenicity of the virus is best revealed by
virus neutralization (VN) tests, but haemag-
glutination inhibition (HI) and complement
fixation (CF) tests are also useful for pre-
liminary group and complex assignment.
Cross-reactivity has been demonstrated
among the four SF complex viruses: Getah,
Sagiyama, Bebaru and Ross River viruses
(see Ross River virus). Getah viruses from
different geographical areas differ slightly
but cluster by area, although there is no
identity even among strains in the same
locality in the same year. Plaque variants
and mutants of GET virus are isolated in
many cell cultures.

The genome of GET virus is single-
stranded RNA (ssRNA) of positive polarity,
containing approximately 12,000 nucleo-
tides. In the 3′ untranslated region, GET
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and Ross River viruses share considerable
sequence homology. Serological surveys
have detected antibodies to GET virus in
humans, horses, pigs and a variety of other
species in Malaysia, Japan and several
Australasian countries. Antibodies in
humans vary regionally, from 1.2–9% in
Japan, to 10.3% on Hainan island, China,
and 7% (HI) in eastern Siberia, to 41–54%
among older people in north-eastern Austra-
lia (not implicated in human disease). In ani-
mals, high antibody prevalences (20–80%)
have been found in pigs and in horses,
although these differ by regions, years and
ages. These findings suggest that GET virus
is widespread, in particular, infecting pigs
and horses, which are highly susceptible to
GET virus.

Pathogenicity of GET virus is relatively
mild and limited to horses and pigs. Getah
virus prevalence may occur throughout the
year in the tropical climates, but seasonally,
between summer and autumn in temperate
climates.

Incidence of disease
The first outbreaks of Getah disease
occurred among race horses during the
autumn at different habitats in training
centres and farms in the suburbs of Tokyo.
A total of 884 of 2661 (33.2%) racehorses
suffered from pyrexia, limb oedema and
rash. The morbidity in one epizootic site
was 722/1903 (37.9%) during a 43-day
period. Getah virus strains MI-110 and
Sakai were isolated from plasma and nasal
swabs from ill horses. Recurrence of the
disease in horses occurred sporadically in
western Japan in 1979 and 1983. A similar
outbreak of disease, characterized by
depression, anorexia, fever, limb oedema
and lymphocytopenia, occurred on a thor-
oughbred farm in India in 1990; serological
studies indicated that the outbreak was
caused by GET virus.

Clinical symptoms
Getah virus infection in horses is character-
ized by a complex of pyrexia, rash (Fig. 1),
and oedema of the limbs, affecting approxi-
mately 80%, 50% and 43% of the horses,
respectively. Complete recovery follows

7–10 days after onset. Major histological
changes observed in infected horses suggest
immunoreactive responses and imply that
the rash, which appears closely related
in time with development of neutralizing
antibody, may be caused by anaphylactic or
immune complex-mediated hypersensitiv-
ity. Occasionally, slight perivascular cuff-
ing with mononuclear cells in the cerebrum
and small haemorrhagic foci in the spinal
cord are detectable in horses infected
experimentally, suggesting that the central
nervous system may be involved to a certain
extent, although not implicated clinically.
Getah virus has been recovered from blood
plasma, nasal mucous membrane, lung,
spleen, spinal cord, bone marrow and
various lymph nodes of diseased horses.
Highest virus titres were demonstrated in
axillary (103.5 tissue culture infective dose
(TCID50) g−1) and inguinal lymph nodes
(106.5 TCID50 g−1) in the acute stage.

Pigs are also highly susceptible to the
virus. However, adult pigs are not appar-
ently infected but produce a relatively
high titre of prolonged viraemia and anti-
body. Getah virus may occasionally cause
deaths in newborn piglets or in fetuses
by transplacental infection. Dead fetuses
are frequently observed in pregnant sows
infected with Japanese encephalitis (JE)
virus (see entry), which is widely distributed
in Asia, and this may lead to non-recognition
of damage for which GET virus is
responsible.

Diagnosis
Serological diagnosis of GET virus infection
is routinely performed by VN, HI and CF
tests with paired acute- and convalescent-
phase serum samples. The VN test is more
specific for defining the infecting virus than
is HI or CF, which are more cross-reactive.

Virus neutralization and HI antibodies
are detectable in horses 4–6 days after infec-
tion and persist for a relatively long period,
and CF antibody is detectable a few days
later than VN and the HI antibodies.
Enzyme-linked immunosorbent assay
(ELISA), particularly immunoglobulin M
(IgM) capture ELISA, is of great use for rapid
and relatively specific laboratory diagnosis.
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Virus isolations are routinely performed
using cell cultures. Intracranial inoculation
of suckling mice with plasma, platelets or
lymphocytes is also useful for virus isolation
at the febrile stage of illness, but not by the
time a rash has appeared.

Transmission
The viraemia titres in pigs and horses
suggest that pigs play an important role
as major amplifying hosts or may serve as
natural hosts for maintenance of the virus,
and that horses are also involved as natural
hosts, or occasionally act as an ancillary
amplifying host during epizootics. Getah
virus has been isolated from various species
of mosquitoes, such as Culex tritaenior-
hynchus, C. gelidus, Culex pseudovishnui,
Culex fuscocephala, Culex vishnui, Culex
bitaeniorhynchus, Aedes euedes, Ochlero-
tatus1 communis, Anopheles amictus,
Armigeres subalbatus, Mansonia bonneae
and Mansonia dives. In particular, GET
virus has been isolated from Culex species
in tropical and temperate regions of South-
East Asia and in north-eastern Australia,
whereas it has been isolated predominantly
from Aedes species in eastern and western
Siberian tundra zones.

Studies of GET virus from mosquitoes
at an epizootic site revealed that 15/18 were
from synchronously emerging (autumn)
Aedes vexans; the rest were from C. trit-

aeniorhynchus. A survey in western Japan
revealed that only a few strains were from
C. tritaeniorhynchus, the predominant spe-
cies at these sites. Laboratory experiments
suggest that A. vexans is a better vector than
are Culex species, and may be the major
vector in Japanese epizootics. However,
many species are probably involved in trans-
mission and the principal vectors may differ
according to local ecology and environ-
mental factors. It may be that Aedes
and Ochlerotatus mosquitoes are more
important in cold temperate climates and
in tundra zones, whereas Culex mosquitoes
may be better vectors in warmer temperate
and tropical zone regions. The maintenance
mechanism of GET virus remains unknown.
Terrestrial vertebrates or migrant birds may
be involved in the cycle, and overwintering
by transovarial transmission in mosquitoes
has not been ruled out.

Prevention
A formalin-inactivated vaccine of whole
virus of the MI-110 strain, propagated
in porcine kidney cell culture, has been
developed and used to protect horses in
Japan. There are no vector control strategies
aimed at the prevention of transmission.

Note
1 Ocherotatus was formerly a subgenus of
Aedes.
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Fig. 1. Pyrexia rash on the neck
of a horse.
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Habronemiasis of horses

E.T. Lyons

Habronemiasis is usually a benign infection
of nematodes in the stomach of equids.
Aberrant infective larvae produce ‘summer
sores’ and other cutaneous lesions and may
be more of a problem than adult worms.

Distribution
Habronemiasis is ubiquitous. Countries
where this disease is commonly reported
include China, England, Japan, Russia and
the USA.

Parasite
Three species of parasites cause habrone-
miasis in horses: Habronema muscae,
Habronema majus (synonym Habronema
microstoma) and Draschia megastoma
(formerly Habronema megastoma). These
nematodes are in the order called Spirurida.
The adults of the three species have varying
total lengths: H. muscae males are 8–14 mm
and females 13–22 mm in length; H.
majus males are 16–22 mm and females
15–25 mm long; and D megastoma males
are 7–10 mm and females 10–13 mm long.
Maturation occurs in the glandular portion
of the stomach. Both species of Habronema
reside on the mucous exudate of the glandu-
lar stomach, but their heads may attach
to the gastric mucosa. Draschia megastoma
live in tumour-like lesions, usually along
the margo plicatus, which separates the
white oesophageal region from the glandu-
lar portion of the stomach. Most of these
lesions are less than 50 mm in diameter,
have one or two central openings and
contain numerous worms embedded in
necrotic and caseous exudate. Some lesions
as large as a ‘child’s head’ have been
described.

Clinical symptoms
Usually, infections of spirurids in the stom-
ach are asymptomatic and not diagnosed
in live animals. Presence of these parasites

and the subclinical problems they cause
are typically detected only at necropsy of
the infected horses. Habronema muscae
and H. majus have been associated with
chronic gastritis, resulting in emaciation
and debilitation.

Draschia megastoma is the most patho-
genic of the three species. Clinical signs of
this parasite and the gastric abscesses it
causes are usually not apparent. However,
deaths may result when there is suppurative
gastritis that leads to perforation of the
stomach wall and peritonitis. Perforating
abscesses may involve the spleen with a fis-
tulous tract-like formation. Nodules located
near the pylorus may interfere with closure
of the pyloric sphincter.

The third-stage larvae (L3) of all three
species are quite detrimental when located
outside the gastrointestinal tract, especially
in cutaneous infections. Damaged areas of
the skin, mainly on the lower limbs, abdo-
men and shoulders, attract infected flies,
resulting in deposition of L3. In these areas
L3 produce pruritus, which is pronounced in
severe cases. Infected wounds do not heal
and chronic, proliferative, granulomatous
masses that bleed freely can result. These
lesions tend to be seasonal in temperate cli-
mates and are commonly called ‘summer
sores’. They subside in the cold winter
months when fly breeding is inhibited.

Eye infections result in photophobia
and conjunctivitis, with excessive lachry-
mation and eventual formation of granulom-
atous growths on the eyelids and nictitating
membranes. Lesions of the conjunctival sac
are typically in the medial canthus and are
wart-like in appearance. Here, they are red at
first and then turn yellowish as a result of
caseation and calcification.

In male equids, spirurid L3-infected
lesions on the glans penis, on the prepuce
and around the urethral orifice are irritating.
This results in difficult and increased fre-
quency of urination. Occurrence of aberrant
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spirurid larvae in the lungs is associated
with abscesses and pneumonia. Both Strep-
tococcus equi and D. megastoma larvae have
been found in the same lung abscesses.

Diagnosis
Laboratory examination by faecal flotation
is not a satisfactory method of detecting
spirurid eggs because they are thin-walled
and collapse in the flotation fluids
used. Xenodiagnosis is impractical since
it involves application of eggs from unin-
fected flies to the faecal sample and exami-
nation of resultant adult flies for Habro-
nema and Draschia L3. Indirect diagnosis
has been used and involves examination of
flies from stable areas for spirurid L3.

Clinical diagnosis by gastric lavage has
been used for recovery of spirurid adults,
larvae and eggs. Also, endoscopic examina-
tion of the stomach has been advocated,
especially in detecting tumours caused by
D. megastoma.

Habronema and Draschia L3 in cuta-
neous and ocular lesions are specifically
diagnosed by biopsy and by saline flush
techniques. Detection of gritty conjunctival
plaques is pathognomonic for conjunctival
habronemiasis.

Transmission
The parasites require dipteran intermediate
hosts, such as the non-biting house-fly,
Musca domestica, and the blood-feeding
stable-fly, Stomoxys calcitrans. Adult
female worms lay embryonated eggs that
are voided in the faeces of the horse. The
first-stage larvae (L1) are quite active in the
loose-fitting eggshell. They have a stylet at
the anterior end and are sometimes called
‘aciculate larvae’. Fly maggots (larvae)
ingest the L1, which use the stylet to pene-
trate the alimentary canal of the insect lar-
vae and locate in the body cavity. Larvae of
D. megastoma develop in the Malpighian
tubules and Habronema species in the fat
bodies. Synchronization occurs for concur-
rent development of both the nematode L1

to the infective L3 and the fly larva to adult.
Interestingly, if environmental factors delay
development of the insect larvae, similar
retardation occurs in the nematode larvae.

Infection of horses results from L3 crawling
from the proboscis of the flies as they feed
on the mouth, lips, nostrils, eyes and other
external areas, especially in wounds. The
flies are attracted to horses by warmth and
moisture. Adult worms in the stomach
result from L3 deposited by the flies on the
lips, and possibly nostrils, of the horses or
when infected flies are swallowed by horses.
The pre-patent period is about 2 months.
When L3 invade horses, other than orally or
possibly intranasally, they do not mature.

Treatment
Two currently marketed macrocyclic lac-
tones, ivermectin and moxidectin, are
efficacious on stomach worms and aberrant
larvae. These compounds are not usually
administered for specific removal of the
gastric species of spirurids, but efficacy
is achieved whenever the drugs are used
primarily for control of other internal para-
sites. Dramatic clinical response of cutane-
ous lesions is effected by these drugs.

Control
Modern chemical fly control methods are
indirectly effective in decreasing trans-
mission of spirurids. Composting manure in
tight enclosures prevents, or at least curtails,
the breeding of flies and also kills spirurid
larvae. Treatment of horses with macro-
cyclic lactones and removing the stomach
parasites reduces their transmission.

Usage of macrocyclic lactones for pri-
mary control of strongyles and other endo-
parasites has the added benefit of stomach
worm control. Marked reductions in pre-
valence of stomach worms has been docu-
mented in central Kentucky in thoroughbred
horses after several years of ivermectin usage
in parasite control programmes.

Selected bibliography
Campbell, W.C., Leaning, W.H.D. and Seward,

R.L. (1979) Use of ivermectin in horses.
In: Campbell, W.C. (ed.) Ivermectin and
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Drudge, J.H. and Lyons, E.T. (1989) Internal Para-
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Haematobia see Horn-flies.

Haemobartonella canis see Haemotrophic mycoplasmas.

Haemoproteosis

Carter T. Atkinson

Species of Haemoproteus are common
vector-transmitted intraerythrocytic para-
sites of domestic and wild birds. They share
many morphological and developmental
features with closely related haemosporid-
ian parasites in the genera Plasmodium and
Leucocytozoon, but are distinguished by
the presence of highly refractive granules of
golden-brown or black pigment in mature
gametocytes and by the absence of schizog-
ony in circulating blood cells. More than
100 valid species of Haemoproteus are
currently recognized. They are separated
by gametocyte morphology and limited
experimental evidence suggesting that they
are specific to host family or subfamily.
Vectors and detailed life cycles for most of
these species are unknown and it is likely
that many will be synonymized with further
work. Species of Haemoproteus are tradi-
tionally believed to be non-pathogenic,
but evidence is accumulating that pre-
erythrocytic tissue stages of these parasites
are capable of causing severe myopathy and
fatal infections in both domestic and wild
birds.

Haemoproteus meleagridis
Distribution

Found in the USA south of New York and
east of Texas with some reports from
domestic turkeys in Venezuela. Haemo-
proteus meleagridis is primarily a parasite
of Wild turkeys (Meleagris gallopavo) that

infects domestic turkeys when suitable
reservoir hosts and vectors are present.

Parasite
The life cycle begins when infective sporo-
zoites are inoculated into a susceptible
turkey by a ceratopogonid fly in the
genus Culicoides. Two generations of pre-
erythrocytic schizogony occur in skeletal
and cardiac muscle (Fig. 1). The first begins
when infective sporozoites invade capillary
endothelial cells and myofibroblasts and
develop into thin-walled schizonts measur-
ing 12–20 µm in diameter. Between 5 and
8 days post-infection, these produce long,
slender merozoites, which subsequently
invade new capillary endothelial cells in
skeletal and cardiac muscle and develop as
second-generation schizonts. Early second-
generation schizonts are 5–8 µm in dia-
meter and 28 µm in length. These grow
rapidly to form large, fusiform, thick-walled
megaloschizonts measuring up to 500 µm
in length. Megaloschizonts reach maturity
at 17 days post-infection and rupture to
release small spherical merozoites, which
invade erythrocytes and develop into
gametocytes. Mature gametocytes, which
completely encircle the host erythrocyte
nucleus, develop within 7–10 days after red
blood cells are invaded. Parasitaemias reach
their peak intensity in the peripheral
circulation at approximately 21 days post-
infection and fall rapidly within 7 days to
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Haemoproteosis 201

Fig. 1. Life cycle of Haemoproteus meleagridis.

low intensities. A second, smaller peak in
parasitaemia may occur at approximately
35 days post-infection. Birds probably
remain chronically infected for life.

Closely related species
Closely related Haemoproteus species that
occur in other galliform hosts include H.
pratasi in Guinea fowl (Numida meleagris),
H. lophortyx in California quail (Callipepla
californica), H. rileyi in Peafowl (Pavo
cristatus) and H. stableri and H. mansoni in
Red grouse (Lagopus lagopus) and Ruffed
grouse (Bonasa umbellus), respectively.
With the exception of H. lophortyx, virtu-
ally nothing is known about the vectors or
pathogenicity of these other species. Proved
vectors for H. lophortyx are the hippoboscid
flies, Stilbometopa impressa and Lynchia
hirsuta. This species may be pathogenic,
but evidence is limited.

Clinical symptoms
Clinical signs are not evident in light infec-
tions, but severe pathology is associated
with the development of megaloschizonts
in cardiac and skeletal muscle in heavy
infections. Domestic turkey poults with
experimental infections exhibit lameness

in one or both legs and have lower weights
and growth rates than uninfected controls
(Fig. 2). Gross and microscopic lesions in
infected birds include extensive deposition
of parasite pigment in tissue macrophages
of the liver and spleen, enlargement of
these organs, and necrosis and calcification
of muscle fibres adjacent to developing
megaloschizonts (Fig. 3).

Diagnosis
Parasites are identified from Giemsa-
stained thin blood smears (Fig. 4). Haemo-
proteus meleagridis is the only haemo-
proteid that has been described from
turkeys. Presence of circumnuclear ery-
throcytic gametocytes with prominent
golden-brown or black pigment granules
and absence of erythrocytic schizonts are
diagnostic for this species.

Transmission
Proved vectors are ceratopogonid flies in
the genus Culicoides. Culicoides edeni,
C. hinmani and C. arboricola support com-
plete sporogonic development of H. mele-
agridis in the south-eastern USA and it is
likely that other ornithophagic ceratopo-
gonids are capable of transmitting the
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Fig. 2. Three-week-old
domestic turkey poults at
12 days post-inoculation with
approximately 58,000 sporozo-
ites of Haemoproteus
meleagridis (left) or with
physiological saline (right). The
infected bird (left) subsequently
died from severe myopathy
associated with developing
megaloschizonts.

Fig. 3. Megaloschizont of
Haemoproteus meleagridis in
skeletal muscle of an experimen-
tally infected domestic turkey
poult. Areas of necrosis and
calcification (arrows) surround
the megaloschizont.

Fig. 4. Giemsa-stained blood
smear with mature (arrow) and
immature gametocytes of
Haemoproteus meleagridis.
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parasite in other parts of its range. The
sporogonic cycle begins when a blood meal
containing mature macrogametocytes and
microgametocytes is taken from an infected
host. These undergo gametogenesis, fertil-
ization and ookinete formation in the mid-
gut of the vector. Ookinetes subsequently
penetrate the mid-gut wall and develop
under the mid-gut basal lamina as spherical
oocysts, which measure approximately
10 µm in diameter. Sporogony typically
takes 4–6 days, eventually producing fewer
than 100 sporozoites, which bud from a
single sporoblast (Fig. 5). Oocysts subse-
quently rupture, releasing sporozoites into
the haemocoel of the insect. These invade
the salivary glands and pass through the
salivary ducts during the next blood meal.

Transmission of H. meleagridis is sea-
sonal and limited to the spring and summer
months in more temperate parts of its range,
but can occur throughout the year in sub-
tropical habitats in Florida, where suitable
vectors are present year-round.

Treatment
With the exception of rare fatal infections
involving large numbers of megaloschi-
zonts, infections are self-limiting and
treatment is not necessary. Effective

chemotherapeutic treatments for the patho-
genic tissue stages of H. meleagridis have
not been developed.

Control
Reduction of populations of ceratopogonid
fly vectors can, in theory, reduce transmis-
sion of H. meleagridis, but this method has
not been tested. When possible, isolation of
domestic birds from sylvatic cycles involv-
ing wild reservoir hosts may be the most
effective way to prevent infections.

Haemoproteus columbae
Distribution

Worldwide in columbiform hosts. Preva-
lence in both domestic and feral popula-
tions of Common pigeons (Columba livia) is
dependent on vector distribution and num-
bers, and ranges from 0% in some regions to
up to 100% in others.

Parasite
The life cycle begins when infective sporo-
zoites are inoculated by ectoparasitic
hippoboscid vectors into a susceptible host.
Sporozoites invade capillary endothelial
cells of the lungs, where they undergo pre-
erythrocytic development to form thin-
walled, branching schizonts, which radiate
along pulmonary capillaries. The pre-patent
period ranges from 17 to 37 days, after
which merozoites bud from the periphery of
schizonts, enter the circulation and invade
erthryocytes. Development of large, thick-
walled megaloschizonts has also been
reported in heart, gizzard and skeletal mus-
cle of Bleeding-heart doves (Gallicolumba
luzonica) and may occur in other host
species as well. Merozoites in circulating
erythrocytes develop to mature halteridial
microgametocytes and macrogametocytes,
which partially encircle the erythrocyte
nucleus within approximately 5–10 days.
Gametocyte numbers peak in the peripheral
circulation approximately 10–20 days after
first appearing and then decline in num-
bers. Infected birds may undergo relapses at
later dates, but remain immune to reinfec-
tion as long as the initial chronic infection
persists.

Haemoproteosis 203

Fig. 5. Oocyst of Haemoproteus meleagridis on
the mid-gut wall of Culicoides edeni. The oocyst
contains densely packed, slender sporozoites and a
small residual body (arrow).
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Closely related species
Haemoproteus sacharovi is a closely related
species that occurs in columbiform hosts,
including C. livia. Gametocytes of H.
sacharovi cause gross hypertrophy of host
erythrocytes, while those of H. columbae
have little effect on host cell size. Natural
vectors of H. sacharovi are not known,
although the hippoboscid fly, Pseudo-
lynchia maura, can transmit the parasite
in the laboratory.

Clinical symptoms
Haemoproteus columbae is believed to be
relatively non-pathogenic, with few effects
on hosts. Birds with intense erythrocytic
infections may be lethargic and anorexic. In
rare reports of fatal infections, birds were
anaemic and suffered from interstitial
pneumonia. Gross and microscopic lesions
included congested, hypertrophic and
darkly pigmented livers and spleens and
cellular infiltrates in the alveolar septae. In
one report of a fatal H. columbae infection,
extensive tissue damage was associated with
numerous developing megaloschizonts in
skeletal, cardiac and gizzard muscle.

Diagnosis
Parasites are identified in Giemsa-stained
thin blood smears. In C. livia, the presence
of erythrocytic gametocytes with prominent
golden-brown or black pigment granules
that partially encircle the host cell nucleus
and the absence of erythrocytic schizonts
are diagnostic for this species.

Transmission
Proved vectors are ectoparasitic hippo-
boscid flies and include Ornithomyia
avicularia, Pseudolynchia canariensis,
Pseudolynchia brunnea, Pseudolynchia
capensis and Microlynchia pusilla. Sus-
pected vectors are ceratopogonid flies in
the genus Culicoides, but their ability to
transmit columbiform haemoproteids has
never been conclusively demonstrated. The
sporogonic cycle begins when a hippobos-
cid fly takes a blood meal from an infected
host and ingests mature macrogametocytes
and microgametocytes. These undergo
gametogenesis, fertilization and ookinete

formation in the mid-gut of the vector.
Ookinetes subsequently penetrate the mid-
gut wall and develop under the mid-gut
basal lamina as spherical oocysts, which
measure approximately 40 µm in diameter.
Sporogony in developing oocysts typically
takes up to 10 days, eventually producing
thousands of sporozoites, which bud from
multiple sporoblasts. Oocysts subsequently
rupture, releasing sporozoites into the
haemocoel of the insect. These invade the
salivary glands and pass through the sali-
vary ducts during the next blood meal and
are injected into a new pigeon.

In temperate North America, transmis-
sion of H. columbae is seasonal and closely
correlated with changes in vector popula-
tions, generally increasing in the autumn
and winter months and then declining as
vector density decreases. More limited data
from tropical and subtropical parts of the
world, where populations of hippoboscid
flies remain more constant, indicate that
high rates of transmission and high
prevalences of infection can be maintained
throughout the year.

Treatment
Infections are self-limiting and birds subse-
quently develop chronic, low-intensity
infections and concomitant immunity to
reinfection. Treatment is usually not neces-
sary, but Butalex (Buparvaquone, Mallink-
krodt Veterinary Ltd, UK) at a single dose
of 2.5 mg kg−1 has been found to be effective
in eliminating gametocytes from the peri-
pheral circulation. Infections that produce
megaloschizonts may be rapidly fatal at
about the time when gametocytes appear
in the peripheral circulation, making treat-
ment difficult. Efficacy of chemotherapy
against megaloschizonts and pre-erythro-
cytic stages of the parasite is unknown.

Control
Reduction of hippoboscid fly vectors is
the most efficient approach to control. This
should include dusting infested birds and
nesting boxes with a suitable insecticide
to kill adult flies, and treatment of
premises to eliminate habitats for puparial
development.
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Haemoproteus nettionis
Distribution

Worldwide in domestic ducks and geese.
Haemoproteus nettionis is primarily a para-
site of wild waterfowl that infects domestic
birds when suitable vectors and wild reser-
voir hosts are present.

Parasite
The life cycle begins when infective sporo-
zoites are inoculated into a susceptible
host by a ceratopogonid fly in the
genus Culicoides. Details about the pre-
erythrocytic development of the parasite are
poorly known. Oval, thin-walled schizonts
have been described in capillary endo-
thelial cells of the lungs and occasionally
the heart and spleen. Large megaloschizonts
have not been observed, but critical studies
to document their development have not
been done. The pre-patent period ranges
from 14 to 17 days.

Once circulating erythrocytes have been
invaded   by pre-erythrocytic merozoites,
mature gametocytes, which partially encir-
cle the host erythrocyte nucleus, develop in
approximately 6 days. Parasitaemias reach
their peak intensity in the peripheral circu-
lation at approximately 22 days after infec-
tion and fall rapidly. Birds probably remain
chronically infected for life and experience
periodic relapses, particularly during the
breeding season.

Closely related species
Haemoproteus greineri has been reported
from a variety of anatid hosts in North
America, while Haemoproteus gabaldoni is
known only from Muscovy ducks (Cairina
moschata) in Venezuela. Both species can
be distinguished from H. nettionis by
gametocyte morphology. Gametocytes of
H. greineri completely encircle the host cell
nucleus, while gametocytes of H. gabaldoni
partially encircle the host cell nucleus and
have highly amoeboid outlines. Nothing is
known about their vectors or pathogenicity.

Clinical symptoms
Haemoproteus nettionis is believed to be
non-pathogenic, with no clinical signs in
infected hosts. Minor gross and microscopic

lesions have been described in tissues of
experimentally infected Pekin (= Mallard)
(Anas platyrhynchos) and Muscovy ducks,
but infected birds showed no signs of
clinical illness. These lesions included
accumulation of parasite pigment in tissue
macrophages and moderate infiltrates of
lymphocytes and granulocytes in various
organs.

Diagnosis
Giemsa-stained thin blood smears will
identify the parasites. In ducks and geese,
the presence of erythrocytic gametocytes
with prominent golden-brown or black pig-
ment granules that partially encircle the host
cell nucleus and the absence of erythrocytic
schizonts are diagnostic for this species.

Transmission
Proved vectors are ceratopogonid flies in
the genus Culicoides. Culicoides downesi
supports complete sporogonic development
of H. nettionis in North America, while
other ornithophagic ceratopogonids are pre-
sumed vectors in other parts of the world.
The sporogonic cycle begins when a blood
meal containing mature macrogametocytes
and microgametocytes is taken from an
infected host. These undergo gametogen-
esis, fertilization and ookinete formation in
the mid-gut of the vector. Ookinetes subse-
quently penetrate the mid-gut wall and
develop under the mid-gut basal lamina as
spherical oocysts, which measure approxi-
mately 10 µm in diameter. Sporogony typi-
cally takes 4–6 days, eventually producing
fewer than 100 sporozoites, which bud from
a single sporoblast. Oocysts subsequently
rupture, releasing sporozoites into the
haemocoel of the insect. These invade
the salivary glands and pass through the
salivary ducts during the next blood meal.

Transmission of H. nettionis occurs
during the spring and summer months,
when ceratopogonid populations reach their
peak. Detailed epidemiological studies have
not been done.

Treatment
Infections are self-limiting and birds sub-
sequently develop chronic, low-intensity
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parasitaemias, which do not require treat-
ment. Effective chemotherapeutic treatments
for H. nettionis have not been developed.

Control
Reduction of populations of ceratopogonid
fly vectors can, in theory, reduce trans-
mission of H. nettionis, but this method has
not been tested and may not be feasible,
since the vectors are unknown outside of
North America. When possible, isolation of
domestic birds from sylvatic cycles involv-
ing wild reservoir hosts may be the most
effective way to prevent infections. Given
the apparent low pathogenicity of the para-
site, costs associated with control probably
outweigh any potential benefits.
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Haemorrhagic fever with renal syndrome

Rongman Xu

Haemorrhagic fever with renal syndrome
(HFRS), known also as epidemic haemor-
rhagic fever and Korean haemorrhagic
fever, is endemic in China, Korea and parts
of Eurasia. The aetiological agent of HFRS is
Hantaan (HTN) virus (family Bunyaviridae,
genus Hantavirus). Viruses of this genus
cause chronic, inapparent infections of
rodents. Hantaan virus was first isolated
from the Striped field mouse, Apodemus

agrarius, by H.W. Lee, Korea University,
Republic of Korea, in 1976.

Distribution
Seroepidemiological surveys and docu-
mented case reports show that hantaviruses
are widely distributed throughout much of
the world, but most cases of HFRS (>90%)
are from China. There were 1,289,746
reported cases up to 1995, 92.7% of which
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were in Asia and 7.3% in Europe, with just
a few cases reported from the Americas.
There are three epidemiological patterns of
HFRS, depending on the location of the out-
break and the reservoir host of the disease:
rural, urban and from animal houses
(vivaria). Each hantavirus has a principal
rodent host and it appears that there has
been coevolution or parallel evolution of
these viruses and their hosts. The reservoir
hosts in rural areas are mainly rodents, such
as Apodemus species in Asia and Europe,
Clethrionomys species in eastern Europe
and the Far East and Microtus and Peromys-
cus species in the Americas. The reservoir
hosts for the urban type are domestic rats
(Rattus species). The reservoir hosts for
animal house infections are colonized
experimental rats.

Aetiological agent
Four viruses have been associated with
HFRS: HTN virus, which is the type species
for the genus Hantavirus, and which was
isolated from the Hantaan River area of
Korea; Dobrava (DOB) virus, which causes
HFRS in the Balkans; Seoul (SEO) virus,
which produces many urban cases of HFRS
in China, Korea, Japan and South-East Asia,
and laboratory infections in many parts of
the world; and Puumala (PUU) virus, which
causes nephropathia epidemica in Scandi-
navia and other parts of Europe.

Clinical symptoms
All known diseases caused by these hanta-
viruses are characterized by proteinuria
and azotaemia. Typical HFRS infections
are characterized by fever, haemorrhagic
diathesis and renal disorders. There are
five phases: febrile, hypotensive, oliguric,
diuretic and convalescent. The febrile
phase usually lasts 3–8 days, with sudden
onset of fever up to 40°C, chills, general
malaise, weakness and generalized myal-
gias. This may be followed by severe
anorexia, dizziness, headache and pain in
the eyeballs. The hypotensive phase can
last from several hours to 3 days, with
shock, including tachycardia, low pulse
pressure, hypotension, cold and clammy
skin and dulled sensorium. The oliguric

phase usually lasts 3–7 days. During this
phase blood pressure begins to return to
normal, but many patients become hyper-
tensive and may have severe nausea
and vomiting associated with persistent
oliguria. About 50% of fatalities occur
during the oliguric phase. Clinical recovery
begins with the onset of the diuretic phase,
which lasts from days to weeks. The con-
valescent phase takes 2–3 months and
is characterized by a progressive recovery of
the glomerular filtration rate. The above
description applies to the more severe cases
of HTN virus infection in Asia or DOB virus
infection in the Balkans, both of which have
a case fatality of 5–15%. Milder cases
caused by these viruses, or the generally
less severe HFRS from SEO virus or PUU
virus infection, do not usually display the
full spectrum of clinical manifestations and
have a case fatality rate of less than 1%.

Diagnosis
There is no specific clinical test to confirm
HFRS. The appearance of fever, abdominal
pain and severe retching, marked protein-
uria, flush, shock, haemorrhagic diathesis,
pulmonary oedema, leucocytosis, thrombo-
cytopenia, haemoconcentration and azota-
emia are virtually diagnostic. Haemorrhagic
fever with renal syndrome is confirmed by
serological tests that demonstrate increas-
ing or decreasing antibody titres to a hanta-
virus in paired acute- and convalescent-
phase samples.

Transmission
Hantaviruses are usually transmitted by
contamination of wounds by the saliva,
urine or faeces of rodents, by aerosols of
these products or by rodent bites. Human-
to-human spread has not been reported for
HTN virus but has been reported for Andes
virus, an aetiological agent of hantavirus
pulmonary syndrome.

Some evidence has been obtained
for transmission of HTN virus by mites.
Ornithonyssus bacoti (tropical rat mite)
and Leptotrombidium species (trombiculid
mites) are the principal suspected mite
vectors among domestic and wild rodents,
respectively. In China, Leptotrombidium
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scutellaris has been confirmed as a vector
both in nature and in the laboratory,
and Leptotrombidum subpalpale has been
shown to be a vector, at least in the labora-
tory. These are also the prevalent mite spe-
cies in HFRS foci in China. Virus replication
in mites has not been proved, so transmis-
sion by mites might be mechanical, rather
than replicative. Transovarial transmission
and virus multiplication have been reported
from China, but this requires further
research to determine whether this route
of transmission really occurs. The epidemio-
logical significance of mite transmission
remains unclear.

Treatment
There is no specific treatment of HFRS,
so the management of the patient must be
supportive and based on an understanding
of the pathophysiological characteristics of
the disease. Early diagnosis and hospitaliza-
tion before the onset of the hypotensive and
haemorrhagic phenomena are very impor-
tant. The febrile phase requires bedrest,
mild sedation, analgesics and strict mainte-
nance of fluid balance, especially avoiding
overhydration. Treatment in the hypo-
tensive phase requires administration of an
intravascular volume expander. Treatment
in the oliguric phase is the same as for acute
renal failure. In the diuretic phase, attention
must be paid to adequate replacement of
fluids and electrolytes. Intravenous riba-
virin given within the first 4 days of onset
has been shown to lessen renal failure,
decrease bleeding manifestations and
decrease case fatality in a Chinese setting,

in which results of dialysis and other sup-
portive measures were less than optimum.

Control
Rodent control, such as improving people’s
living conditions to reduce contacts with
rodents, should be considered in the control
of HFRS. Insecticide spraying, to kill mites,
has been recommended in endemic out-
breaks of HFRS in China, but vaccination is
also very important in endemic regions of
HFRS and for those undertaking research on
HFRS.
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Haemotrophic mycoplasmas
(Containing species from the former genera Haemobartonella and Eperythrozoon)

Harold Neimark

Haemobartonella and Eperythrozoon were
the names given to uncultivated bacteria
that parasitize the surface of erythrocytes of
a wide range of vertebrate animals hosts.
Formerly Haemobartonella and Eperythro-
zoon species were classified as rickettsiae

(order Rickettsiales), which they appeared
to resemble because of their small size
and staining properties, their uncultivated
status, their transmission by arthropod
vectors and their haemotrophic character.
The latter property seemed to relate these
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bacteria to Anaplasma (family Anaplasma-
taceae), which grow as inclusion bodies
within erythrocytes. However, Haemo-
bartonella and Eperythrozoon differed from
Anaplasma (see Anaplasmosis) in that they
attach to the surface of red cells, do not
invade erythrocytes and, notably, lack cell
walls.

Distribution
The agents in domesticated animals proba-
bly occur on most continents but extensive
studies have not been done; organisms in
wild animals may be more localized.

Aetiological agents and phylogeny
Recently, the 16S ribosomal RNA (rRNA)
genes of several Haemobartonella and
Eperythrozoon species were sequenced and
their phylogenetic position determined.
These studies demonstrated unequivocally
that these uncultivated wall-less bacteria
are not rickettsia but rather that they are
mycoplasmas. Thus, presumably all the
members of the genera Haemobartonella
and Eperythrozoon are actually members
of a single genus, Mycoplasma. The formal
transfer of Haemobartonella felis and
Haemobartonella muris and Eperythrozoon
ovis, Eperythrozoon suis and Eperythro-
zoon wenyonii from the rickettsiae to the
genus Mycoplasma has been proposed in
order to recognize their actual phylogenetic
affiliation. The demonstration that these
haemotrophic bacteria are mycoplasmas
has provided an entirely new perspective
for studying these bacteria. The remaining
officially named species of Haemobarto-
nella and Eperythrozoon are also wall-less
and all share identical properties with the
haemotrophic mycoplasma species descri-
bed here, and it seems likely that they too
will be found to be mycoplasmas (Table 1).

Mycoplasmas (class Mollicutes, order
Mycoplasmatales) are prokaryotes with the
general characteristics of lactic acid bacteria
(particularly streptococci) but they lack cell
walls and are notable for their small cell size
and for containing the smallest chromo-
somes of any cells capable of independent
replication. Mollicutes occur as pathogens
or commensals in a broad range of hosts

including vertebrate animals, arthropods
and plants. Until recently, mycoplasmas
infecting vertebrates appeared to colonize
only the mucous membranes of their hosts;
at these sites pathogenic mycoplasmas cause
respiratory or urogenital disease, often with
an arthritic component. The former Haemo-
bartonella and Eperythrozoon represent a
novel group of parasitic mycoplasmas that
possess a pathogenic capacity previously
unrecognized among the mollicutes. The
haemotrophic mycoplasmas form a new
phylogenetic cluster within the so-called
pneumoniae group of Mycoplasma and
share properties with other members of the
pneumoniae group.

Cell structural features
All the species parasitize the erythrocytes of
their hosts and adhere to the erythrocyte
surface; all have been shown by electron
microscopy to lack a cell wall and to be coc-
coidal in shape. Many produce an indenta-
tion on the red cell membrane at the site of
attachment and also, in some, fine fibrils
can be seen connecting the bacteria and the
erythrocytes. Some members of the pneu-
moniae group possess tip or bleb structures,
which are involved in host cell attachment;
similar bleb structures have been observed
in a haemotrophic mycoplasma from the
South American monkey, Saimiri sciureus,
and in an agent from the Owl monkey,
Aotus trivirgatus.

Surface components of haemotrophic
mycoplasmas involved in erythrocyte
adherence have not been identified. Experi-
ments with lectins in Mycoplasma wenyonii
infection suggest that the erythrocyte mem-
brane is altered, as shown by increased
recognition of both soybean agglutinin and
peanut agglutinin receptor carbohydrates.

Nomenclature
To avoid confusion in nomenclature, rick-
ettsial species names have been retained
where there was no conflict with existing
Mycoplasma species names; where rickett-
sia and mycoplasmas contained identical
names (e.g. felis, muris and suis) rather than
proposing completely new names, the pre-
fix haemo was used to form new species
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names (Mycoplasma haemofelis, Myco-
plasma haemomuris, Mycoplasma haemo-
suis, Mycoplasma ovis and M. wenyonii).
The haemotrophic mycoplasmas have been
given the vernacular name ‘hemoplasmas’.

Related bacteria
Numerous reports have described erythro-
cytic bodies resembling these bacteria in a
wide variety of vertebrate animals. Often
these bodies were given bacterial species
names merely on the basis of observing
structures in stained blood smears. Careful
evaluation of blood smears is required to
distinguish these bacteria from erythrocytic
structures, such as Pappenheimer bodies,
Heinz bodies, Howell–Jolly bodies or other
structures, and it may be difficult to differ-
entiate haemotrophic mycoplasmas from
basophilic structures without the aid of
molecular diagnostic methods or electron
microscopy. In a few cases the erythrocytic
bodies were examined critically and shown
by electron microscopy to be wall-less bac-
teria. Erythrocytic bodies identified by elec-
tron microscopy as wall-less Eperythrozoon
or Haemobartonella have been described
in a Raccoon (Procyon lotor), Llamas (Lama
glama) and various monkey species used in
laboratory studies. One of these, an agent
in the South American Squirrel monkey
(Saimiri sciureus) has been shown to be
a new haemotrophic Mycoplasma species,
and others probably represent new haemo-
trophic Mycoplasma species or new hosts
for known haemotrophic Mycoplasma
species.

Host range
As a group, these haemotrophic bacteria
infect the erythrocytes of a wide range of
animal hosts. Individual species appear
to have a narrow host range, but in fact
the host range of most species has not been
fully examined.

Possible human infections
Transmission by blood-feeding vectors may
result in cross-infection between domestic
and wild animal populations, and possibly
humans, and the host ranges of these
bacteria need to be investigated. Reports of

rare occurrences of haemotrophic bacteria
from human cases, some of which were
demonstrated to be wall-less by electron
microscopy, will be discussed in a separate
publication.

Clinical symptoms
Infections caused by haemotrophic myco-
plasmas are frequently clinically inapp-
arent but some species are pathogenic and
cause visible disease in healthy, immuno-
competent hosts. Clinical disease usually
includes haemolytic anaemia, which may
vary from mild to severe. Poor weight gain
is characteristic in young animals. These
bacteria can persist for years in latently
infected animals without causing clinical
disease; apparently they are cleared from
the circulation by sequestration in the
spleen. Splenectomy, stress or other predis-
posing factors often result in the appearance
of large numbers of infected erythrocytes in
the circulation, which may or may not be
accompanied by clinical disease.

Diagnosis
These bacteria have not been cultivated and
are maintained by serial passage in animal
hosts. Microscopic examination of blood
smears stained with Romanowsky-type
stains (Wright–Giemsa’s stain is particu-
larly suitable) shows small (diameter less
than 0.9 µm) blue- to purple-stained coc-
coid, ring- or rod-shaped structures on the
surface of red cells (the rod-shaped struc-
tures are probably composed of coccoidal
bodies). Fluorescent staining provides
greater sensitivity. The number of infected
red cells can range from just detectable to
more than 80% of erythrocytes infected and
individual erythrocytes can be infected by
many organisms. Detection of inapparent
infection by haematological methods can be
difficult and may require daily sampling
for prolonged periods, but molecular diag-
nostic methods should improve detection.
Serological tests have been described. For
most purposes, blood is best collected with
citrate as the anticoagulant, since these bac-
teria lose infectivity when collected with
ethylenediamine tetra-acetic acid (EDTA)
and heparin interferes with the polymerase
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chain reaction (PCR). Deoxyribonucleic
acid (DNA) from organisms in blood is
well preserved on FTA blood-cards (Fitzco).
Haemotrophic mycoplasmas can readily
be dissociated from erythrocytes by gently
shaking erythrocytes in phosphate-buffered
saline, pH 7.2. Infected blood has been cryo-
preserved by freezing in liquid nitrogen, but
10% glycerol–10% horse serum commonly
used for preserving mycoplasmas at −70°C
may be adequate.

Transmission
Vectors are thought to be involved in the
transmission of all species; all have been
demonstrated to be, or are suspected of
being, transmitted by blood-feeding arthro-
pods, although sometimes only mechani-
cally. Vectors include ixodid (hard) ticks,
lice (Polyplax species), fleas (e.g. Cteno-
cephalides felis), flies (e.g. Stomoyxs cal-
citrans) and mosquitoes (e.g. Aedes aegypti)
(see Table 1).

Treatment
All species that have been examined are
sensitive to tetracycline but are resistant to
penicillin and other antimicrobial agents
that target the bacterial cell wall.

Control
Lack of detailed knowledge on the vectors
precludes any vector control measures.
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Heartwater (cowdriosis)

Keith J. Sumption

Heartwater is a disease caused by infection
of ruminants with the rickettsia Cowdria
ruminantium.

The infection is frequently fatal in cat-
tle, sheep and goats in sub-Saharan Africa,
and also on a few islands in the Indian and
Caribbean regions. It is transmitted predomi-
nantly by ixodid (hard) ticks of the genus
Amblyomma, which feed preferentially on
domestic and wild ruminants. The name
refers to the frequent post-mortem finding of
excessive fluid around the heart. Cowdriosis
is a synonym, reflecting the classification
of the causal organism and the contribution
of E.V. Cowdry to the identification of the
aetiology.

Distribution
The disease is found in most of sub-Saharan
Africa, except in very arid areas, which are
unsuitable for maintenance of the vector
ticks, but has also been maintained on a few
islands in the Caribbean and Indian oceans
(Madagascar, Mauritius) where vector pop-
ulations have become established. An effi-
cient vector species is also present in the
Yemen, but the existence of heartwater has
not been reported. Potential extension of
the disease range to mainland America is
possible because some of the Amblyomma
species present could act as vectors. In
Africa the majority of cases occur in areas
with farming systems involving non-
indigenous animal breeds and cross-breeds,
where some or most animals lack genetic
resistance to the occurrence of disease. In
areas where the majority of animals have a
high genetic resistance, disease is seldom
reported.

Aetiological agent
Cowdria ruminantium (Eubacteria, Proteo-
bacteria, alpha subdivision; classification in

Bergey’s Manual; order Rickettsiales, family
Rickettsiaceae, tribe Ehrlichiae) is known
to replicate only within mammalian or tick
cells. In mammalian infections, the detec-
tion of infection in endothelial cells lining
the major and minor blood-vessels is used
in diagnosis and it is likely that the exces-
sive fluid accumulation in body cavities
relates to the altered function of the
endothelium. Electron-dense extracellular
forms (elementary bodies) are produced
in endothelial cell cultures and are infective
to other animals and cell cultures, and are
probably in the same life-cycle phase as the
forms seen free in the plasma of infected
animals during acute infection.

Clinical signs
Under natural tick exposure the incubation
period is usually between 2 and 3 weeks,
with nymphal transmission occurring
slightly earlier than adult tick transmission.
The severity of clinical signs and the
frequency of occurrence differ between
individuals and breeds, but the signs are
generally more severe in exotic breeds, non-
indigenous to heartwater-endemic areas,
and also in animals over 1 month of age.
Disease usually starts with a sudden rise in
body temperature, rising in large and small
ruminants over 2–3 days to often exceed
41°C. Listlessness and nervous signs may be
observed; the animal can appear anxious,
with hypersensitive responses to light and
hand/air movements about the eye, and
may develop muscular tremors, trembling,
altered gait and locomotor control, leaning
or circling. Mild diarrhoea may be seen in
cattle. The occurrence of these signs, usu-
ally accompanied by increased respiratory
rate and effort in breathing, can occur in
other diseases, but usually proceed quickly
in heartwater to recumbency, coma and
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death. Fits may occur, and animals that
develop increased respiratory effort or dis-
tress usually die within 3–12 h. Under natu-
ral conditions where stock-persons have the
care of many animals, animals are com-
monly found dead without clinical signs
having been observed. In more resistant
animals, fever and increased respiratory
rate may be the extent of the signs observed.
Animals often continue to eat until very
shortly before death and may be found
dead with grass in their mouths. Mortality
rates can reach 50% in exotic cattle and
90% in small ruminants, although under
conditions of routine tick control sporadic
deaths over a prolonged period are more
frequent than outbreaks.

Diagnosis
Gross pathology signs are frequently the
first indicator of a case of heartwater.
Presence of feeding ticks on the body can
indicate that tick control is not effective
in preventing tick feeding, but absence of
ticks does not indicate that tick control was
effective 2–3 weeks previously. Heartwater
should be suspected when excessive fluid is
found in the thorax (0.5 l in small rumi-
nants, 1–2 l in cattle) and around the heart,
and/or when there is a full gall-bladder with
bile staining on the omentum. The disease
is best confirmed by making a smear of the
brain (cerebral cortex or brain stem) and
staining with Giemsa for detection of intra-
cellular morulae in capillary endothelial
cells, which is indicative of infection. Alter-
native tests where facilities permit include
culture of neutrophils and use of poly-
merase chain reaction (PCR) techniques.
Serological tests, including enzyme-linked
immunosorbent assay (ELISA), are difficult
to interpret, because the specificity of many
tests is poor as result of cross-reactions
with ehrlichial infections and/or poor sen-
sitivity for the detection of recovered cattle,
which leads to underestimates of infection
prevalence.

In many cases, if Amblyomma ticks are
frequently observed to feed on domestic
stock, it is likely that heartwater is present
and that most adult animals will have
encountered the infection.

Transmission
The tick–mammal cycle is predominantly
via feeding of nymphs or adult Amblyomma
ticks. Only Amblyomma species have been
proved to be field vectors. Both African and
non-African species of Amblyomma have
been shown to be possible vectors, but in
the natural situation A. variegatum and
A. hebreum are the most widespread and
significant vectors, in West–Central–East
Africa and southern Africa, respectively.
The former tick species is also present
in the Caribbean and Madagascar, and in
semi-arid areas of East Africa Amblyomma
gemma and Amblyomma lepidum are
also important vectors. Transmission is
considered almost entirely trans-stadial,
with larvae acquiring infections and sub-
sequently transmitting when the larvae
become nymphs and then adults. The pre-
transmission period – that is, the interval
from when ticks are placed on a host to the
transmission of infection – is in the region
of 1–3 days for nymphs and 3–4 days for
adults. During this time maturation of infec-
tion occurs, with increased infectivity for
the ruminant host; this appears to coincide
with increase in infection in tick salivary
glands.

Ticks become infected while feeding on
animals with acute infections and also for
some time after recovery (carrier state), with
animals such as the Cape buffalo (Syncerus
caffer) being proven to be carriers for
8 months. A wide range of ruminant and
non-ruminant species may be involved as
sources of infection for ticks. The most sig-
nificant sources are probably those favoured
by feeding larvae and nymphs, since infec-
tion of domestic stock is by nymphs and
adult ticks. Vertical transmission between
dam and calf has been reported and might
have some importance in the frequency
of early exposure/resistance in endemic
areas, but horizontal transmission is not
known except through needle transmission
involving contaminated blood products.

Treatment
Cowdria is susceptible to tetracyclines and
these are the drugs of choice. Treatment
must be commenced early, since recovery
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after respiratory effort has developed is
often ineffectual. In commercial sheep
flocks, treatment of febrile animals with
long-acting tetracycline antibiotics is
prudent; in outbreak situations a flock
treatment should be considered. Animals
should be rested, and a subsequent treat-
ment, 2–3 days after the first administered
dose, is often justified, as relapses are
common.

Control
In most African countries control of the
disease in susceptible stock has been by
application of acaricides to livestock, which
should be at short intervals, because trans-
mission can occur with nymphs feeding on
the host for as little as 2 days. With resistant
indigenous stocks, vector control is rarely
considered necessary, although sporadic
losses can occur, especially in sheep, but
are frequently not recognized. In eastern
Africa control by acaricides of the more
feared disease East Coast fever (see
Theilerioses) also has the benefit of simulta-
neously controlling heartwater. However,
relaxation of tick control in such situations

could result in outbreaks of disease, since
the level of herd immunity will be low.

A live, virulent vaccine (for infection
and treatment) is currently available only in
southern Africa and is impractical for wide-
spread use. The prophylactic use of long-
acting antibiotics is feasible in susceptible
bought-in animals with no immunity, pro-
viding that conditions of high tick attack
rates prevail, with the aim of immunity
developing under controlled challenge.
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Heartworm see Dirofilariasis.

Haemoplasmas see Haemotrophic mycoplasmas.

Hepatozoonosis, canine

Gad Baneth

Two distinct Hepatozoon species infect
canids: Hepatozoon canis, which is primar-
ily found in haemolymphatic tissues and
causes anaemia and lethargy, and Hepato-
zoon americanum, which infects muscular
tissues and induces severe myositis and
lameness.

Distribution
Canine hepatozoonosis has been reported
from tropical, subtropical and temperate
regions of all continents except Australia.

Hepatozoon canis infection in dogs was
first described from India in 1905 and has
since been recorded in southern Europe,
the Middle East, Africa and the Far East.
Hepatozoon canis infection is often referred
to as Old World canine hepatozoonosis.
American canine hepatozoonosis was
described from Texas in 1978 and following
that report also from several southern
states in the USA, including Louisiana,
Alabama, Georgia, Tennessee, Oklahoma
and Florida.
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Parasite
Hepatozoon canis and H. americanum are
tick-borne protozoal parasites from the fam-
ily Haemogregarinidae.

The life cycles of H. canis (Fig. 1) and
H. americanum are complex and involve
tick hosts that become infected when they
are feeding on the blood of a dog with
hepatozoonosis. Hepatozoon gamonts from
the dog’s blood are released from neutro-
phils within the tick and sexual reproduc-
tion of the parasite takes place, followed by
the formation of oocysts, which are found
in the haemocoel. Infection of a dog occurs
when it ingests a tick containing mature
oocysts. Sporozoites released in the gut of
the dog penetrate the intestinal wall and
disseminate to the spleen, lymph nodes
and bone marrow in H. canis infections
and to skeletal and myocardial muscles in
H. americanum infections. Merogony takes
place in these organs, and merozoites that

are released from mature meronts penetrate
neutrophils and form gamonts, which circu-
late in the peripheral blood.

Hepatozoon americanum was initially
considered a strain of H. canis, until it was
described in 1997 as a separate species
based on differences in clinical signs, tissue
tropism, pathological findings, parasite
morphology and tick vectors (Table 1). Sub-
sequent genetic and antigenic comparisons
have supported the separation of these
parasites.

Clinical signs
Hepatozoon canis infection

Old World canine hepatozoonosis varies
from being asymptomatic in apparently
healthy dogs to a severe and life-threatening
disease in animals, with extreme lethargy,
cachexia and anaemia. An asymptomatic
to mild disease is the most common pres-
entation of the infection and it is usually

216 Hepatozoonosis, canine

Fig. 1. Stages in the life cycle of Hepatozoon canis: (1) free gamonts in the tick following a blood meal; (2)
gamonts associate in syzygy; (3) male and female gametes develop while in syzygy prior to fertilization; (4)
fertilization results in the formation of a zygote; (5) mature oocyst containing sporozoites; (6) a section
through an oocyst showing a sporocyst containing sporozoites; (7) free sporozoites in a dog's gut; (8)
merogony–meronts containing macromerozoites; (9) free macromerozoite; (10) merogony – longitudinal
and cross-sectional views of meronts containing micromerozoites; (11) penetration of a myeloid cell by a
micromerozoite; (12) developing gamont with ‘scattered’ chromatin; and (13) mature gamont within a
neutrophil in the blood.
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associated with a low level of H. canis
parasitaemia (1–5%), while a severe illness
is found in dogs with a high parasitaemia,
often approaching 100% of the peripheral
blood neutrophils. High parasitaemia rates
are frequently accompanied by extreme
neutrophilia reaching as high as 150,000
leucocytes µl−1.

Most dogs infected with H. canis appear
to undergo a subclinical infection. A survey
of dogs from Israel showed that 33% had
been exposed to the parasite, as indicated by
the presence of anti-H. canis antibodies.
Only 3% of the seropositive dogs had detect-
able blood gamonts and only 1% had severe
clinical signs associated with the infection.
A case–control study of dogs with H. canis
parasitaemia admitted to a veterinary hos-
pital in Israel indicated that 15% had a
high number of circulating parasites (>800
gamonts µl−1) accompanied by elevated
body temperature, lethargy, weight loss,
anaemia, hyperglobulinaemia and hypo-
albuminaemia. Post-mortem examination of

dogs with a high parasitaemia revealed hep-
atitis, pneumonia and glomerulonephritis
associated with H. canis meronts. Meronts
and developing gamonts were also found in
the spleen, bone marrow and lymph nodes,
often with no apparent host inflammatory
response.

Concurrent infections of dogs with
H. canis and other canine pathogens that
have been reported include: parvovirus,
canine distempter, Babesia canis, Ehrlichia
canis, Toxoplasma gondii and Leishmania
infantum (see entries on Babesiosis, Ehrlich-
iosis and Leishmaniasis). Immune suppres-
sion induced by an infectious agent, an
immature immune system in young animals
or immunodeficient conditions are hypo-
thesized to influence the pathogenesis of
new H. canis infections or the reactivation
of pre-existing ones.

Hepatozoon americanum infection
American canine hepatozoonosis is a
chronic disease that is almost always severe
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H. canis H. americanum

Common clinical signs

Severity of clinical signs

Haematological findings
Peripheral blood gamonts
% parasitaemia of neutrophils
Extreme leucocytosis
Anaemia

Radiographical findings

Main method of diagnosis

Main target tissues

Histopathological findings

Distinct morphological features

Vector tick

Treatment

Prognosis

Fever, lethargy, emaciation

Often mild. A severe disease is seen in dogs
with a high parasitaemia

Common
1–100%
Rare. Found in dogs with a high parasitaemia
Common

Non-specific

Demonstration of gamonts in blood smears

Spleen, bone marrow, lymph nodes

Hepatitis, splenitis, pneumonia

‘Wheel spoke’ meront

Rhipicephalus sanguineus

Imidocarb dipropionate, doxycyline

Good

Gait abnormalities, muscular
hyperaesthesia, fluctuating fever, lethargy,
mucopurulent ocular discharge

Severe

Infrequent
Usually <0.1%
Common
Common

Periosteal proliferation of long bones

Demonstration of cysts and pyogranuloma
by muscle biospy

Skeletal muscle

Pyogranulomatous myositis

‘Onion skin’ cyst

Amblyomma maculatum

Trimethoprim/sulfa, pyrimethamine,
clindamycin, decoquinate

Poor

Table 1. Comparison of findings from dogs with H. canis and H. americanum infections.
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and leads to debilitation and death. Most
dogs diagnosed with H. americanum infec-
tion are presented with gait abnormalities
and muscular pain induced by myositis. In
a study of dogs with canine hepatozoonosis
from Alabama and Georgia, 86% were
febrile, 82% suffered weight loss, 77% had
mucopurolent ocular discharge, induced
in some cases by parasitic myositis of the
extraocular muscles, 64% had generalized
muscle atrophy and hyperaesthesia was
recorded in a similar percentage of animals.
Signs of pain were generalized or localized
in the lumbar and cervical spine or in joints.
Gait abnormalities included stiffness, hind-
limb paresis, ataxia and inability to rise.
The mean survival time was 1 year, despite
anti-protozoal therapy and supportive
treatment. A marked neutrophilia is one
of the consistent haematological findings
in American canine hepatozoonosis, with
white blood cell counts ranging from 30,000
to 200,000 µl−1. Serum biochemical abnor-
malities include increased alkaline phos-
phatase activity, hypoalbuminaemia and
a false hypoglycaemia, induced by the
glucose metabolism of white blood cells in
blood taken with anticoagulants other than
sodium fluoride.

Post-mortem examination of dogs with
American canine hepatozoonosis reveals
cachexia and muscular atrophy. Histo-
pathology of specimens from muscular and
cardiac tissues shows pyogranulomatous
myositis and typical round to oval cysts
(250–500 µm diameter) containing a central
nucleus surrounded by concentric rings of
membranes. These cysts are sometimes
referred to as having an ‘onion peel’ appear-
ance, due to the structure of the membranes
surrounding a core mass. The cystic forms of
H. americanum are more numerous than the
pyogranulomas in muscular tissues and,
while the cysts are frequently not associated
with a host inflammatory response; pyo-
granulomas contain parasites that have
ruptured from meronts and induced a cell
response characterized by the presence of
neutrophils and macrophages. Hepatozoon
americanum meronts and multifocal
pyogranulomas are found less frequently

in non-muscular tissues, including lymph
nodes, spleen and pancreas. Amyloid depo-
sition may be evident in lymphoid organs
and kidneys. Periosteal bone proliferation of
the long bones, pelvis and vertebrae, and the
formation of bone exostosis are common
findings in American canine hepatozoon-
osis and contribute to the painful sensation
and stiffness of infected dogs.

Diagnosis
The main method used to diagnose Old
World canine hepatozoonosis is by micro-
scopic detection of intracellular H. canis
gamonts in blood smears stained by
Giemsa’s or Wright’s stain. The parasita-
emia level is usually 0.5–5% of the neutro-
phils and may reach as high as 100% in
heavy infections. The gamonts are ellipsoi-
dal corpuscles, about 11 µm × 4 µm, found
in the cytoplasm of neutrophils and rarely
in monocytes (Fig. 2). Hepatozoon canis
meronts in infected tissues are usually
round to oval, about 30 µm in diameter,
and include numerous elongated micro-
merozoites with defined nuclei. A cross-
sectional cut of the meront through the
midshaft of the micromerozoites reveals a
form with a clear core surrounded by a
circle of micromerozoite nuclei, which
is often referred to as a ‘wheel spoke’
(Fig. 3). This form is typical for H. canis
meronts and not found in H. americanum
infection.

Gamonts of H. americanum are morpho-
logically similar by light microscopy to
H. canis gamonts, but they are relatively rare
in the blood and the level of parasitaemia
does not usually exceed 0.1%. The common
way of confirming H. americanum infection
is by muscle biopsy and demonstration of
parasites in cysts or granulomas. The para-
sites appear to be widely dispersed in the
muscular tissues and it is recommended to
sample the biceps femoris, semitendinosus
or epaxial muscles. Radiography of the limb
bones or pelvis demonstrating periosteal
proliferation can be used for screening a
suspected animal, although the appearance
of lesions on X-rays may vary from being
subtle to marked.
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An indirect fluorescent antibody test
for anti-H. canis antibodies using gamont
antigens has been developed and used for
epidemiologcial studies in Israel and Japan.
Sera from dogs infected with H. americanum
showed only a low degree of cross-reactivity
with H. canis antigens and there is currently
no assay available for the reliable detection
of anti-H. americanum antibodies.

Transmission
The brown dog tick, Rhipicephalus san-
guineus, is the main vector for Old World
canine hepatozoonosis caused by H. canis,
while American canine hepatozoonosis is
transmitted by the Gulf Coast tick, Ambly-
omma maculatum. Trans-stadial transmis-
sion of H. canis and of H. americanum has

been shown to occur in both R. sanguineus
and A. maculatum.

Transmission to dogs occurs by oral
ingestion of ticks having mature oocysts
and has been demonstrated by experimental
infections of dogs with H. canis or with
H. americanum. Vertical transmission of
H. canis was reported in puppies born to
an infected dam and raised in a tick-free
environment, but it is not currently clear
how important this mode of transmission is
to the epidemiology of the disease.

Naturally occurring American canine
hepatozoonosis has been reported in Coy-
otes (Canis latrans) in Oklahoma and it is
suggested that Coyotes are important wild-
life reservoir hosts for the disease in the
USA.
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Fig. 2. Hepatozoon canis gamonts
in a Giemsa-stained blood smear
from a naturally infected dog.

Fig. 3. Hepatozoon canis meronts
in a histopathological section of
lymph node tissue from a dog with
naturally occuring Old World
canine hepatozoonosis.
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Treatment
Old World canine hepatozoonosis is treated
with imidocarb dipropionate injected
subcutaneously or intramuscularly at
5–6 mg kg−1 every 14 days until gamonts are
no longer present in blood smears. Elimina-
tion of H. canis gamonts from the peripheral
blood may require as much as 8 weeks. Oral
doxycyline at 10 mg kg−1 day−1 for 21 days
has also been used in combination with
imidocarb dipropionate for treatment of
H. canis infection.

American canine hepatozoonosis cur-
rently remains a disease with no treatment
that can effectively eliminate H. ameri-
canum from its host. Research from Auburn
University in Alabama has indicated that
temporary remission of clinical signs can
be achieved with a combination oral therapy
of trimethoprim/sulfa (15 mg kg−1 every
12 h), pyrimethamine (0.25 mg kg−1 every
24 h) and clindamycin (10 mg kg−1 every
8 h) for 14 days. Most dogs, however, treated
only with this combination relapse and die
within 12–24 months. Remission can be pro-
longed with the oral administration of the
coccidiostat decoquinate at 10–20 mg kg−1

mixed in the food every 12 h. Addition of
decoquinate achieved an apparent cure of
about 80% of treated dogs, but, because ther-
apy discontinuation resulted in the recur-
rence of clinical signs in several dogs, it is
recommended that treatment be continued
for 1–2 years. Supportive therapy with
non-steroidal anti-inflammatory drugs is
effective in relieving pain and fever in dogs
with American canine hepatozoonosis.

Control
Prevention of exposure of dogs to ticks
by the use of acaricides is warranted to
control the spread of both forms of canine
hepatozoonosis.
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Hepatazoon species see Hepatozoonosis, canine.
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Hippoboscids (Hippoboscidae)

M.W. Service

Adult hippoboscids (louse-flies, flat-flies,
tick-flies, keds) are peculiar flies that are
greatly flattened dorsoventrally and have
large toothed and recurved claws and a
leathery integument. The degree of develop-
ment of the wings differs greatly in different
genera; in the genus Hippobosca they are
fully formed, whereas in Melophagus both
wings and halteres are absent (Fig. 1). There
are three subfamilies. The largest is the
Ornithomyinae, most species of which are

parasites of birds, Pseudolynchia cana-
riensis (Fig. 2) being a parasite of pigeons.
The Melophaginae contain flies parasitic on
bovids and cervids, the best known being
the sheep-ked (Melophagus ovinus), which
is wingless. The Hippoboscinae contain
species that parasitize mostly equines
and bovids. Hippoboscids only rarely bite
humans.

Biology
Female flies suck the blood of their hosts
and, like the females of tsetse-flies, are
viviparous – that is, larvae develop one at a
time in the uterus of the female fly and,
when a larva is mature, it is deposited by
the fly and shortly afterwards becomes a
puparium.

The sheep-ked (Melophagus ovinus)
(Fig. 1) is found throughout most of the tem-
perate areas and in cooler parts of the tropics
where there are sheep. A mature, fully grown
larva is deposited on the fleece of sheep
when the fly is about 2 weeks old; thereafter
additional larvae are deposited every 7–8
days. Within a few hours the deposited larva
pupates to form a brown puparium. Puparia
are firmly glued to sheep’s wool, especially
around the neck and on the forelegs and
flanks. An adult fly emerges from a
puparium after about 3–4 weeks, but in cool
weather after 5–7 weeks. Adults of both
sexes blood-feed on sheep. The entire life

Hippoboscids (Hippoboscidae) 221

Fig. 1. Example of a wingless adult hippoboscid
fly, the sheep-ked (Melophagus ovinus).

Fig. 2. Example of a winged adult
hippoboscid adult, the pigeon-fly
(Pseudolynchia canariensis).
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cycle is spent on the host and the time from
newly emerged adult to the next generation
adult is about 5 weeks.

Pseudolynchia canariensis (the pigeon-
fly) (Fig. 2) is an important parasite of
domestic pigeons and seems more or less
restricted to these birds in the Americas. In
the Old World P. canariensis is also found
parasitizing several species of wild birds,
especially raptors. The fly is found through-
out the tropics and in warmer areas of
temperate regions. Adults have long thin
wings and fly from host to host and,
on alighting, suck blood, mainly from the
less feathered areas. Larvae are deposited at
3–4-day intervals when the adults are either
on or off the host. The puparial stage is found
at the bottom of cages or nests and, at 23°C,
lasts about 30 days. In the USA adults not
infrequently bite humans.

Diseases
In Africa sheep-keds transmit the trypano-
some Trypanosoma melophagium (see
Animal trypanosomiasis). Pseudolynchia
canariensis and other Pseudolynchia
species together with Microlynchia pusillus
and Ornithomyia avivularia are vectors
of Haemoproteus columbae, while

Stilbometopa impressa and Lynchia hirsuta
transmit Haemoproteus meleagridis (see
Haemoproteosis).

Control
Shearing sheep clearly rids them of most
keds. Applications of organophosphate or
pyrethroid insecticides to the fleece or oral
administration of the drug ivermectin can
greatly reduce fly infestations.

Probably the best control of pigeon-flies
involves cleaning out pigeons’ nests and
houses at 3-weekly intervals to get rid of the
puparia. Alternatively, nesting-boxes can be
dusted with insecticides.

Selected bibliography
Bequaert, J.C. (1953) The Hippoboscidae or

louse-flies (Diptera) of mammals and birds.
Part II. Structure, physiology and natural his-
tory. Entomologia Americana (new series)
32, 1–209 and 33, 211–442.

Pfadt, R.E. (1976) Sheep ked populations on a
small farm. Journal of Economic Entomology
63, 313–316.

Radostis, O.M., Gay, C.C., Blood, D.C. and
Hinchcliff, K.W. (1999) Veterinary Medicine.
A Textbook of the Diseases of Cattle, Sheep,
Pigs and Horses, 9th edn. Baillière-Tindall,
London, 1881 pp.

Horn-flies (Muscidae)

M.W. Service

Horn-flies (e.g. Haematobia species) are in
the subfamily Stomoxyinae. Adults are
greyish and somewhat similar in appear-
ance to stable-flies (see entry) but are
smaller (about 4 mm long) and more slen-
der. Previously these flies were placed in
the genera Lyperosia or Siphona. The
species Haematobia exigua, which attacks
buffaloes, is often called the buffalo-fly.
(Unfortunately simuliid black-flies (see
Black-flies) are sometimes called buffalo-
flies.) Horn-flies have an almost worldwide
distribution.

Biology
When cattle defecate, female horn-flies that
are flying around and biting the animals lay
their eggs in the freshly dropped faeces. The
eggs hatch to produce slender cylindrical
(maggot-shaped) larvae, which feed on
semi-fluid dung; the third and final larval
instar pupates to form a brown puparium.
Development time depends on temperature.
In hot weather (24–26°C), eggs can hatch
within 24 h, larvae pupate within 7 days
and the puparial period lasts about 5–7
days. In cooler weather, however, the life
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cycle from egg to puparium may last up
to 6 weeks and, in very cold weather, it
may extend to several months, with the
puparium entering a state of diapause
(overwintering). After emergence, adult
flies (Fig. 1) of both sexes soon blood-feed
on cattle, and females can lay eggs in as
little as 3 days after emergence. Flies con-
gregate mainly on the shoulders and flanks,
where the animal’s switching tail causes
them little disturbance; they frequently
cluster around the bases of the horns –
hence their name, horn-flies. Horn-flies
spend nearly all their time settling on or
flying around cattle. They probably live
for 1–2 months and take two to three
blood meals a day; in so doing they cause
considerable distress to the animals.

Horses and sheep are attacked much
less than cattle because their drier and
harder faecal droppings are not so suited
to larval development as are the moist and
softer buffalo- and cow-pats.

Diseases
Horn-flies rarely bite humans but can be
serious pests of cattle. There are often sev-
eral hundred flies on and around a single
cow or buffalo, and sometimes up to about
5000 flies. Such high numbers are consid-
ered to reduce weight gains in beef cattle
and lower milk production in dairy herds.
It has been estimated that Haematobia
irritans causes more than US$160 million
annual loss to the cattle industry in the
USA.

Horn-flies transmit Stephanofilaria
stilesi to cattle (see Stephanofilariasis) and
Parafilaria multipapillosa to equines (see
Parafilariasis).

Control
Spraying cattle with residual insecticides
can give some control, but there may be
objections to or restrictions on this practice
because it could result in pesticide residues
in meat and milk. Insecticide-impregnated
ear tags have sometimes proved effective in
protecting cattle. Another approach is the
introduction of insect growth regulators
(IGRs) to animal feeds, or administering the
drug ivermectin, either orally or by subcuta-
neous injection. These treatments prevent
the life cycle from being completed in the
animal’s faeces.

Selected bibliography
Bruce, W.G. (1964) The history and biology of

the horn fly, Haematobia irritans (Linnaeus);
with comments on control. North Carolina
Agricultural Experimental Station Technical
Bulletin 157, 1–32.

Hillerton, J.E. (1985) Sexing of Haematobia
irritans (L.) (Dipt., Muscidae). Entomologist’s
Monthly Magazine 121, 211–212.

McLintock, J. and Depner, K.R. (1954) A review of
the life history and habits of the horn fly,
Siphona irritans (L.) (Diptera, Muscidae).
Canadian Entomologist 86, 20–33.

Roberts, F.H.S. (1952) Insects Affecting Livestock
with Special Reference to the Important
Species Occurring in Australia. Angus &
Robertson, Sydney, 267 pp.
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Fig. 1. An adult of a horn-fly (Haematobia
irritans).
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Horse-flies (Tabanidae)

M.W. Service

The horse-flies (clegs, deer-flies, gad-flies,
greenheads, stouts, tabanids) are the largest
(6–30 mm long) biting flies that attack
animals and humans. They comprise about
4000 species, belonging to 30 genera, of
which the most important from the
veterinary and medical points of view are
Chrysops, Tabanus and Haematopota.
Tabanids have a worldwide distribution,
although the genus Haematopota is uncom-
mon in North America and absent from
South America and Australia.

Biology
Only adult females take blood meals from
humans and a wide spectrum of animals,
including livestock; males feed on naturally

occurring sugary secretions. Eggs are laid on
the underside of leaves, twigs and small
branches and on grasses, plant stems, rocks
and stones that are near or overhanging
larval habitats, which are mainly muddy,
semi-aquatic or aquatic sites. Eggs hatch
within 4–14 days and the resultant larvae
drop down on to the underlying mud or
water. Larvae are cylindrical and rather
maggot-shaped (Fig. 1), but have distinct,
raised, tyre-like rings encircling most body
segments; in addition, the first seven seg-
ments have laterally and ventrally six
roundish protuberances called pseudopods.
Larvae are found in mud, damp soil, humus,
rotting vegetation and muddy waters and
on the edges of pools and ponds and may

224 Horse-flies (Tabanidae)

Fig. 1. Life cycle of a horse-fly (tabanid). The adult shown is a Chrysops species. (Modified from M.W.
Service (2000) Medical Entomology for Students, Cambridge University Press, Cambridge.)
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adhere to floating vegetation, such as
leaves, twigs and logs. They breathe in air
through the very short and conical siphon
positioned on the last body segment.

Larvae of some tabanids, especially
Chrysops species, feed on detritus and
decaying vegetable and animal matter,
whereas larvae of Tabanus and Haema-
topota are mainly predacious. Larval devel-
opment takes a long time, often extending
over 1–2 years, while in temperate regions
larvae may live for 3 years before pupating.
Larvae grow to 1–6 cm in length, depending
on the species. The pupal period lasts about
5–20 days.

Adult females bite during the daytime
and are especially active in sunshine, but a
few species feed at dusk and during the
night. Tabanids are strong fliers and may
travel several kilometres. They locate their
hosts mainly by colour and movement.
Many species inhabit woods and forests, but
others bite in more open areas and feed on
cattle and deer in pastures. Bites can be
painful and because of the fly’s coarse
mouthparts wounds often continue to bleed
after the female has departed. Because of the
pain inflicted by biting, feeding is often
interrupted, which results in several blood
meals being taken from the same or different
hosts before the fly is satisfied, behaviour
which can enhance mechanical transmis-
sion of infections.

In both temperate and tropical coun-
tries, the occurrence of adults is seasonal. In
the tropics, populations often reach a peak
towards the beginning of the rainy seasons,
decreasing in size in the dry seasons, but
often not completely disappearing. In tem-
perate countries, adults usually die off at the
end of the summer, with a new population
emerging the subsequent spring.

Diseases
In Africa, species of Chrysops, such as
C. silaceus, are of medical importance
because they are involved in the cyclical
transmission of the filarial worm Loa loa
(see Loiasis). Tabanids of several genera,
but in particular Tabanus, are known
or suspected mechanical vectors of the
pathogens causing anaplasmosis, anthrax,
Elaeophora schneideri, surra (Trypano-
soma evansi), Trypanosoma vixax, tularae-
mia, Issyk-Kul virus disease and possibly
vesicular stomatitis (see entries for all these
infections).

Control
There are very few practical control mea-
sures that are effective in reducing tabanid
populations. Insecticidal spraying of cattle
and other livestock and the application of
insect repellents to humans and animals
may reduce numbers trying to bite. Attrac-
tant traps, consisting of coloured screens
coated with adhesive, have sometimes been
employed to trap horse-flies, but there are
no real solutions for combating tabanids.

Selected bibliography
Anderson, J.F. (1985) The control of horse flies

and deer flies (Diptera: Tabanidae). Myia 3,
547–598.

Anthony, D.W. (1962) Tabanids as disease vectors.
In: Maramorosch, K. (ed.) Biological Trans-
mission of Disease Agents. Symposium Held
under the Auspices of the Entomological
Society of America, Atlantic City, 1960.
Academic Press, New York, pp. 93–107.

Foil, L.D. (1989) Tabanids as vectors of disease
agents. Parasitology Today 5, 88–95.

Krinsky, W.L. (1976) Animal disease agents trans-
mitted by horse flies and deer flies (Diptera:
Tabanidae). Journal of Medical Entomology
13, 225–275.

Human granulocytic ehrlichia see Ehrlichiosis.
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Hydrotaea irritans (Muscidae)

M.W. Service

Species of Hydrotaea, known as sweat-
flies, are muscid flies, as are house-flies,
which they somewhat resemble. Hydrotaea
irritans is particularly annoying and is often
called the sheep head-fly. It has a wide
geographical distribution but is most
abundant in the Holarctic regions (i.e. North
America and Europe).

Biology
Female adult flies can be troublesome and
very persistent pests of humans and ani-
mals, being attracted in large numbers by
sweat and secretions from the nose, mouth,
ears, eyes and sores, upon which they feed.
They also suck up blood oozing from
wounds, but they do not actively bite and
penetrate the skin, although their rasping
mouthparts can aggravate the flow of blood.
Adults also feed on carrion, decaying matter
and faeces, as well as on sugary secretions.

Eggs are usually laid in the soil of pastures
and on leaf litter in woodlands, although
they may sometimes occur in animal faeces.
The second-instar larva is saprophagous,
but the third-instar larva is predatory on lar-
vae of other insects. The puparium occurs
in the soil.

Diseases
Apart from being troublesome pests, they
are mechanical vectors of pathogens and
have been involved in the transmission of
mastitis (see entry).

Control
There are no practical control measures,
apart from judicious use of insect repellents
on the face, use of insecticide-impregnated
ear tags in livestock and application of
pour-on pyrethroid insecticides.

226 Hydrotaea irritans (Muscidae)
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Icteroanaemia see Anaplasmosis.

Ilesha virus

Jack Woodall

A mosquito-borne infection of humans
and possibly domestic animals, restricted
to equatorial Africa and Madagascar and
causing fever with rash, rarely fatal
haemorrhagic symptoms and (possibly)
meningoencephalitis.

Distribution
In a belt from Senegal and Nigeria through
Cameroon, the Central African Republic,
Burundi, Uganda and Kenya to Madagascar.
Neutralizing antibody rates in human popu-
lations have been found as high as 38%
in children and 44% in adults in Nigeria,
rising to 54% overall in savannah areas (less
in plateau and rain-forest areas).

Domestic animals
Neutralizing antibodies were also found
in cows and goats in Nigeria (inadequate
numbers of sheep and pigs were tested).
However, in the absence of virus isolation
from animals, this finding could be due
to cross-reactions with one or more other
bunyaviruses.

Virus
A bunyavirus, most closely related to Cache
Valley virus (see entry), which is a virus
transmitted by anopheline and culicine
mosquitoes in North America, and to
Bunyamwera virus (see entry), from Africa.
Ilesha (ILE) virus was first isolated from the
serum of a 9-year-old girl presenting with a
few days of fever and weight loss at Ilesha
Hospital, western Nigeria, in April 1957.
Two further isolations, also from children,
were made there a month later. Isolation
was by intracerebral inoculation of new-
born mice. There have been 24 subsequent
isolations from cases of acute febrile illness,
21 of them with rash, in the Central African
Republic, Uganda and Cameroon, and

from fatal cases of haemorrhagic fever in
Madagascar and meningoencephalitis in the
Central African Republic.

Clinical symptoms
Like many other mosquito-borne viral infec-
tions, the predominant symptom is fever,
sometimes accompanied by a rash on one or
more areas of the body. The haemorrhagic
fever case was a 44-year-old female resident
of urban Tananarive, the capital of Mada-
gascar, who presented in May 1990 with
a history of fever without rash, myalgia of
7 days’ duration, haematemesis and mel-
aena; her platelet count was 200,000 mm−3,
prothrombin time 90% and cephalin–
kaolin time 32 s. Two days later, despite a
blood transfusion, her fever rose to 41°C,
she had anaemia, leucopenia, a prothrom-
bin time of only 50%, a cephalin–kaolin
time of 50 s, cardiovascular collapse and
another digestive tract haemorrhage. She
died within 24 h. The virus isolated from
her acute-phase blood reacted reciprocally
with ILE virus in a plaque reduction
neutralization test.

The fatal case of meningoencephalitis
was an approximately 15-year-old African
boy from the rural savannah region in the
north of the Central African Republic, with a
1-week history of an illness in August 1964
which resembled rabies, but with no history
of any animal bite. He was evacuated to the
hospital in the capital, Bangui, and died on
the night of his arrival. His family refused an
autopsy. Ilesha virus was isolated from his
cerebrospinal fluid (CSF) but not from his
blood. Ilesha virus had also been isolated
during the previous month from a 24-
year-old European who had camped in the
forest at the edge of Bangui and fallen ill
with transient influenza-like symptoms and
a rash, followed by complete recovery. A
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clinical spectrum ranging from cases of mild
fever to more severe arthralgia and myalgia
to rare cases of neurological manifestations
is characteristic of many arbovirus infec-
tions. However, the virus from the mild case
was being worked on in the same laboratory
at the time of the isolation from the fatal case.
This fact, plus the rarity of isolating arbo-
viruses from CSF, the lack of a confirmatory
isolation from the blood, the absence of
autopsy material and the impossibility of
obtaining a convalescent serum for antibody
tests, means that laboratory contamination
cannot be ruled out. This was before the time
that sequencing became available to show
whether one strain is identical to or different
from another.

Diagnosis
Because of serological cross-reactions with
other bunyaviruses in the haemagglutinat-
ion inhibition (HI) and complement fixation
(CF) tests, the definitive diagnosis must be
made by virus isolation from whole blood
or serum taken in the febrile phase (inocu-
lated into newborn mice intracerebrally,
or into primary chick embryo cells, VERO,
LLC-MK2 or other susceptible cell lines),
followed by neutralization testing in
weanling mice or tissue culture.

Transmission
The vector is probably the malarial
mosquito Anopheles gambiae, in contrast
to the majority of other mosquito-borne
viruses, which are transmitted by culicines.
In fact, ILE virus has been isolated from that
species in the Central African Republic
and Kenya. In the laboratory, after 12 days’
extrinsic incubation in parenterally inocu-
lated Aedes aegypti, the virus was trans-
mitted by bite to infant mice, but ILE virus
has not been recovered from A. aegypti
in nature. The virus replicates in Aedes
albopictus cell culture. This is a South-East
Asian mosquito that was not found in
Africa prior to 1990, but has been intro-
duced, most probably as dry but viable
eggs in exported vehicle tyres originating
from Asia, into several African countries,
including Nigeria, Burkina Faso, South

Africa and Madagascar. This mosquito is an
efficient vector of dengue viruses and may
therefore be a potential vector of ILE virus.
Attempts to infect embryonated birds’ eggs
and African and Asian monkeys in the
laboratory have failed, suggesting that the
virus may not have birds or monkeys as
its natural host; its wild reservoir host is
unknown, but, since it does infect infant
mice in the laboratory, a rodent host could
be suspected.

Treatment
As for most viral infections, antibiotics
are ineffective and treatment is supportive,
involving medication to reduce fever and
pain, and fluid replacement. Treatment
of haemorrhagic disease would involve
whole-blood and platelet transfusions
where available.

Control
Mosquito repellents, window screens,
mosquito bed nets, especially insecticide-
impregnated ones, and clothing that covers
the arms and legs, plus avoidance of going
outdoors after dark, reduce exposure to
mosquito bites.
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Ilheus virus

Alan D.T. Barrett

Infection of humans and other animals with
Ilheus (ILH) virus, a member of the genus
Flavivirus of the family Flaviviridae.

Ilheus, human
Ilheus virus causes a febrile illness followed
by complete recovery. It is not considered to
be a public health problem as few cases of
Ilheus virus disease have been reported
since the discovery of the virus in 1944.

Distribution
Ilheus virus has been isolated in Brazil,
Colombia, French Guyana, Guatemala,
Honduras, Panama and Trinidad. There is
also serological evidence that the virus
may be found in Argentina. To date, there
have been no successful attempts to detect
serological evidence of ILH virus infection
in Peru.

Virus
The first isolate of ILH virus was made in
Ilhéus city, Bahia State, Brazil, in 1944 from
a pool of Ochlerotatus1 and Psorophora
mosquitoes. The first human isolate was
made in 1957 from a febrile patient.

Ilheus virus is a member of the
Flavivirus genus of the family Flaviviridae.
The genus contains approximately 70
viruses. Virus particles are approximately
50 nm in diameter and icosahedral in shape,
with a lipid envelope that is derived from the
host cell. Virions contain three structural
proteins. The small capsid (C) protein sur-
rounds the genome of the virus and the enve-
lope contains two proteins, known as the
envelope (E) and membrane (M) proteins.
The E protein is the viral haemagglutinin
(i.e. the protein that binds to red blood
cells) and contains most of the epitopes
recognized by neutralizing antibodies. The

E protein is the major virion protein. Two
types of virions are recognized; mature
extracellular virions contain M protein,
while immature intracellular virions
contain precursor M (prM), which is pro-
teolytically cleaved during maturation to
yield M protein. The genome is one
positive-sense, single-stranded RNA of
approximately 11,000 nucleotides which is
infectious. The 5′ terminus of the genome
posesses a type I cap (m-7GpppAmp), follo-
wed by the conserved dinucleotide AG.
There is no terminal poly-(A) tract at the 3′
terminus. The gene order is C-prM-E-NS1-
NS2A-NS2B-NS3-NS4A-NS4B-NS5.

Serological tests involving haemag-
glutination inhibition, neutralization and
complement fixation tests have all shown
that ILH virus is a member of the Flavivirus
genus of the family Flaviviridae, but have
been inconclusive about the serological
classification within the genus. The virus
was initially classified as a member of the
Japanese encephalitis serogroup. Subse-
quently, ILH virus was described as being a
serologically distinct ungrouped flavivirus,
on the basis of neutralization tests. However,
recent nucleotide sequencing studies based
on the NS5 gene indicated that ILH virus
is a member of the Ntaya subgroup of the
Flavivirus genus. This subgroup includes
Bagaza, Rocio (see entry), Israel Turkey
meningoencephalomyelitis, Ntaya and Tem-
busu viruses. Ilheus virus was most closely
related to the South American Rocio virus
at the nucleotide level. At one time, it was
suggested that Rocio virus was a virulent
variant of ILH virus. Limited nucleotide
sequencing studies, however, suggest that
Rocio and ILH are distinct viruses.

The virus grows in a number of cell
cultures including primary rhesus kidney
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cells, VERO and LLC-MK2 monkey kidney
cell lines, BHK-21 baby hamster cell lines
and PS pig kidney cell lines. The virus
is virulent in newborn and weanling mice
and causes encephalitis after intracerebral or
intraperitoneal inoculation.

Clinical symptoms
Human infections are reported as the sud-
den onset of an acute illness, characterized
by a high fever, severe headache, chills and
myalgia. Some patients have respiratory
problems, photophobia and/or pleocytosis.
Clinical symptoms continue for 3–5 days
and are followed by complete recovery,
although one patient had a viraemia for 73
days. However, two cases of encephalitic
disease have been reported, but with no
sequelae. There have been few reports (less
than 15) of isolation of virus from human
infections. The majority of human isolates
came from cases of febrile illness with
headache and myalgias. Two isolates were
from encephalitic patients, while two were
from asymptomatic patients.

Epidemiology
Other than antibodies against yellow fever
and the dengue viruses (see entries), the
highest rate of haemagglutination inhibition
antibodies against flaviviruses in the Ama-
zon basin (St Louis encephalitis, yellow
fever, dengue 1–4, Bussuquara, Cacipacore,
Ilheus and Rocio) is against ILH virus. Sero-
prevalence varies from 3.4 to 26% of the
human population, with higher values in
areas where virus isolates have been made.
Although antibody levels are high, it has
proved difficult to isolate ILH virus from
humans, with fewer than 15 isolates being
made. This may be due to brief or low
viraemias, or most human infections may
be asymptomatic. Alternatively, the sero-
logical cross-reaction between ILH and
Rocio viruses (see entry) may complicate
interpretation of the haemagglutination
inhibition antibody titres.

Diagnosis
There is serological cross-reaction between
ILH and Rocio viruses in haemagglutination
inhibition tests; thus diagnosis of infection

requires neutralization tests. There is
no enzyme-linked immunosorbent assay
(ELISA). Virus isolation from humans has
proved difficult.

Transmission
Ilheus virus is transmitted by mosquitoes,
infects mammals (including monkeys, bats
and horses) and causes human infections.
The sylvatic transmission cycle is thought
to involve mosquitoes and birds. The virus
has been isolated from febrile patients
(eight isolates), sentinel monkeys (two
isolates), once from a bat and several times
from mosquitoes, including Psorophora
albipes, Psorophora lutzii, Ochlerotatus1

serratus, Ochlerotatus fulvus, Ochlerotatus
scapularis, Anopheles cruzii and Haema-
gogus leucocelaenus. However, most iso-
lates have been made from Psorophora
ferox, suggesting that this may be the
principal vector of the virus. A number
of animals have antibodies to ILH virus,
including bats, monkeys, rodents, marsupi-
als and birds.

Treatment
There is no treatment for ILH virus
infections.

Control
No control measures have been used since
Ilheus disease is not considered to be a
public health problem.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes
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Indian tick-borne typhus see Tick-borne typhuses.

Israeli spotted fever see Tick-borne typhuses.

Issyk-Kul virus disease

Irina N. Gavrilovskaya

Commonly referred to as Issyk-Kul fever
because it is caused by Issyk-Kul (IK) virus,
which is transmitted to people through
bites of Argas ticks or mosquitoes that have
fed on infected bats. Sporadic cases of
this disease have been recorded in south
Tadzhikistan (the former Tadzhik Republic,
USSR), in 1975 and 1978. Outbreaks of
Issyk-Kul fever were described in the same
region in 1982 and 1985. The disease is
manifested by non-specific symptoms, such
as high fever, headache and muscle pain.
Lethal cases have not been recorded. The
disease is endemic to the central Asian
countries (of the former USSR) and western
Malaysia.

Distribution
Clinically manifest cases of Issyk-Kul fever
have been described only in Tadzhikistan,
but immunoprevalence to IK virus among
healthy human populations of neighbour-
ing countries has been found in Kyrgyzstan
(or Kyrgyz Republic) (up to 3.2%) and in
Turkmenistan (up to 9%). The natural
habitat of the virus is wider and includes
south Kazakhstan, western Malaysia and
probably some parts of Iran, Afghanistan,
India and Pakistan. There is a possibility
that Issyk-Kul fever cases occur in these
territories. Antibodies to IK virus have
also been found in the House mouse (Mus
musculus), Libyan jird (Meriones libycus),
sheep and cattle.

Virus
The IK virus was first isolated in 1970 from
bats and Argas vespertilionis ticks collected
from bats. Specimens were collected in the
north of Kyrgyzstan in a settlement situated
in the coastal region along the Issyk-Kul
lake, longitude 77° 40′ East and latitude
42° 15′ North. The IK virus belongs to the
family Bunyaviridae, as shown by electron
microscopy, and has no serological relation-
ship with 39 arboviruses belonging to
14 groups or to 23 ungrouped bunyaviruses.
Issyk-Kul virus is serologically identical to
Ketarah virus isolated from bats (Scoto-
philus kuhlii1) and ticks (Argas pusillus) in
western Malaysia (1966). Issyk-Kul virus is
an ungrouped RNA virus. Its particle size
(estimated by filtration through filters of
220, 110 and 50 nm pore size) is about
50 nm. Issyk-Kul virus is sensitive to lipid
solvents. The virus is pathogenic for suck-
ling white mice, 2-week-old white mice
and adult white mice when inoculated
intracerebrally or subcutaneously. In mice
the virus causes death on days 6–7 post-
infection, with histological findings of men-
ingoencephalitis, interstitial pneumonia,
hepatitis, nephritis and inflammation of
the spleen. Intracerebral and subcutaneous
infection of hamsters and African green
monkeys (Chlorocebus aethiops2) were not
lethal; histological findings were less prom-
inent but similar to those described in
mice. Issyk-Kul virus is a pantrophic agent
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that causes generalized infection in experi-
mentally infected animals.

Clinical symptoms
Descriptions of clinical symptoms are based
on  the  observation  of  a  sporadic  case  of
Issyk-Kul fever in a staff member infected
during fieldwork with bats and of 34 cases
of Issyk-Kul fever during outbreaks of the
disease in 1982 and 1985 in Tadzhikistan.
The incubation period is 5–7 days, followed
by an abrupt onset of high fever (39–41°C)
for 3–8 days, headache (80%), dizziness
(50%), pharyngitis, a cough and muscle
pain (30%), nausea and vomiting (25%),
rash, abdominal pain, chills, pain in the
eyes, tear-shedding (epiphora) and photo-
phobia (6%). The acute period of the dis-
ease lasts about 8 days. The convalescent
period is rather long (1–1.5 months) and is
always followed by weakness. No deaths
have been recorded.

Diagnosis
The diagnosis is performed by isolation of
virus strains from the blood of patients in
the acute phase of the disease. Isolations
have been made by intracerebral injection
of patient blood in 2-day-old laboratory
mice, which develop the symptoms of
paralysis in their extremities, clonic spasms
and death. Serological diagnosis was done
by a study of paired sera of patients by
complement fixation tests and diffuse pre-
cipitation in agar reactions. All tests were
undertaken with sucrose–acetone antigens
prepared from the brains of laboratory mice
infected with arboviruses isolated in the
territory of the former USSR. The increase
of the antibody titre to IK virus antigen from
8–16 in the first serum to 32–256 in the
second serum to IK virus antigen confirmed
the diagnosis of Issyk-Kul fever.

Transmission
The first isolation of IK virus was from
Noctule bats (Nyctalus noctula). Numerous
strains were isolated later from six species
of bats (Table 1). These findings confirmed
that bats are the main host of IK virus in
nature. The habitats of these species coin-
cide with endemic areas in the countries

of central and southern Asia. There are
many possible means of viral transmission
to humans: transmissive, respiratory and
alimentary (Table 2). Issyk-Kul virus has
been simultaneously isolated from bats and
Argas vespertilionis ticks. Thirty-two per
cent of Argas ticks collected from bats were
infected. Penetration of these ticks into
houses and their attaching themselves to
humans have been recorded. Female Argas
ticks feed in June and lay eggs 4 months
later. Most cases of Issyk-Kul disease occur
in June–August, which coincides with the
peak of tick activity. Ixodes vespertilionis
ticks (Tadzhikistan, Kyrgyzstan) and gad-
flies (Tabanus agrestis) (Kazakhstan) are
also involved in virus transmission.

The other vectors for viral transmission
are two species of mosquitoes: Ochlerotatus3

caspius and Anopheles hyrcanus. These
mosquitoes are the most abundant species in
endemic areas and the peak of their activity
coincides with the peak number of Issyk-kul
cases. A study of food preferences of these
species was made by the detection of anti-
bodies to IK virus in the sera of humans, bats,
cattle, dogs and horses. It was shown that
these two species, and also Culex pipiens,
attack humans and bats equally. The role of
mosquitoes in viral transmission has been
verified by isolation of the virus from natu-
rally infected O. caspius and A. hyrcanus
(Table 1) and by successful experimental
infection of O. caspius. The mosquitoes
were fed on experimentally infected labora-
tory mice and Common pipistrelle bats
(Pipistrellus (= Vespertilio) pipistrellus).
About 63% of female mosquitoes became
infected and 80% of infected females trans-
mitted the virus to laboratory suckling mice
by bite.

It is most likely that mosquitoes trans-
mit the virus to birds (Table 1), from which
six strains of IK virus have been isolated.
These observations have led to the conclu-
sion that ticks (A. vespertilionis, A. pusillus,
I. vespertilionis) and mosquitoes (O. caspius
and A. hyrcanus) are the principal vectors of
IK virus in Tadzhikistan, Kyrgyzstan and
Malaysia.

Respiratory and alimentary routes of
infection can occur when people visit bats
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in their habitats and also by eating food
contaminated with bat excreta.

Treatment
The treatment of Issyk-Kul fever is mainly
supportive. Bedrest is important. The clini-

cal manifestation of the first phase of ill-
ness can be treated at the primary health
care level; this includes administration of
antipyretics (e.g. paracetamol). The use of
antibiotics is often necessary to combat
secondary bacterial infections. The use of
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Source of isolation Geographical location Dates of isolation No. of strains

Humans

Bats
Nyctalus noctula

Myotis oxygenathus

Eptesicum serotinus

Pipistrellus pipistrellus

Rhinolophus ferrumequinuum
Scotophilus kuhlii

Birds
Passer hispaniolensis

Alcedo atthis
Motacilla alba
Hirundo rustica
Jynx torquilla

Phoenicurus phoenicurus
Motacilla cinerea

Ticks (from bats):
Argas vespertilionis

Argas pusillus

Ixodes vespertilionis

Mosquitoes
Ochlerotatus caspius

Anopheles hyrcanus
Tabanid

Tabanus agrestis

Tadzhikistan:
Kumsangir, Dushanbe, Parhar

Kyrgyztan:
Dzhety-Oguz

Kyrgyzstan:
Sokuluk

Kyrgyzstan:
Sokoluk

Tadzhikistan:
Leninsk
Kumsangir
Kumsangir

Malaysia:
Kelantan

Kyrgystan:
Moskovsk

Tadzhikistan:
Dzhirgtal
Komsomolobad
Komsomolobad

Kyrgyztan:
Sokoluk
Osh
Frunze
Leninsk
Kalininsk

Malaysia:
Kelantan

Kyrgyzstan:
Frunze

Kyrgyzstan:
Moskovsk
Moskovsk

Kazakhstan
Aktyubinsk

1975–1982

1970

1971, 1973

1971

1974
1973
1982

1966

1973

1976
1976
1976

1970, 1971
1972
1971
1973

1972, 1974

1966

1972

1973
1974

1981

19

1

2

2

2
1
1

1

1
1
1
1

1
1
1

2
1
1
6
3

2

1

1
1

1

Table 1. Isolation of Issyk-Kul virus from humans and natural reservoirs.
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antiviral drugs, such as ribavirim, should be
evaluated through careful clinical trials.

Control
The number of ticks attached to bats in their
natural habitats can be controlled, possibly
by spraying with acaricides. This and the
application of effective chemical repellents
for personal protection of people living in
endemic areas, may be implemented.

Notes
1 This bat was formerly known as Scotophilus
temmincki.
2 This species was formerly in the genus
Cercopithecus.
3 Ochlerotatus was formerly a subgenus of
Aedes.
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Virus type Geograhical location
Natural vertebrate
hosts Vectors

Mechanisms of transmission
to humans

Bunyavirus
Ungrouped

Kyrgyzstan
Turkmenistan
Tadzhikistan
Kazakhstan
Uzbekistan
W. Malaysia (Keterah)

Bats Argas species
Ochlerotatus caspius
Culex pipiens
Anopheles hyrcanus

Insect bite
Respiratory (direct contact with
bats)
Alimentary (contact with food)
contaminated with bat’s excreta)

Table 2. Transmission of Issyk-Kul virus.
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Jamestown Canyon virus

Paul R. Grimstad

Jamestown Canyon (JC) virus (family
Bunyaviridae, genus Bunyavirus, California
serogroup) has been recognized as a poten-
tially serious human pathogen for the past
two decades in North America. A number
of cases of severe central nervous system
(CNS) disease, including encephalitis and
probably one or more deaths, have been
reported from several midwestern USA
regions, upper New York State and south-
ern Canada. Routine medical surveillance
and diagnostic targeting of JC virus do not
exist. Wherever efforts have been made
to study this pathogen, serosurveys have
demonstrated widespread human and large
vertebrate infections throughout North
America. Minimal evidence of overt disease
in wild or domesticated animals exists; JC
virus infection was associated with one
documented occurrence of high mortality in
newborn White-tailed deer fawns (Odocoi-
leus virginianus) in north-central Michigan
(USA). Concern has been expressed about
its potential as a human teratogen following
laboratory animal studies. Jamestown Can-
yon virus is known to be transmitted by
several Aedes and Ochlerotatus1 mosquito
species and to overwinter vertically (trans-
ovarially) in their eggs. Involvement of
Anopheles species in a secondary amplifi-
cation and overwintering cycle is likely.

The disease
From a clinical standpoint, JC virus and
other California (CAL) serogroup viral CNS
infections differ only in severity. However,
from a public health standpoint, the precise
identification of the agent and attachment
of the correct name are critical to our under-
standing of the medical ecology of each
virus, as each is quite distinct in many
respects. Unfortunately, there is consider-
able confusion in the literature as to the
names of clinical diseases associated with
CAL serogroup viral infections in North
America. The first virus in this serogroup

to be isolated was California encephalitis
virus in 1943. Following the isolation of La
Crosse (LAC) virus from a fatal human case
in 1964, references to both ‘La Crosse
encephalitis’ (see entry) and ‘California
encephalitis’ cases appeared in scientific
literature and other types of reports. With
the identification in 1980 of JC virus and
snowshoe hare (SSH) virus as additional
North American CAL serogroup viruses
causing severe encephalitis, as well as the
association of trivittatus virus and other
North American CAL serogroup members
with milder CNS illness, the confusion was
magnified. Thus, referring to any single
untyped or every CAL serogroup CNS case
as ‘California encephalitis’ is incorrect. Ref-
erence to a case of encephalitis as ‘Califor-
nia serogroup encephalitis’ is provisionally
acceptable because it describes milder ill-
ness as a ‘California group viral infection’.
However, when the agent is typed, it is most
appropriate to link the disease and correct
name of the aetiological agent, e.g. James-
town Canyon virus encephalitis (or James-
town Canyon encephalitis), La Crosse virus
encephalitis (or La Crosse encephalitis).
Also erroneous is the use of the names
‘Jamestown Canyon encephalitis virus’, ‘La
Crosse encephalitis virus’ (also LaCrosse or
Lacrosse), etc., appearing in the literature.
Given the problems of obtaining a correct
identification of any California group viral
infection in the USA, other than probably
LAC virus, the reader should not attribute
disease reports to any one agent in this
serogroup unless neutralization tests (NT)
or another definitive assay utilizing multi-
ple CAL serogroup viruses or antigens were
employed. As an example (see Grimstad,
1994) of how reports can change, a
retrospective review of serological results
by one US public laboratory found that 62%
of what had previously been termed CAL
encephalitis (presumably La Crosse) were
in fact caused by JC virus infection. Failure
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to accurately type the viral aetiological
agent in this age of sophisticated diag-
nostics is a disservice to the patient and to
public health.

Distribution
Jamestown Canyon virus has one of the
widest geographical ranges of any CAL
serogroup virus, as well as viruses in other
genera and families in North America, even
surpassing St Louis encephalitis virus (see
entry). Jamestown Canyon virus was first
isolated in 1961 from Culiseta inornata
mosquitoes collected in Jamestown Canyon
west of Denver, Colorado, USA. Subse-
quently, many isolates were obtained from a
wide range of mosquito species, including
species of the genera Aedes, Ochlerotatus,
Anopheles, Coquillettidia and Psorophora,
and from three tabanid (Chrysops and
Tabanus) species collected in Wisconsin,
USA. Vertebrate isolations have been quite
uncommon in comparison. The largest
number of isolates have come from
White-tailed deer (O. virginianus) popula-
tions; a recent report noted that JC virus was
isolated from vesicular lesions of a horse
in the USA. There are apparently no con-
firmed human virus isolations on record.
In total, virus isolations and serological
evidence of past infection in vertebrates
indicate that JC virus may be found from
Alaska east across virtually all Canadian
provinces, including the Maritime prov-
inces, south through New York and other
Atlantic seaboard states to Florida, then
west through Texas, into north-eastern
Mexico, on to California and northward
along the Pacific coast, thus encircling
North America. Evidence of JC virus trans-
mission has also been found in virtually
every one of the encircled states where any
effort has been made to document arboviral
presence. Jamestown Canyon virus has been
isolated from northern boreal forests in Can-
ada to marshy areas in the southern USA; in
California it has been isolated from mosqui-
toes in the hot Central Valley, as well as
from partially snow-covered mountainous
regions of that state. Monoclonal antibody
characterization of multiple Canadian JC
virus isolates with the prototype Colorado

isolate and the closely related South River
virus (New Jersey, USA) suggests the pos-
sible existence of multiple antigenically
distinct forms, not unlike Cache Valley
virus (see entry).

Virus
As is common to all bunyaviruses, JC virus
is an enveloped virus whose genome is
composed of three single-stranded negative-
sense RNA segments. The large (L) segment
of bunyaviruses encodes a probable viral
polymerase. The middle (M) segment
encodes two glycoproteins, G1 and G2, plus
a non-structural protein; G1 functions in
vertebrate cell infection while G2 appears
critical for mosquito infection. The third
and shortest (S) segment encodes for the
nucleocapsid and a second non-structural
protein. Nucleotide sequences are conser-
ved within the genus. Recent work has dem-
onstrated that LAC virus and JC virus could
co-infect Aedes albopictus mosquitoes in
the laboratory and result in the formation of
all six possible reassortant genotypes.

Clinical symptoms and record of infection
In Canada, the majority of CAL serogroup
viral infections appear to be SSH virus;
however, in one study, 6.5% of Newfound-
land residents were positive for antibodies
against JC virus. In the USA, inapparent
human infection is well documented from
retrospective serosurveys where anti-JC
virus antibody prevalence has ranged from
3.5 to 12.9% of New York State residents,
2.5 to 10.0% of Wisconsin residents and 3.0
to 15.0% of northern Indiana residents,
with a statewide average of 27.7% in Michi-
gan premarital blood samples and 17.6%
overall in a survey of 18 native Alaskan
populations and even higher in select
groups having extensive exposure in
enzootic foci. A 1988 review suggested
four generalized syndromes associated with
CAL serogroup infections; JC virus typified
the fourth syndrome, with cases presenting
as febrile illnesses, often with acute CNS
and respiratory system involvement. That
review also suggested that presentation of
Jamestown Canyon clinical symptoms in
humans is ‘perhaps the [most variable] of
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any of the CAL group members’. The role of
JC virus in domesticated animal disease
is unknown. Serosurveys have shown anti-
body prevalence rates exceeding 25–50% in
large animals (cattle, horses) with no clear
disease association. One association with
foetal loss is noted below in discussing
transmission.

Diagnosis
Traditional diagnoses of CAL serogroup
viral infections, including JC virus, have
been made using established serological
procedures: complement fixation (CF),
haemagglutination inhibition (HI) and/or
NT and measurement of a fourfold or
greater rise or fall in antibody. Virus isola-
tion has been extremely rare and almost
exclusively in fatal LAC virus infections.
Surveys made in the 1980s of diagnostic
practices among Canadian provincial and
US state health departments demonstrated
that two-thirds, at most, included an assay
for CAL group infection and, of these, none
routinely used the NT. Among laboratories
that conducted tests, all used LAC virus
antigen and most used it as the exclusive
viral test antigen. This is critical, as studies
in Indiana showed that use of LAC virus
antigen in CF and HI tests failed to detect
infections caused by JC virus, while use of
LAC virus in NT would only identify
approximately 5% of true JC virus infec-
tions (when compared with NT results
using JC virus in parallel NTs with LAC
virus). Indeed, comparison of case reports
of ‘California encephalitis’ from one
midwestern state with results of a large
serosurvey performed there suggested that
less than 1% of actual Jamestown Canyon
CNS cases were being detected; however,
these were all reported with the assumption
they were LAC virus infections, as only
HI with LAC virus antigen was used. The
serological study results suggested >1000
cases of Jamestown Canyon encephalitis
alone should have been detected had that
virus been included in assays. At present,
the use of enzyme-linked immunosorbent
assay (ELISA) and indirect immuno-
fluorescence with only LAC virus antigen
constitutes the primary detection system in

private laboratories under contract to many
hospitals and health management organiza-
tions in the USA. Thus, JC virus and other
CAL serogroup virus clinical infections,
other than perhaps LAC virus, are thought
to be extremely under-reported in the USA.

Transmission
The primary model of transmission of JC
virus by various Aedes and Ochlerotatus
species suggests a single seasonal peak of
virus amplification in large vertebrate
hosts, primarily the White-tailed deer (Odo-
coileus virginianus), with viral overwinter-
ing in the mosquito egg as a result of
vertical (transovarial) transmission. This
cycle has been clearly demonstrated with
Ochlerotatus1 provocans in Michigan and
New York and with Ochlerotatus stimulans
in Indiana. That other aedine species may
be involved in localized transmission has
been shown with the isolation of vertically
transmitted JC virus from Ochlerotatus
triseriatus (the primary vector of LAC virus)
in Ohio and several Ochlerotatus com-
munis group species in California. Field
studies have not strongly implicated
Culiseta inornata as the primary vector.

In an elegant 1993 study, workers in
California showed that coastal populations
of C. inornata were incompetent vectors
when fed an alpine (Sierra Nevada) JC virus
isolate; however, a Central Valley (Califor-
nia) C. inornata population fed the alpine
isolate demonstrated excellent competence
as a vector, transmitting it both horizontally
and vertically. ‘The differences were clearly
related to both mosquito species and viral
strain,’ the authors noted. In a north-central
Michigan study site where a captive breed-
ing White-tailed deer herd was inadver-
tently maintained for several decades in
a JC virus focus, a 100% seroconversion
rate among all yearling deer occurred in a
2–6-week period every late spring, coin-
cident with the emergence of vertically
infected O. provocans. Previously infected
adult does often showed serological evi-
dence of reinfection; fawns were protected
from a primary infection during their first
summer of life by maternal antibodies
against JC virus. Evidence demonstrated that
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seronegative does infected in late pregnancy
with JC virus experienced a high rate of fawn
loss (fawns born paralysed, dead or aborted),
suggesting that JC virus may be a naturally
teratogenic virus. Of importance were the
observations at the Michigan study site of
early autumn anamnestic responses in sev-
eral does. At that site and time (mid-1980s),
the only mosquitoes feeding on deer and
humans were Anopheles punctipennis and
Anopheles quadrimaculatus. In addition,
there was seroconversion of two 9–10-
month-old does in late February to early
March in one year, and serological detection
of anamnestic responses two years in a row
in older does. There, JC virus transmission
apparently occurred in the late winter and
when the ground was still snow-covered;
workers at the site complained of biting
mosquitoes, and collected host-seeking
A. punctipennis. Unfortunately, carefully
frozen specimens were not available for
virus isolation and polymerase chain
reaction (PCR) techniques had not been
developed at that time. Thus, it appears that
JC virus may be transmitted in a dual cycle
involving: (i) spring-emerging, vertically
infected aedine vectors with subsequent
horizontal amplification, primarily in deer;
and (ii) a late-summer, early-autumn ano-
pheline amplification, of interest primarily
as an alternate means of JC virus over-
wintering. Interestingly, records of onset of
human cases to date in the north-eastern
areas of the USA and southern Canada
suggest that the greater majority of human
cases have onset in late summer into early
autumn, coincident with late-season ano-
pheline feeding. During this time, none of
the probable spring aedine vector species is
present to transmit JC virus.

Treatment
The clinical treatment of a CNS case caused
by JC virus infection would be similar to
that for any other arboviral neuropathogen;
severe symptoms (high fever, seizures,
coma) would be treated until recovery
occurs. There have been no studies utilizing
antiviral drugs to treat JC virus infection, as
have been tried with other human arboviral
infections, nor is there likely to be a vaccine

produced, given the current lack of support
for associating JC virus and other bunya-
viruses, other than perhaps LAC virus, with
clinical disease in domesticated animals
and humans.

Control
Efforts to control the probable primary
vectors of JC virus in North America would
be likely to be ineffective, given their
basic biology, the variety of their breeding
sites and the environmental impact that
would probably result from trying to control
the geographically vast O. communis group
and other aedine vectors, A. quadrima-
culatus, A. punctipennis and perhaps even
the C. inornata populations. Timely public
education remains the key to any control or
case reduction.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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January disease see Theilerioses.

Japanese encephalitis

Alan D.T. Barrett

Infection of the central nervous system of
humans and other animals with Japanese
encephalitis (JE) virus, a member of the
Flavivirus genus of the family Flaviviridae.

Japanese encephalitis, human
Japanese encephalitis virus causes a rural,
zoonotic viral disease that is a major
public health problem in many Asian coun-
tries. It is the most important arthropod-
borne virus encephalitis and has replaced
poliovirus as the major cause of human epi-
demic encephalitis in the world. Although
a disease resembling Japanese encephalitis
was described in the late 19th century,
the virus was not isolated in Japan until
1935; this prototype strain is known as
Nakayama. The virus is transmitted
between vertebrate hosts by mosquitoes.
Humans are a dead-end host, due to a low
viraemia. The disease caused by JE virus
is characterized by infection of the central
nervous system. There are at least 50,000
clinical cases reported each year, but it is
thought that the true figure is much higher.
The majority of cases occur in children
below the age of 10 years. The mortality
rate is 15–25% and up to 70% of those
who survive infection develop neurological
sequelae.

Distribution
Japanese encephalitis virus is found
throughout much of Asia (Fig. 1). It is
epidemic in temperate regions of Asia (e.g.
Japan, Taiwan, People’s Republic of China,
Korea, maritime areas of the former USSR,
northern Vietnam, northern Thailand,
Myanmar, Nepal, Sri Lanka and India) and
endemic in tropical regions (e.g. Malaysia,
Indonesia, southern Vietnam, southern
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Fig. 1. Geographical distribution of Japanese
encephalitis.
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Thailand and the Philippines). Japanese
encephalitis had not been described in Aus-
tralia until 1995, when cases of Japanese
encephalitis were reported on the island of
Badu in the Torres Strait, and subsequently
the first human case of Japanese encephali-
tis was reported on mainland Australia in
1998.

Virus
Japanese encephalitis virus is a member of
the Flavivirus genus of the family Flavi-
viridae. The genus contains approximately
70 viruses. Japanese encephalitis virus is a
member of the JE complex viruses, which
are related on the basis of cross-reactivity in
neutralization tests and close relatedness at
the nucleotide level. The JE virus complex
includes Alfuy (see entry), JE, Koutango,
Kunjin (see entry), Murray Valley encepha-
litis (see entry), St Louis encephalitis (see
entry), Usutu, West Nile (see entry) and
Yaounde viruses. Japanese encephalitis
virus multiplies in a large range of cell
cultures derived from different animal and
mosquito species. Monkey kidney cell lines
– VERO and LLC-MK-2 – are usually used
for infectivity titrations. A number of ani-
mal species are susceptible to JE virus. The
virus is lethal for newborn mice and rats
by all routes of inoculation. As the animals
get older, age-related resistance to disease
is observed following inoculation by peri-
pheral routes, while adult mice are still
susceptible following direct inoculation of
virus into the brain (i.e. neuroinvasiveness
decreases with age, while virus is still
neurovirulent for all ages of mice). Japanese
encephalitis virus causes a lethal disease
in primates following intracerebral inocula-
tion, while some strains are also lethal
following intranasal inoculation; asymp-
tomatic infection takes place following
peripheral inoculation of virus.

Virus particles are icosahedral in shape,
with a lipid envelope; the particles are
approximately 50 nm in diameter. The lipid
envelope is derived from the host cell.
Virions contain three structural proteins.
The small capsid (C) protein surrounds the
genome of the virus and the envelope con-
tains two proteins, known as envelope (E)

and membrane (M). The E protein is the viral
haemagglutinin (i.e. the protein that binds
to red blood cells) and contains most of
the epitopes recognized by neutralizing
antibodies. Thus, the E protein is the major
virion protein. Two types of virions are rec-
ognized; mature extracellular virions con-
tain M protein, while immature intracellular
virions contain precursor M (prM), which is
proteolytically cleaved during maturation to
yield M protein. The genome is one positive-
sense, single-stranded RNA of approximat-
ely 11,000 nucleotides which is infectious.
The 5′ terminus of the genome possesses a
type I cap (m-7GpppAmp), followed by the
conserved dinucleotide AG. There is no
terminal poly-(A) tract at the 3′ terminus.
The gene order is C-prM-E-NS1-NS2A-
NS2B-NS3-NS4A-NS4B-NS5. All viral
proteins are produced as one polyprotein,
which is post-translationally processed by
viral and cellular proteases.

The replication cycle involves the bind-
ing to cell receptors(s), which is mediated
by the viral E protein. Uptake of the virus
particle into cells is via receptor-mediated
endocytosis, followed by pH-dependent
membrane fusion activity to release the virus
nucleocapsid into the cytoplasm. The input
virus does not contain viral RNA-dependent
RNA polymerase. Thus, the positive-sense
genomic RNA is translated to generate the
non-structural (NS) proteins required for
replication of the virus, including the
RNA-dependent RNA polymerase. RNA
replication is associated with membranes
and begins with transcription of the input
genomic RNA to synthesize complementary
negative-sense strands, which are then used
as templates to transcribe positive-sense
genomic RNA. The genomic RNA is syn-
thesized by a semi-conservative mechanism
involving replicative intermediates (i.e.
containing double-stranded regions as well
as nascent single-stranded molecules) and
replicative forms (i.e. duplex RNA mole-
cules). Synthesis of negative-sense RNA
continues throughout the replication cycle.
Once the polyprotein has been translated, it
is processed by cellular proteases and the
viral NS2B-NS3 serine protease to generate
the individual structural and non-structural
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proteins. In addition to the three structural
proteins C, prM and E, seven non-structural
proteins are found in virus-infected cells:
NS1, NS2A, NS2B, NS3, NS4A, NS4B and
NS5. Few of the non-structural proteins have
been studied in detail. NS3 is a multi-func-
tional protein whose N-terminal one-third
forms the viral serine proteinase complex
together with NS2B. The C-terminal portion
of NS3 contains an RNA helicase domain
involved in RNA replication, as well as RNA
triphosphatase activity involved in the for-
mation of the 5′-terminal cap structure of
the viral RNA. Two enzymic activities have
been assigned to NS5: the RNA-dependent
RNA polymerase and the methyltransferase
activity necessary for methylation of the
5′ cap structure. NS1 is an unusual non-
structural protein, as it is glycosylated. The
functions of NS2A, NS4A and NS4B are
poorly understood, but current evidence
suggests that NS2A, NS2B, NS4A and NS5
are all part of the replication complex and
that NS1 is involved in RNA synthesis and
virus assembly.

Virus particles can first be observed in
the rough endoplasmic reticulum, which is
believed to be the site of virus assembly (i.e.
interaction of genomic positive-sense RNA
molecules with structural proteins C, prM
and E). Progeny virions assemble by budding
through intracellular membranes into cyto-
plasmic vesicles. These immature virions
(i.e. containing prM rather than M protein)
are then transported through the membrane
systems of the host secretory pathway to
the cell surface, where exocytosis occurs.
Shortly before virion release, the prM
protein is cleaved by furin or a furin-like
cellular protease to generate mature virions
that contain M protein. Immature virions
have low infectivity compared with mature
virions. Host-cell macromolecular synthesis
is not shut off during virus replication and
is not decreased until cytopathic effect is
evident, late in the infection process.

Epidemiology
Japanese encephalitis is endemic in tropical
areas of Asia and epidemic in temperate
regions of Asia. Endemicity in tropical areas
is thought to be due to the availability

of  mosquito  vectors  throughout  the  year,
while there is seasonal incidence in tem-
perate climates. Specifically, the disease is
reported annually with seasonal (peaking in
June and July during the rainy season) and
age (mainly children between the ages of 1
and 15 years but peaking in those 3–5 years
of age) distributions. Human infections are
related to increased vector densities associ-
ated with rainfall or irrigation practices.
The disease is found in rural areas of Asia
where the estimated population is 2000 mil-
lion. Of this population approximately 700
million are children under the age of
15 years and an annual birth cohort of
70 million per year. The disease incidence
is estimated to be between 1.8 and 2.5 per
10,000 children. Therefore, it is estimated
that there are approximately 175,000 cases
of Japanese encephalitis per year. It is
estimated that the case fatality rate is 25%
(rates ranging from 5 to 40% have been
reported) and that approximately 45% (plus
reports of up to 70%) of surviving patients
have neurological sequelae. These include
neurological and psychomotor retardation,
motor deficits, convulsions, memory impair-
ment, optic atrophy, limb paralysis, Parkin-
sonism and also psychological and behav-
ioural disorders. Much of the information
on neurological sequelae comes from case
reports rather than detailed studies incorpo-
rating controls. None the less, it appears
that a proportion of the patients with neuro-
logical sequelae do recover over time.

Japanese encephalitis appears to be
age-related, with the majority of patients
being children while the elderly also tend to
succumb to encephalitis. It is thought that
this is due to the high level of immunity in
the adult population. All evidence indicates
that there is one serotype of JE virus and
that infection gives lifelong protection from
re-infection.

Molecular epidemiology
Strain variation has been recognized for
many years. Initially antigenic variation
was detected with polyclonal antisera in
neutralization, complement fixation, agar
gel diffusion and haemagglutination
inhibition tests, and subsequently with
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monoclonal antibodies. Overall, two major
immunotypes of JE virus have been differ-
entiated: Nakayama and Beijing-1/JaGAr-
01. Other antigenically distinct groups of
strains have been identified, including
northern Thailand and Malaysia, while
studies with monoclonal antibodies sug-
gested that at least five antigenic groups
could be identified. Oligonucleotide map-
ping was used to demonstrate the first
evidence for genetic variation among strains
of JE virus. Subsequent studies used direct
nucleotide sequencing of portions of the
genome to identify four genotypes of JE
virus. Genotype I included isolates from
Cambodia and northern Thailand, genotype
II included isolates from Sarawak, Indone-
sia, southern Thailand and Malaysia, and
genotype III included isolates from temper-
ate regions of Asia: Japan, China, Taiwan,
India, Nepal, Sri Lanka and the Philippines.
Subsequent studies showed that isolates
from Japan, Korea and India were distinct
clusters within genotype III. Genotype IV
included isolates from Indonesia.

Overall, the molecular epidemiological
studies of JE virus have identified at least
five antigenic groups and four genetic
groups/genotypes. The relationship of the
antigenic groups to the genotypes is not clear
at the present time. The practical signifi-
cance of these differences has been the
subject of much debate. In particular,
should strains from one or more antigenic
groups/genotypes be included in vaccines to
give effective protection against all JE virus
strains found in nature (see below)? Also,
there is very little information on the molec-
ular basis of neurovirulence of JE virus or
biological differences between genotypes of
JE virus. However, it is noteworthy that JE
virus isolates from Thailand can be distin-
guished genetically: isolates from northern
Thailand are from genotype I while isolates
from southern Thailand are from genotype
II. The incidence of encephalitis in humans
in northern Thailand is 12.2 per 100,000,
while it is only 0.3 per 100,000 in southern
Thailand. There are many potential explana-
tions for this observation, but genetic differ-
ences in the viruses may contribute to the
observed differences in disease incidence.

Finally, the entire genome of a number of
strains of JE virus has been sequenced. How-
ever, none of these strains is from genotype
IV. Therefore, the molecular epidemiology
of JE virus still requires further studies.

Clinical symptoms
Following the bite of a mosquito, there is
an incubation period of 6–16 days before
clinical symptoms (i.e. neuroinvasion) are
described. These take the form of a febrile
illness/headache, aseptic meningitis or
encephalitis. The most important form of
the disease is acute meningomyeloence-
phalitis. Onset is rapid, with 1–4 days of
fever, headache, chills, drowsiness, stupor,
anorexia, nausea and vomiting. Generalized
motor seizures are seen in children. Subse-
quently, patients show symptoms of nuchal
rigidity, photophobia, tremors, involuntary
movements, focal motor nerve impairment,
involving the central and peripheral ner-
vous systems, or coma. The cerebrospinal
fluid of patients is a good indicator of infec-
tion with markers of disease including one
or more of increased pressure, increased
concentration of protein, increased lympho-
cyte counts, anti-JE virus immunoglobulin
M (IgM) and virus isolation. Fatal cases
usually involve respiratory complications,
seizures, virus in cerebrospinal fluid and
low levels of anti-JE virus IgM. Examination
of brains from fatal cases shows that infec-
tion of neurons is widespread in the central
nervous system, although the thalamus and
basal ganglia appear to be particularly
involved. Microscopic lesions include
neuronal degeneration and necrosis, rather
than apoptosis, plus perivascular inflamma-
tion. Non-fatal cases recover in 1–2 weeks.
However, neurological and/or psychiatric
sequelae are seen in a large proportion of
patients who survive the acute disease (see
Epidemiology above).

Diagnosis
Japanese encephalitis virus is rarely iso-
lated from peripheral blood during the
acute stage of disease in humans. This is
thought to be due to a combination of a low
viraemia and clinical symptoms of disease
being seen after the virus has invaded the
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central nervous system, when the viraemia
has finished. Virus can be isolated from
cerebrospinal fluid early in the course of
acute encephalitis, but this is consistent
with a poor prognosis. Most virus isolates
have been obtained from brains of patients
at autopsy. Viral antigen can also be detec-
ted in the neurons of patients at autopsy by
immunohistochemical techniques.

A number of procedures have been used
to detect serum antibodies against JE virus:
haemagglutination inhibition, complement
fixation, immunofluoresence and enzyme-
linked immunosorbent assay (ELISA). It is
necessary to show a fourfold increase in anti-
body titres to JE virus between paired serum
samples for all these tests to have a presump-
tive diagnosis of Japanese encephalitis. The
presumptive diagnosis is due to serological
cross-reactions with antibodies against other
flaviviruses. Many other flaviviruses over-
lap geographically with JE virus, including
the dengue and West Nile viruses (see
entries), and this can result in misinterpreta-
tion of test results. In contrast, detection
of IgM antibodies is considered a specific

test for JE virus and is the method of
choice. An ELISA is usually used to detect JE
virus-specific IgM antibodies. Detection of
IgM antibodies in cerebrospinal fluid is
usually associated with clinical Japanese
encephalitis.

Transmission
The virus is transmitted by mosquitoes
between vertebrate hosts (Fig. 2). The
natural cycle involves rice-field-breeding
mosquitoes and domestic pigs or water
birds (e.g. egrets (Egretta species) and her-
ons (Ardeidae)). The most important vector,
Culex tritaeniorhynchus, is found in most
parts of Asia, where it breeds prolifically in
rice fields. JE virus has also been demon-
strated to infect several other mosquito
species, including Culex fuscocephala,
Culex gelidus, Culex pipiens, Culex quin-
quefaciatus, Culex bitaeniorhynchus, Culex
epidesmus, Culex vishnui, Culex pseudo-
vishnui, Mansonia uniformis, Mansonia
bonneae/dives, Aedes curtipes, Aedes
albopictus, Armigeres obturbans, Anophe-
les hyrcanus and Anopheles barbirostris. In
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Fig. 2. Transmission cycle of Japanese
encephalitis involving birds, horses, pigs,
humans and mosquitoes.
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temperate regions, the ‘Japanese encephali-
tis season’ is considered to start in June,
with detection of virus in mosquitoes, and
this peaks in July. This is followed by the
detection of virus in pig and bird amplify-
ing hosts with increasing frequency during
July and August. Human infections are
concurrent with the increased frequency in
amplifying hosts. The exact timing of the
‘Japanese encephalitis season’ will vary
depending on a number of factors, includ-
ing geographical location in Asia, rainfall
and migration of birds. It is not clear how
JE virus survives between ‘Japanese enceph-
alitis seasons’ in temperate areas. There is
evidence to support vertical (transovarial)
transmission by Culex and Aedes species,
sexual (venereal) transmission between
male and female mosquitoes and a potential
role for migratory birds as a means of virus
survival. Seroepidemiological studies indi-
cate that JE virus infects a wide range of
animals, including dogs, ducks, chickens,
cattle, bats, snakes and frogs. The role, if
any, these animals play in the ecology of
JE virus is not known. However, birds
and pigs are considered to be the major
viraemic-amplifying hosts of the virus.

Treatment
There are no antiviral treatments to control
flavivirus infections; rather, supportive
therapy is the norm.

Control
Vectors

In theory, transmission of JE virus can be
blocked by mosquito control measures, and
in epidemic situations aerial insecticidal
spraying (e.g. ultra-low-volume applications)
can be the best method of curtailing trans-
mission. However, an increasing problem
is the spread of resistance in the principal
vector, C. tritaeniornynchus, to a range
of insecticides. Spraying rice-fields with
insecticides is not usually practical,
because of their large size, but in some
areas, such as China, intermittent irrigation,
whereby standing water is drawn from
fields periodically, has apparently reduced
both numbers of vectors and cases of
Japanese encephalitis.

Vaccines
However, given that Japanese encephalitis
is usually found in rural areas, human
immunization is the method of choice.
Although vaccination is used to control
Japanese encephalitis, economic develop-
ment of Asian countries is also contributing
to control. Smaller areas of rice-fields, use
of agricultural pesticides and reduction
of the rural population at the expense
of increased urbanization have all contrib-
uted to a decrease in cases of Japanese
encephalitis.

There are licensed vaccines available
to control Japanese encephalitis. Inactivated
vaccines are based on strains Nakayama,
Beijing-1 or P3. The former two are based on
formalin-inactivated mouse-brain prepara-
tions, which are semi-purified to remove
brain materials, while strain P3 is also
formalin-inactivated, but grown in primary
hamster kidney cell cultures in the People’s
Republic of China. Only the inactivated
mouse-brain-derived vaccines are approved
by the World Health Organization for inter-
national use. The above vaccines require two
doses given on days 0 and 7–28 to induce
protective immunity, with a booster dose
at 1 year and subsequently every 3–4 years
to maintain immunity. Initially, formalin-
inactivated mouse-brain vaccines were
based on strain Nakayama; however, in
1989 this strain was replaced with strain
Beijing-1,  due  to  a  combination  of  being
antigenically closer to recent Japanese
isolates of JE virus, a high potency being
retained following purification and being a
better immunogen than strain Nakayama.
This resulted in a vaccine that required a
dose equivalent to half that needed for strain
Nakayama. Inactivated vaccines are manu-
factured in India, Japan, Republic of Korea,
People’s Republic of China, Thailand and
Vietnam. There is also a live Japanese
encephalitis vaccine based on strain SA14-
14-2 grown in primary hamster kidney cell
culture. This vaccine is only licensed for
use in the People’s Republic of China. This
vaccine appears to be very efficacious and
over 100 million doses of it have been
administered since 1989, with no known
reports of adverse events.
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The success of human vaccination has
been demonstrated by the decrease in the
number of cases in Japan. Prior to 1966, there
were 1000–5000 cases per year, with mortal-
ity up to 50%. Following the introduction
of vaccination, the number of cases has
steadily decreased to the point where fewer
than ten cases were reported each year dur-
ing the 1990s. A similar situation has taken
place in the Republic of Korea and Taiwan,
and all three countries have reported a shift
from cases in children to cases in adults
and the elderly. Since the vast majority of
Japanese encephalitis cases are in children,
vaccination has focused on children.

The mouse-brain inactivated vaccine
has been reported to cause occasional
adverse events, including late allergic muco-
cutaneous and asthmatic reactions. The
majority of the reactions take place after the
second or subsequent dose of vaccine. There
were a number of adverse events reported
during the period 1989–1992, during which
15% of recipients were hospitalized and
two-thirds required medical treatment. In
addition, there have been, since 1983, occa-
sional reported cases of acute disseminated
encephalomyelitis.

The mechanism of protective immunity
is poorly understood for most flaviviruses,
although production of neutralizing anti-
bodies appears to correlate with immunity.
Most neutralizing antibodies recognize
epitopes of the E protein. Cell-mediated
immunity correlates with non-structural
proteins, in particular NS3.

Japanese encephalitis, animal
Japanese encephalitis is the most important
veterinary flavivirus disease. Two animal
hosts are considered to be important: horses
and pigs. Horses infected with encephalitis
are considered to be dead-end hosts, due
to low viraemias, while JE virus induces
abortion in pigs, and these animals are
considered to be a major amplifying host.

Epidemiology
Culex tritaeniorhynchus, the principal
vector of JE virus, prefers to feed on animals
other than humans. Consequently, high
seroprevalence rates are seen in pigs, horses

and birds. Significant seroconversion is
seen in cattle, Water buffaloes (Bubalus
bubalis), dogs, donkeys and monkeys.
Among birds, ducks and chickens, water-
hens (Amaurornis species), egrets (Egretta
species) and herons (Ardeidae) seroconvert.

Pigs are important amplifying hosts in
the epidemiology of the virus. Infected pigs
develop sufficiently high viraemias to infect
mosquitoes. Importantly, adult pigs do not
show clinical signs of Japanese encephalitis.
In terms of veterinary disease, infection of
pregnant sows results in abortion and still-
birth, due to transplacental infection.

Infected equines can succumb to Japa-
nese encephalitis; however, equines are con-
sidered a dead-end host, as viraemias are too
low to infect mosquitoes. Cattle seroconvert
and, due to low viraemias, cannot transmit
the virus to mosquitoes.

Treatment of animal Japanese encephalitis
There is no treatment.

Control of animal Japanese encephalitis
Vaccination of pigs is used to reduce the
incidence of abortions, as adult pigs do not
show clinical signs of disease. A live vac-
cine has been used in the People’s Republic
of China to protect horses.

Selected bibliography
Burke, D.S. and Leake, C.J. (1988) Japa-

nese encephalitis. In: Monath, T.P. (ed.)
The Arboviruses: Epidemiology and Ecology,
Vol. III. CRC Press, Boca Raton, Florida,
pp. 63–92.

Burke, D.S., Tingpalapong, M., Ward, G.S., Andre,
R. and Leake, C.J. (1986) Intense transmission
of Japanese encephalitis to pigs in a region
free of epidemic encephalitis. Japanese
Encephalitis and Haemorrhagic Renal Syn-
drome Bulletin 1, 17–26.

Chen, W.-R., Tesh, R.B. and Rico-Hesse, R. (1990)
Genetic variation of Japanese encephalitis
in nature. Journal of General Virology 71,
2915–2922.

Huang, C. (1982) Studies of Japanese encephalitis
in China. Advances in Virus Research 27,
72–100.

Lacey, L.A. and Lacey, C.M. (1990) The medical
importance of riceland mosquitoes and
their control using alternatives to chemical

Japanese encephalitis 245

245
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
04 September 2001 14:53:32

Color profile: Disabled
Composite  Default screen



insecticides. Journal of the American Mos-
quito Control Association 6 (suppl. 2), 1–93.

Monath, T.P. and Heinz, F.X. (1996) Flaviviruses.
In: Fields, B.N., Knipe, B.M. and Howley,
P.M. (eds) Fields Virology Vol. 1, 3rd
edn. Lippincott-Raven, Philadelphia, pp.
961–1034.

Rice, C.M. (1996) Flaviviridae: the viruses and
their replication. In: Fields, B.N., Knipe,

B.M. and Howley, P.M. (eds) Fields Virology,
Vol. 1, 3rd edn. Lippincott-Raven, Phila-
delphia, pp. 931–960.

Tsai, T.F., Chang, G.-J.J. and Yu, Y.X. (1988)
Japanese encephalitis vaccines. In: Plotkin,
S.A. and Orenstein, W.A. (eds) Vaccines,
3rd edn. W.B. Saunders, Philadelphia,
pp. 672–710.

Japanese river fever see Scrub typhus.

Japanese spotted fever see Tick-borne typhuses.
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Kala azar see Leishmaniasis.

Karelian fevers see Sindbis virus.

Keds see Hippoboscids.

Kenya tick-borne typhus see Tick-borne typhuses.

Keystone virus

Bruce F. Eldridge

Keystone (KEY) virus is a mosquito-borne
arbovirus transmitted to small mammals in
the eastern USA. It is of no known public
health importance, although neutralizing
antibodies have been detected in humans.

Distribution
Mid-Atlantic to south-eastern coastal states
of the USA. Usually associated with coastal
pine forests and freshwater swamps (Fig. 1).

Virus
Keystone virus is a member of the genus
Bunyavirus and the California serogroup. In
common with other members of this genus,
viral genomes have three single-stranded

RNA segments, designated large (L),
medium (M) and small (S).

Clinical symptoms
No symptomatic infections have been
reported in humans. Neutralizing anti-
bodies have been detected in human sera
collected in Florida. Antibodies detected
by haemagglutination inhibition tests in
Louisiana were probably to KEY virus.

Diagnosis
Confirmation of arboviral disease requires
isolation of virus from an infected patient or
a fourfold or greater increase in antibody
titre between acute and convalescent

247

Fig. 1. Distribution of Keystone virus in the south-eastern USA.
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human serum samples. Isolation of fully
typed virus from mosquitoes or detection
of antibodies in sentinel mammals may
demonstrate enzootic viral activity.

Transmission
Keystone virus is transmitted to mammals
primarily by mosquitoes classified in the
Ochlerotatus1 scapularis division. Keystone
virus infects a variety of mammals, includ-
ing Cotton rats (Sigmodon hispidus), East-
ern grey squirrels (Sciurus carolinensis),
Cottontail rabbits (Sylvilagus floridanus),
White-tailed deer (Odocoileus virginianus),
horses, cattle, dogs and humans, but not all
of these are important maintenance hosts
for the virus. Cotton rats and Cottontail
rabbits play key roles in KEY virus ecology
in the southern portion of the geographical
range of KEY virus; Grey squirrels and
Cottontail rabbits are involved in the
northern portion.

Keystone virus has been isolated from
many species of mosquitoes, including
Aedes species, but the overwhelming major-
ity of isolations have been from the genus
Ochlerotatus, such as O. atlanticus, O. tor-
mentor and O. infirmatus, all members of the
O. scapularis division (Table 1). Isolations
of virus from O. tormentor are equivocal,
because adults of this species are virtually
indistinguishable from those of O. atlan-
ticus. On the other hand, there are many
isolations of KEY virus from O. atlanticus in

areas where O. tormentor does not occur.
There have been a few isolations from other
mosquito species, including Aedes vexans,
Ochlerotatus triseriatus, Ochlerotatus
canadensis, Culex nigripalpus, Anopheles
crucians and Anopheles punctipennis.
There has been a single isolation of KEY
virus from Chrysops obsoletus, a deer-fly.

Based on the isolation of KEY virus from
O. atlanticus larvae collected in nature,
transovarial transmission of KEY virus in
O. atlanticus appears to be a common means
of viral maintenance. Transovarial trans-
mission of KEY virus in O. atlanticus
has also been demonstrated in laboratory
experiments. Keystone virus was the second
mosquito-borne arbovirus shown conclu-
sively to be transmitted transovarially in its
mosquito host; La Crosse virus was the first.
Since then, many other California serogroup
viruses have been shown to be transmitted in
this way, and currently it is believed that this
method of transmission is common to all
viruses in this serogroup. However, trans-
ovarial transmission of KEY virus has been
demonstrated only for O. atlanticus.

The relative importance of horizontal
transmission between mosquitoes and mam-
mals in KEY virus ecology is unknown.
Grey squirrels and Cottontail rabbits can
be infected experimentally, and develop
viraemias high enough to infect O. atlan-
ticus females. Deer have a high prevalence of
neutralizing antibody to KEY virus and are
sources of blood meals for O. atlanticus.
However, when infected artificially, deer do
not develop high viraemias, and they are
probably dead-end hosts. Prevalence of KEY
virus antibodies in humans in enzootic areas
is low, suggesting that humans are probably
not involved in KEY virus transmission
dynamics other than as occasional dead-end
hosts.

The relatively high degree of host
specificity of KEY virus for mosquitoes of
the O. scapularis division and the occur-
rence of efficient transovarial transmission
of the virus in these species suggests the
possibility of coevolution of KEY virus and
O. scapularis division mosquitoes, with
both virus and mosquito vectors having
evolved from tropical ancestors.

248 Keystone virus

Species
No.

tested
No.

positive MIR*

Ochlerotatus† atlanticus
Ochlerotatus atlanticus/

tormentor
Aedes infirmatus
Culex (Melanoconion) species
Ochlerotatus taeniorhynchus
Ochlerotatus canadensis
Aedes vexans
Culex nigripalpus

67,485

143,864
175,406

74,221
661,518
126,835
396,845
687,508

244

485
108

4
24

4
3
2

,277

,297
1,624

18,555
27,563
31,709

132,282
343,754

*Number tested/number positive.
†Ochlerotatus was formerly a subgenus of Aedes.

Table 1. Minimum infection rates (MIR) for KEY
virus reported in the literature (two or more
isolations).
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Keystone virus occurs most frequently
in lowland pine forests in coastal areas of
the Atlantic Ocean and the Gulf of Mexico.
Ochlerotatus atlanticus, O. tormentor and
O. infirmatus larvae are found in woodlands
and open grassy depressions flooded by
spring and summer rains. Because these
depressions have sandy substrata, larvae
complete development only after sustained
rains, after which they develop in large
numbers. These species aggressively bite
humans during daylight hours.

Keystone virus may occur in the same
geographical and ecological setting as James-
town Canyon (JC) virus (see entry), another
California serogroup virus. Evidence of KEY
enzootic viral activity usually appears ear-
lier in the year than does that of JC virus. In
the north KEY virus activity occurs during
late summer and autumn and in the south
after the first heavy spring rains. Jamestown
Canyon virues activity occurs in early to
late spring in the eastern USA, depending
upon latitude. This temporal difference is
probably due to differences in the ecology of
the mosquito vectors of the two viruses and
the differing roles of their vertebrate hosts.
Appearance of larvae of KEY virus mosquito
vectors is associated with spring or summer
rains and those of JC virus vectors with
melted snow or early spring flooding. Deer
are important in the ecology of JC virus,
but not KEY virus. A prior artificial infection
of deer with JC virus prevents artificial
infection of KEY virus for at least 30 days,
suggesting an additional reason for the rela-
tive unimportance of deer as important hosts
of KEY virus.

Control
Usually none. High densities of mosquito
vectors tend to be limited geographically

and temporally. Mosquito abatement may
be indicated in specific situations, such as
the close proximity of high-density housing
to freshwater swamps and adjacent pine for-
ests. In such cases, control would probably
be limited to destruction of adult female
mosquitoes by ground application of insec-
ticidal fogs.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Kissing bugs see Triatomine bugs.
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Kokobera virus

John S. Mackenzie

Infections of humans with Kokobera virus
Kokobera (KOK) virus is a mosquito-borne
flavivirus enzootic to Australia and Papua
New Guinea. The virus was first isolated
from Culex annulirostris mosquitoes col-
lected at Kowanyama (Mitchell River
Mission) in northern Queensland in 1960.
Seroepidemiological studies in New South
Wales, Queensland and Papua New Guinea
have indicated that occasional human
infections occur with KOK virus, and
indeed it was subsequently shown to be the
cause of rare cases of acute polyarticular
disease in Queensland, Victoria and New
South Wales.

Distribution
Kokobera virus has been isolated from mos-
quitoes collected in widely separated areas
of Australia, including New South Wales,
Queensland, northern and south-western
Western Australia and the Northern Terri-
tory, as well as in Papua New Guinea.

Virus
Kokobera virus is a flavivirus closely
related to Stratford virus (see entry), which
is also enzootic to Australia. It was initially
classified as a member of the Japanese
encephalitis (see entry) serological complex
on antigenic grounds, albeit more distant
than other members, but it has recently
been reclassified by the 7th International
Committee for Taxonomy of Viruses (in
Sydney, 1999) into a separate serological
group with Stratford virus.

Clinical symptoms and pathogenesis
Only a few cases of acute polyarticular dis-
ease due to KOK virus infection have been
recognized. Patients present with extreme
lethargy, joint pains and a severe headache,
with pain on rotation of the head rather
than on flexion. A mild fever may occur,
and a reddish, itchy rash with slightly
raised lesions 2–3 mm in diameter was

reported in one case, lasting about 4 days.
Symptoms generally resolve in about 2
weeks, but full recovery may take several
months.

Diagnosis
Diagnosis is usually carried out by
serological tests, such as enzyme-linked
immunosorbent assay (ELISA) (competitive
or immunoglobulin M (IgM) capture), with
confirmation by plaque reduction neutral-
ization. Virus isolates are identified by
neutralization, using monospecific sera or
specific monoclonal antibodies, or by poly-
merase chain reaction of complementary
DNA (cDNA), followed by nucleotide
sequencing.

Transmission
Kokobera virus has been isolated from
several mosquito species, including C.
annulirostris, Ochlerotatus1 vigilax and
Ochlerotatus camptorhynchus. However,
the role of each of these in transmission is
unknown. In Papua New Guinea, KOK virus
was isolated from a mixed pool of Aedes
species.

Ecology
From seroepidemiological studies, the
vertebrate hosts of KOK virus are thought
to be marsupials, with an indication that
horses may play a minor role. Although
specific antibodies have occasionally been
described in sentinel chicken flocks, birds
are not believed to play a role in trans-
mission cycles. Molecular epidemiological
studies have shown that different topotypes
of KOK virus occur in distinct geographical
regions, which supports the concept that
the virus has sedentary vertebrate hosts.
This is in contrast to Murray Valley enceph-
alitis (see entry) and Kunjin (see entry)
viruses, which exist throughout Australia
as single genotypes but which use birds as
their major vertebrate hosts.
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Treatment
There is no specific treatment for KOK
virus.

Prevention and control
Apart from trying to avoid mosquito bites,
such as by applying insect repellents, no
specific measures have been invoked to
present infections.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.

Selected bibliography
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Korean haemorrhagic fever see Haemorrhagic fever with renal syndrome.

Kumlinge disease see Tick-borne encephalitis.

Kumri see Setariosis.

Kunjin virus and Kunjin encephalitis

John S. Mackenzie

Kunjin (KUN) virus is the aetiological agent
of Kunjin encephalitis. Cases of Kunjin
encephalitis have previously been errone-
ously included with cases of Murray Valley
encephalitis (see entry) collectively as Aus-
tralian encephalitis. Kunjin virus was first
isolated from Culex annulirostris mosqui-
toes trapped at Kowanyama (Mitchell River
Mission) in northern Queensland in 1960.

Distribution
Kunjin virus has been isolated from all
mainland states of Australia. It has also
been isolated from Culex pseudovishnui
mosquitoes collected in Sarawak and Bor-
neo, in the Oriental zoogeographical region.
Seroepidemiological studies have indicated
that KUN virus occurs in Papua New
Guinea, and possibly elsewhere in the
Indonesian archipelago.

Virus
Kunjin virus is a mosquito-borne flavivirus
in the Japanese encephalitis serological
complex, most closely related to West Nile

virus (see entry) on antigenic and genetic
grounds. Indeed, in a recent compilation of
viral taxonomy by the 7th International
Committee for the Taxonomy of Viruses (in
Sydney, 1999), it has been reclassified as a
subtype of West Nile virus. The complete
sequence has been described and the full
length genome has 10,664 nucleotides. An
infectious clone has been constructed, which
has provided a valuable tool for investi-
gations of the identity and intracellular
locations of flavivirus non-structural pro-
tein and of flavivirus replication strategies,
and has considerable potential as a viral
vector in future vaccine strategies.

Clinical symptoms and pathogenesis
Kunjin virus is a minor cause of arboviral
encephalitis in Australia, compared with the
principal cause of arboviral encephalitis,
the closely related Murray Valley encepha-
litis (MVE) virus. The signs and symptoms
of Kunjin encephalitis include an abrupt
onset of a prodromal stage, with fever, head-
ache, anorexia, malaise, photophobia, stiff

Kunjin virus and Kunjin encephalitis 251
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neck, dizziness, nausea and vomiting. This
may progress to obvious neurological dis-
ease, usually within 5 days of onset, mani-
festing in alterations in mental state, ataxia,
speech disturbances or convulsions, lead-
ing to coma, pharyngeal paralysis and respi-
ratory failure. No cases of death have been
attributed to KUN virus. The first recognized
case of Kunjin encephalitis was reported
from Broome in Western Australia in 1978,
although some of the cases during the last
major outbreak of Murray Valley encephali-
tis in south-eastern Australia were retrospec-
tively associated with KUN virus. Only a
small number of cases of encephalitis have
been recorded in recent years. Cerebrospinal
fluid (CSF) findings of the Western Austra-
lian encephalitis cases showed elevated pro-
tein levels. An electroencephalogram (EEG)
was taken in one case and showed non-
specific, diffuse, slow wave activity. Kunjin
virus has also been associated with a mild
febrile disease, with malaise, headache,
myalgia and sometimes joint involvement.

There have not been sufficient numbers
of cases and case follow-ups to give detailed
information on sequelae. However, one severe
case from Western Australia had residual
facial nerve palsy and an unsteady gait.

There has been a single report of
encephalomyelitis in a horse. It is not known
whether KUN virus can cause disease in
horses in northern Australia.

Diagnosis
Diagnosis is usually by serological tests,
most commonly by immunoglobulin M
(IgM) capture enzyme-linked immuno-
sorbent assay (ELISA). As IgM antibody can
last several months, diagnosis on a single
specimen can only be regarded as pre-
sumptive, and may represent recent past
exposure. Therefore serological diagnosis
requires paired serum samples and evi-
dence of a fourfold or greater rise in IgG
antibodies using ELISA or haemagglutinat-
ion inhibition (HI) tests. Immunoglobulin M
antibodies are not usually found in CSF,
except during a severe case of encephalitis
or central nervous system (CNS) infection,
when it is present, but usually transiently.
Thus, finding specific IgM in the CSF in a

single specimen is often considered suffi-
cient to diagnose infection, without the
need for paired serum samples. Virus isola-
tion is difficult and seldom achieved from
serum, because patients generally present
well after the viraemic phase. However,
virus might be detectable in CSF or serum
by reverse transcription–polymerase chain
reaction (RT-PCR).

Transmission
From both field oberservations and experi-
mental studies, the major vertebrate hosts
of KUN virus are believed to be waterbirds
in the order Ciconiiformes, particularly
the Nankeen night heron (Nycticorax cale-
donicus). Seroepidemiological studies have
also suggested a number of wild and domes-
tic animal could be possible vertebrate
hosts, including cattle, horses and some
macropods, although experimental evi-
dence is lacking. The major mosquito vector
species is Culex annulirostris, but the virus
has been isolated from a range of other
mosquito vectors, including Culex austra-
licus, Culex squamosus, Culex quinque-
fasciatus and Ochlerotatus1 tremulus, but it
is uncertain whether all these other species
contribute to the transmission cycles.

Ecology and epidemiology
Although KUN virus shares a number
of biological properties with the closely
related MVE virus, including major verte-
brate hosts and vector species, there are
significant differences in their epidemiolog-
ical and ecological patterns. Kunjin virus is
found throughout northern Australia, and
results from sentinel chicken surveillance
data and mosquito isolations suggest that it
is active every year in Western Australia
and probably every year in the Northern
Territory. Interestingly, however, the major-
ity of sentinel chicken seroconversions
in the north of Western Australia are to
MVE virus rather than KUN virus, whereas
evidence from cattle seroconversions,
sentinel chicken seroconversions and virus
isolations suggest that KUN virus is more
active than MVE virus in the Northern
Territory. Further south, in the arid Pilbara
area of Western Australia, KUN virus
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activity is more frequent than MVE virus
activity except in years of exceptionally
heavy rainfall. However, variations in the
levels of activity of KUN or MVE viruses in
the north of Western Australia are not con-
sistent. Data from northern Queensland are
not available over an extended period, but,
from human seroconversions and mild
febrile illness caused by KUN virus, it
would appear that KUN virus is more active
than MVE virus in Queensland.

Kunjin virus activity occurs more
frequently than MVE virus activity in tem-
perate areas, particularly in south-eastern
Australia. This strongly suggests that KUN
virus can disperse more readily than MVE
virus from enzootic areas in northern Aus-
tralia to epidemic areas in the south-east.
Indeed, KUN virus activity has been evident
from human and/or sentinel chicken sero-
conversions in parts of Victoria and/or New
South Wales in a number of years over
the past two decades, whereas MVE virus
activity has not been detected since the last
major epidemic in 1974. The reasons for this
apparent ability of KUN virus to disperse
from northern enzootic areas are unknown.
Although KUN and MVE viruses share major
vector species and vertebrate hosts, there is
some evidence to suggest that KUN virus
may be able to use additional members of the
order Ciconiiformes, some of which may
exhibit a greater range or may move further
in different environmental conditions.

All Australian KUN virus isolates are
antigenically indistinguishable by standard
serological techniques using polyclonal
sera. However, antigenic differences can be
detected using monoclonal antibodies. All
Australian isolates are also closely related
genetically and comprise a single topotype,
with less than 2% nucleotide divergence
between any two isolates. This close anti-
genic relationship and high level of genomic
homology observed for the Australian strains
of KUN virus is consistent with the involve-
ment of avian vertebrate hosts, allowing
virus to circulate around the continent.

Treatment
No specific treatment is available for KUN
virus infection.

Prevention and control
Prevention of infection has been largely
directed at behavioural changes, with local
warnings disseminated when epidemic
activity is predicted. These warnings sug-
gest the use of insect repellents and, in
northern Australia, the use of mosquito
nets. The latter has been particularly
directed at Aboriginal communities, where
most cases occur in young children and
infants. Wearing long sleeves and long
trousers at dusk and dawn are suggested.
Mosquito control measures have not been
invoked to prevent KUN virus infections.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Kyasanur Forest disease

M.G.R. Varma

An infection of humans and monkeys
caused by an arthropod-borne virus
(arbovirus) and named after the locality,
Kyasanur Forest in southern India, where
it was first discovered. The disease is
restricted to southern India, where it is
locally known as ‘monkey disease’, because
of its association with monkey deaths.

Distribution
The disease is restricted to forested areas
of five districts (Uttar Kannada, Shimoga,

Chikmagalur, Udupi and Dakshina Kan-
nada) of Karnataka State in South India
(Fig. 1), although antibodies to the virus
have been found in humans and animals in
other parts of India far removed from the
endemic/enzootic zone. It was first discov-
ered in March 1957 in Kyasanur Forest
in the Shimoga District of Karnataka State,
a mosaic of tropical wet evergreen forests,
semi-evergreen forests, moist deciduous
forests and dry deciduous forests, with
bamboo and shrub jungle at the edges.

254 Kyasanur Forest disease

Fig. 1. Map of the Indian subcontinent showing distribution of Kyasanur Forest disease (hatched area)
and of the tick vector Haemaphysalis spinigera (dashed line).
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Kyasanur Forest forms part of the Western
Ghats, a mountain range some 1300 km long
running along the western edge of India
from south of Bombay to the southern tip
of the subcontinent through the states of
Maharashtra, Karnataka, Kerala and Tamil
Nadu and covering an estimated area of
159,000 km2. The unprecedented and mass
deaths of two species of forest monkeys, the
Bonnet macaque (Macaca radiata) and the
Common or Black-faced langur, also known
as the Hanuman monkey (Semnopithicus
entellus1), gave the disease its local name
‘monkey disease’. Epizootics in monkeys
precede epidemics of the disease in
humans, and a systematic surveillance of
monkey deaths is an integral part of epide-
miological studies of the disease.

The initial epizootic/epidemic in 1957
covered only a few hundred square kilo-
metres and it was thought that Kyasanur
Forest disease would be restricted to this
original focus, but in 1972, 1973 and 1975
there were four outbreaks of the disease to
the north, west, south and south-east of the
original focus. Eight years later, in 1983,
there was a large epizootic/epidemic 80 km
south of the previous 1975 outbreak, with
several monkey deaths and 1555 human
cases, of whom 150 died; this was in a part
of undisturbed forest, where some 400 ha
were clear-felled for the establishment of
a Cashew tree (Anarcardium occidentale)
plantation, and most of the human cases
were in the immigrant labourers employed
for forest clearance. The next sizeable out-
break occurred in 1988–1989 when several
hundred human cases, with deaths, were
reported in areas to the west, south-west,
south and south-east of the Kyasanur Forest
focus. In further outbreaks in 1990–1992,
during which a successful vaccine trial
involving 88,152 persons in 72 villages in
the Kyasanur Forest disease (KFD) virus area
was carried out, there were 349 cases of the
diseases, 24 in vaccinees and 325 in unvacci-
nated individuals. As recently as April–May
2000, 21 confirmed cases of Kyasanur Forest
disease and two deaths were reported in the
Uttar (north) Kannada district of Karnataka
State (source of information ProMED mail
<www.promedmail.org>). By the late 1990s,

the known distribution of the disease
covered some 5000 km2.

One of the interesting features of
the spread of Kyasanur Forest disease in
Karnataka State has been the appearance
of the disease in areas often separated by
several kilometres from the original focus
in Kyasanur Forest and from each other.

Virus
Kyasanur Forest disease virus is a distinct
member of the tick-borne encephalitis virus
complex (genus Flavivirus, family Flavi-
viridae), which includes the eastern (also
known as Russian spring–summer encepha-
litis (RSSE) virus) and the western subtypes
of tick-borne encephalitis virus and louping
ill virus (see entries). It can be distinguished
from other members of the complex by
analysis of envelope protein epitopes using
monoclonal antibodies and on the basis
of the structural protein gene sequences. In
1995 a new virus, closely related to KFD
virus was isolated from the blood of human
patients in Jeddah, Saudi Arabia. Clinically
Kyasanur Forest disease closely resembles
Omsk haemorrhagic fever (see entry).

Epidemiology
There are several aspects of the epidemiol-
ogy of Kyasanur Forest disease that deserve
examination and explanation. When the
disease first appeared suddenly in southern
India in early 1957, it caused considerable
alarm. The introduction of yellow fever
into the subcontinent, with its fauna of sus-
ceptible monkeys and mosquito vectors, has
been, and remains, a perpetual threat, and it
was thought that, in spite of strict quaran-
tine measures, yellow fever had at last been
introduced into India. Prompt reporting of
monkey deaths and accompanying human
illness and deaths by the health authorities,
together with the swift response of the
National Institute of Virology (formerly
the Virus Research Centre) at Pune, several
hundred kilometres to the north, allayed
these fears and led to what is now regarded
as a classic and in-depth study of a ‘new/
emerging’ disease.

The outbreak was during the dry part of
the year, when mosquitoes are very scarce in
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the forest, but the insect collectors noticed
large numbers of immature ticks and were
actually bitten by them. An agent, subse-
quently named KFD virus, was isolated
from the ticks collected in the forest, and
also from monkeys and humans. All these
isolates were shown to be identical and anti-
genically similar to the virus causing Rus-
sian spring–summer encephalitis (RSSE), a
disease unknown in India. The questions
which were uppermost in the minds of the
investigators were as follows. Was KFD virus
introduced into the area or was it already
there in a cryptic form, becoming overtly
manifest due to ecological or behavioural
factors? A foreign source of infection was a
possibility, but this was complicated by the
finding of antibodies to RSSE virus (closely
related to KFD virus) in humans in an area
several hundred kilometres to the north
as early as 1952, as well as KFD-positive
human sera well outside the enzootic/
epidemic area. If in fact it was introduced,
was it through the agency of ticks on birds
migrating from the north to the enzootic
area? Thousands of migrant birds were
screened for ticks, but only one was infested
with an exotic tick species of the genus
Hyalomma, which is not involved in the
transmission of KFD virus in nature. If KFD
virus was not introduced, was it always pres-
ent in an occult phase in Kyasanur Forest or
indeed in the adjoining forest areas, as part
of the biocenosis, appearing ‘suddenly’ due
to ecological changes, human behaviour or
other amplifying mechanisms? It is quite
possible that occasional monkey deaths and
sporadic cases of Kyasanur Forest disease
in the area in the past were unrecognized
and therefore not reported or were mis-
diagnosed. It was the monkey deaths on an
unprecedented scale, a sight unlikely to be
forgotten, and several human cases in vil-
lages adjoining the forest that alerted health
authorities. During the period 1964–1973,
1046 monkey deaths were reported, of
which 860 were Black-faced langur mon-
keys (S. entellus) and 186 Bonnet macaque
monkeys (M. radiata): 50% of S. entellus
and 18.1% of M. radiata necropsied were
positive for KFD virus.

There are several causes for the first out-
break. The most important are environ-
mental factors – more precisely, ecological
changes. The main feature of the Kyasanur
Forest ecosystem was the recent encroach-
ment of humans into undisturbed forest due
to a considerable increase in the population;
the population of the Kyansanur Forest
disease area had more than doubled in the
10 years since 1951. This had several conse-
quences. The clearing or thinning of the
forest for agricultural purposes, particularly
rice cultivation, led to an increased contact
of humans with the forest. The patches of
grazing land in and adjacent to these cleared
areas were suitable for cattle grazing. Cattle
are important hosts for adults of the tick
Haemaphysalis spinigera, the chief vector of
the disease, and the presence of cattle in the
forest increased the numbers of this vector
and converted a latent zoonosis into an
epizootic. Apart from the steady expansion
of the paddy-fields at the expense of the
forest, commercial felling of trees for timber
and firewood and pruning of large areas of
the forest canopy for green manure gave rise
to miles of interface, which fundamentally
modified the ecology of the region. One
of the features of this interface was the
establishment of the Lantana bush (Lantana
camara) and more recently of the weed
Chromolaena odorata. The Lantana bush,
originally imported into Sri Lanka from
tropical America for ornamental purposes,
has invaded almost all regions of India.
It is an aggressive weed, prospering when
original forests are destroyed or disfigured.
The dense impenetrable thickets of Lantana
may grow to a height of 3 m above ground
and are often used as shelter by ground birds,
small mammals, cattle and deer.

Since the original outbreak, Kyasanur
Forest disease has subsequently appeared
in areas where the forests have been cleared
for monocultures, such as for Teak (Tectona
grandis) or Eucalyptus (Eucalyptus species),
or as in the case of the Nidle forest outbreak
in 1982–1983, for the commercial growing
of Cashew trees (A. occidentale). Apart
from commercial and agricultural activities,
daily activities, such as gathering firewood
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or young girls picking forest blossoms, and
herding cattle in the forest are aspects of
human behaviour relevant in the natural
history of the disease.

Monkeys in the forest infected with
the virus either die or become immune and
therefore play no further part in virus main-
tenance. It has been observed that, because
of larval tick infestation of monkeys and
squirrels, the timing of such infestations and
synchronization with virus circulation in
monkeys, each outbreak appears to exhaust
itself by the end of the year. Such ‘spent’
foci may remain silent, with low-grade virus
activity persisting for several years before
becoming active again. It is particularly
difficult to detect a cryptic focus, because
the occasional monkey deaths that occur
may not be reported.

Although the outbreaks of Kyasanur
Forest disease appear to be isolated in
time and space, they have always followed
destruction of forests and intrusion of
humans. The whole forested areas of the
Western Ghats may be regarded as a vast
enzootic area and, although timber extrac-
tion on a commercial scale has been halted
from the forests of Karnataka and Kerala
states, further outbreaks will occur when the
stable ecosystem is disturbed or destroyed
and the populations of monkeys, small
mammals and ticks are amplified to reach
levels required for a flare-up of virus
activity.

Clinical symptoms
After an incubation period of 3–8 days fol-
lowing the bite of an infected tick, there is a
sudden onset, with malaise and high fever,
which may reach 40°C by the third or fourth
day. Myalgia, particularly of the back and
calf muscles, headache, cough, sore throat,
diarrhoea and vomiting are common and
there is marked dehydration. Severe con-
junctivitis and photophobia are present. A
consistent finding is papulovesicular lesions
on the soft palate. Rash or discolorations of
the skin are absent. In some cases there is
generalized lymphadenopathy. There may
be neurological signs suggestive of brain
involvement, dyspnoea and cyanosis, and

occasional patients may have renal failure
or signs of hepatocellular failure. In earlier
studies involving poor villagers, haemor-
rhagic symptoms, such as bleeding from
the nose, gums and intestines, were often
reported, sometimes as early as the third
day, but the majority of cases, including
infections in laboratory personnel, have
been devoid of haemorrhagic manifesta-
tions. Atypical lymphocytes are present in
the peripheral blood of all patients during
some stage of the disease.

After about 10 days, the fever subsides
and the patient recovers but is weak. In
a minority of cases (about 20%), this first
phase is followed by a second phase with
neurological complications. Fever returns,
with severe headache, neck stiffness,
mental disturbance, coarse tremors, giddi-
ness, abnormal reflexes and cerebrospinal
fluid (CSF) pleocytosis. These persist until
the fever subsides, after about 7 days. The
patient usually recovers, but remains weak,
with a long period of convalescence. Mortal-
ity is 5–10% and complications leading to
death are haemorrhage, encephalitis, bron-
chopneumonia, shock and renal or hepatic
failure. Main post-mortem findings are
haemorrhagic pneumonia, the presence of
reticuloendothelial elements in the spleen
and liver and degenerative changes in the
larger parenchymal organs.

Diagnosis
Clinical signs useful in diagnosis are facial
flushing, congestion of the conjunctiva,
gingival hyperplasia, cervical lympha-
denopathy, neck stiffness and hypotension,
with significant gastrointestinal haemor-
rhage. Apart from these signs, diagnosis of
Kyasanur Forest disease is by isolation of
the virus from the blood, up until the 12th
day, in suckling mice or vertebrate cell
culture systems, such as primary monkey
kidney cells or pig stable (PS) kidney cells.
Rising antibody titres in serological tests,
such as neutralization (NT), haemagglutina-
tion inhibition (HI) and complement fixa-
tion (CF), between acute and convalescent
sera will confirm the diagnosis. A history of
forest exposure is also helpful.
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Transmission
The virus is transmitted by the bite of
infected ticks, and young adult humans of
both sexes are infected, although there are
more male than female cases, reflecting the
extent of occupational exposure in the for-
est. The two major vectors are H. spinigera
and Haemaphysalis turturis. Transmission
to humans is almost exclusively by the
bite of nymphs of H. spinigera, which have
acquired the infection by feeding as larvae
on infected monkeys or infected rodents in
the forest. Adult ticks can remain infected
with the virus for up to 14 months. Nymphs
of H. spinigera are most prevalent in the
drier part of the year (December to May);
their numbers start to rise in December and
peak in January to March, after which they
decline; they are rare in the rainy season
(June to October). Peak adult populations of
the tick are seen at the height of the rainy
season in July and August, when there
are few human cases. Monkey deaths and
human cases of the disease start appearing
in November or December, reaching a peak
in January to February, when nymphs
of H. spinigera are most abundant, and
gradually decline by the end of May with
the approach of the rainy season. A positive
correlation has been shown between inten-
sity of infection in ticks and total number
of human cases. Human infections occur
when villagers at the edge of the forest enter
the forest for herding cattle, gathering fire-
wood and forest blossoms, or when they
walk through the forest from village to
village.

The tick fauna of Kyasanur Forest and
the species from which the virus has been
isolated are listed in Table 1. The most
frequently infected are H. spinigera and
H. turturis and these are the ones involved in
the maintenance cycle of the virus in nature.
Old World monkeys spend more time on
the ground than is generally acknowledged,
the Common langur (S. entellus) spending
as much as 80% of its active time on the
ground. It is during this time that both
Bonnet macaques (M. radiata) and the
langurs pick up ticks, and 12% of Bonnet
macaques and 43% of the Common langurs
are commonly infested with large numbers

of immature stages of H. spinigera and H.
turturis. Infected monkeys also have high
viraemic levels and their activity pattern of
rest and movement favours the formation
of foci of infection and the dissemination
of infection. Nymphs developing from fed
larvae detaching from dead monkeys are
often found in relatively small areas of the
forest floor, so called ‘hot spots’, which serve
as a source of infection to humans and other
animals. Kyasanur Forest disease virus has
also been isolated from a soft tick, Orni-
thodoros chiropterphila, collected from the
insectivorous bat Rhinolophus rouxi, but the
significance of this in the natural history
of KFD virus is unknown.

In laboratory experiments, H. spinigera,
H. turturis, Haemaphysalis papuana kin-
neari, Haemaphysalis minuta, Haemaphy-
salis kyasanurensis, Haemaphysalis wel-
lingtoni, Haemaphysalis cuspidata, Ixodes
petauristae, Ixodes ceylonensis, Rhipice-
phalus haemaphysaloides and Dermacentor
auratus transmitted the virus. Experimental
transovarial transmission of the virus was
shown only in I. petauristae, and the role of
transovarial transmission as a maintenance
mechanism of KFD virus is negligible.

Small mammals, such as the White-
bellied rat (Rattus rattus wroughtoni), the
White-tailed rat (Rattus blanfordi), the
Jungle-striped or Western Ghats squirrel
(Funambulus tristriatus tristriatus) and the
House shrew (Suncus murinus), are para-
sitized by immature stages I. ceylonensis,
H. p. kinneari, H. spinigera and H. turturis.

258 Kyasanur Forest disease

Haemaphysalis spinigera*
Haemaphysalis turturis*
Haemaphysalis papuana kinneari *
Haemaphysalis wellingtoni *
Haemaphysalis cuspidata*
Haemaphysalis kyasanurensis*
Haemaphysalis minuta*
Haemaphysalis aculeata
Haemaphysalis bispinosa*
Haemaphysalis cornigera
Haemaphysalis leachi
Haemaphysalis intermedia*

Amblyomma species
Dermacentor auratus*
Rhipicephalus species
Boophilus microplus
Ixodes petauristae*
Ixodes ceylonensis

*KFD virus isolated from naturally infected ticks.

Table 1. The ticks of Kyasanur Forest.
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Larvae of H. spinigera prefer squirrels to
the other small mammals. Virus has been
isolated from R. r. wroughtoni, R. blanfordi,
S. murinus and the bat R. rouxi (not infested
with vector ticks) and, in experimental
infections, from the shrew and the squirrel,
as well as the Porcupine (Hystrix indica)
(which was infested with vector ticks),
all of which have high levels of viraemia.
However, because of their distribution –- the
squirrel is found at the extreme edge of
the forest, low population levels of the hosts
and low tick loads, small mammals may not
play a major role in the maintenance of the
virus. Nevertheless, since optimal vector–
host conditions would enhance virus trans-
mission and multiplication and lead to
the exhaustion of virus activity, low tick
infestation levels of rodents and shrews
and the population levels of these animals
would suggest that they may have a role
in low-grade virus maintenance and the
formation of cryptic foci.

Forest-dwelling ground birds, such as
the Pea fowl (Pavo cristatus) and the Grey
jungle fowl (Gallus sonneratii), carry heavy
tick loads, particularly of H. wellingtoni and
H. minuta, both of which have been found
harbouring the virus in nature. Fledgling
domestic chicks are highly susceptible to
KFD virus infection and, while this finding
does not allow extrapolation to wild species,
it is possible that the Pea fowl and the Jungle
fowl may also be highly susceptible to the
virus and thus have a subsidiary role in
the maintenance of the virus.

Domestic cattle are the most important
hosts for adults of H. spinigera. Although not
forest residents, village cattle are taken into
the forest for grazing where they are heavily
parasitized by ticks. Experimentally infec-
ted cattle have a very low viraemia and it
is unlikely that they serve as donors for
infecting ticks, but they have a vital role in
amplifying the tick population. When one
considers that the degree of infestation of
humans with the vector ticks (i.e. number of
ticks collected divided by number of indi-
viduals) is only 0.12, only a high population
of vector ticks and a correspondingly high

rate of vector infection can offset the low
infestation rate of humans.

Treatment and prevention
There is no known treatment for Kyasanur
Forest disease. Patients should be cared
for in a tick-free environment. Medical and
nursing staff should avoid contamination
with the blood of the patients. Kyasanur
Forest disease virus is highly infectious and
well over 100 laboratory infections have
been recorded, some of them probably
following inhalation of infective aerosols.

A formalin-inactivated vaccine was
field-evaluated in the 1990–1992 epidemic
seasons in 72 villages in Karnataka State. In
total 88,152 persons were vaccinated and
the vaccine was shown to have a significant
protective effect.

Control
The most effective way of controlling
Kyasanur Forest disease is by vaccination
of the population most at risk. But this
requires effective surveillance, prompt
reporting and expeditious delivery of
the vaccine, with all the necessary infra-
structure this entails.

Personal protection against ticks
involves daily examination of the whole
body and clothing for attached ticks, fol-
lowed by their prompt removal. Repellents,
such as diethyltoluamide (DEET), applied
directly to the skin can provide short-term
protection against ticks, while clothing
impregnated with pyrethroid insecticides,
such as permethrin, may give protection
for longer periods. Lindane emulsion and
benzene hexachloride (HCH) suspension
applied at the rate of 1.12 kg ha−1 of forest
floor has effectively controlled nymphs of H.
spinigera and H. turturis for up to 6 weeks.
Sprays or dusts containing 0.5% malathion,
0.25–0.5% carbaryl or 0.01–0.03% HCH
have been effective against adult ticks on
cattle, but the protection lasts for only 1–2
days. ‘Pour-on’ formulations of pyrethroids
can also be applied to cattle to provide
protection against ticks.
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Note
1 This monkey was formerly in the genus
Presbytis.
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La Crosse virus

Barry J. Beaty

La Crosse (LAC) virus is a member of the
California (CAL) serogroup of viruses in the
family Bunyaviridae, which is the largest
family of vertebrate viruses. La Crosse and
the other CAL serogroup viruses are main-
tained in nature in distinct cycles, involv-
ing preferred vector species and vertebrate
hosts, respectively. A notable feature of the
CAL group viruses is their ability to be
trans-seasonally maintained and amplified
by transovarial transmission (TOT) in their
respective vector species.

Distribution
Californian serogroup viruses (14 named
viruses) have been isolated in North and
South America, Africa, Europe and Asia.
La Crosse virus has been isolated from, and
is known to cause encephalitis in, children
in most states east of, or contiguous to,
the Mississippi River in the USA. In the
upper Midwest, LAC virus is vectored by
Ochlerotatus1 triseriatus, with Eastern chip-
munks (Tamias striatus) and Eastern grey
squirrels (Sciurus carolinensis) serving as
the principal vertebrate hosts. Ochlerotatus
triseriatus is known as the tree-hole mos-
quito, and it is widely distributed in the
forested areas of the midwestern, eastern
and southern USA. The vertebrate hosts
are also abundant in these areas. Snowshoe
hare (SSH) virus, which is an antigenic sub-
type of LAC virus, is sympatric with LAC
virus in the northern USA; however, SSH
virus has a distinct natural cycle, involving
Ochlerotatus communis (and other Ochle-
rotatus and Aedes species) or Culiseta
inornata mosquitoes and Snowshoe hares
(Lepus americanus). Other CAL group
viruses are found in Europe, Asia and
Africa and have their own arbovirus cycles,
comprised of preferred vertebrate hosts and
arthropod vectors. For example, in Europe
Tahyna (TAH) virus (see entry) is vectored
by Aedes vexans and other Aedes species.

Virus
La Crosse virus is a member of the Bunya-
virus genus of the family Bunyaviridae.
Bunyavirus virions are 80–100 nm in dia-
meter and enveloped. The negative-sense
genome of bunyaviruses is tripartite, and
consists of large (L), medium (M) and small
(S) RNA segments. The viral nucleocapsids
are circular in configuration, because of
hydrogen bonding of conserved RNA
sequences, with inverted complementarity
at the 3′ and 5′ termini. The L, M and S
RNA segments of LAC (and certain other
bunyaviruses) have been sequenced and
coding assignments determined. The S RNA
segment codes for the nucleocapsid (N)
protein and a non-structural protein NSs,
which are translated from overlapping
reading frames in the viral complementary
sequence. The M RNA codes for a polypro-
tein that is post-translationally processed,
yielding the G1 and G2 glycoproteins and
a non-structural protein NSm. The L RNA
codes for the RNA polymerase.

There is not a lot of information
concerning LAC virus replication. Subse-
quent to virus adsorption, penetration
and uncoating, nucleocapsids are released
into the cytoplasm. The virion-associated
RNA-dependent RNA polymerase initiates
primary transcription. The three messenger
RNA (mRNA) species possess short, non-
viral-coded, primer sequences at their 5′
ends, which are acquired from host mRNA
in both vertebrate and invertebrate cells. The
LAC virion contains a primer-stimulated
RNA polymerase and a methylated cap-
dependent endonuclease, and LAC virus
primes its own mRNA transcription using
scavenged host primers. Transcription of
both S and M mRNA species terminates
approximately 100 nucleotides before the
end of the template RNA. Little information
is available concerning transcription of the L
mRNA species. La Crosse mRNAs are not
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polyadenylated. After translation of the
mRNA species, genome replication begins,
and genome complementary RNA accumu-
lates. Large quantities of viral mRNA (sec-
ondary transcription) and viral structural
proteins are then synthesized. Virus morpho-
genesis involves budding into the cisternae
of the Golgi and virus-containing vesicles
fuse with the plasma membrane and release
of virions.

Clinical symptoms
In most years, LAC virus is the primary
cause of arboviral encephalitis in the USA.
Humans are tangential hosts. La Crosse
virus is a major cause of encephalitis and
aseptic meningitis in children. Most cases
(75%) occur in children under 10 years of
age, and most cases are in boys (2–3 : 1
male : female ratio). The incubation period
is from 7 to 14 days. Infection can yield
clinical symptoms ranging from mild febrile
illness to aseptic meningitis and fatal
encephalitis. Common symptoms include
fever, headache and vomiting, which can
progress to seizures and disorientation.
Approximately 50% of patients hospital-
ized with La Crosse encephalitis have
seizures, and the case fatality rate in these
patients is 1.0%. Recurrent seizures occur
in about 25% of patients who originally
presented with seizures, which is a greater
frequency than that following St Louis
encephalitis or western equine encephalitis
infections (see entries) and is a frequency
equivalent to that resulting from infection
with eastern equine encephalitis (see entry).
Antibody to LAC virus is three times more
prevalent in people institutionalized for
permanent mental disorders than in the
general population. Acute care costs for
patients are significant, and long-term care
costs for individuals with sequelae to La
Crosse encephalitis (e.g. recurrent seizures,
institutionalization) can be enormous. Inte-
restingly, specific genotypes of LAC virus
seem to be associated with human central
nervous system (CNS) infections. The inci-
dence of La Crosse encephalitis in endemic
areas has been estimated at 5–10 per
100,000 population (nearly equal to the rate
for bacterial meningitis of all causes). It is

important to note that LAC virus infections
are grossly under-reported.

As noted previously, other members of
the CAL serogroup are also associated with
human infections and illness (including
encephalitis) in the USA, including SSH,
California encephalitis, Jamestown Canyon,
Keystone (see entries) and trivittatus (TVT)
viruses. There are an estimated 15,000 Cali-
fornia serogroup virus infections annually
in Indiana and 300,000 annually in the
midwestern USA. Tahyna virus (see entry)
is more associated with an influenza-like
illness.

Many other viruses of the family
Bunyaviridae (e.g. Akabane, Crimean–
Congo haemorrhagic fever, Oropouche, Rift
Valley fever (RVF), phlebotomus fevers (see
entries)) are of considerable medical and
veterinary importance. Rift Valley fever and
Akabane viruses are major causes of abortion
and teratology in domestic animals. Cache
Valley virus (see entry) is emerging in the
USA as a cause of abortion and teratology in
animals and perhaps humans.

Diagnosis
La Crosse virus infections have classically
been diagnosed serologically by demonstra-
tion of a greater than fourfold increase in
serum neutralization, haemagglutination
inhibition or complement fixation titres.
Immunofluorescent antibody and enzyme
immunoassay techniques can also provide
diagnostic information using acute and
convalescent sera, but can also give rapid,
clinically relevant diagnosis by detection
of specific immunoglobulin M (IgM) anti-
bodies. Isolation of LAC virus from patients
is rare, and most isolates have been
obtained post-mortem. La Crosse virus can
also be detected in specimens by reverse-
transcription–polymerase chain reaction.
The gold standard for serological diagnosis
of LAC virus infections is demonstration of
a more than fourfold increase in serum
neutralization titres. Upon presentation, dif-
ferential diagnosis includes herpes enceph-
alitis and CNS tumours. Thus, provision of
clinically relevant diagnostic capability for
LAC virus infections is a significant advance
and prevents administration of DNA
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antagonists or surgery, respectively, due to
misdiagnosis.

Transmission
Ochlerotatus triseriatus mosquitoes trans-
mit LAC virus orally, transovarially and
venereally (Fig. 1). The anatomical bases of
LAC virus productive infection (i.e. virus
infection and replication in mid-gut cells,
dissemination to and infection of epidemio-
logically significant target organs and sub-
sequent oral transmission or TOT) in O.
triseriatus have been described. Detection
of viral antigen in salivary glands, ovarian
follicles and accessory sex glands provided
anatomical explanations for oral, transovar-
ial and venereal transmission of LAC virus.
Multiple barriers to productive viral infect-

ion of vectors have been demonstrated: a
mid-gut infection and dissemination barrier,
and salivary gland infection and dissemina-
tion barriers. The G1 and G2 glycoproteins
are the determinants of mid-gut infection.

California serogroup bunyaviruses and
their vectors share an unprecedented host–
parasite relationship. The viruses are very
efficiently transovarially transmitted by
their respective vectors. The discovery of
LAC virus overwintering in diapaused eggs
of O. triseriatus was a major advance
in arbovirology. In laboratory studies, the
viruses seem to exert no significant observ-
able deleterious effect on the developing
oocytes and embryos, even during critical
periods of embryogenesis, follicular resting
stages (ovarian diapause) and diapause.

La Crosse virus 263

Fig. 1. The dissemination of La Crosse virus in Ochlerotatus triseriatus (modified from Beaty, B.J. and
Marquardt, W.C. The Biology of Disease Vectors. University Press of Colorado, Niwot, 1996).
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However, when transovarially infected
embryos were compared with non-infected
mosquitoes in their ability to successfully
overwinter in a natural site, there was
increased mortality in the infected mos-
quitoes. None the less, >50% of infected
mosquitoes successfully overwintered.

Indeed, the virus may persist for several
years in the eggs. Detection of LAC viral anti-
gen in ovarian follicles has demonstrated
that transmission is transovarial. Antigen
detection and in situ hybridization in
sections of ovaries from LAC virus transo-
varially infected O. triseriatus revealed LAC
virus antigen and RNA in most ovarian
tissues, including follicular epithelium,
germaria, oocytes, nurse cells and calyx. The
molecular basis of TOT has been elucidated;
LAC and host transcription are coregulated.
Thus, during diapause, LAC transcription is
reduced, thereby enhancing successful over-
wintering of transovarially infected larvae.

Transovarial transmission of LAC virus
is especially important, because this mode of
transmission functions to maintain, amplify
and overwinter CAL group viruses. Further,
differential TOT rates could have major epi-
demiological consequences. Ovarian infec-
tion and transmission barriers could dramat-
ically influence arbovirus cycle integrity,
maintenance and transmission potential of
bunyaviruses. These factors could also con-
dition the vector host range and distribution
of bunyaviruses. For example, geographical
strains of O. triseriatus differ in their ability
to transmit LAC virus transovarially;
O. triseriatus from Connecticut transo-
varially transmits LAC virus less efficiently
than that from Wisconsin, directly reflecting
the distribution and endemicity of the virus.

Treatment
Treatment is typically symptomatic and
follows general paediatric and critical-
care measures. Recognition and appropriate
treatment and management of seizures
and intracranial pressure associated with
cerebral oedema can be critical. Brain
herniation can result from increased cranial
pressure, which typically occurs soon after
hospitalization. Ribavirin has been used to
treat LAC virus infections. Administration

of anticonvulsants for up to a year
can decrease post-encephalitic epilepsy
dramatically.

Control
There is no vaccine for LAC virus, which is
unfortunate. A killed virus vaccine could
easily be prepared and administered to
children in areas of La Crosse endemicity.
A killed virus vaccine could provide protec-
tion through puberty, thereby protecting
children during the years when they are
most susceptible to severe disease. Control
is limited to prevention of mosquito bites,
by encouraging children in endemic areas
to wear long-sleeved shirts and long trou-
sers, by the application of insect repellents
and by discouraging playing in wooded
areas, etc.

However, one of the unheralded
successful control efforts of a vector-borne
disease was the inititation of a vigorous
source reduction campaign in La Crosse
County, Wisconsin, after the natural cycle of
the virus had been revealed. Removal of old
tyres and other man-made breeding sites,
implementation of laws mandating cleaning
up of breeding sites, closure of tree holes and
other breeding sites with cement, surveil-
lance for O. triseriatus near premises experi-
encing infections and removal of the breed-
ing sites, coupled with a vigorous public
health education programme, virtually elim-
inated La Crosse encephalitis cases in the
county. This occurred even in the face of
increased population growth and movement
of people into the forested area breeding
sites of the vector.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Langat virus

E.A. Gould

Langat (LGT) virus infects rodents, particu-
larly ground rats (Müller’s rat (Rattus
muelleri validus) and the Noisy rat or
Long-tailed rat (Rattus sabanus vocif-
erans)). It is not known to cause overt dis-
ease in rodents in their natural environ-
ment, but young laboratory mice inoculated
intracerebrally with the virus develop
encephalitis and paralysis. Most of these
infections result in death. The virus does
not appear to infect mammalian species
other than rodents in the wild; however, it
is found in Ixodes and Haemaphysalis ticks
in Malaysia. Under laboratory conditions,
some other animal species are susceptible
to infection and a proportion of human
volunteers also developed encephalitis
following experimental inoculation.

Distribution
The word Langat refers to the name of
the forest in Malaysia where the prototype
virus, TP21, was isolated from a pool of
Ixodes granulatus collected from two
species of Malaysian forest rats, R. muelleri
validus (Müller’s rat) and R. sabanus
vociferans (Long-tailed or Noisy rat). As far

as is known, LGT virus occurs only in
Malaysia and further north in neighbouring
Thailand, where it was isolated from a pool
of Haemaphysalis papuana collected from
the underside of leaves on the edge of
the forest in the Khao Yai National Park,
approximately 150 km north-east of Bang-
kok. An unpublished report of its isolation
in Siberia in 1974 has never been confirmed
or repeated, and current scientific opinion,
based on studies of the evolution and dis-
persal of the flaviviruses, does not support
the view that LGT virus occurs naturally in
Siberia. Ixodes species of ticks that feed on
and thus transmit the virus to indigenous
rodents survive in the moist undergrowth
and rotting vegetation of the Malaysian
forests. The ticks have a life cycle lasting
3–5 years. If during the first stage, i.e. the
larval stage, they become infected by feed-
ing on infected rodents, they may remain
infected and capable of transmitting LGT
virus to uninfected rodents throughout the
nymphal and adult stages (trans-stadial
transmission). A very low proportion of
eggs may also become infected and pass the
virus transovarially to the larval stage in the
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following cycle. It is now known that
tick-borne flaviviruses, including LGT
virus, may also be transmitted from infected
to non-infected ticks when they co-feed on
either susceptible or insusceptible animals.
Thus LGT virus has evolved strategies for
survival that ensure its perpetuation in the
natural environment, even though the con-
ditions may at times not favour efficient
transmission.

Virus
The genus Flavivirus comprises approxi-
mately 70 recognized viruses, many of
which are transmitted by mosquitoes rather
than ticks, and some have no known arthro-
pod vector. Langat is a tick-borne flavivirus,
in the family Flaviviridae. It is both
antigenically and genetically most closely
related to a group of viruses collectively
known as the tick-borne encephalitis (TBE)
virus complex (see Tick-borne encephali-
tis). The virions have a diameter of approxi-
mately 50 nm and a spherical appearance
under the electron microscope. The virions
contain a positive-sense, single-stranded
RNA genome, about 10.5 kb in length,
which is inside a capsid (C) protein. This
is enclosed by an outer lipid membrane,
which supports dimers of envelope (E)
glycoprotein, which are intimately associ-
ated with membrane protein (M). The viral
RNA also encodes seven non-structural
proteins, NS1, NS2a, NS2b, NS3, NS4a,
NS4b, NS5, which encode the replicative
functions of the virus, such as RNA transla-
tion, proteolytic processing of the translated
polyprotein and RNA replication (for a
representation of the genome strategy, see
Fig. 2 of louping ill virus). Virus assembly
and maturation take place in the cytoplasm
of infected cells. There have been reports
of virus-specific nuclear antigen in cells
infected with several different flaviviruses,
but these have not yet been satisfactorily
explained.

Virus replication
Cells become infected when virions
attach, via the envelope glycoprotein, to

as yet unidentified cellular receptors. The
attached virions are engulfed in endosomal
vesicles, the relatively low pH of which
causes a conformational change in the
envelope protein, leading to its fusion with
the endosomal membrane and releasing the
viral RNA into the cytoplasm to initiate the
translational and transcriptional processes.
The positive-sense virion RNA acts as the
messenger RNA (mRNA) and is translated
as a polyprotein, which is either concur-
rently or subsequently proteolytically
cleaved by virus-encoded and/or host cell
proteases. The helicase (NS3) and the RNA-
dependent RNA polymerase (NS5) form a
replication complex with transcribed RNA
and the cycle is repeated to accumulate
structural proteins and progeny RNA,
which are assembled into virions prior
to release from the cell. Maturation of
the virions occurs in association with the
membranes of the endoplasmic reticulum.
The pre-membrane (PrM) protein becomes
intimately associated with envelope pro-
tein, which, in this form, remains inert
to the relatively low pH at the endosomal
membranes. As the maturing virus particles
are released from the cell, the PrM protein is
cleaved to M protein, resulting in develop-
ment of the mature conformational form of
the E protein on the surface of the virion.

Clinical symptoms
There is no evidence that LGT virus has
infected humans in the natural environ-
ment. This is probably because either: (i)
humans are rarely exposed to the virus via
the bite of an infected tick, or (ii) infected
humans develop only mild or subclinical
infections and therefore do not report to
hospital for examination. Several published
papers state that LGT virus, prototype strain
TP21, is naturally attenuated for humans;
however, it can cause disease in experimen-
tally inoculated humans. Several infected
volunteers with leukaemia developed fever,
leucopenia and encephalitis, but reports in
Russia of trials with LGT virus as a vaccine
showed that the virus induced protection
against an encephalitic tick-borne virus in
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88% of the volunteers, with no untoward
reactions. Virulence comparisons, in mon-
keys or mice, of LGT virus with European
and Far East Asian strains of TBE complex
viruses have shown LGT virus to be
the least neurovirulent and the least
neuroinvasive virus.

Pathogenesis
Histopathological lesions in mice experi-
mentally inoculated with LGT virus
included perivascular cuffing and neuronal
damage in the cerebrum and anterior horns
of the thoracic and cervical cord.

Diagnosis
In theory it is difficult to differentiate sero-
logically between antibodies produced in
response to infection with LGT virus and
those raised against other TBE complex
viruses, because they are all genetically
closely related. However, the presence of
antibody to LGT virus in humans or rodents
would be a reliable indicator of infection
by this virus, since the other TBE complex
viruses are not found in Malaysia or
Thailand. Infection by LGT virus can be
confirmed by virus isolation, either follow-
ing intracerebral infection of newborn mice
or infection of susceptible tissue culture
cells. Since there are no unique monoclonal
antibodies for identification of LGT virus by
immunofluorescence microscopy, absolute
identification requires nucleotide sequenc-
ing. Presumptive confirmation of infection
can be obtained in a seroconversion assay
either by neutralization of infectivity, com-
plement fixation, haemagglutination inhibi-
tion or an enzyme-linked immunosorbent
assay (ELISA), using acute and convales-
cent sera.

Transmission
Langat virus was isolated from the hard tick
Ixodes granulatus in Ulu Langat Forest
Reserve, Malaysia, and from Haemaphy-
salis papuana in central Thailand. Analysis
of I. granulatus obtained from other areas
of Malaysia failed to reveal LGT virus, sug-
gesting that the virus is not particularly

widespread throughout the entire region
of Malaysia. However, this could simply
reflect the limited number of ticks analysed,
because various species of ground rats
throughout Malaysia have been found to
have antibody against LGT virus, albeit at
a low frequency. The virus has also been
shown experimentally to be transmissible
by Ixodes ricinus, Dermacentor marginatus
and Haemaphysalis spinigera.

Langat virus transmission to ticks is
believed to occur when a viraemic rodent
is fed upon by an appropriate non-infected
tick. If, for example, the infected tick is a
larva, it then drops off the rodent, retires to
the moist undergrowth and, after a suitable
interval, depending on temperature, humid-
ity and time of season, moults to the next
stage in its life cycle, i.e. the nymphal stage.
The virus survives this trans-stadial process
and may subsequently be transmitted to a
non-infected rodent when the nymphal tick
takes a blood meal. The moulting process is
repeated to produce an infected adult, which
subsequently takes a blood meal and lays its
eggs. The entire life cycle can take between 2
and 5 years, depending upon the environ-
mental conditions. While it is not known
how long LGT virus can survive in infected
rodents, there is good evidence that other
TBE complex viruses can produce persistent
infections in the Bank vole (Clethrionomys
glareolus), the Wood mouse (Apodemus
sylvaticus) and the Yellow-necked mouse
(Apodemus flavicollis). However, as yet,
there is no evidence that such persistently
infected animals can transmit the virus to
ticks during feeding.

Transmission of LGT virus in rodents
between infected and non-infected co-
feeding ticks has been shown to take place
experimentally in the laboratory at a low
frequency. In fact, this mode of transmission
may be the main mechanism by which
the virus survives and perpetuates, because
Malaysian ground rats do not appear to
develop high-titre viraemias when infected
by LGT virus. Because most flaviviruses
seem to be capable of causing infection
in mammalian hosts by the oral route,
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transmission by oral infection – for example,
when rodents eat infected ticks – is a third
possible mechanism, although it is likely to
be a very infrequent event.

Epidemiology
Langat virus has never been reported as
a natural infection of humans, probably
because: (i) the virus does not produce
severe clinical symptoms in naturally
infected humans; and (ii) very few humans
are exposed to LGT virus because only
a low proportion (probably less than 1%)
of ticks are infected. There have been few
studies on LGT virus in the forests of Malay-
sia but the evidence suggests that rodents
do not develop significant clinical signs
when exposed to the virus. It is therefore
presumed that LGT virus persists in a
relatively silent form in its natural
environment.

Susceptibility of other animal species
Most flaviviruses will infect a wide variety
of laboratory animals, such as monkeys,
mice, rats, hamsters and some bird species,
often causing encephalitis. In addition,
humans inoculated with LGT virus show
clinical evidence of infection. Ixodes
species have quite catholic preferences and
are therefore likely to feed on a wide range
of animal species in the Malaysian jungles.
Nevertheless, there is no serological evi-
dence that wild animals other than rodents
are exposed to or are susceptible to infec-
tion by LGT virus.

Treatment
Because LGT virus does not appear to be a
problem for humans in Malaysian forests,
no specific treatment has been developed.
However, in laboratory mouse experiments,
passive antibody administration increased
LGT virus prevalence. It was suggested that
this enhancement of virus titre resulted
from immunosuppression of the host

following exposure to high-titre antibody.
Moreover, in some parts of Europe, people
known to have been bitten by ticks in
regions where TBE is prevalent were offered
immune human immunoglobulin as a
prophylactic measure against the disease.
However, suggestive evidence that these
measures might cause disease enhancement
rather than amelioration led to the recom-
mendation by the World Health Organiza-
tion (WHO) that this practice should no
longer be continued. It is thought that
the injected immunoglobulin may cause
virus–antibody complexes, resulting in
pathology when such complexes occur on
the surface of infected central nervous
system cells.

Control
Humans are only likely to be at risk from
infection by LGT virus if they become
exposed to infected ticks by walking
through or resting in areas of the forests
where the undergrowth provides ideal con-
ditions for tick survival. For hikers or forest
workers, the use of protective clothing,
such as boots and thick socks, and the
application of tick repellents or acaricides
to exposed areas or clothing should reduce
the risk of infection.
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Latrine-fly see Flies.
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Leishmaniasis

R.W. Ashford

Definition
Disease in humans or other animals caused
by infection with protozoan parasites of the
genus Leishmania. The 20 or so species of
Leishmania which infect humans and
domesticated animals cause numerous
distinct diseases, collectively known as
the leishmaniases.

Leishmaniasis, human

The main clinical varieties of leishmaniasis
caused by Leishmania in humans are as
follows:

• Cutaneous leishmaniasis (CL) or orien-
tal sore, which may be anthroponotic,
caused by L. tropica (in Asia) or
L. peruviana, or zoonotic, caused by
L. tropica (in Africa), L. major,
L. aethiopica, L. mexicana, L. amazo-
nensis, L. panamensis, L. guyanensis or
L. braziliensis.

• Visceral leishmaniasis or kala azar,
which may be infantile, caused by
L. donovani infantum, or have little
age specificity, caused by L. donovani
donovani. Leishmania d. infantum
affects people of all ages who are suffer-
ing from immunosuppressive disease.

• Mucocutaneous leishmaniasis or
espundia, usually caused by L. brazi-
liensis, following cure of the initial
oriental sore.

• Post-kala azar dermal leishmaniasis
(PKDL), caused by L. d. donovani
following cure of the initial visceral
leishmaniasis.

• Diffuse cutaneous leishmaniasis
(DCL), caused by L. aethiopica or
L. amazonensis.

Numerous other species of Leishmania
have been described, mostly from Central or
South America, rarely infecting humans
or domesticated animals and usually
responsible for simple cases of cutaneous
leishmaniasis.

Distribution
The leishmaniases occur in more than 100
countries, from warm temperate through
subtropical to tropical climates. South-East
Asia and Australasia are the only large areas
with suitable climates where the diseases
are absent. Visceral leishmaniasis is con-
centrated in eastern Africa, particularly
Sudan and Kenya, and, on the Indian
subcontinent, in Bangladesh, north-east
India and Nepal. Post-kala azar dermal
leishmaniasis has a similar distribution,
though the proportion of treated kala azar
cases that develop this condition varies.
Infantile visceral leishmaniasis is character-
istically circum-Mediterranean in its distri-
bution, extending east through south-west
Asia to China, and west to Central and
South America, where most cases occur in
north-east Brazil. This last form is increas-
ingly rare in its classical infantile form,
but has expanded to infect adults who
are infected with the human immuno-
deficiency virus (HlV) or who are otherwise
immunocompromised.

Both anthroponotic and zoonotic CL, in
the Old World, are mostly found in arid or
semi-arid areas. The former occurs, usually
as epidemics, in the densely populated cities
of central and west Asia, from Aleppo
in Syria to Kabul in Afghanistan, while
the zoonotic form is characteristic of semi-
desert rural areas, in both Asia and North
Africa, where colonies of the reservoir hosts
are found.

Cutaneous leishmaniasis due to L. mexi-
cana, L. amazonensis or L. braziliensis
is widely distributed in South and Central
America. The precise distribution is focal
and depends mainly on the presence of suit-
able vectors and reservoir hosts. Leishmania
braziliensis has recently expanded to peri-
urban foci, where it appears to be dependent
on domesticated dogs and possibly equines.

Each of the other forms of leishmaniasis,
such as CL due to L. aethiopica in the high-
lands of Ethiopia or due to L. peruviana in
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the western Andes, has a focal distribution,
depending on the presence of reservoir hosts
and/or vectors in sufficient number and
proximity to humans.

The dependence of all forms of
leishmaniasis on a limited choice of sand-fly
vectors and of most forms on wild or
domesticated reservoir hosts leads to a
strong correlation between leishmaniasis
and environmental features, notably clima-
tic and vegetation zones. Only where
populations of vectors and reservoir hosts
coincide can the parasite survive.

Parasite
Parasites of all species of Leishmania are
morphologically similar and, while pre-
sumptive identification may be made on
circumstantial grounds, biochemical analy-
sis is required for formal identification at
species level. All species inhabit the retic-
uloendothelial cells of a vertebrate host and
the gut of a phlebotomine sand-fly. There
are two main stages in the life history: the
amastigote and promastigote. Amastigotes
are intracellular, rounded, some 5 µm in
diameter, containing a single nucleus, a
kinetoplast and a flagellar pocket with the
rudiments of a flagellum. Amastigotes are
the form found in the monocytes and
macrophages of the vertebrate host. They
divide repeatedly and spread to new cells
when the initial host cell bursts.

In the sand-fly host the amastigotes in
the blood meal transform to promastigotes.
These are longer, with a central nucleus
and anterior kinetoplast and with a well-
developed flagellum, which is used either
for propulsion or for attachment. Both
amastigotes and promastigotes divide
repeatedly by longitudinal binary fission.

Promastigotes may be cultured in vari-
ous media, mostly containing defibrinated
blood and inactivated serum. Amastigotes
can be cultured in appropriate cell cultures.
Identification requires analysis of electro-
phoretic migration patterns of isoenzymes,
though confirmation of presumptive identi-
fication can sometimes rely on monoclonal
antibody or DNA probes, the latter with
or without polymerase chain reaction (PCR)
amplification. Neither DNA nor monoclonal
probes have yet attained sufficient reliability
to replace isoenzyme analysis.

Clinical symptoms and signs
Oriental sore or cutaneous leishmaniasis
first appears as a persistent insect bite.
Gradually the lesion enlarges, remaining
red, but without noticeable heat or pain
(Fig. 1). Resolution of the lesion involves
immigration of leucocytes, which isolate
the infected area, leading to necrosis of the
infected tissues and the formation of a heal-
ing granuloma in the floor of the lesion. The
necrotic process may be rapid, causing a
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Fig. 1. Cutaneous
leishmaniasis: the
lesions of Leishmania
major infection are
painless, but are
very unsightly for
the 3 months of their
duration. Infection is
followed by immu-
nity to reinfection.
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large open wet ulcer (especially L. major
and L. braziliensis), or may be more indo-
lent, without frank ulceration (L. tropica,
L. aethiopica, L. peruviana). Natural cure
without treatment is the rule, but the time
taken varies greatly according to the iden-
tity of the parasite and the site of the lesion.
Similarly, the size of the lesion may vary
between millimetres and centimetres in
diameter. It is not unusual, especially with
L. major infection, for numerous lesions to
occur simultaneously, causing great disfig-
urement and distress. Oriental sore is not
usually associated with systemic signs or
symptoms, but draining lymph nodes may
become enlarged and lesions may spread
along lymphatic ducts (L. guyanensis).

Oriental sore caused by L. tropica or
L. major is not usually associated with
detectable serological response. A skin-test
response develops prior to final cure and
remains for many years. Cured patients
remain immune to the homologous infection
for many years.

Kala azar or visceral leishmaniasis is
sometimes preceded by a dry or ulcerating
lesion at the site of the infective bite. Sys-
temic signs of intermittent medium-grade
pyrexia, anaemia, splenomegaly, hepato-
megaly and progressive cachexia develop
at variable rates, between weeks and years
following infection (Fig. 2). Less constant
signs include lymphadenopathy and persis-
tent diarrhoea. The outcome of fully devel-
oped visceral leishmaniasis is death, usually
due to concomitant infection resulting from
the weakened state of the subject. There
is, however, increasing evidence that many
people who become infected never develop
full-blown disease and they recover sponta-
neously. The proportion of these subclinical
cases varies from almost 100% with L. d.
infantum infection in otherwise healthy
adults to less than 25% during epidemics of
kala azar in Africa. However, this resistance
to infection is eliminated by the HIV virus,
and L. d. infantum infection in acquired
immune deficiency syndrome (AIDS)
victims may present in many and bizarre
ways.

Although full-blown kala azar is usually
fatal, it is associated with a very strong

serological response, to the extent that the
albumin/globulin ratio is reversed. The
raised serum proteins are used diagnosti-
cally in a non-specific formol-gel test. Cured
cases develop a positive skin-test reaction,
which is frequently used for retrospective
epidemiological study, though there is evi-
dence that this may be lost in a few years. In
endemic areas or during epidemics, many
apparently healthy people may develop pos-
itive serology and, subsequently, skin-test
reactions. This is the best evidence for the
subclinical cases mentioned above.

Mucocutaneous leishmaniasis is occa-
sionally reported from Sudan and other Old
World foci. Here, it seems that the lesion
commences at the site of a bite on or close
to a mucosal surface. Occasional infections
with L. d. infantum are reported from the

Leishmaniasis 271

Fig. 2. Infantile visceral leishmaniasis. The out-
lines of the enlarged liver and spleen are marked on
this Libyan child’s abdomen. Although the child
does not feel very sick, the outcome of Leishmania
donovani infantum infection is almost invariably
fatal without long and expensive treatment.
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tonsils or buccal mucosa. It is tempting to
suppose that these originate from acciden-
tally inhaled sand-flies.

Classical mucocutaneous leishmania-
sis, or espundia, is, however, restricted to
L. braziliensis infections, in which, follow-
ing the apparently complete resolution of
the initial oriental sore, sometimes many
years later, metastatic lesions appear on the
buccal or nasal mucosa. The mucosa and
associated cartilage are gradually eroded
until much of the face may be destroyed
(Fig. 3). The initial symptom is mild irrita-
tion of the tip of the nose or other affected
surface. Parasites are difficult to find in these
lesions, but a history of cutaneous leish-
maniasis, supported by positive serology or
skin test, is an important sign.

Post-kala azar dermal leishmaniasis is
normally a sequel to kala azar that has been

cured by treatment. Occasional cases of
PKDL are reported with no history of kala
azar. It usually appears within 2 years of the
complete cure of the visceral infection, and
commences with the appearance of mottling
of the skin, like freckles.

Diffuse cutaneous leishmaniasis is
restricted to Venezuela and the Dominican
Republic and to Ethiopia and Kenya. It is
usually a manifestation of infection with
parasites that normally cause simple cutane-
ous leishmaniasis, associated with a specific
anergy or immunological lack of response.
The lesions may be restricted, perhaps to the
border of an ear, or may be widespread
all over the body. They are raised macules
or patches of thin skin, which, although
painless, are grossly disfiguring. The initial
Ethiopian cases described were at first mis-
diagnosed as suffering from lepromatous
leprosy. Characteristically, parasites are
very numerous in the lesions.

Diagnosis
In places where they are well known and
endemic, or during epidemics, all three
main forms of leishmaniasis – cutaneous,
mucocutaneous and visceral – can be diag-
nosed with some reliability by clinical
examination, backed, in visceral leish-
maniasis, by a blood count showing
anaemia and leucocytopenia. Confirmation
of the diagnosis of any of the leishmaniases
generally depends on the demonstration of
the amastigote parasites in infected tissue.
Specimens examined are usually skin
biopsies or aspirates from bone marrow
or spleen. The collection of specimens
requires careful preparation and training.
The parasites may be demonstrated in
stained microscopical preparations or in
culture.

Transmission
All forms of leishmaniasis are transmitted
by phlebotomine sand-flies (see entry). The
amastigote parasites are ingested with a
blood meal, and proceed to divide in the
sand-fly gut. Very soon they transform to
promastigotes, which continue to multiply
rapidly. Some 3 days following a feed, the
sand-fly defecates the remnants of the blood

272 Leishmaniasis

Fig. 3. Mucocutaneous leishmaniasis is caused by
a relapse of infection with Leishmania braziliensis.
The mucosa and associated cartilage are gradually
destroyed, giving rise, in this Peruvian case, to the
characteristic appearance of ‘tapir nose’.
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meal. At this stage, any unattached para-
sites are voided. The parasites which are to
survive attach themselves by their flagellae
either to the microvilli of the mid-gut or to
the cuticular surface of the anterior part of
the hind-gut, the hind-gut triangle or the
pyloric valve. In either case, following defe-
cation, the parasites detach themselves
from the gut wall and again divide repeat-
edly, eventually attaching themselves to
the chitinous piece of fore-gut that extends
into the mid-gut, the cardiac valve. At this
stage, some parasites become differentiated
as ‘metacyclic’ forms, which are unattached
and fast-swimming, with a small body
and long flagellum. Transmission depends
on the injection of these metacyclic forms
when the sand-fly next takes a blood meal.

In addition to blood, sand-flies feed
on honeydew, which they lap from leaf
surfaces, and on sap, for which they probe
leaves or petioles. The precise nature of this
sugar meal may determine whether or not
parasites survive in the fly.

It is generally thought that sand-flies
remain infected for life, but there is evidence
that infected flies have difficulty feeding,
and their lifespan is reduced. A subsequent
feed on bird blood may ‘cure’ an infected fly.

Transmission can readily be achieved
by inoculation of infected material from one
person to another. It was common practice in
south-west Asia to deliberately infect young
girls with material from an oriental sore, so
that their lesion would be in an inconspicu-
ous place, and they would subsequently be
immune. More recently there is evidence
that much of the visceral leishmaniasis
associated with HIV infection in southern
Europe is transmitted by sharing of contami-
nated needles and syringes for the misuse of
drugs.

The reported transmission both by
venereal contact and by blood transfusion is
of little, if any, general significance.

The various combinations of vector and
reservoir host which maintain the various
Leishmania species in different habitats and
geographical areas allow the stratification
of the leishmaniases into ‘nosodemiological
units’, a simplified version of which is given
in Table 1.

Treatment
Treatment of any of the leishmaniases is
slow and expensive. The first-line drugs are
compounds containing pentavalent anti-
mony, such as sodium antimony gluconate.
These are delivered over a period of 20 days
or more, either by intravenous injection
(for visceral leishmaniasis or severe CL)
or by injection into the periphery of single
lesions. Second-line treatment, when anti-
mony is ineffective or contraindicated, uses
amphotericin B, allopurinol, pentamidine
or paromomycin (monomycin)  in  diverse
combinations and formulations. Recom-
mended dosages are not given here, as they
are subject to frequent change and to local
variation.

Cheap, effective, short, preferably oral
treatment for visceral leishmaniasis and
topical treatment for CL are urgent
requirements.

Control
There has rarely been any systematic
attempt to control transmission of leish-
maniasis and even more rarely any effective
evaluation. The minimal control measures
recommended by the World Health Organi-
zation (WHO) for all forms of leishmaniasis
are the establishment of efficient passive
case detection and treatment, where
indicated, accompanied by an efficient
reporting and recording system. Active
case detection is indicated in areas with
poor health services or during spreading
epidemics.

As far as is known, all vector species
are susceptible to commonly used insecti-
cides, including DDT. Residual insecticides
sprayed on internal surfaces of houses
and outhouses are highly effective for
controlling synanthropic sand-flies, such
as Phlebotomus argentipes, Phlebotomus
sergenti and certain populations of Phlebo-
tomus papatasi and Lutzomyia longi-
palpis. Control of sylvatic species is much
more difficult, and usually impractical.
Occasionally reduction of reservoir host
populations is effective in reducing human
infection but, more frequently, the best
recommendation is to site barracks or
camps appropriately and to use personal
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protection against sand-fly bites whenever
necessary.

Although cutaneous leishmaniasis is
usually self-curing and not life-threatening,
individual cases may be psychologically and
socially damaging, and epidemics may be
seen as a major, if localized, public health
priority. Attempts to control urban, anthro-
ponotic CL have used house-spraying with
residual insecticides. While this should
be effective and was effective in Soviet
Azerbaijan in the 1950s, more recent efforts
have been inadequately thorough and have
failed.

Zoonotic CL was controlled in Soviet
Central Asia by aerial survey, followed by
ground survey, to identify rodent colonies,
which were then eliminated by deep plough-
ing or by poisoning. Attempts to do the same
in Arabia and North Africa, where there is a
different reservoir host, have given ambiva-
lent results. In South American foci, control
is even more difficult. Clearance of forest
surrounding new settlements has been effec-
tive  but,  contrary  to  earlier  expectations,
forest clearance has sometimes led to
peri-domestic transmission rather than to
the elimination of the infections.

In the Indian region, visceral leish-
maniasis should be controllable by house-
spraying, as the vector is strictly synan-
thropic. Indeed, it is claimed that the disease
almost disappeared during the 1960s as
an incidental result of malaria control
measures. Visceral leishmaniasis in Africa,
on the other hand, is much more difficult
to control as the vectors are sylvatic and
the disease occurs in irregular epidemics in
impoverished peripheral communities. The
best that can be done in these circumstances
is to ensure the availability of diagnosis and
cure with, perhaps, the provision of fine-
mesh bed-nets for individual protection,
preferably impregnated with a pyrethroid
insecticide.

What was probably L. d. infantum infec-
tion was effectively eliminated in China in
the 1950s by the almost complete elimina-
tion of dogs. This has not been attempted
elsewhere, and the detection and elimina-
tion of infected dogs has failed to reduce
transmission in Brazil.

There are no effective vaccines for
leishmaniasis, despite considerable effort.
Trials have been conducted on vaccines
against L. major infection in Iran with
equivocal results, and a product has been
tested for protection against L. braziliensis
infection in Brazil. Deliberate infection, or
leishmanization, is mentioned above. This
procedure was carried out on millions of
Iranian military recruits, but was abandoned
by certain other armies when a small
proportion of subjects developed unsightly,
spreading, intractable lesions.

Leishmaniasis, animal
The dog is the domesticated animal most
affected by leishmaniasis. In some parts of
southern Europe, it is difficult to maintain
dogs due to the intensity of transmission
and the expense of treatment. Equines are
affected in localized areas of South and
Central America, and there are various
reports from cats. Isolated reports of
leishmaniasis in sheep and goats (Kenya),
cattle (Zimbabwe) and buffaloes (India) are
unconfirmed by replication and are of
unknown significance.

Dogs may be infected with several
Leishmania species causing cutaneous
disease, but the most important canine
leishmaniasis is that caused by L. d.
infantum, canine viscerocutaneous leish-
maniasis (CanL).

Canine viscerocutaneous leishmaniasis (CanL)
Distribution

Canine viscerocutaneous leishmaniasis is
mainly found in the Mediterranean basin,
extending eastwards into central Asia. Its
distribution is focalized within this range,
with particular concentrations in southern
Spain, southern France, western and south-
ern Italy and certain Greek islands. The
infection is also widespread in South and
Central America, where it must have been
imported from Europe. The detailed distri-
bution of the infection must be determined
by that of each of the several sand-fly
vectors, which, in turn, are each associated
with specific bioclimatic and vegetation
zones.
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Parasite
The parasite causing CanL is the same
as that causing human infantile visceral
leishmaniasis, L. d. infantum. The parasite
in South America is identical; some authors
insist on using the specific name chagasi for
the New World parasite, but this is a junior
synonym of infantum, and its use has no
justification. Variants of this parasite have
differential pathogenic potential in humans,
but the spectrum of canine disease appears
to be unrelated to parasite strain. The infec-
tious process in the dog is such that the
dog is an excellent source of parasites for
transmission. This contrasts with humans,
in whom parasites can rarely be found
in the blood or skin. The dog is clearly
the main vertebrate host in the ecological
reservoir of infection, and so is the main
reservoir host.

Clinical symptoms
Canine viscerocutaneous leishmaniasis
affects dogs of all breeds, though it is more
frequent in those which are selected for
rural pursuits. The initial sign of infection
may or not be a small ulcerating lesion at
the site of the infective bite, usually on the
muzzle or the ear. Alternatively, the first
sign may be serological positivity. This is
followed by a progressive disease, with
swelling of the lymph nodes, intermittent
pyrexia, wasting, depilation, which com-
mences around the eyes, giving a spectacled
appearance, and overgrowth of the claws. In
the last stages, the animal presents a sorry
sight of wasting and depilation, but none
of the signs is diagnostic. The disease may
resolve at any stage, but late resolution is
exceptional. Even with treatment, complete
resolution of advanced cases is unusual.
Many animals apparently become infected
and even infectious without showing any
sign of disease.

Diagnosis
The signs and symptoms are reasonably
pathognomonic when they all occur
together in an otherwise healthy endemic
area.   However,   many   presentations   are
atypical, and demonstration of the parasite
is desirable before embarking on a long

and expensive course of treatment. Confir-
mation depends on the demonstration of
parasites in aspirates, usually from bone
marrow or lymph nodes; they may be seen
in stained microscopic preparations or in
culture medium. Asymptomatic dogs are
frequently found by active case detection.
These cases can only be diagnosed prospec-
tively, usually by serology, followed by
confirmatory parasitology.

Several serodiagnostic tests are rou-
tinely performed at specialized laboratories.
It is preferable to duplicate the tests, as the
results obtained by different methods are not
always in agreement.

Transmission
As with human leishmaniasis, transmission
is normally by the bite of a phlebotomine
sand-fly. It may be that alternative methods
occur exceptionally, as indicated by the rare
infection of dogs in sand-fly-free areas. In
many parts of southern Europe, the trans-
mission rate is so high that it is difficult to
keep dogs.

Treatment
This involves the use of the same antimony
compounds as for humans, but is less effec-
tive and usually requires to be repeated
annually. Good nutrition and lack of stress
are important factors in maintaining the
health of infected dogs.

Control
Control of transmission has two potential
purposes: to reduce the likelihood of
human disease and to protect the dogs
themselves. The human disease is usually
very rare and is closely dependent on age
and nutritional state; improved lifestyles
in southern Europe since the 1950s have
almost eliminated the infantile disease. It
is normally preferable, and even more eco-
nomical, to alleviate human deprivation
and to identify and treat patients than to
control transmission. The most important
action in the protection of people from this
canine zoonosis is to ensure that all human
infections can be correctly and rapidly diag-
nosed and treated. This is a far from trivial
undertaking even in endemic areas and, in
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exotic areas, correct initial diagnosis is the
exception rather than the rule.

In areas of high transmission, protection
of individual dogs is very difficult, and
protection of the dog population is out of
the question. Elimination of sick dogs is
ineffective, as many dogs are infectious
before they show symptoms, and valuable
working dogs or pets will be withheld.

The relaxation of quarantine restric-
tions on animals entering the UK is likely
to lead to increasing numbers of dogs
visiting endemic areas in southern Europe.
Increased awareness among veterinary prac-
titioners in UK is actively being promoted
in advance of this problem.
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Leucocytozoonosis

Ellis C. Greiner

Leucocytozoonosis is the infection of birds
with blood-inhabiting protozoa of the genus
Leucocytozoon. Five of 58 species of Leuco-
cytozoon infect domesticated galliform and
anseriform birds. Some of these are known
to be pathogenic, but the impact on avian
health of the others is unknown.

Leucocytozoon simondi infects water-
fowl (Anatidae), L. smithi parasitizes
turkeys and L. caulleryi, L. macleani and
L. schoutedeni have chickens as their verte-
brate hosts. Minor Leucocytozoon species
which infect domesticated birds and
about which very little is known include
L. marchouxi of pigeons and doves

(Columbidae), L. neavei in Guinea fowl
(Numida meleagris) and L. struthionis in the
Ostrich (Struthio camelus).

Distribution
Leucocytozoon simondi is Holarctic in its
distribution. Because most free-ranging
waterfowl species are migratory and this is
a vector-borne pathogen, one must be cogni-
zant of where transmission occurs. This is
usually on the breeding grounds in the
northern portions of their biological range.
In the Nearctic, transmission has not been
documented south of latitude 43°N, but
whether this same distribution is present
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for the Old World is unknown. Most of
the data we have on this species are from
free-ranging birds, but domesticated water-
fowl are equally susceptible. Therefore,
people raising waterfowl in the regions
where this parasite is transmitted could
experience avian mortalities because of it.

The other relevant species of Leuco-
cytozoon infect non-migratory domestic
birds, which can be moved around by
people. Leucocytozoon smithi is indigenous
in North and Central America and occurs
in western Europe and southern Africa
where turkeys have been introduced. Leuco-
cytozoon schoutedeni resides in chickens
in sub-Saharan Africa. Leucocytozoon
macleani infects chickens in southern and
eastern Asia, as does L. caulleryi. The former
species has been reported from chickens in
Asia as L. sabrasezi, but it is now referable as
L. macleani. Literature on L. caulleryi can be
confusing for some people because many
papers use the name Akiba caulleryi, but
Akiba is now considered to be a subgenus of
Leucocytozoon.

Parasite
Only gametocytes of Leucocytozoon are
present in circulating blood cells. They
develop in either erythrocytes or leucocytes
and sometimes both, depending upon the
species. They enlarge and distort the host
cell so that it is no longer recognizable and
they lack malarial pigment. Typically the
parasites are round, filling most of the host
cell cytoplasm, and the host cell nucleus
forms a cap at the periphery of the para-
site–host cell complex. Some species
(L. simondi, L. smithi and L. macleani) have
elongate gametocytes (Fig. 1) and induce
the host cell to form clear, polar, wing-like
extensions, and again the host cell nuclear
cap is present. In two of these species
(L. smithi and L. macleani) the host cell
nucleus is typically split into two pieces,
which are located along the sides of the
elongate gametocyte. Both round and elon-
gate gametocytes occur in some species, such
as in L. simondi (Fig. 2) and L. macleani.

Most species are transmitted by species
of black-flies (Simuliidae), but the vectors of
L. caulleryi are biting midges of the genus

Culicoides (Ceratopogonidae). The gameto-
cytes of L. caulleryi are round and cause the
erythrocyte nucleus to be eliminated from
the parasite–host cell complex (Fig. 3). Host
specificity of the genus is usually at the
avian family level, but a few species appear
to infect a single species of bird. Studies with
L. caulleryi have shown that it is restricted to
domestic chickens, and L. smithi does not
infect other species of gallinaceous birds.

Once sporozoites are inoculated into
birds by the feeding vector, they move via
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Fig. 1. Leucocytozoon smithi, typical elongate
gametocyte from a turkey: hc, host cell cytoplasm;
hn, host cell nucleus; g, gametocyte.

Fig. 2. Leucocytozoon simondi, round gametocyte
from a mallard duck: hn, host cell nucleus; g,
gametocyte.
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the circulatory system throughout the body
(Fig. 4). Most major organ systems may
be involved and support development of
the schizonts. The asexual replication

(= schizogony) occurs in fixed cells, typi-
cally in the reticular endothelial system.
Very large schizonts (= megaloschizonts)
occur in most species of Leucocytozoon, at
least in species in which they have been
sought. They are evidently absent in chick-
ens infected with L. caulleryi. However, a
second round of schizogony in L. caulleryi is
probably analogous, as these schizonts may
cause severe haemorrhage when they mature
and release their merozoites, which then
enter the type of circulating blood cell used
by that species for the production of gameto-
cytes. If erythrocytes are infected, then infec-
tions with very high numbers of gametocytes
may induce anaemia. The infection is now
ready for acquisition by the vector.

Clinical signs
Disease is caused by L. simondi in anatids,
L. smithi in turkeys and L. caulleryi in
chickens. Sick poultry often assume a
squatting posture with wings hanging
loose. Signs of leucocytozoonosis include
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Fig. 3. Leucocytozoon caulleryi gametocyte from
a chicken (note lack of a host cell nuclear remnant):
hc, host cell cytoplasm; g, gametocyte.

Fig. 4. Diagrammatic representation of a generalized life cycle of Leucocytozoon.
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listlessness, anaemia, hepatomegaly, spleno-
egaly, diarrhoea, anorexia, lethargy and
dyspnoea. Some chicks infected with
L. caulleryi will die within 13 days in cases
where the eruption of the second round of
schizonts causes haemorrhage. Leucocyto-
zoonosis caused by L. caulleryi is referred to
in parts of Asia as ‘Bangkok haemorrhagic
disease’, as the afflicted birds haemorrhage
and may lose sufficient blood to cause
death. Chicks will continue to die as the
infection progresses and other problems
develop. In some cases growth of young
birds is retarded and egg production in
mature females may be curtailed. While
younger birds are more prone to die, older
birds may die as well if they have never
been challenged and are inoculated with
sporozoites as adults. The higher the
number of sporozoites inoculated by the
vectors, the more damage will be done
and the shorter the time to death. Strains
of L. caulleryi also vary in their degree of
pathogenicity. Mortality may range from
20 to 80% of the birds infected with this
disease.

In anatids, an autoimmune mechanism
may contribute to anaemia rather than just
erythrocyte destruction by the parasite. With
L. simondi a relapse phenomenon occurs in
which the parasitaemia is greatly enhanced
at a time when young birds will be hatching
and when vectors will be available to effect
transmission. This is believed to occur with
most species of Leucocytozoon and related
genera (e.g. Haemoproteus and Babesia
species) of blood parasites, but it evidently
does not occur with L. caulleryi. Because
of this, we do not know how this parasite
overwinters.

Diagnosis
Most infections of Leucocytozoon are diag-
nosed by blood smears, which are stained
with Giemsa and scanned microscopically.
In geographical regions where there is a his-
tory of a particular species causing mortal-
ity, signs and timing of events may support
the blood smear diagnosis. Whereas with
true malarial parasites one is able to
subinoculate blood into another susceptible
bird and produce a patent infection, this

cannot be done with Leucocytozoon para-
sites, because there is no asexual replication
in the peripheral blood, as there is with
Plasmodium. Serological procedures, such
as indirect immunofluorescent antibody
(IFA) and enzyme-linked immunosorbent
assay (ELISA), are used in parts of Asia for
the detection of L. caulleryi infections.

Transmission
Vectors are mainly simuliid black-flies
for most species of Leucocytozoon, but, as
mentioned earlier, L. caulleryi is transmit-
ted by biting midges of the genus Culicoides
(Ceratopogonidae). Both of these groups of
vectors are pool-feeders and only females
take blood meals.

When the vector feeds on birds with
gametocytes circulating in the blood, the
gametocytes leave their host cells, assume a
roundish shape and undergo gametogenesis.
There is one macrogamete formed per female
gametocyte, whereas about eight micro-
gametes are usually formed from one male
gametocyte. The male gametes break free
from the remaining residual body (remnants
of the gametocyte not incorporated into the
gametes) and search for a female gamete for
fertilization to occur. This happens in the
lumen of the gut of the vector. The resultant
zygote becomes elongated and motile and
moves to the limiting gut wall. It enters the
wall and forms an oocyst just under the base-
ment membrane of the gut. Asexual repro-
duction occurs within the oocyst, resulting
in the production of sporozoites, which
rupture into the haemocoel of the vector.
These move into the anterior portion of the
body and enter the salivary glands. They are
inoculated into a bird when the vector feeds
on blood. These sporozoites are then carried
by the circulatory system throughout the
body, where they will enter cells to eventu-
ally form the schizonts (another stage in
which asexual reproduction occurs).

Different species of black-flies function
as vectors of different species of Leucocyto-
zoon and, for widely disseminated parasites,
different species transmit the parasite in
disparate geographical areas. Simulium
rugglesi is the primary vector of L. simondi
in the north-eastern Nearctic, but Simulium
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anatinum, Simulium innocens, Simulium
vittatum and Cnephia ornithophilia are
also reported to transmit the species in
this region, whereas Simulium fallisi and
Simulium rendalense are European vectors
of the same parasite.

Leucocytozoon smithi is vectored by
Simulium meridionale, Simulium sloss-
onae, Simulium congareenarum, Simulium
aureum, Simulium croxtoni, Simulium
jenningsi, Simulium pictipes and Prosi-
mulium hirtipes in the Nearctic region,
where the turkey is indigenous. The relative
efficacy of these species as vectors has not
been compared. Vectors have not been
identified in the Old World, into which the
turkey has been exported.

Different species of vector become
active at different times during the year, as is
shown by the following example. Two spe-
cies of black-flies are involved for the yearly
perpetuation of L. simondi in Michigan,
USA, and Ontario, Canada. In Michigan,
S. innocens begins transmission, followed
by S. rugglesi, while S. anatinum is the early
vector in Ontario and again S. rugglesi is the
vector later in the season. Such a switch in
vector species may occur even when there
is a severe winter. This contrasts with
locations in the semi-tropics or tropics,
where the same potential vectors may be
present for most of the year.

The primary vector of L. caulleryi
for much of South-East Asia is Culicoides
arakawae. Two more species of biting midge
support development of L. caulleryi to the
sporozoite stage, namely Culicoides circum-
scriptus and Culicoides odibilis. As few
as 100 sporozoites of some strains of the
parasite are fatal to chicks. It is interesting
to note that this form of leucocytozoonosis
has not been demonstrated where there is an
absence of C. arakawae.

Control
Treatment

Drug studies on these parasites have been
primarily aimed at the parasite species in
chickens, and drugs are being developed
for preventive, not therapeutic, purposes.
Drugs that have been used to prevent leuco-
cytozoonosis in Asia include pyrimetha-

mine, used for about 3 years before a
resistant strain developed, when it was then
used in combination with sulfonamides,
such as sulfamethoxine and sulfaquin-
oxaline and others, and proved successful
in preventing leucocytozoonosis. Other
combinations of sulfa drugs have been
used. A more recent combination is sulfa-
monomethoxine and ormetoprim, which,
when introduced into feeds, were shown
to be effective if given within 10 days of
an infective inoculation of sporozoites.
Clopidol has been used for prevention of L.
smithi and L. caulleryi infections. In some
instances a low level of parasitaemia devel-
oped, but disease did not ensue.

Vaccines
A killed vaccine is under development and
initial studies indicate that partial protec-
tion is possible, but this appears more
labour-intensive than using the medicated
feeds.

Vectors
The likelihood of breaking the transmission
cycle is remote because there are several
vector species for L. simondi and L. smithi
and the primary vector of L. caulleryi lives
in rice-associated waters. Efforts to treat
black-fly-producing streams with insecti-
cides, such as temephos (Abate), or with
Bacillus thuringiensis subsp. israelensis in
South Carolina, USA, reduced the numbers
of vectors, but did not preclude trans-
mission of L. smithi to turkeys.
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Leucocytozoon species see Leucocytozoonosis.

Lice (Phthiraptera)

M.W. Service

There are over 3000 species of lice, belong-
ing to three suborders, the Anoplura (suck-
ing lice) and the Ischnocera and Amblycera
(chewing lice). (Some specialists, however,
consider the Anoplura as an order contain-
ing suborders Siphunculata (sucking lice)
and Mallophaga (chewing lice)).

There are probably more than 1000
species of Anoplura, but only three are
ectoparasites of humans and of medical
importance, namely the body or clothes
louse (Pediculus humanus), the head louse
(Pediculus capitis) and the pubic or crab
louse (Pthirus pubis). All three species have
a more or less worldwide distribution,
but body lice are often more common in
temperate climates.

Polyplax species, such as the rat louse
(P. spinulosa), are ectoparasites on animals,
mainly Muridae.

Biology
Although head and pubic lice can cause con-
siderable distress, the body louse is regarded
as the principal vector transmitting infec-
tions among people; consequently only its
biology is summarized here.

Both male and female lice bite and take
several blood meals a day. Feeding occurs at
any time of the 24 h day. Lice live perma-
nently on people and cling to hairs of cloth-
ing or the body. The female glues about six to
nine eggs (Fig. 1) a day to hairs of clothing
and occasionally also to body hairs. During

her life, of about 2–4 weeks, a louse may lay
200–300 eggs. Eggs, often called nits, hatch
within 7–10 days, although those on dis-
carded clothing may not hatch until after 2–3
weeks, because of the lower temperatures
away from the body. Eggs cannot survive for
more than a month. Nymphs that hatch from
the eggs resemble miniature editions of adult
lice, take blood meals and pass through three
nymphal instars. After about 7–12 days, they
develop into adults, but the duration of
the nymphal stages may be prolonged if
the clothing to which they are attached is
discarded at night or for longer periods.

Unfed lice die within a few days away
from their human hosts, although blood-
engorged individuals may survive for up to
10 days. Lice are temperature-sensitive and
quickly leave a dead person and also sick
people with high temperatures.

A heavily infested person may harbour
several hundred or even thousands of lice,
but there are usually fewer than 100 lice on
any individual. Body lice are spread by close
contact. Lice are particular common in situa-
tions where people are crowded together
and wash infrequently, such as encountered
in primitive jails, in refugee camps and
in trenches during wars. People living in
mountainous areas, such as in East Africa,
Ethiopia, Burundi, Nepal and the Andean
regions of South America, where, because
of cold weather, they wear several layers of
clothes, which may be rarely changed or
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Fig. 1. (A) An adult (female)
body louse (Pediculus
humanus); (B) egg glued to
fibres of clothing (modified
from M.W. Service (2000)
Medical Entomology for
Students, Cambridge
University Press, Cambridge).

washed, often have large lice populations.
In more developed countries body lice are
commonly found on homeless people, and
infestations may reach a peak in winter,
when more clothes are worn.

Species of Polyplax are ectoparasites of
animals and are usually transmitted by close
body contact. Mice and rats can have several
hundred P. spinulosa, but grooming helps
reduce the number of lice on their bodies.
Surveys have shown that around 7% of mice
were infested, but as many as 67% of larger
murids, such as rats, were infested with lice.
The incubation of the eggs is about a week
and the time from egg laying to adult is about
2 weeks.

Diseases
Body lice are vectors of rickettsiae responsi-
ble for epidemic (louse-borne) typhus,
Bartonella quintana (trench fever) and
spirochaetes causing louse-borne relapsing
fever (see entries). Head lice may also play
a minor role in the transmission of louse-
borne relapsing fever.

Species of Polyplax, such as
P. spinulosa and P. serrata, are vectors of
pathogens causing haemotrophic myco-
plasmas (see entry). Neohaematopinus
sciuropteri transmits Rickettsia prowazekii

to flying squirrels (Glaucomys volans) (see
epidemic typhus).

Control
Washing clothing in water hotter than
60°C followed by ironing will get rid of
lice. However, in epidemic situations this
may not be practical; consequently
insecticides are used, although in some
areas lice have developed resistance to
DDT, malathion and some pyrethroids.
Insecticidal powders are usually applied
between the body of a person and his/her
clothing.
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Loa loa see Loiasis.

Loiasis

W. Crewe

Infections of humans and other primates
with filarial worms of the genus Loa. There
is only one species, Loa loa.

Loiasis, human
The disease is endemic in central Africa,
from the Gulf of Guinea to the Great Lakes
of East Africa, and it has been estimated that
at least 13 million people are infected. Most
infections with Loa, however, cause only
relatively minor symptoms. The common-
est signs are transient subcutaneous swell-
ings, which are known as ‘Calabar swell-
ings’ (after the Nigerian town of that name).
Occasionally a young adult worm or a
developing larva can be seen crossing the
eye under the conjunctiva, and these have
given rise to the common name ‘eye-worm’.
The name eye-worm has also been given to
other helminth parasites – for example, the
‘Oriental’ eye-worm Thelazia and the
‘Ugandan’ eye-worm, which was originally
thought to be Loa but is now considered to
be Mansonella.

Distribution
Transmission of loiasis occurs only in
Africa, and infection is confined to the
equatorial rain forest from Sierra Leone to
south-western Sudan (Bahr-el-Ghazal) and
as far south as Gabon and Zaïre (Fig. 1). Pos-
sible, but unconfirmed, foci of loiasis have
been reported from Uganda and Ethiopia.
The known distribution of loiasis through-
out this whole area is patchy, probably
because of local topographical features but
also because of a lack of information from
some areas. Cases of loiasis have been
recorded from many countries, and because
the disease has a long incubation period
these are sometimes erroneously recorded
as new infections. Loiasis has repeatedly
been introduced into the New World, but

has never become established outside
Africa.

Parasite
Loa loa is a typical filarial worm, the adult
female measuring 50–70 mm × 0.5 mm and
the adult male 30–35 mm × 0.4 mm. Adult
worms can live for up to 20 years. Micro-
filariae appear in the blood about 6 months
after the infective bite of the vector. They
are sheathed, 250–300 µm long and 6–8 µm
wide, and they are diurnally periodic.

Clinical symptoms
Normally loiasis is not highly pathogenic,
and individuals may be infected for many
years without showing any definite signs or
symptoms. The adult worms move actively
through the connective tissues, and have
been found during surgical operations in
many parts of the body. When they are sub-
cutaneous they may cause the non-pitting
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Fig. 1. Indication of overall geographical distribu-
tion of Loa loa.
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oedematous Calabar swellings, which are
probably local reactions to a worm’s excre-
tory products. Calabar swellings develop
rapidly and may last for 2–3 days; they are
most common on the back of the hand or the
forearm (Fig. 2). They usually appear 1–2
years after infection, occur at irregular inter-
vals for about a year, and then disappear.
The disappearance may be associated with
the worms’ migration to deeper tissues.
Occasionally young adult worms may be
seen crossing the bridge of the nose under
the skin or moving across the eye under the
conjunctiva, when they may be accompa-
nied by local itching and erythema and
oedema of the eyelids. A somewhat similar
painless oedema of the eyelids occurs in
Uganda, where it is known as ‘bung-eye’; it
is, however, probably due to infection not
with Loa but with Mansonella (see
M. perstans under entry of Mansonelliasis).
Infection with Loa is normally associated
with a high eosinophilia (50–70%), and in
endemic areas there may be very heavy
infections (which are not uncommon
because one Chrysops, the vector, can
deposit up to 200 infective larvae), with
over 50 microfilariae mm−3 of blood. In
these cases the microfilariae may give rise
to meningoencephalitis, which may be
fatal. The risk of encephalitis is consider-
ably increased by the administration of
diethylcarbamazine (DEC) or ivermectin
(see Treatment).

Diagnosis
Infection is usually first indicated by the
occurrence of Calabar swellings or by the
presence of moving adult worms in the
subcutaneous tissues in an individual who
has lived in or travelled to the equatorial
rain-forest areas of Africa. The presence of a
high eosinophilia or of microfilariae in
blood taken between 1000 h and 1400 h is
further evidence. Loiasis can be specifically
diagnosed by examining (under oil immer-
sion) the microfilariae in a thick blood film
stained with haematoxylin. Microfilariae of
L. loa measure 250–300 µm × 6–8 µm and
are covered by a close-fitting sheath, which
normally extends beyond the two extremes
of the body; the tail is often bent back on the

body, and the nuclei extend right to the tip
of the tail (Fig. 3). Occasionally a micro-
filaria may escape from its sheath while the
blood film is drying, or the sheath may not
have stained (which it will not do if the
blood film is stained with Giemsa’s stain),
but the microfilaria can still be identified
by the arrangement of the nuclei in the
tail. Immunodiagnostic tests are not very
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Fig. 2. Calabar swellings on the back of the
patient’s left hand and left forearm (with permission
from the Liverpool School of Tropical Medicine).

Fig. 3. Diagram of tail
of microfilaria of Loa
loa. Note nuclei extend-
ing to tip of tail and
bent sheath extending
beyond tail.
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specific, and routine diagnosis is by
examination of stained blood films.

Transmission
All the vectors of loiasis are members of the
genus Chrysops (see Horse-flies). The most
important vector in Nigeria and the
Cameroun Republic is C. silacea, and this
species is probably the major vector in most
parts of the West African rain forest except
where C. dimidiata is locally more com-
mon. Chrysops zahrai is a minor vector. In
Bahr-el-Ghazal, Sudan, on the fringes of the
forest, the most important vector is proba-
bly C. distinctipennis, although C. longi-
cornis also acts as a vector. These flies are
‘canopy dwellers’, living mainly in sunlight
above the forest canopy, but during daylight
hours they will descend to ground level
in cleared areas, along roadways or at the
forest fringes. They are attracted down by
movement of people or vehicles or by wood
smoke. When biting, the flies repeatedly
probe the skin and so rupture blood capil-
laries and produce a subcutaneous haemor-
rhage. The fly obtains its meal from this
pool of blood and takes up any contained
microfilariae. These microfilariae develop
in the muscular and connective tissue of the
fly, mainly in the abdomen but also in the
thorax and head. The developing larvae
moult twice, and the resulting third-stage
infective larvae are 1800–2300 µm long and
30–45 µm wide. On about the tenth day
(though development may take 7–15 days)
the infective larvae congregate in the head
of the fly, mainly near the root of the
proboscis. When the fly bites again the
larvae break out from the labium, swarm
down the outside of the biting mouthparts
and are deposited on the skin surface. As
many as 200 larvae may be deposited
during the short time that the fly is feeding.
Most of the larvae die, as they are unable
to penetrate unbroken skin, but many
penetrate through the punctures made
by the feeding fly or through other skin
abrasions. The larvae develop in the
connective tissue of the host, mainly sub-
cutaneously,  moving  around  the  body  as
they do so, and become mature worms in
about 3 months. Microfilariae appear in the

blood from about 6 months after the bite of
the fly.

Treatment
For patients with few or no circulating
microfilariae the drug of choice is diethyl-
carbamazine (DEC). This is curative in most
cases, although multiple courses of therapy
are often necessary, and relapses may occur
up to 8 years after treatment. Mild side-
effects, such as Calabar swellings, urticaria
and fever, are common during the first few
days of therapy, but these usually respond
to antihistamines or corticosteroids. The
risk of adverse side-effects can be reduced
by commencing treatment with low dosages
of DEC and gradually increasing the dosage
as treatment continues. In patients with
high microfilaraemias, however, DEC or
ivermectin treatment may cause serious
complications, including meningoenceph-
alitis and renal failure. These side-effects
are thought to be caused by allergic
reactions to large numbers of dead and
dying microfilariae in the capillaries. If
treatment is considered necessary for such
patients, it is important first to reduce the
number of circulating microfilariae. Both
mebendazole and albendazole have been
shown to reduce microfilaraemia without
adverse side-effects.

Control
The larvae of Chrysops live in mud and
can be destroyed by insecticides, but the
inaccessibility of the breeding sites in
the forest renders this impracticable as a
control method. Clearance of forest around
houses and screening of houses against
mosquitoes will reduce the risk of bites
indoors. The wearing of light-coloured
clothing and frequent application of insect
repellents or wearing clothing impregnated
with pyrethroid insecticides, such as per-
methrin, will reduce the risk of bites out-
doors. Personal prophylaxis with DEC has
been shown to be efficient in expatriates
working in endemic areas.

Loiasis, animal
The only known animal hosts of loiasis
are primates, particularly cercopithecid
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monkeys and drills, but it is unlikely that
any of these act as reservoir hosts for
the human infection, because the vectors
of animal loiasis rarely bite humans (see
Transmission). Infections with Loa have
been recorded in monkeys, Drills (Man-
drillus leucophaeus), baboons (Papio
species), Chimpanzees (Pan troglodytes)
and Gorillas (Gorilla gorilla) from various
parts of the rain forest and gallery forests of
Africa. The primate parasites show impor-
tant differences from the human parasites,
but little is known about their biology and
at present they are all considered to be
subspecies or strains of L. loa.

Distribution
Primate infections with Loa have been
recorded from the Cameroon Republic,
Uganda, Zaïre and Guinea, but there is little
doubt that they are widespread throughout
the equatorial forest belt of Africa. Possibly
their distribution is coincident with that of
human loiasis.

Parasite
The primate parasites are generally slightly
larger than the human ones, the adult
females measuring 50–75 mm and the adult
males 35–40 mm. The important difference
between the human and animal parasites is
that the microfilariae of the animal para-
sites, which are morphologically similar to
those of the human parasite, are nocturnally
periodic. However, an apparently diurnally
periodic strain has been observed in the
Cameroon Republic in a Drill (M. leuco-
phaeus), which, unlike most monkeys,
spends much of its time during the day at
ground level.

Transmission
Most of the studies on monkey loiasis have
been carried out in the Cameroon Republic,
where the vectors are Chrysops langi and
Chrysops centurionis. Although all species
of Chrysops found in the forest seem able to
support the development of both human
and monkey Loa, there can be very little
transference of monkey loiasis to humans
(or of human loiasis to monkeys). The only
Chrysops which behave in a manner which

brings them into contact with humans – that
is, which bite at ground level in daylight –
are C. silacea and C. dimidiata (and occa-
sionally C. zahrai). Although these species
are also abundant at canopy level, they are
exclusively diurnal in their biting habits
there also. During the daytime, when they
are active and alert, monkeys will catch and
eat,  or  drive  away,  biting  flies.  At  dusk,
when the monkeys settle in the treetops to
sleep, they may be successfully attacked by
Chrysops, but at this time the vectors of
human loiasis cease biting. On the other
hand, the flies which behave in a manner
which enables them to feed on monkeys –
that is, which feed at canopy level at dusk
and dawn – are C. langi and C. centurionis.
These flies never descend to ground level
and, even if they did, they would be
unlikely to find human prey, for the human
inhabitants of the rain forest rarely move
outside their houses after dark. It is
thus extremely unlikely that C. langi or
C. centurionis could carry infections from
monkeys to humans or vice versa. Occa-
sionally C. silacea must succeed in biting
monkeys during daylight hours, and so
could possibly transmit larvae of human
loiasis to monkeys, but transmission in the
opposite direction is less likely because the
microfilariae of monkey loiasis are noctur-
nally periodic and unlikely to be present
in the monkeys’ peripheral blood-vessels
during daylight hours.
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Louping ill, sheep

E.A. Gould

Louping ill (LI) virus is the aetiological
agent of a sheep encephalomyelitic disease
that has been recognized in the British Isles
for at least 200 years. The verb ‘to loup’
describes one symptom of the disease, in
which sheep leap or jump in an ungainly
manner as their condition deteriorates. The
virus is transmitted to sheep by infected
ticks, Ixodes ricinus, as they take a blood
meal. A wide variety of other animal spe-
cies, including humans, are also susceptible
to LI virus infection, but the frequency
with which this is likely to occur and the
outcome of infection are dependent upon
a variety of factors that will be described
later.

Distribution
Louping ill refers specifically to sheep
encephalitis in the British Isles. However, a
strikingly similar disease, also associated
with Ixodes ricinus, is recognized in Spain,
Norway, Greece, Turkey and Bulgaria. On
the British mainland, the virus can be iso-
lated from Ixodes species collected on hill-
sides and moorlands where sheep are
grazed (Fig. 1). The moist undergrowth and
rotting vegetation associated with upland
rough pastures provide the necessary high
humidity, i.e. close to saturation, for
long-term survival of the tick. Overt disease
in sheep and Red grouse (Lagopus lagopus
scoticus) is most frequently observed on the
moorlands of Scotland, northern England,
Wales and south-west England. In Ireland,
louping ill is often seen at lower elevations
in horses and cattle as well as sheep, proba-
bly because the relatively higher moisture
content in the lowland grasses provides

conditions suitable for long-term survival of
the ticks.

Virus
Louping ill virus is a tick-borne flavivirus.
It is genetically closely related to a group
of viruses known as the tick-borne encep-
halitis (TBE) virus complex in the genus
Flavivirus, which also includes mosquito-
transmitted viruses, as well as viruses with
no known arthropod vector. Under the elec-
tron microscope, the flaviviruses appear
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Fig. 1. Schematic representation of the regions on
the British mainland where louping ill virus may be
present (black shading).
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spherical. They all contain a positive-sense,
single-stranded RNA genome approxi-
mately 10.5 kb in length and encapsulated
in a capsid (C) protein, which is enclosed by
a lipid membrane containing glycosylated
envelope (E) proteins, each intimately asso-
ciated with a glycosylated membrane (M)
protein. In addition to these three structural
proteins, the viral RNA also encodes seven
non-structural proteins, NS1, NS2A, NS2B,
NS3, NS4A, NS4B and NS5, which are
responsible for virus maturation, RNA
translation, proteolytic processing of trans-
lated proteins and RNA replication (Fig. 2).

Virus replication
The infectious process starts when specific
domains on the viral envelope protein
attach to host cell receptors and the viruses
become engulfed in endosomal vesicles.
The relatively low pH of the vesicle leads to
a conformational change in the envelope
protein, which then fuses with the endo-
somal membrane, releasing the genomic
RNA into the cytoplasm to initiate the
translational and transcriptional processes.
Due to its positive polarity, the incoming
RNA acts as messenger RNA (mRNA) and
is translated as a polyprotein, which is
either concurrently or subsequently cleaved
proteolytically by both virus-encoded and
host cell proteases. The newly produced
NS3 and NS5 non-structural proteins form
a replication complex with the RNA, which
is replicated, and the replicated molecules
serve as both mRNA for translation of more
proteins and progeny RNA to be incorpo-
rated into newly forming virions. The
process of RNA encapsulation has not been
adequately defined. During the virion matu-
ration process, which occurs in association
with the membranes of the endoplasmic
reticulum, the precursor to the membrane
protein (PrM) becomes intimately associ-
ated with envelope protein, which, in this
form, remains inert to the relatively low pH
of the endosomal membranes. As far as

is known, the pre-membrane protein is
cleaved immediately prior to release of
the virions from the cell, at which time
the envelope protein attains its mature
conformation on the virion surface as a
pH-sensitive dimer.

Clinical symptoms in sheep
The severe form of disease is characteristi-
cally biphasic and in non-immune sheep
is frequently fatal. Experimentally infected
sheep develop a viraemia within 24 h last-
ing for up to 8 days. The first phase of
illness usually presents as a fever with asso-
ciated weakness. Neurological symptoms
develop during the second phase. As the
condition deteriorates, sheep develop
cerebellar ataxia and hyperexcitability,
followed by posterior paresis, complete
flaccid paralysis and tremors. When the
symptoms reach this stage, recovery is
unlikely.

Clinical symptoms in humans
About  40  cases  of louping ill  have  been
recorded in humans, most of which were
due to laboratory infections and none of
which was fatal. The disease in humans
is similar to the western European form of
tick-borne encephalitis (see entry), although
generally milder, and is typically biphasic.
Onset of symptoms commences about 4–6
days post-exposure to the bite of an infected
tick. The patient suffers excessive sweating
and a general feeling of malaise, with a
fever, sore throat, headache and photo-
phobia, perhaps accompanied by puffy
eyelids. Recovery from this first phase of
illness takes about 1–2 weeks. A few days
later, a more clinically severe form of the
illness returns, with vomiting, fever,
lymphadenopathy and meningoencepha-
litis, often accompanied by significant loss
of coordination and memory. Complete
recovery usually takes 10–12 weeks from
the onset of illness.
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Fig. 2. Genome organization of flaviviruses. The virus proteins are shown in shaded boxes.
The untranslated regions are depicted as solid black lines at the ends of the RNA genome.
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Pathogenesis
Pathological examination reveals most or
all of the following conditions: lympha-
denopathy, leucopenia, subconjunctival
haemorrhages, meningoencephalitis, Pur-
kinje cell destruction, severe chromatolysis,
reactive gliosis and astrocytosis.

Diagnosis
Although LI virus is antigenically closely
related to the other viruses in the TBE virus
complex, there is no geographical overlap
between louping ill, which occurs almost
exclusively on sheep-grazed moorlands,
and tick-borne encephalitis, which is a
forest-associated disease. Therefore, despite
the antigenic cross-relationships between
these viruses, serological diagnosis is a reli-
able indicator of LI virus infection. Compar-
ison of acute and convalescent sera should
show increasing antibody levels against LI
virus. This seroconversion can be detected
by haemagglutination inhibition, comple-
ment fixation, plaque reduction neutraliza-
tion, enzyme-linked immunosorbent assay
or fluorescent antibody titration.

A more definitive diagnosis can be
carried out by isolation of the virus from the
infected host, using cell culture methods,
and virus identification, using either an
appropriate monoclonal antibody that is
specific for LI virus or by reverse trans-
cription and polymerase chain reaction
(RT-PCR) of a fraction of the envelope gene.
Sequencing of this genomic RNA fragment
not only identifies the virus but can also be
used to identify the region of the British Isles
in which the virus originated. It is now
possible to identify the virus by RT-
PCR-sequencing the RNA extracted directly
from the infected tick or animal specimen,
without the need for virus isolation in tissue
culture cells.

Transmission
The hard (ixodid) tick Ixodes ricinus is the
major  vector  of  LI  virus.  Experimentally,
both Rhipicephalus appendiculatus and
Hyalomma anatolicum may also transmit
the virus trans-stadially and most species of
Ixodidae (hard ticks) are possible vectors,
although there is little evidence that they

are involved in the epidemiology of louping
ill. The tick may become infected at any of
the feeding stages in its life cycle, i.e. larva,
nymph or adult. The virus enters the tick
via the mid-gut and then crosses this barrier
before replicating in other parts of the tick,
including the brain and the salivary glands.
Once infected, the tick remains infected
throughout the remainder of its life cycle,
which may be as long as 3–5 years. The
virus survives the trans-stadial changes that
occur as the tick moults from larva to
nymph and then to adult. However,
although transovarial transmission has been
reported with European and Far East Asian
strains of TBE complex viruses, there is no
direct evidence of transovarial transmission
of LI virus. Conventionally, an uninfected
tick – for example, a larva – becomes
infected when it takes a blood meal from a
viraemic host. Once this infected larva is
fully engorged, it drops off the animal and,
within a few weeks, under suitable environ-
mental conditions, moults to the next stage
in the life cycle, i.e. the nymphal stage.
After a period of several months or even 1–2
years when the climatic conditions are suit-
able, the infected nymph will take a blood
meal and transmit the virus to the host,
which, if susceptible, becomes infected,
develops a viraemia and transmits the virus
to other non-infected ticks that take a blood
meal during the viraemic period.

While the above transmission events
undeniably take place, they do not ade-
quately explain the persistence of LI virus in
the natural environment. There is now good
evidence to show that some animals that do
not develop significant viraemia following
exposure to the virus may nevertheless sup-
port virus transmission from infected ticks
to non-infected ticks co-feeding on these
insusceptible animals. Louping ill virus per-
sistence in the British Isles can therefore be
explained by a combination of the following
factors: (i) the constant introduction of sus-
ceptible animals, such as sheep, into areas
where infected ticks are present; (ii) the abil-
ity of ticks to become infected when feeding
on viraemic animals; (iii) the ability of ticks
to become infected on non-viraemic animals
when co-feeding with infected ticks; (iv) the
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ability of ticks to remain infected for the
entire life cycle; and (v) the presence of other
animals, such as deer, which amplify the
tick population without necessarily acting
as hosts for the transmission of the virus.

A third mechanism of virus transmis-
sion has also been described that may also
contribute to LI virus persistence in the envi-
ronment. It has been shown that, in common
with many other flaviviruses, LI virus may
be transmitted orally to susceptible hosts.
Thus, animals removing ticks from the skin
of other animals or eating ticks present in the
undergrowth may become infected. Alterna-
tively, animals eating infected animals may
also become infected.

In addition to infections in the
laboratory,  humans  may  become  infected
following tick bites obtained during walks
on the moorlands and in areas with thick
moist undergrowth on the upper hillsides, a
favourite haunt for I. ricinus. A serological
survey of abattoir workers indicated that
about 8% had experienced infection,
although few cases have been reported in
the UK. Butchers, veterinarians and farm-
workers also theoretically face an increased
risk of infection from infected sheep, but
there is little evidence that this is the case.

Epidemiology
Louping ill is a very rare disease in humans
for two main reasons. Firstly, human expo-
sure to I. ricinus is relatively uncommon in
the UK and, secondly, the infection rate of
ticks in the most active areas for louping ill
disease is estimated to be less than 2%. On
the other hand, annual outbreaks of sheep
encephalitis occur in late spring and early
summer on the upland sheep-grazing areas
of Scotland, northern England, north Wales,
Devon, Northern Ireland and Eire. Infected
I. ricinus occur in abundance and feed
predominantly on sheep, which are farmed
intensively in these regions. Early records
of louping ill-like disease suggest that epi-
demics occurred commonly on the uplands
of southern Scotland, rather than in the
Highlands north of the Forth–Clyde, where
Red grouse prosper. The disease was sub-
sequently introduced to the Highlands as
sheep farming was intensified in this

region. Red grouse were therefore exposed
to LI virus only relatively recently. New-
born lambs are theoretically protected
by colostric antibody from mothers that
have either been immunized or previously
exposed to and survived virus infection.
Otherwise, newborn and young lambs are
highly susceptible to infection and need
to be immunized and protected from tick
bites, using acaricides, either before or soon
after being introduced on to the hillsides
containing infected ticks. The peak feeding
period for ticks is the late spring and
and early summer, which coincides with
the peak period for young susceptible
lambs. Classically, the high-titre viraemia
detected in susceptible sheep when they
develop clinical infection provides ideal
conditions for transmission of the virus to
feeding ticks. However, LI virus appears to
be able to persist and cause fresh epidemics
on moorlands where the sheep have been
systematically immunized and treated with
acaricides, implying that other wildlife
species contribute to LI virus persistence
in the natural environment.

The chicks of Red grouse, which nest in
the Highland heather on the moorland and
hatch in the spring, are highly susceptible to
infection by LI virus, developing high-titre
viraemias. However, the fact that louping
ill was only recently introduced to the
Highlands and mortality rates in Red grouse
as high as 80% have been recorded implies
that they probably do not play a major part in
sustaining louping ill long-term.

Susceptibility of other animal species
The host preference of immature I. ricinus
is catholic and they will take blood meals
indiscriminately from any vertebrate that
feeds or nests on the ground. The Red fox
(Vulpes vulpes crucigera), a variety of
rodents, the Blue mountain hare (Lepus
timidus scoticus), and several species of
birds, horses, pigs, cattle and dogs are also
susceptible to infection by LI virus, but
few of these animals occur in significant
numbers on the moorlands and therefore
exposure in mainland Britain is infrequent.
In Northern Ireland and the more northern
parts of Eire, however, the undergrowth has
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a higher moisture content at lower altitudes,
and the rainfall is quite regular throughout
the year, favouring tick survival. For these
reasons, louping ill is seen more commonly
in horses, cattle, pigs and farm dogs.

Wild rabbits, deer and rodents are not
considered to be highly susceptible to the
virus and, although they may serve a role
as amplification hosts for tick populations,
they are unlikely to be significantly involved
in spreading the disease. The Blue mountain
hare, on the other hand, has been shown to
be relatively efficient as a host for virus
transmission between co-feeding ticks and is
likely to have an important role in LI virus
persistence in the natural environment. It
was previously believed that, since transo-
varial transmission of LI virus does not
occur, infected adults represented a dead-
end stage for the virus, but, in view of the
observation that transmission between ticks
occurs as they co-feed, it now seems likely
that infected adult ticks do contribute to LI
virus persistence.

Treatment
There is no specific treatment for louping ill
but, under some circumstances, hydrocorti-
sone has been found to relieve the symp-
toms of encephalitis, possibly by reducing
the oedema resulting from an inflammatory
antigen/antibody reaction. Until recently,
humans in mainland Europe suspected of
being exposed to the related TBE virus were
given human immunoglobulin known to
contain antibody to the virus. It was
believed that this might prevent the onset of
disease and in most cases seemed to work.
However, accumulating evidence suggested
that some cases of encephalitis that did
develop in the presence of the administered
antibody were more severe than normal and
the practice has now been discontinued.

Control
In the UK, humans are only at risk from
infection by LI virus if they wander through
tick-infested areas on the moorlands and
hillsides identified earlier. Even under
these circumstances, the risk of infection is
very low if they wear appropriate clothing

to prevent questing ticks from contacting
exposed skin, i.e. good boots, socks over
long trousers and/or use of chemical repel-
lents. In the winter or late autumn, ticks do
not quest and therefore the risk of infection
becomes negligible.

There is no human vaccine for LI virus
but it is generally believed that immuniza-
tion with the inactivated vaccine for TBE
virus will provide immune protection
against LI virus. While this vaccine is not
officially registered for use in the UK, it has
been used extensively throughout Europe
and is recommended for visitors to forested
regions of Europe known to contain TBE
virus. In theory the most effective form of
control would be to eradicate the tick but
this is totally impractical and attempts to
achieve this might have other undesirable
side-effects on the environment. A forma-
lin-inactivated vaccine that protects sheep
against LI virus has been used effectively
and extensively throughout the UK. Acari-
cides are also effective deterrents but they
have to be applied just before the most active
questing period for ticks and they may need
to be applied more than once.

Regardless of how effective the current
control measures are, the annual reintroduc-
tion of susceptible sheep and the constant
presence of other host species capable of
supporting LI virus ensure that the control
measures have to be repeated regularly.
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Louse-borne relapsing fever

David A. Warrell

This is an infection of humans with spiro-
chaetes of Borrelia recurrentis.

War, famine and other disasters favour
the spread of louse-borne infections, such
as louse-borne relapsing fever and epi-
demic typhus (see entry). During the first
half of the 20th century, there were at least
50 million cases of louse-borne relapsing
fever with 10 million deaths in Europe, the
Middle East and northern Africa. There is a
continuing potential for epidemic spread of
this disease from its current foci in the Horn
of Africa.

Distribution
Currently, the main epidemic focus is in
the highlands of Ethiopia, where there is an
annual epidemic of at least 10,000 cases in
the cool, rainy season. In recent years, cases
have also occurred throughout the year.
There have been outbreaks in Sudan and
Somalia. In early 1999, an epidemic in
Rumbek county, southern Sudan, killed
hundreds of people in the course of a
few weeks. The infection may still exist in
Andean areas of Peru. There is no known
animal reservoir host. Between epidemics,
B. recurrentis persists as mild or asymptom-
atic human infections.

Aetiological agent
Borrelia recurrentis, first described by
O.H.F. Obermeier in 1867, is one of the
spirochaete phylum of bacteria, which
also comprises treponemes, the cause of
syphilis, yaws, bejel and pinta, as well as
two other groups of Borrelia, which cause
Lyme disease (see Lyme borreliosis) and
tick-borne relapsing fever (see entry). The
organisms are 12–18 µm long with a
wavelength of 1.7 µm and a thickness of
0.4–0.5 µm. The ends are sharply pointed.

Fifteen to 20 flagella are inserted at
each end and lie in the periplasmic space
between the two cell membranes. Borrelia
can be identified in blood films by Wright’s,
Giemsa’s, Leishman’s and Romanovsky’s
stains, and by dark-ground illumination
and acridine orange fluorescence (QBC®).
Borrelia recurrentis is microaerophilic and
has been cultured in an artificial medium,
BSKII, for growth of Lyme disease borreliae,
and on chick chorioallantoic membrane
and can be maintained in rodents. Culture
requirements include serum, glucose,
albumin, peptides, amino acids, vitamins,
gelatin and N-acetylglucosamine.

The outer membrane contains variable
major lipoproteins, which stimulate mono-
cytes to produce tumour necrosis factor
(TNF). There is no true endotoxin. Borrelia
recurrentis is an extracellular pathogen,
found predominantly in the blood but also
in organs and tissues, such as spleen, liver,
brain, eye and kidney.

Clinical symptoms
Poor, indigent, malnourished street-
dwellers, beggars and prisoners seem most
likely to become infected, especially
young men. Pregnant women appear to be
especially susceptible to severe disease and
abortions are frequent.

After an incubation period of 4–18
(average 7) days, the illness starts suddenly
with rigors and high fever. Early symptoms
include headache, dizziness, nightmares,
general aches and pains, especially affecting
the lower back, knees and elbows, anorexia,
nausea, vomiting and diarrhoea. Later
there is upper abdominal pain, cough and
epistaxis. Patients are usually prostrated and
confused. Hepatic tenderness is found in
about 60% of patients and hepatomegaly

Louse-borne relapsing fever 295

295
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
04 September 2001 14:53:54

Color profile: Disabled
Composite  Default screen



in about half. Splenic tenderness and
enlargement are frequent. Jaundice occurs
in 10–80% of patients. A petechial or
ecchymotic rash is seen, especially on the
trunk, in 10–60%.

Epistaxis (25%), haemoptysis and
conjunctival and retinal bleeding are typi-
cal. Many patients have tender muscles.
Neurological features include meningism
(40%), cranial nerve lesions, monoplegias,
flaccid paraplegia and focal convulsions.
Severe manifestations include myocarditis,
which may present as acute pulmonary
oedema, liver failure and severe bleeding
attributable to thrombocytopenia, liver dam-
age and disseminated intravascular coagula-
tion. Complicating secondary infections
include bacillary dysentery, salmonellosis,
typhoid, typhus, malaria and tuberculosis.
Case fatality can be reduced to less than
5% with antibiotic treatment. During large
epidemics, case fatalities of 40–70% have
been reported. Survivors usually recover
completely and enjoy persistent (sterile)
immunity.

Relapses
In untreated cases, the first attack of fever
resolves by crisis after 4–10 (average 5)
days. There follows an afebrile remission
of 5–9 days and then a series of up to
five relapses. The relapses are less severe
than the initial attack; there is no petechial
rash but iritis or iridocyclitis and severe
epistaxis may occur.

Immunological basis of the relapse
phenomenon

Borrelia recurrentis exhibits antigenic
variation of variable membrane proteins
(Vmps), which are outer membrane lipo-
proteins. The organism has a repertoire of
many Vmps but, at any one time, only one
is expressed and is immunodominant. The
expressed Vmp gene is situated near the
end of a linear plasmid and changes every
1000–10,000 cell divisions. Immunoglobu-
lin M (IgM) is induced against the immuno-
dominant Vmp, leading to selection of
borreliae of the next, emerging serotype.
This explains the relapse phenomenon
and the successive appearance of borreliae

expressing different Vmps during the
course of an untreated infection. These
same Vmps are the principal TNF-inducing
factors in louse-borne relapsing fever.
Variable membrane proteins may differ in
their potency as TNF inducers and may also
determine the invasiveness of the borreliae,
for example, into the central nervous
system and they may affect virulence in
other ways.

The spontaneous crisis and
Jarisch–Herxheimer reaction

With or without treatment, the illness
usually ends dramatically. On about the
fifth day of the untreated illness, or 1–2 h
after antibiotic treatment, the patient
becomes restless and apprehensive and
develops shaking chills lasting 10–30 min.
Temperature, respiratory and pulse rates
and blood pressure rise sharply. There
is delirium, nausea, vomiting, diarrhoea,
cough and limb pains. Some patients die of
hyperpyrexia at the peak of the fever. The
flush (vasodilatation) phase, which lasts
several hours, is characterized by profuse
sweating, a fall in blood pressure and a slow
decline in temperature. Deaths during this
phase follow intractable hypotension or the
development of acute pulmonary oedema
from myocarditis.

Pathology
The vast majority of spirochaetes are
confined to the lumen of blood-vessels,
but tangled masses of B. recurrentis are
also found in splenic miliary abscesses,
in infarcts and adjacent to haemorrhages in
the central nervous system. Some strains of
tick-borne borreliae can invade the central
nervous system, aqueous humour and other
tissues. In louse-borne relapsing fever, a
perivascular, histiocytic, interstitial myo-
carditis has been described, which explains
the conduction defects, arrhythmias and
fatal myocardial failure observed in some
patients. Splenic rupture with massive
haemorrhage, cerebral haemorrhage and
hepatic failure are other causes of death.
Hepatitis is associated with patchy
midzonal haemorrhages and necrosis. Other
changes include meningitis, perisplenitis,
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petechial haemorrhages of serosal cavities
and evidence of disseminated intravascular
coagulation, such as the presence of thrombi
in small blood-vessels.

Diagnosis
Spirochaetes can be seen in stained thin
or thick blood films, except a few hours
after spontaneous crisis or the Jarisch–
Herxheimer reaction (J-HR) and during
remissions. Motile spirochaetes can be seen
by phase-contrast or dark-field microscopy.
Serological methods are not necessary.
False-positive reactions for Proteus OXK,
OX19, OX2 and syphilis occur in 5–10%
of patients, and false-positive Lyme
borreliosis serology is common.

Differential diagnosis
In a febrile patient with jaundice, petechial
rash, bleeding and hepatosplenomegaly,
falciparum malaria, yellow fever, viral
hepatitis, rickettsial infections (especially
epidemic (louse-borne) typhus)), lepto-
spirosis and a viral haemorrhagic fever
should be considered, depending on the
travel history. Mixed epidemics and mixed
infections of louse-borne relapsing fever
and epidemic typhus have been described.
The possibility of a complicating infection,
especially typhoid, should not be forgotten.

Differences between louse-borne and
tick-borne relapsing fever

The tick-borne disease is generally milder
and less protracted. The initial fever lasts
only about 3 days, but there may be up to
13 relapses. Jaundice is less common but
neurological signs are more frequent in
tick-borne disease.

Laboratory findings
Common abnormalities include a moderate
normochromic anaemia, neutrophil leuco-
cytosis (with marked leucopenia during
the spontaneous crisis or J-HR), thrombo-
cytopenia, mild coagulopathy, evidence
of hepatocellular damage and mild renal
impairment. The cerebrospinal fluid shows
a polymorph/lymphocyte pleocytosis with-
out visible spirochaetes.

Transmission
Humans are probably the only reservoir of
louse-borne relapsing fever. The vector is
the human body louse, Pediculus humanus,
and, to a lesser extent, the head louse,
Pediculus capitis. Borrelia recurrentis,
ingested by the louse during a blood meal,
multiplies in its body cavity. Under
conditions of crowding and poor hygiene,
lice move from person to person. When the
host’s body surface temperature deviates
far from 37°C, as a result of death, fever
or exposure, or if infested clothing is
discarded, the louse is forced to find a
new host. A new person is infected when
the infected louse is crushed and its body
haemolymph is applied to mucous mem-
branes, such as the conjunctiva by rubbing
the eye, or to abraded skin, or inoculated
through intact skin by scratching.

Transmission is also possible by blood
transfusion, needle-stick injuries or even,
in medical personnel, by contamination
of broken skin, such as paronychia on the
fingers, by infected patients’ blood. Unlike
the tick vectors of tick-borne relapsing fever,
which are also reservoirs of the infection,
lice cannot transmit the infection transo-
varially to their progeny.

Treatment
Antibiotic treatment

Borrelia recurrentis is highly sensitive to
tetracyclines, chloramphenicol, erythro-
mycin and other macrolides and cepha-
losporins; relatively resistant to quinolones
and aminoglycosides; and completely
resistant to rifampicin, metronidazole and
sulfonamides. In patients who can swallow
and retain tablets, the treatment of
choice is a single oral dose of tetracycline,
erythromycin or chloramphenicol − 500 mg
for adults, 12.5 mg kg−1 for children. Ery-
thromycin is the preferred treatment for
pregnant women and children under the
age of 8 years. The most effective parenteral
treatment is tetracycline, 250–500 mg by
slow intravenous injection. Single-dose
benzylpenicillin (adult dose 500 mg by
intramuscular or slow intravenous injec-
tion) or benzylpenicillin with procaine
benzylpenicillin (adult dose 500 mg by
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intramuscular injection) may cause a milder
but more prolonged J-HR reaction, but with
delayed clearance of spirochaetaemia and
the risk of relapses.

The Jarisch–Herxheimer reaction to antibiotic
treatment

Severe J-HRs, with a case fatality of about
5%, complicate treatment in 30–90% of
cases. There is no evidence, however, that
the shorter and more intense reaction
following tetracycline is more dangerous
than the more prolonged but apparently
milder reaction following penicillin. Corti-
costeroids and paracetamol do not prevent
the reaction but meptazinol, an opioid
antagonist with agonist properties,
decreases the intensity of the J-HR. A
polyclonal, ovine, Fab, anti-TNFα antibody
infused for 30 min before treatment
with penicillin or tetracycline reduces the
incidence and severity of the J-HR.

Ancillary treatment
Patients must be nursed in bed for at least
24 h after treatment to prevent postural syn-
cope, falls (with a risk of splenic rupture)
and fatal cardiac arrhythmias. Hyper-
pyrexia should be prevented by vigorous
tepid sponging and fanning and with anti-
pyretics. Most patients with acute louse-
borne relapsing fever are hypovolaemic.
Adults may require 4 l or more of isotonic
saline by intravenous infusion during the
first 24 h. Infusion should be controlled by
observing jugular venous pressure or moni-
toring central venous pressure. Myocardial
failure may present as acute pulmonary
oedema during the flush phase of the J-HR
or spontaneous crisis. In adults, digoxin
1 mg has proved effective when given
intravenously over 5–10 min. Diuretics may
accentuate the circulatory failure by reduc-
ing circulating volume. Oxygen should be
given during the reaction. Vitamin K is
indicated in patients with prolonged
prothrombin times. Heparin is not effective
in controlling coagulopathy and should not
be used. Complicating infections, such as
typhoid, salmonellosis, bacillary dysentery,
tuberculosis, typhus and malaria, must be
identified and treated appropriately.

Control
Patients with louse-borne relapsing fever
are infectious until their louse-infested
clothing is disinfected by heat, such as
washing in water hotter than 60°C, prefera-
bly followed by ironing. Because in heavy
infestations lice may be attached to body
hairs, it is sometimes good practice to shave
off all body hairs and wash patients’ bodies
with soap and a 1% lysol (disinfectant)
solution; however, it should be remembered
that most lice will be attached to clothing,
not body hairs. These simple approaches
are impractical in epidemic situations;
consequently insecticides are widely used
for louse control. Ten per cent DDT
powder can be blown by an insecticidal
duster between the body and clothing. If
DDT-resistant lice are present, then dusts
of 1% malathion, 2% temephos (Abate),
1% propoxur or 0.5% permethrin can be
used. Impregnation of clothing with a
pyrethroid insecticide may give long-
lasting protection against lice, and treated
clothes may remain effective even after 6–8
washings.

No vaccine is available.
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Louse-borne typhus see Epidemic typhus.

Lumbar paralysis see Setariosis.

Lyme borreliosis

Klaus Kurtenbach

Lyme borreliosis, or Lyme disease, is the
most frequent tick-borne infection in
humans. The disease, caused by the spiro-
chaete Borrelia burgdorferi sensu lato (s.l.),
has been named after the town of Old Lyme
in Connecticut, USA, where a clustering
of clinical cases was observed in the late
1970s. This prompted a large-scale epide-
miological study, resulting in the identifica-
tion of the causative agent by Dr Willy
Burgdorfer in 1982.

Distribution
Lyme borreliosis occurs in temperate
climates of the northern hemisphere, in
both the New World and the Old World
(Fig. 1). Its distribution is correlated with
the prevalence of vector-competent hard
(ixodid) ticks, most of which belong to
the Ixodes ricinus species complex. Lyme
borreliosis prevails in a large variety of
different habitats, ranging from woodlands

and urban parks to pastures (in maritime
climates). As a general rule, moist wood-
land habitats usually harbour the highest
numbers of infected ticks.

Lyme disease has become the common-
est arthropod-transmitted infection to
humans in the USA, with some 122,000
cases reported from 1990 to 1999, of which
over 16,000 occurred in 1999.

Aetiological agent
Borrelia burgdorferi s.l. is a motile, two-
membrane and spiral-shaped spirochaete
with a diameter of around 0.2 µm and a
length of up to 15 µm (Fig. 2). No free-living
stages of this pathogen are known. In the
vertebrate host it lives primarily extracellu-
larly, but has been shown to occasionally
survive in macrophages. Throughout the
life cycle, the microenvironment alternates
as the spirochaete is cyclically transmitted
between the invertebrate vector (tick) and
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Fig. 1. Global distribution of
Lyme borreliosis.
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the vertebrate host. Motility is based on a
set of periplasmic flagella, which allow
the spirochaetes to move through viscous
solutions. As chemotaxis genes have been
identified, motility in the host is likely to
be directed. The metabolic capacities of
the microparasite are limited. Therefore,
culturing of B. burgdorferi s.l. is fastidious
and requires complex media and low
oxygen tension.

The genome of one strain of B. burgdor-
feri sensu stricto (s.str.) has been sequenced
recently, revealing a highly unusual gen-
omic organization. The pathogen contains
a linear chromosome and up to 20 linear
and circular plamids (‘minichromosomes’).
About half of all proteins are encoded
by genes located on such extrachromosomal
elements – for example, the major outer
surface lipoproteins OspA, OspB and OspC.
Based on sequence information, approxi-
mately 40% of the open-reading frames
(ORF) on the chromosome cannot yet be
assigned a biological function. Only 16%
of the plasmid ORFs could be identified,
including the proteins OspA–D, the VisE
lipoprotein recombination cassette and the
decorin-binding proteins. Thus, the biologi-
cal significance of many plasmid-encoded
genes remains obscure. Another striking
result of the genome project was that no
virulence factors were recognized, and yet
a subset of the bacteria causes disease in

humans and some domesticated and
laboratory animals.

Genetic recombination by one or other
mechanism occurs at a number of loci,
generating antigenic diversity, a feature
B. burgdorferi s.l. shares with relapsing fever
spirochaetes (see Louse- and Tick-borne
relapsing fevers). Furthermore, antigenic
phase variation (‘switch on–off’) plays an
important role in the biology of B. burgdor-
feri s.l. For example, OspA, OspB and OspC
(and many other genes) are differentially
expressed in the host and the tick vector.
Antigenic phase variation is likely to be an
important mechanism of immune evasion or
immune avoidance. This finding has been
exploited for the design of a transmission-
blocking vaccine targeting a concealed
antigen, the OspA, selectively expressed in
the mid-gut of the infected tick. Vaccine-
induced borreliacidal antibodies directed to
OspA are taken up by the feeding tick and
thus eradicate the spirochaetes before they
are delivered to the host.

Phylogenetic analyses have revealed
that B. burgdorferi s.l. is a genetically diverse
species complex. At present, ten named
Borrelia genospecies have been delineated
and given Linnaean binomial species names,
i.e. B. burgdorferi s.str., B. afzelii, B. garinii,
B. valaisiana, B. bissettii, B. japonica,
B. lusitaniae, B. andersonii, B. turdae
and B. tanukii. The species complex also

Lyme borreliosis300

Fig. 2. Borrelia
burgdorferi s.l. in the
mid-gut of a questing
lxodes ricinus tick.
The bacteria are
probed with an
immune serum to the
outer surface protein
A and visualized by
immunofluorescence.
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comprises a number of as yet unnamed
genomic groups. The phylogenetic relation-
ships of the various genospecies and
genomic groups are not fully resolved.
Multilocus genotyping methods are likely to
clarify the evolutionary relationships in the
near future.

Clinical symptoms
Human Lyme borreliosis comprises a large
range of early and late (chronic) disease
symptoms. Between 2 and 30 days after an
infectious tick bite, the disease may set off
with a typical skin rash, called erythema
(chronicum) migrans (Fig. 3), or, more
uncommonly, with borrelial lymphocy-
toma. Untreated, the disease may progress
and become disseminated. The clinical
features of early disseminated Lyme
borreliosis (up to a year after initial

infection) may include myalgia, arthralgia,
radiculopathy, carditis and early neuro-
borreliosis (facial palsy, polyradiculitis,
peripheral neuritis and mild encephalitis).
Years post-infection, Lyme borreliosis may
progress to late (chronic) disease, involving
Lyme arthritis (frequent in North America),
acrodermatitis chronica atrophicans (Fig. 4)
(the most common manifestation of chronic
Lyme borreliosis in Europe) or chronic
neuroborreliosis (Eurasia). It is now
accepted that the delineation of genospecies
of B. burgdorferi s.l. is clinically relevant, in
that the genospecies cause distinct symp-
toms of the disease. Borrelia burgdorferi
s.str. is associated with Lyme arthritis,
B. afzelii with dermatological symptoms
and B. garinii with neuroborreliosis. The
pathogenic potentials of the other
genospecies are unknown.
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Fig. 3. Erythema chronicum
migrans, an early skin
manifestation of Lyme borreliosis.

Fig. 4. Acrodermatitis chronica
atrophicans, a late and chronic skin
manifestation of Lyme borreliosis.
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Diagnosis
Diagnosis of Lyme borreliosis in humans is
based on a variety of non-microbiological,
microbiological and serological methods.

Non-microbiological
Histopathological findings, in particular
lymphocytic infiltrations, may be indicative
for cutaneous manifestations of Lyme bor-
reliosis, whereas lymphocytic pleocytosis
in cerebrospinal fluid is an important
indication of neuroborreliosis.

Microbiological
In recent years, the polymerase chain
reaction (PCR), amplifying Borrelia DNA
directly from tissue biopsies, cerebrospinal
fluid or urine, has become an available
technique, but it remains confined to spe-
cialized laboratories. Although PCR only
detects spirochaetal DNA and not viable
bacteria, it is recommended that positive
results should prompt antibiotic treatment.
Culturing of B. burgdorferi s.l. is widely
regarded as the ‘gold standard’ in Lyme
borreliosis diagnosis; however, it appears to
be much less sensitive than PCR.

Serological
Serology remains the most important
testing approach. It is based on the detec-
tion of specific antibodies to antigens of

B. burgdorferi s.l. Antibodies can be
detected using the immunofluorescence
antibody assay (IFA), enzyme-linked
immunosorbent assay (ELISA) and
immuno- (Western) blot. Generally, IFA and
ELISA tests are used in serodiagnostic
screening, whereas the immunoblot is more
specific and used as a confirmatory test.
Recombinant antigens are now being
used in ELISA and immunoblot assays,
increasing sensitivity and specificity. Due
to the antigenic heterogeneity of Borrelia
strains, the correct source of antigen used
is crucial in the interpretation of results.
Standardization of criteria for interpretation
of immunoblots is still incomplete.

Transmission
Ticks

All the genospecies of B. burgdorferi s.l. are
transmitted by hard (ixodid) ticks belonging
to the Ixodes ricinus species complex. In
the north-east of the USA Ixodes scapularis
(synonym Ixodes dammini) is the most
abundant vector tick, whereas in the
north-west of the USA (e.g. California)
Ixodes pacificus prevails. Ixodes ricinus is
the most important vector in many parts of
Europe (Fig. 5). Towards the east of Europe,
I. ricinus becomes rare, gradually being
replaced by Ixodes persulcatus, a tick spe-
cies adapted to more continental climates.

Lyme borreliosis302

Fig. 5. lxodes
ricinus ticks. Upper
lane from the left:
questing larva, quest-
ing nymph. Lower
lane from the left:
fully engorged adult
female, questing
male, questing
female.
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The two tick species overlap geographically
along a corridor in the east of Europe.
Various other ixodid ticks play roles in
the ecology of B. burgdorferi s.l., but many
of these species do not bite humans. For
example, Ixodes spinipalpis (= neotomae)
or Ixodes jellisoni (in the USA) and Ixodes
hexagonus and Ixodes trianguliceps (in
Eurasia) maintain the spirochaetes in
cryptic transmission cycles.

Ticks ingest spirochaetes during a blood
meal on an infected animal. The spiro-
chaetes then colonize the mid-gut of the tick
and, under permissive conditions, are
usually retained throughout the develop-
ment to the next life stage (i.e. trans-stadial
transmission), occasionally also involving
transovarial transmission. Transmission of
the pathogens from the tick to the host is a
complex process. Stimulated by the blood
meal, the spirochaetes multiply in the
mid-gut of the tick. After penetration of the
mid-gut epithelium, they migrate to the sali-
vary glands, from where they are delivered
to the host. During this process, which lasts
several days and which involves the inter-
action of spirochaetes with host-derived
factors, such as plasminogen, the bacteria
undergo antigenic phase variation and
become host-adapted. There seem to be
critical steps in the process. For example,
host complement poses selective contraints
on the bacteria in the ticks’ mid-gut (see
below). In addition, transmission of Borrelia
between ticks and hosts appears to be
influenced by immunological processes at
the tick–host interface. Tick saliva affects
the hosts’ haemostatic, immune and inflam-
matory responses. Immunomodulatory and
immunogenic qualitites of tick saliva may
either potentiate or inhibit transmission
of B. burgdorferi s.l., depending on the
particular combination of host and tick
species in a density-dependent way. The
precise mechanisms underlying these
observations are unknown.

Reservoir hosts
Reservoir hosts are hosts upon which a
feeding tick efficiently acquires B. burgdor-
feri s.l. Stable circulation of B. burgdorferi

s.l. in nature (i.e. the basic reproduction
number, R0, is higher than 1) requires
the coincidence of vector-competent ticks
and reservoir hosts. Small rodents have
always been regarded as the principal
reservoir hosts, but accumulating evidence
indicates that many bird species are highly
reservoir-competent for B. burgdorferi s.l.
Deer have been shown to be reservoir-
incompetent for B. burgdorferi s.l.; how-
ever, they can play an important role as
tick hosts and thus indirectly contribute
to the circulation of Lyme disease
spirochaetes.

Globally, more than 100 animal species
have so far been recorded as reservoir hosts.
In terms of biomass, small rodents, passerine
birds and, at least locally, game birds
are considered to be the most important
reservoir hosts in sylvatic foci of Lyme
borreliosis. Spirochaetes may persist for
a long time in vertebrates (sometimes life-
long), despite the generation of specific
antibodies. Reservoir hosts do not seem to
develop disease, although minor symptoms
may be confounded by other factors.

Reservoir competence seems to be
species-specific. West European genotypes
of B. garinii and B. valaisiana, for example,
are preferentially transmitted to ticks by
birds, whereas B. afzelii is maintained by
rodent hosts. Borrelia burgdorferi s.str., in
contrast, has a broader host range, involving
both avian and mammalian species. The
reservoir hosts of other Borrelia species,
such as B. lusitaniae, are still unknown.
A key determinant of reservoir competence
is the complement system of the host, an
important element of innate immunity.
Borrelia strains differ in their sensitivity/
resistance to complement of animal species.
Complement-mediated lysis (i.e. selection)
appears to take place in the mid-gut of the
feeding tick rather than in the host, render-
ing the mid-gut of the tick a bottleneck in
terms of transmission. Population genetic
studies, furthermore, suggest the operation
of frequency-dependent selection of B.
burgdorferi s.l., probably mediated by
adaptive immunity. Altogether, informat-
ion on the genetic population structure of
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B. burgdorferi s.l. and on the forces that
shape this structure is highly relevant in our
understanding of the ecology and evolution
of the spirochaetes.

Consistent with the observation that the
ecology of Lyme borreliosis is substantially
influenced by the structure of the host
community, the global distribution of the
genospecies and subtypes of B. burgdorferi
s.l. is not even. In the north of America,
B. burgdorferi s.str. is the most prevalent
strain, followed by B. bissettii and
B. andersonii. In Eurasia, B. afzelii, B. garinii
and B. valaisiana are the most frequent
genospecies. Surprisingly, it emerged that
B. burgdorferi s.str. is very rare in Europe
and absent from Asia. High genospecies
diversity and infection prevalences have
been recorded for central parts of Eurasia,
with 50% or more of questing adult ticks
carrying borreliae. Data available so far
indicate that genospecies diversity declines
towards the south–west of the Old World
geographical range of Lyme borreliosis.
Borrelia garinii, the genetically most diverse
genospecies of B. burgdorferi s.l., displays
a pronounced geographical population
structure. Most strains of this genospecies
occurring in the west of Europe (type 20047)
have been found to be maintained by avian
hosts, while the strains detected towards
the east of Eurasia (type NT 29) are adapted
to mammalian–tick transmission systems.
A few genospecies are geographically
restricted. Borrelia lusitaniae mainly occurs
on the Iberian Peninsula, while B. japonica,
B. turdi and B. tanukii are confined to the Far
East, including Japan.

Treatment
At present, treatment of Lyme borreliosis
is based on antibiotics. As a guideline,
all cases with clinical symptoms should
receive antibiotic treatment in order to
prevent disease progression.

The drugs of choice are as follows.

1. For erythema migrans and borrelia
lymphocytoma: amoxicillin (3 × 500 mg,
oral for 14–21 days), doxycycline
(2 × 100 mg, oral for 14–21 days),
penicillin V (3 × 1000 mg, oral for 14–21

days) and cefuroxime axetil (2 × 500 mg,
oral for 14–21 days).
2. For Lyme arthritis: amoxicillin
(4 × 500 mg, oral for 21–28 days), doxy-
cycline 2 × 100 mg, oral for 21–28 days),
ceftriaxone (1 × 2000 mg, i.v. for 14–21
days) and cefotaxime (3 × 2000 mg, i.v.
for 14–21 days).
3. For neuroborreliosis: ceftriaxone
(1 × 2000 mg, i.v. for 14–21 days), cefo-
taxime (3 × 2000 mg, i.v. for 14–21 days),
penicillin G (3 × 3000 mg, i.v. for 14–21
days) and doxycycline (2 × 200 mg, oral for
14–21 days).
4. For acrodermatitis chronica atroph-
icans: amoxicillin (4 × 500 mg, oral for
21–28 days), doxycycline (2 × 100 mg, oral
for 21–28 days), ceftriaxone (1 × 2000 mg,
i.v. for 14–21 days), cefotaxime (3 × 2000 mg,
i.v. for 14–21 days) and penicillin G
(3 × 3000 mg, i.v. for 14–21 days).
5. For Lyme carditis: ceftnaxone
(1 × 2000 mg, i.v. for 14 days), cefotaxime
(3 × 2000 mg, i.v. for 14 days) and penicillin
G (3 × 3000 mg, i.v. for 14 days).

Tetracyclines are contraindicated in
children (of less than 12 or 8 years) and preg-
nant women. Jarisch–Herxheimer reactions
sometimes occur during the first day of treat-
ment and patients with heart block may
require cardiac monitoring.

In the future, polyvalent therapeutic
vaccines may become available. At present,
preclinical developments are under way.

Prevention and control
Because tick control measures are not
appropriate for the control of Lyme
borreliosis, prevention largely relies on
personal precautions against tick bites and
prophylaxis.

Personal precautions take the biology of
the tick and the life cycle of B. burgdorferi
s.l. into consideration. Avoiding tick bites is
possible either by staying away from tick
habitats, especially in spring and summer, or
by applying chemical repellents and the use
of protective clothing, preferably impreg-
nated with tick repellents or insecticides,
such as the pyrethroids. Careful examina-
tion of clothes and body for ticks is
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recommended, because it usually takes
at least 24 h after attachment before the
spirochaetes are transmitted. Hence, early
removal of attached ticks can be an effective
preventive method.

Antibiotic treatment after a tick bite is
a possible measure of prevention; however,
it is not recommended in Europe. A vaccine
is now commercially available in the
USA (LYMErix, SmithKline Beecham). The
OspA-based vaccine has been designed
against B. burgdorferi s.str. and is not
cross-protective against the most abundant
pathogenic genospecies in Eurasia, B. garinii
and B. afzelii. Although various preclinical
studies are currently being carried out, a
major obstacle in the development of
vaccines against Eurasian Borrelia strains
is the substantial allelic diversity of the
proteins targeted.
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Malaria, avian

Carter T. Atkinson

Avian malaria is a common mosquito-
transmitted disease of wild birds that
infects domestic fowl and ‘cage birds’ when
suitable vectors and wild reservoir hosts are
present. Infections are caused by a complex
of more than 30 species of Plasmodium,
which differ widely in host range, geo-
graphical distribution, vectors and patho-
genicity. They are currently organized into
five subgenera, which are distinguished by
the morphological characteristics of the
erythrocytic stages of the parasites, by the
morphological changes in their host cells
and by their preference for either mature
erythrocytes or erythrocyte precursors. Spe-
cies that infect domestic birds occur in four
of these five subgenera and are separated
further by host range, developmental char-
acteristics and vectors. The avian species
of Plasmodium share morphological and
developmental features with closely related
haemosporidian parasites in the genera
Haemoproteus and Leucocytozoon (see
Haemoproteosis and Leucocytozoonosis)
but are distinguished from these parasites
by the presence of schizogony in circulating
erythrocytes.

Plasmodium relictum (subgenus
Haemamoeba)

Distribution
Worldwide: Plasmodium relictum has one
of the widest host ranges of the avian
plasmodia, occurring naturally in 70 differ-
ent avian families and 359 species of wild
birds. This species can infect Canaries
(Serinus canaria) and other ‘cage birds’
when suitable reservoir hosts and vectors
are present.

Parasite
The life cycle (Fig. 1) begins when infective
sporozoites are inoculated by a mosquito
vector into a susceptible host. Sporozoites
invade macrophages and fibroblasts near
the site of the mosquito bite and undergo

asexual schizogony as cryptozoites. These
mature in approximately 36–48 h and release
ovoid merozoites, which invade cells of
the lymphoid–macrophage system in brain,
spleen, kidney, lung and liver tissue to
begin a second generation of asexual schizo-
gony as metacryptozoites. The metacryt-
pozoites mature and release merozoites,
which are capable of invading circulating
erythrocytes and capillary endothelial cells
of the major organs. Merozoites that con-
tinue with a third generation of schizogony
in fixed tissues of the host are called
phanerozoites and produce merozoites that
can either invade circulating erythrocytes
or reinvade endothelial cells to continue
additional generations of schizogony in
fixed tissues. Merozoites that invade the cir-
culating erythrocytes develop within 36 h
into either mature segmenters, containing
8–32 ovoid merozoites, or gametocytes,
which are infective to mosquito vectors.
Schizogony can continue indefinitely in the
peripheral circulation and evidence sug-
gests that merozoites from some erythrocy-
tic schizonts can reinvade fixed tissues and
continue development as phanerozoites.

Birds typically undergo an acute phase
of infection, where parasitaemia increases
steadily to reach a peak approximately
9 days after parasites first appear in the
blood. This is followed by a rapid decline
in intensity of infection to chronic levels,
which persist for the lifetime of infected
individuals.

Plasmodium relictum can readily infect
canaries, but occurs more rarely in ducks
and does not develop in chickens or turkeys.
The parasite has been reported rarely from
Pheasants (Tragopan satyra) and Blue quail
(Coturnix chinensis). Many different strains
of the parasite have been described that
differ slightly in morphological features,
developmental characteristics and ability to
be transmitted by different species of mos-
quitoes. Two subspecies of the parasite are
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currently recognized – P. relictum relictum
and P. relictum capistranoae – but their rela-
tionships with each other and to closely
related species of Plasmodium are poorly
defined.

Related species
Closely related Plasmodium species from
non-galliform hosts include P. matutinum
from pigeons and doves (Columba species)
and P. cathemerium and P. giovannolai
from passerine birds. They are distin-
guished from P. relictum by relatively
minor morphological and developmental
differences and variability in host range. It
is likely that further work on this complex
of closely related species will lead to taxo-
nomic revisions.

Clinical symptoms
Plasmodium relictum can be highly patho-
genic in canaries. Birds with acute infec-
tions are typically lethargic and anorexic,
with ruffled feathers. Gross lesions include
thin and watery blood and enlargement
and discoloration of the liver and spleen
by deposition of malarial pigment in tissue

macrophages (Fig. 2). Infected birds
succumb to severe anaemia, caused by
destruction of erythrocytes by developing
schizonts. Birds that recover from acute
infections are immune to reinfection with
homologous strains of the parasite.

Diagnosis
Parasites can be detected in Giemsa-stained
thin blood smears (Fig. 3). The presence of
schizonts with 8–32 merozoites and round
or oval gametocytes that displace the host
cell nucleus is characteristic of passerine
species of the subgenus Haemamoeba.
Plasmodium relictum is differentiated from
its closely related species by both host spe-
cies and morphological and developmental
differences.

Transmission
Culex species such as C. quinquefasciatus,
C. tarsalis and C. stigmatasoma are proved
natural vectors of P. relictum in Hawaii and
California, but few detailed epidemiological
studies of P. relictum have been done and
natural vectors of the parasite in other parts
of its range are unknown. More than 20
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Fig. 2. Spleens from infected (left)
and uninfected (right) canaries.
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species of anopheline and culicine mosqui-
toes in four different genera (Anopheles,
Aedes, Culex and Culiseta) are capable of
transmitting P. relictum in the laboratory.
Sporogony in developing oocysts is rapid
at temperatures between 25 and 30°C
and takes 5–8 days, eventually producing
thousands of sporozoites, which bud from
multiple sporoblasts (Fig. 4). Oocysts subse-
quently rupture, releasing sporozoites into
the haemocoel of the mosquito. These invade
the salivary glands and pass through the
salivary ducts during the next blood meal.

Treatment
Both chloroquine phosphate and prima-
quine phosphate may be effective in
treating canaries infected with P. relictum.
However, detailed studies of the pharmaco-
kinetics of these drugs in passerines have
not been done. Appropriate dosages are not
established.

Control
Reduction of populations of mosquito
vectors could probably reduce transmission
of P. relictum, but this method has not been
tested for this parasite. More cost-effective
measures include housing ‘cage birds’ in
screened, mosquito-proof buildings, or
locating birds in areas that are isolated from
wild reservoir hosts.

Plasmodium gallinaceum (subgenus
Haemamoeba)

Distribution
South-East Asia, Indonesia, Malaysia, Bor-
neo, India and Sri Lanka. The natural host
for P. gallinaceum is the wild Red jungle
fowl (Gallus gallus). The distribution of the
parasite in domestic chickens coincides
with the geographical range of the natural
host and has not expanded with the move-
ment of domestic poultry to other parts of
the world.
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Fig. 3. Giemsa-stained blood
smear from a canary infected with
Plasmodium relictum.

Fig. 4. Oocysts of Plasmodium
relictum on the mid-gut wall of
Culex quinquefasciatus. Both
oocysts contain densely packed,
slender sporozoites.
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Parasite
The life cycle begins when infective sporo-
zoites are inoculated by a mosquito vector
into a susceptible host. Sporozoites invade
macrophages near the site of the mosquito
bite and undergo asexual schizogony as
cryptozoites. These mature in approxi-
mately 36–48 h and release elongate mero-
zoites, which spread via the circulation.
These merozoites invade macrophages and
begin a second generation of asexual schizo-
gony as metacryptozoites. Metacryptozoites
reach maturity at approximately 72 h and
release merozoites that are capable of
invading circulating erythrocytes, cells of
the lymphoid–macrophage system in the
skin, spleen and lungs and capillary endo-
thelial cells of the major organs, with the
exception of the brain and bone marrow.
Merozoites that continue with a third
generation of schizogony in fixed tissues
of the host are called phanerozoites and
produce merozoites that can either invade
circulating erythrocytes or reinvade endo-
thelial cells and macrophages to continue
additional generations of schizogony in
fixed tissues. Merozoites that invade the
circulating erythrocytes develop within
36 h into either mature schizonts, con-
taining 16–20 ovoid merozoites, or gameto-
cytes, which are infective to mosquito vec-
tors. Schizogony can continue indefinitely
in the peripheral circulation.

Birds typically undergo an acute phase
of infection, where parasitaemia increases
steadily to reach a peak approximately
9 days after parasites first appear in the
blood. This peak is followed by a rapid
decline in intensity to chronic levels, which
persist for years.

Plasmodium gallinaceum can infect
geese, ducks, pheasants (Tragopan satyra),
turkeys, Partridges (Perdix perdix) and
Guinea fowl (Numida meleagris) in the labo-
ratory, but the susceptibility of these hosts to
the parasite is low and they probably do not
acquire infections under natural conditions
of transmission.

Closely related species
Closely related Plasmodium species from
galliform hosts include P. griffithsi from

domestic turkeys in South-East Asia,
P. tejerai from domestic turkeys in South
America and P. coturnixi from quail
(Coturnix coturnix) in Pakistan. Plasmo-
dium griffithsi can cause fatal infections in
adult domestic turkeys.

Clinical symptoms
Plasmodium gallinaceum can be highly
pathogenic in domestic chickens, particu-
larly when European breeds are introduced
into endemic areas where the cycle is main-
tained in wild Red jungle fowl (G. gallus).
Young chicks are more susceptible than
adult birds. Birds with acute infections may
be lethargic, have pale combs and suffer
from diarrhoea and partial or total paralysis.
Anaemia, caused by destruction of circulat-
ing erythrocytes by developing schizonts,
and neurological complications, caused by
obstruction of capillaries in the brain by
exoerythrocytic schizonts, are the primary
causes of death.

Diagnosis
Parasites can be seen in Giemsa-stained thin
blood smears. The presence of schizonts with
numerous merozoites and round gameto-
cytes that displace the host cell nucleus
are distinctive for P. gallinaceum. The only
other malarial parasite known to occur
in domestic chickens is P. juxtanucleare,
which can be distinguished by its smaller
size and more elongate gametocytes.

Transmission
Mansonia crassipes is a proved natural
vector of P. gallinaceum in Sri Lanka,
but detailed epidemiological studies of
P. gallinaceum have not been done and vec-
tors of the parasite in other parts of its range
are unknown. More than 40 different spe-
cies of anopheline and culicine mosquitoes
in six different genera (Anopheles, Aedes,
Armigeres, Culex, Culiseta and Mansonia)
are capable of transmitting P. gallinaceum
in the laboratory (Aedes aegypti is a con-
venient laboratory host for transferring
infections from bird to bird by mosquito
bite). Sporogony in developing oocysts
takes about 10 days, eventually producing
thousands of sporozoites, which bud from
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multiple sporoblasts. Oocysts subsequently
rupture, releasing sporozoites into the
haemocoel of the mosquito. These invade
the salivary glands and pass down the
salivary ducts during the next blood meal
and are injected into a new avian host.

Treatment
Plasmodium gallinaceum is a common lab-
oratory model for screening the efficacy of
experimental antimalarial drugs for humans,
but little work has gone into adapting these
compounds for veterinary use. The anti-
coccidial drugs sulfamonomethoxine, sulfa-
chloropyrazine and halofuginone are some-
what effective in treating Plasmodium
durae in domestic turkeys and may also be
effective against P. gallinaceum.

Control
Reduction of populations of mosquito
vectors can in theory probably reduce trans-
mission of P. gallinaceum, but this method
has not been tested for this parasite. More
cost-effective measures may be to move
poultry operations into screened, mosquito-
proof buildings, or to locate birds in areas
that are isolated from wild reservoir hosts.

Plasmodium durae (subgenus Giovannolaia)
Distribution

Sub-Saharan Africa, with reports from
Kenya, Nigeria, Zimbabwe and South
Africa. Plasmodium durae is a parasite of
wild francolins (Francolinus leucoscepus
and Francolinus levaillantii levaillantii)
that infects domestic turkeys when wild
reservoir hosts and vectors are present.

Parasite
The detailed life cycle of P. durae has not
been described.

Exoerythrocytic schizonts have been
found in capillary endothelial cells of lung,
liver, spleen and brain tissue, but are espe-
cially numerous in the brain, where their
large size can occlude blood flow. When
infections in domestic turkeys are initiated
by subinoculation of infected blood, para-
sitaemias peak between 15 and 25 days
post-inoculation and subsequently decline
to subpatent levels. The erythrocytic cycle

requires 24 h for merozoites to mature into
schizonts or gametocytes. Mature gameto-
cytes are most numerous in the peripheral
circulation after peak parasitaemia.

Plasmodium durae can be transmitted
by blood inoculation to Japanese quail
(Coturnix japonica) and Lady Amherst
pheasants (Chrysolophus amherstiae), but
domestic chickens, ducks, Guinea fowl
(Numida meleagris) and Canaries (Seri-
nus canaria) are refractory to infection.

Related species
Closely related species in the subgenus
Giovannolaia that can occur in domestic
birds include P. fallax, P. circumflexum,
P. polare, P. lophurae, P. gabaldoni, P. pin-
otti, P. pediocettii, P. formosanum, P. ana-
sum and P. hegneri. These parasites have
been reported from ducks, geese, turkeys,
francolins, Guinea fowl, quail (Coturnix
species), Partridges (Perdix perdix) and
pigeons (Columba species) from around
the world. Little is known about their
pathogenicity under conditions of natural
transmission.

Clinical symptoms
Plasmodium durae is highly pathogenic
in domestic turkeys. Depending on geo-
graphical origin and strain of the parasite,
mortalities can be up to 90% in young
poults. Young turkeys exhibit few clinical
signs until immediately before death, when
severe convulsions may occur. Adult
turkeys typically become lethargic and
anorexic and often develop right pulmonary
hypertension as a consequence of hypoxic
pulmonary arterial hypertension. Adult
birds may also develop oedematous legs
and gangrene of the wattles. Cerebral
capillaries may be blocked by developing
exoerythrocytic schizonts and infected
birds may exhibit neurological signs and
paralysis before death.

Diagnosis
Giemsa-stained thin blood smears will
identify the presence of parasites. The pres-
ence of small round schizonts and elongate
gametocytes that do not curve around the
host erythrocyte nucleus separate P. durae
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from P. fallax, P. lophurae and P. circumf-
lexum. Plasmodium formosanum, P. ana-
sum, P. pinotti, P. pediocettii and P. hegneri
have not been reported from Africa.
Neither P. gabaldoni nor P. polare has been
reported in galliform hosts, but could
potentially be confused with P. durae.

Transmission
Neither natural nor experimental mosquito
vectors have been identified for P. durae
and nothing is known about the sporogonic
stages or epidemiology of the parasite. Out-
breaks of the disease in domestic turkeys
and pheasants have been documented in
Kenya and Zimbabwe.

Treatment
The anticoccidial drugs sulfamono-
methoxine, sulfachloropyrazine and
halofuginone are somewhat effective in
treating P. durae in domestic turkeys.
Sulfamonomethoxine suppresses para-
sitaemia, but does not provide full protec-
tion from mortality when given after the
appearance of circulating parasites. Sulfa-
chloropyrazine reduces mortality, but has
no effect on parasitaemia, suggesting that it
has some efficacy against exoerythrocytic
schizonts. Halofuginone delays para-
sitaemia, but suppresses it to only a minor
extent.

Control
As the mosquito species that transmit this
parasite are unknown, vector control meth-
ods are inappropriate. More cost-effective
approaches to control may be to move
poultry operations into screened, mosquito-
proof buildings or to locate birds in areas
that are isolated from wild reservoir
hosts.

Plasmodium juxtanucleare
(subgenus Novyella)

Distribution
Mexico, Brazil, Uruguay, Sri Lanka, Philip-
pines, Taiwan, Japan, Malaysia, South
Africa and Tanzania. Plasmodium juxta-
nucleare is a parasite of wild birds that
infects domestic chickens when wild
reservoir hosts and vectors are present.

Parasite
Details about the pre-erythrocytic develop-
ment of P. juxtanucleare have not been
described. Exoerythrocytic schizonts have
been reported in lymphoid–macrophage
cells of the spleen, liver, kidney, heart,
lung, bone marrow, testes, pancreas and
brain, but are most common in the spleen.
In sporozoite-induced experimental infec-
tions, parasitaemia peaks 6–8 days after
infection and then declines to chronic lev-
els. The erythrocytic cycle requires approxi-
mately 24 h for merozoites to mature into
schizonts or gametocytes.

Proved wild reservoir hosts of infection
in Sri Lanka, South Africa and Taiwan,
respectively, are Red jungle fowl (Gallus
gallus), Greywing francolins (Francolinus
africanus) and Bamboo partridges (Bam-
busicola thoracica), but natural hosts are
not known for other parts of its range.
Plasmodium juxtanucleare can be transmit-
ted to domestic chickens and turkeys, but
pigeons (Columba species), ducks, Guinea
fowl (Numida meleagris), Canaries (Seri-
nus canaria) and sparrows (Passer species)
are not susceptible to the parasite.

Related species
Closely related species in the subgenus
Novyella that can occur in ‘cage birds’,
pigeons, waterfowl, Guinea fowl, Pheasants
(Tragopan satyra), quail (Coturnix species)
and turkeys include P. vaughani, P. rouxi,
P. nucleophilum, P. kempi, P. leanucleus
and P. dissanaikei. Little is known about
their pathogenicity under conditions of
natural transmission.

Clinical symptoms
Infected chickens appear healthy until
shortly before death, when they become
lethargic and anaemic and often develop
diarrhoea. New World strains of the parasite
are believed to be more pathogenic in
domestic chickens than isolates from other
parts of the world.

Diagnosis
Parasites can be seen in Giemsa-stained thin
blood smears. Plasmodium juxtanucleare
is one of only two malarial parasites that

Malaria, avian312

312
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
04 September 2001 15:19:00

Color profile: Disabled
Composite  Default screen



have been described in domestic chickens.
This species can be distinguished from
P. gallinaceum by its more elongate gameto-
cytes and by the tendency of its asexual
stages to cling closely to the host cell
nucleus.

Transmission
Proved natural vectors include Culex
species, such as C. sitiens, C. annulus,
C. gelidus and C. tritaeniorhynchus in
Malaysia and Culex saltanensis in Brazil.
Natural vectors in other parts of its range
remain unknown and detailed epidemiolog-
ical studies of the parasite have not been
undertaken.

Unusual pedunculated or stalked
oocysts have been described during sporo-
gonic development of the parasite on the
outer midgut wall of its culicine vectors.

Treatment
Specific treatments for P. juxtanucleare
have not been developed. As the anticocci-
dial drugs sulfamonomethoxine, sulfa-
chloropyrazine and halofuginone are some-
what effective in treating P. durae in
domestic turkeys, they may also be effective
against P. juxtanucleare.

Control
Reduction of populations of mosquito
vectors can reduce transmission of
P. juxtanucleare, but this method has not
been tested for this parasite and may not
be practical in areas where the vectors are
unknown. More cost-effective measures
may be to move poultry operations into
screened, mosquito-proof buildings or to
locate birds in areas that are isolated from
wild reservoir hosts.

Plasmodium elongatum (subgenus Huffia)
Distribution

North and South America, Europe and
Africa. Plasmodium elongatum has a wide
host range, occurring naturally in 21 differ-
ent families and 59 species of birds. It
infects ‘cage birds’, pigeons (Columba
species) and ducks when wild reservoir
hosts and suitable vectors are present.

Parasite
Details about the early pre-erythrocytic
development of P. elongatum are unknown.
After the parasite invades erythrocytes, exo-
erythrocytic schizonts are found primarily
in haemocytoblasts and other erythrocyte
precursors in bone marrow. Plasmodium
elongatum and other species in the sub-
genus Huffia do not develop in capillary
endothelial cells of the major organs, but
instead undergo exoerythrocytic schizogony
in haematopoietic tissues of the host. Mero-
zoites from both erythrocytic and exoerythro-
cytic schizonts preferentially invade reticu-
locytes and complete asexual schizogony in
24 h. Gametocytes are long and narrow in
shape, with irregular margins, and are found
in mature erythrocytes. After parasites
appear in circulating erythrocytes, parasita-
emia increases steadily, peaks in intensity
between 8 and 10 days and then declines.

Related species
Closely related species in the subgenus
Huffia include P. hermani from Wild
turkeys (Meleagris gallopavo) in the south-
eastern USA. This parasite does not cause
high mortality in domestic turkeys.

Clinical symptoms
Plasmodium elongatum is highly patho-
genic in canaries. Birds with acute infec-
tions are typically lethargic and anorexic,
with ruffled feathers. Gross lesions include
thin and watery blood and enlargement
and discoloration of the liver and spleen
by deposition of malarial pigment in tissue
macrophages. Infected birds succumb to
severe anaemia caused by destruction of
haematopoietic tissue in the bone marrow
and other organs. Birds that recover sponta-
neously from acute infections do not
develop immunity to reinfection.

Diagnosis
Giemsa-stained thin blood smears will
identify the parasites. Plasmodium elonga-
tum and other members of the subgenus
Huffia develop preferentially in reticulo-
cytes. This characteristic, plus the presence
of elongate, thin gametocytes, is diagnostic
for this species.
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Transmission
Proved natural vectors of P. elongatum are
Culex mosquitoes and include C. pipiens
and C. restuans in the eastern USA. Culex
nigripalpus, C. restuans and C. salinarius
are probable natural vectors in the south-
eastern USA, based on their ability to trans-
mit the parasite in the laboratory. Natural
vectors in other parts of the world remain
unknown.

Treatment
Both chloroquine phosphate and prima-
quine phosphate may be effective in treat-
ing canaries infected with P. elongatum, but
detailed studies of the pharmacokinetics of
these drugs in passerines have not been
done. Appropriate dosages have not been
established.

Control
Reduction of populations of mosquito
vectors can reduce transmission of P. elong-
atum, but this method has not been tested
for this parasite. More cost-effective mea-
sures may be to keep small cage birds in
screened, mosquito-proof buildings or to
locate birds in areas that are isolated from
wild reservoir hosts.
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Malaria, human

M. Renshaw and J.B. Silver

Human malaria involves the infection of
humans with four species of Plasmodium:

• Plasmodium falciparum;
• Plasmodium malariae;
• Plasmodium ovale;
• Plasmodium vivax.

Plasmodium falciparum is the most danger-
ous species of malaria parasite, as it may
lead to the death of the patient, particularly
if diagnosis and treatment are delayed. The
greater severity of falciparum malaria is
related to the sequestration of red blood

cells containing dividing forms of the para-
site in the deep capillaries of major organs.
The other three species of malaria may also
cause severe illness, but they are rarely
fatal. The malaria parasite is transmitted
to humans by mosquitoes of the genus
Anopheles.

Distribution
Malaria is endemic in more than 100 coun-
tries and territories worldwide (Fig. 1), and
current estimates put the number of people
at risk at more than 2000 million, or 40% of

314
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
04 September 2001 15:19:00

Color profile: Disabled
Composite  Default screen



Malaria, human 315

Fi
g.

1.
W

or
ld

w
id

e
di

st
ri

bu
tio

n
of

m
al

ar
ia

tr
an

sm
is

si
on

an
d

dr
ug

re
si

st
an

ce
.K

ey
:v

M
al

ar
ia

tr
an

sm
is

si
on

ar
ea

s.
X

A
re

as
w

he
re

m
al

ar
ia

ha
s

be
en

la
rg

el
y

el
im

in
at

ed
.q

R
es

is
ta

nc
e

to
ch

lo
ro

qu
in

e.
u

R
es

is
ta

nc
e

to
su

lfa
do

xi
ne

–p
yr

im
et

ha
m

in
e

re
po

rt
ed

.G
(a

nd
ar

ro
w

ed
)R

es
is

ta
nc

e
to

se
ve

ra
la

nt
im

al
ar

ia
ld

ru
gs

,
in

cl
ud

in
g

ch
lo

ro
qu

in
e,

su
lfa

do
xi

ne
–p

yr
im

et
ha

m
in

e
an

d
m

ef
lo

qu
in

e.
D

ra
w

in
g

by
co

ur
te

sy
of

U
N

IC
EF

,a
da

pt
ed

fr
om

an
or

ig
in

al
by

W
H

O
.

315
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
04 September 2001 15:19:05

Color profile: Disabled
Composite  Default screen



the world’s population. More than 90%
of malaria cases occur in sub-Saharan
Africa, where as many as three-quarters of
a million people, mostly children under 5
years of age, die from the disease each year.
Malaria also occurs in tropical regions of
South America and Central and South-East
Asia. Plasmodium vivax malaria is the
most widespread species, occurring in both
temperate and tropical regions. This species
was formerly endemic in much of Europe,
but has been largely eliminated through
a combination of land drainage, socio-
economic development, housing improve-
ments, changes in animal husbandry prac-
tices and large-scale eradication campaigns.
Plasmodium falciparum is the most com-
mon species in tropical Africa and much
of South-East Asia, whilst P. ovale and
P. malariae also occur in Africa, but at
much lower frequencies. Plasmodium falci-
parum accounts for more than 95% of cases
in many African countries.

As a result of increasing air traffic
between temperate and tropical countries,
the number of cases of falciparum malaria
being imported into western Europe and
North America is increasing. Malaria is
currently undergoing an expansion into
areas where it was previously absent, such as
North and South Korea, or where it was pre-
viously under control, including Azerbaijan,
northern Iraq and eastern Turkey. Changes
in land use linked to development activities,
such as road construction, agricultural and
irrigation projects, mining and logging, have
also led to a resurgence in malaria. Armed
conflicts, mass movement of refugees and
deterioration of health services have all con-
tributed to reported increases in the disease.
The worsening malaria situation globally
has been exacerbated by the spread of
P. falciparum resistance to chloroquine,
an affordable drug with few side-effects,
and the emergence of multi-drug-resistant
strains of the parasite in parts of South-East
Asia.

Parasite
Intracellular protozoan parasites in the
phylum Apicomplexa, genus Plasmodium.
Plasmodium species have a life cycle which

includes both sexual and asexual phases
(Fig. 2). Asexual phases occur in vertebrate
animals, while the sexual phase of develop-
ment takes place in vector mosquitoes.

Clinical symptoms
Symptoms of malaria vary between chil-
dren and adults and will be considered
separately (Table 1). Malaria illness (all
species) should be suspected in any child
exposed to malaria presenting with an
acute fever of any periodicity. Symptoms
of uncomplicated, non-severe malaria are
highly variable and clinical presentation
may mimic other infections and diseases,
including septicaemia, acute respiratory
infection, meningitis, typhoid, influenza
and dengue. It is particularly difficult to
distinguish between malaria and acute
respiratory infection in children, as both
are characterized by coughing, rapid and
shallow breathing and fever. Diagnosis
of malaria infection is important, as falci-
parum malaria can rapidly develop into
a severe and complicated, life-threatening
disease, particularly in small children,
pregnant women and non-immune travel-
lers. In practical terms, children in endemic
areas presenting with fever should be
treated with antimalarials unless malaria
can be specifically excluded. A case of
malaria is classified by the World Health
Organization (WHO) as severe or compli-
cated when there are parasites in the blood
and one or more of the following symptoms
are present: coma (cerebral malaria), respi-
ratory distress, low blood sugar (hypogly-
caemia), severe anaemia, repeated general-
ized convulsions, metabolic acidosis or
shock. Other symptoms that support a diag-
nosis of severe malaria in children but are
not definitive are: impaired consciousness,
prostration and extreme weakness, high
parasite loads, jaundice and a rectal temper-
ature above 40°C. Signs of cerebral malaria
or respiratory distress are important from a
clinical perspective, as they are most com-
monly associated with death of the child.

Adults with uncomplicated malaria
also present with acute fever, plus one or
more of the following: headache, malaise,
chills and sweats, abdominal and muscle
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Fig. 2. Malaria parasite life
cycle in the mosquito and in
humans. Reproduced by courtesy
of the Wellcome Trust.

pain, vomiting and watery diarrhoea. Adults
do not usually present with a cough, rapid
and shallow breathing or febrile convul-
sions. The most dangerous signs of severe
and complicated malaria in adults are: coma,
renal failure and pulmonary oedema.

Immunity to malaria
In areas of year-round, stable malaria trans-
mission, repeated exposure to malaria para-
sites through frequent bites from infected
mosquitoes leads to the acquisition of
specific immunity. This specific acquired
immunity largely restricts severe disease
and death to children under 5 years of
age and pregnant women. Malaria in older
children and adults tends to be less severe
and is rarely life-threatening, although
attacks with fever and headache still occur.
Infants under the age of 3 months are largely
protected from severe malaria by antibodies
obtained from the mother through the
placenta and in breast milk. Young children
are particularly at risk of cerebral malaria
and severe anaemia, with the incidence of
cerebral malaria peaking at around 3 years

of age, while severe anaemia is most com-
mon in children up to 18 months old. The
severity of clinical attacks begins to decline
in the fourth year, with the acquisition of
immunity, although parasite densities can
remain high. Malaria deaths become less
common in children of more than 5 years
of age and clinical attacks become less fre-
quent and less severe. Immunity to malaria
does not develop under conditions of low
transmission intensity and, in countries
where malaria is at the limit of its range
of distribution, both adults and children
are susceptible to severe disease and death.
Immunity to malaria is not stable and may
be lost in the absence of repeated bites from
infected mosquitoes.

Diagnosis
A definitive diagnosis of malaria can only
be obtained by demonstration of parasites
in stained finger-prick blood smears exam-
ined under a microscope at high magnifica-
tion (×1000). Thick films are prepared by
placing a single drop of blood on to the
centre of a glass slide. This drop of blood is
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then spread out to a thickness that allows
printed text to be read through the smear.
Thin films are prepared by placing a drop
of blood towards one end of a glass slide
and then spreading this drop of blood along
the slide to form a layer one cell thick.
Blood smears are dried and then stained
with Leishman’s, Field’s or Giemsa’s stains
prior to examination under a microscope.
Facilities for laboratory diagnosis are often
absent at peripheral health services in
malaria-endemic countries and in this situ-
ation clinical assessment of fever or a recent
history of fever, after the exclusion of other
major causes, remains the only practical
method of diagnosis. In non-endemic areas,
malaria should be suspected, whatever the
clinical presentation, if the patient has trav-
elled to a malarious area or has recently
received a blood transfusion. Several com-
mercial, rapid, malaria test kits have been
developed that do not require the use of
a microscope, relying instead on detection
of parasite proteins or nucleic acids by pro-
duction of a line or other visual indication
of the presence of these molecules. These
tests are sensitive, but are generally not
suitable for use in malaria-endemic areas,
as a large proportion of adults in highly
endemic areas will have malaria parasites
in their blood but will not be ill. In addition,
a patient may continue to produce a posi-
tive result for several weeks after parasites
have been cleared from the body, due to cir-
culating parasite molecules. Patients with
malaria must be carefully evaluated to
determine whether they have uncompli-
cated malaria, which can be treated on an
out-patient basis, or severe and complicated
disease, which requires intensive manage-
ment and different therapy and carries a
risk of death.

Symptoms of severe malaria have been
listed in Table 1.

Transmission
Malaria is transmitted to humans and other
mammals by certain species of mosquitoes
of the genus Anopheles (see Mosquitoes).
Of the approximately 3200 species of mos-
quito so far described, some 430 belong to
the genus Anopheles, of which 70 species

are known to transmit human malaria
and about 40 species are important vectors.
Several species of mosquito, including
vectors of malaria, are in fact groups of
closely related species, which are difficult
or impossible to distinguish morphologi-
cally, but differ in their ecological and
behavioural characteristics and hence their
importance for malaria transmission. Per-
haps the most important mosquito species
complex  is  the Anopheles gambiae com-
plex, which consists of six named species
(A. gambiae sensu stricto, A. arabiensis,
A. melas, A. merus, A. quadriannulatus
and A. bwambae), plus a seventh as yet
unnamed species, recently discovered in
Ethiopia. Anopheles gambiae sensu stricto
and A. arabiensis are the two most impor-
tant malaria vectors in sub-Saharan Africa.
In contrast, A. quadriannulatus bites cattle
rather than humans and is not a malaria
vector.

Other species complexes within the
genus Anopheles include: A. nuneztovari
(Neotropical, four species), A. culicifacies
(Oriental, five species) and A. punctulatus
(Australasian, 11 species). Individual mem-
bers of species complexes can often only
be distinguished by examining banding
patterns on polytene chromosomes or by
applying biochemical or molecular genetic
techniques, such as polymerase chain
reaction (PCR).

When the female mosquito (definitive
host) feeds on a human (intermediate host)
with malaria, it ingests blood that may
contain gametocytes, the infective stages
of the Plasmodium parasite (Fig. 2). After
ingestion by the mosquito, the male and
female gametocytes escape from the red
blood cells to become free gametes, which
undergo sexual reproduction in the blood
meal to form a zygote. The zygote develops
into an invasive ookinete, which migrates
through the blood meal and burrows into
the mosquito gut wall, forming oocysts on
its outside surface. Within the oocysts the
parasites undergo asexual reproduction to
produce large numbers of sporozoites. When
the oocyst bursts, sporozoites are released
into the body cavity of the mosquito, from
where they migrate to the head and enter the
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salivary glands. The female mosquito is now
infective.

Different species of mosquito differ in
the proportion of individuals that typically
contain infective sporozoites in their sali-
vary glands, the sporozoite rate. An efficient
vector, such as A. gambiae sensu stricto may
have a sporozoite rate as high as 5–10%,
while A. culicifacies in Asia and most
Neotropical vectors typically have sporozo-
ite rates of 0.01–0.1%. When a mosquito
with sporozoites in its salivary glands feeds
on a human, it first injects a small amount of
saliva into the blood to prevent it clotting
and blocking the insect’s mouthparts. Con-
tained in this saliva are the sporozoites, the
stage in the malaria parasite’s life cycle that
is infective to humans. The process of para-
site development within the mosquito takes
approximately 10–12 days, but is highly
dependent on temperature and the species
of malaria parasite. On entering into the
bloodstream of a human host, the parasites
invade liver cells, where they develop first
into hepatic trophozoites, which grow and
divide by asexual multiplication into inva-
sive merozoites. When the liver cells burst,
merozoites are released into the blood.
(In P. vivax some sporozoites may become
hypnozoites, which lie dormant within liver
cells for months or even years, before devel-
oping and causing relapses of disease.)
The merozoites then enter red blood cells
and begin to feed and grow, becoming
trophozoites. Trophozoites develop into
schizonts, which divide internally to form
new merozoites, which emerge into the
bloodstream when the red blood cell bursts.
Merozoites may infect further red blood
cells to form new trophozoites or they
may develop into separate male and female
gametocytes, the stage which is infective to
the mosquito.

Treatment of uncomplicated malaria
Chloroquine

Chloroquine is available as tablets con-
taining 50 mg, 100 mg or 150 mg of base
(diphosphate or sulphate) and syrup con-
taining 50 mg base in 5 ml. The full treat-
ment dose for adults and children is 25 mg
base kg−1 body weight up to a maximum

total dose of 1500 mg, given over 3 days
in the ratio 10 : 10 : 5. Chloroquine is a
4-aminoquinoline drug, which functions as
a blood schizonticide, but has no effect on
liver stages of the parasites. It is effective
against P. malariae and P. ovale, as well as
chloroquine-sensitive parasites of P. falci-
parum and P. vivax. Chloroquine remains
the first-line drug of choice in many African
countries, despite high and increasing lev-
els of parasite resistance. Malawi, Tanzania
and Kenya have switched their first-line
drug to sulfadoxine-pyrimethamine, while
other countries in the region are evaluating
their resistance situation, with a view to
changing policy in the future. Although
severe adverse effects are rare at normal
doses, pruritus (itching) does occur,
especially in darker-skinned individuals.
Chloroquine is safe for use in pregnancy.

Amodiaquine
Amodiaquine is available as tablets contain-
ing 200 mg and 600 mg base (hydrochlo-
ride) or 153.1 mg base (chlorohydrate) and a
suspension containing 10 mg base per ml.
Amodiaquine is also a 4-aminoquinoline,
which is more palatable and achieves more
rapid parasite clearance than chloroquine.
Use of amodiaquine has declined since
the 1980s, when a number of fatal adverse
reactions (agranulocytosis or toxic hepati-
tis) were seen in travellers taking the drug
as prophylaxis, and it is no longer recom-
mended for this purpose. For treatment,
amodiaquine is administered at 25–35 mg
base kg−1 body weight over 3 days. Amo-
diaquine may cause less skin itching
than chloroquine. There is no evidence to
suggest that amodiaquine cannot safely be
used for treatment during pregnancy.

Sulfadoxine/pyrimethamine and
sulfalene/pyrimethamine

Sulfadoxine/pyrimethamine and sulfa-
lene/pyrimethamine are both available
as tablets containing 500 mg sulfa drug
plus 25 mg pyrimethamine. Sulfadoxine/
pyrimethamine is also available as 2.5 ml
ampoules of injectable solution. Sulfa drug/
pyrimethamine combinations are anti-
folate drugs, which are highly effective
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against schizonts of P. falciparum, but less
active against other Plasmodium species.
As the antifolates show no cross-resistance
with the 4-aminoquinolines, they have been
used very successfully in areas where
P. falciparum is chloroquine-resistant.
However, sulfa drug/pyrimethamine
combinations have relatively long half-
lives, which can accelerate selection of
drug-resistant parasites. Evidence of para-
site resistance to these drugs is beginning
to emerge in Africa, while in most of Asia
and South America these drugs are no lon-
ger effective treatments. The recommended
treatment dosage for adults is 1500 mg
sulfa drug, plus 75 mg pyrimethamine in
total, administered as a single dose of three
tablets. These drugs are not recommended
for prophylaxis as they may cause severe
skin reactions, including the fatal Stevens–
Johnson syndrome. Although there is no
evidence of adverse reactions in the human
fetus, the drug manufacturers do not recom-
mend its use in pregnancy, except when
benefits outweigh the risks – for instance,
in highly endemic chloroquine-resistant
P. falciparum areas. Currently, admini-
stration of a full treatment dose at ante-
natal clinic attendance at the beginning
of the second and third trimesters is
used in some African countries to pro-
tect the mother and fetus from the
potentially life-threatening effects of
malaria infection.

Mefloquine
This drug should only be used when
microscopical or careful clinical diagnosis
of chloroquine- and sulfadoxine/pyri-
methamine-resistant P. falciparum has been
made or is strongly suspected. Mefloquine
is available as tablets of 274 mg mefloquine
hydrochloride, equivalent to 250 mg base
(in the USA 250 mg mefloquine hydro-
chloride, 228 mg base). The curative dose
for adults is five tablets, administered
orally, in a single dose. Children should
receive 20 mg kg−1 up to a maximum dose
of 1250 mg, preferably split into two equal
doses. Mefloquine may cause nausea, vom-
iting, abdominal pain, diarrhoea, headache,
heart conduction abnormalities, dizziness

and psychiatric problems. It should not be
administered to women during the first
trimester of pregnancy, or to people suffer-
ing from pre-existing neurological or psy-
chiatric problems, persons undertaking
fine coordination and spatial discrimina-
tion (air crew, construction workers operat-
ing at height, etc.), persons taking quinine,
quinidine or halofantrine treatment and
those who have received mefloquine treat-
ment in the previous 4 weeks.

Quinine
This drug is usually effective against
P. falciparum parasites that are resistant
to chloroquine and sulfa drug/pyri-
methamine combinations. Quinine is pri-
marily used for the treatment of severe
and complicated malaria cases. It should
ordinarily only be used for the treatment
of uncomplicated cases when the parasites
exhibit multi-drug resistance (e.g. in border
areas of South-East Asia) and should be
used in combination with another drug
if there is evidence of reduced quinine
efficacy. An intravenous infusion (or
alternatively an intramuscular injection) of
quinine is often used to treat patients with
uncomplicated malaria who are unable to
take oral medication due to vomiting. Oral
administration should be resumed as soon
as possible. Quinine may also be used to
treat patients who are allergic to sulfo-
namides or who fail to respond to first-line
treatments. Quinine is available as several
salts, including quinine hydrochloride
(82% base), quinine dihydrochloride (82%
base) and quinine sulfate (82.6% base).
In areas where parasites are sensitive to
quinine the dose is 8 mg kg−1 base three
times a day for 7 days. In areas where
parasites are sensitive to both quinine
and sulfa drug/pyrimethamine, but com-
pliance may be a problem, quinine should
be administered at a dosage of 8 mg kg−1

each day for 3 days, plus 1500 mg sulfa
drug, 75 mg pyrimethamine on day 1 of
quinine treatment. Quinine is safe for use in
pregnancy, but there is an increased risk of
quinine-induced hypoglycaemia compared
with non-pregnant patients and so blood
glucose must be monitored carefully.
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Quinine can cause tinnitus, muffled hear-
ing, dizziness and vertigo (symptoms col-
lectively referred to as cinchonism), which
are generally reversible. There may be an
increased risk of cardiac toxicity in patients
who have previously taken mefloquine as
prophylaxis.

Halofantrine
Halofantrine is a phenanthrene methanol
drug which is effective against parasites
resistant to chloroquine and sulfa drug/
pyrimethamine, but has been associated
with fatal cardiotoxicity under normal
treatment regimens. In addition, it exhibits
cross-resistance with mefloquine. Halofan-
trine should only be used on an individual
basis in patients known to have a normal
electrocardiogram and in areas where para-
sites are known to be resistant. Halofantrine
is available as tablets containing 250 mg
hydrochloride (233 mg base) and a paediat-
ric suspension of 100 mg hydrochloride
(93.2 mg base) per 5 ml and acts as a blood
schizontocide. The dose for both adults and
children is 8 mg base kg−1 in three doses at
6-hourly intervals. It should not be used in
pregnant or lactating women except where
there is no alternative.

Artemisinin (quinghaosu)
Artemisinin is a sesquiterpene lactone
extracted from the annual plant Artemisia
annua and is available in a number of for-
mulations, including artemisinin (250 mg
tablets), artesunate (50 mg tablets), arte-
mether (50 mg capsule) and dihydroartem-
isinin (20 mg tablets). Use of artemisinin
and its derivatives is associated with rapid
parasite clearance and relief of symptoms,
but the incidence of recrudescence is high,
unless used in combination with other
drugs, e.g. mefloquine. Use of artemisinin
should be restricted to patients with severe
malaria in areas where P. falciparum
exhibits multi-drug resistance.

Tetracycline, doxycycline and clindamycin
These three compounds are broad-spectrum
antimicrobial agents with activity against
asexual stages of malaria parasites. They
should be used in combination with other

drugs, for the treatment of malaria, as they
are all relatively slow-acting. Tetracycline
is available as tetracycline hydrochloride
tablets or capsules containing 250 mg salt
(231 mg base). The dose, in combination
with 8 mg kg−1 quinine for 3 days, is
250 mg four times per day for 5 days.
Doxycycline is available as capsules or
tablets containing 100 mg salt, given at a
daily dosage of 200 mg salt for 5 days, in
combination with mefloquine or artesunate.
Tetracycline and doxycycline should not be
used in children under 8 years of age or
pregnant women. Clindamycin is used at
a dosage of 300 mg base four times per day
for 5 days in combination with quinine.
Clindamycin can be used in pregnancy. All
three compounds can cause gastrointestinal
irritation, but the effects are reduced if
taken with copious amounts of water and a
meal.

Primaquine
Primaquine is an 8-aminoquinoline
developed during the Second World War
(1939–1945). It is primarily used in combi-
nation with chloroquine to treat patients
with P. vivax or P. ovale infections in
order to prevent relapses from persistent
hypnozoites in the liver. Primaquine has no
effect on erythrocytic stages. The adult dose
is 15 mg base daily for 14 days or 45 mg
base weekly for 8 weeks. The paediatric
dose is 0.25 mg kg−1 daily for 14 days or
0.75 mg kg−1 weekly for 8 weeks. Prima-
quine can cause haemolytic anaemia
in individuals with glucose-6-phosphate
dehydrogenase (G6PD) deficiency. Patients
with the Mediterranean and Canton vari-
ants of G6PD deficiency are at greater risk
of haemolysis and should be treated with
chloroquine for each relapse. The incidence
of side-effects is lower with weekly,
compared with daily, doses.

People with falciparum malaria who
do not die usually recover within weeks or
months unless re-infected, but with vivax
malaria attacks may recur at intervals over
the next 1–13 years as the liver forms
(hypnozoites) develop and reinfect the
blood. These relapses can be prevented by
treatment with primaquine after the initial
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treatment with chloroquine or another
schizonticide.

Treatment of severe and complicated malaria
Severe and complicated malaria is largely
a characteristic of malaria caused by
P. falciparum, although P. vivax can
occasionally be fatal, usually as a result of
rupture of the spleen. Symptoms of severe
and complicated malaria in adults and
children are shown in Table 1. Treatment
of severe and complicated malaria is a
specialized field, beyond the scope of this
encyclopedia.

Prophylaxis
Chemoprophylaxis is recommended for
all persons travelling to malaria-endemic
regions from non-endemic areas. Chemo-
prophylaxis (or intermittent treatment) may
also be recommended for pregnant women.
Chloroquine is the drug of choice in areas
where malaria parasites are sensitive to it.
The recommended dose for adults is 500 mg
chloroquine (300 mg base) in a single
weekly dose, begun 1 week before travel
and continued weekly until 4 weeks after
leaving the malarious area. Children should
receive a weekly dose of 5 mg kg−1. Weekly
chloroquine may be combined with a daily
dose (200 mg) of proguanil, which should
also be taken for 1 week before entering and
4 weeks after leaving a malaria-endemic
zone. Chloroquine–proguanil is safe in
pregnancy. In regions where there is chloro-
quine resistance, mefloquine is the drug of
choice and is taken weekly at an adult dose
of 250 mg (one tablet), again commencing
1 week prior to travel and continuing for
4 weeks after leaving a malarious area.
Mefloquine should not be taken by patients
with liver abnormalities, heart conditions,
pyschiatric disorders or epilepsy. Doxy-
cycline, an antibiotic, is an alternative to
mefloquine and is taken at an adult dose of
100 mg daily, commencing 2 days before
departure and continuing for 4 weeks
after leaving a malarious area. Doxycycline
should not be used by pregnant women or
children under 8 years of age.

Sulfadoxine/pyrimethamine is not rec-
ommended for prophylaxis due to the rare

occurrence of severe and occasionally fatal
skin reactions.

Drug resistance
Malaria parasite resistance to proguanil
and pyrimethamine was first reported in
the early 1950s, followed by resistance
to the 4-aminoquinolines (chloroquine and
amodiaquine), which was first reported
from Thailand in 1957, reaching Africa
in 1978. Chloroquine resistance is now
present in most African countries (Fig. 1).
Chloroquine-resistant P. vivax has been
reported from Papua New Guinea, Solomon
Islands, Indonesia, Brazil and Colombia.
In border areas of Asia, P. falciparum
has become resistant to chloroquine,
sulfadoxine–pyrimethamine, mefloquine
and even quinine. Chloroquine resistance is
due to a mutation in a gene on the parasite’s
chromosome 7, while resistance to pyri-
methamine results from a mutation in the
gene coding for the enzyme dihydrofolate
reductase (DHFR).

The use of antimalarial drug combi-
nations has recently been proposed as a
method to prevent the development of drug
resistance, thus prolonging the useful life
of the cheaper antimalarials. Artemisinin
or its derivatives are used to rapidly reduce
the parasite population, and the remaining
parasites are then exposed to the full
concentration of a second, slower-acting
drug, such as mefloquine or sulfadoxine–
pyrimethamine. It is highly unlikely that a
parasite will simultaneously develop resis-
tance to two drugs with different modes of
action.

Malaria in pregnancy
Malaria in pregnancy is a serious disease,
which results in underweight babies (less
than 2.5 kg at birth), who as a consequence
suffer impaired physical and mental devel-
opment, which may disadvantage them for
the rest of their lives. In addition, malaria
during pregnancy can lead to abortion
or stillbirth, severe anaemia in the mother
and even death of the mother. During preg-
nancy, a woman’s immunity is decreased
compared with that of a non-pregnant
woman, and this reduction in immunity is
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greater during the first pregnancy. Methods
to protect mothers and babies during
pregnancy currently include intermittent
malaria treatment (usually with sulphad-
oxine–pyrimethamine) during the second
and third trimesters, plus promotion of the
use of insecticide-treated mosquito nets.

Control
House spraying

Early attempts at malaria control largely
relied on environmental management, such
as draining of swamps, clearing of ditches,
filling ponds and other water bodies to
prevent mosquito breeding, and this proved
successful in parts of southern Europe,
including Italy. A large variety of toxic
chemicals (e.g. Paris green) and oils were
also applied to water bodies to kill
mosquito larvae and control malaria,
particularly during the first half of the
20th century, before the invention of
modern insecticides. Following the Second
World War (1939–1945), with the discovery
of synthetic insecticides, such as DDT, the
focus of malaria control activities changed
and the adult mosquito became the target
(although the natural insecticide pyrethrum
had been used successfully against adult
anophelines in South Africa in 1932–1933).
Residual insecticides (Table 2), when
applied to the interior surfaces of houses
and other structures, can be highly effective
against adult Anopheles vectors of malaria
(Fig. 3).

The effectiveness of residual insecti-
cides is due to the habit of many species of
malaria vector of resting indoors on walls
and ceilings during the day. This behaviour
brings the mosquito into contact with insec-
ticide deposits applied to the surfaces, and a
lethal dose is taken up. Early successes with
DDT encouraged the initiation of a Global
Malaria Eradication Campaign, which began
in 1957, under the management of WHO.
By 1968, malaria had been eradicated from
36 countries and territories, protecting as
many as 650 million people from the
disease. However, malaria eradication was
ultimately unsuccessful for several reasons:
application of residual insecticides to
large numbers of homes is time-consuming,

labour-intensive and expensive and many
developing countries found it to be non-sus-
tainable in the long term. The development
of mosquito resistance to the residual insec-
ticides, environmental concerns relating to
DDT, dieldrin and other insecticides and the
fact that not all malaria vector species rest
indoors contributed to the lack of success.
The African continent was always consid-
ered to be a special case epidemiologically
and eradication of malaria was never seri-
ously attempted in Africa. Residual spraying
of houses for malaria control is currently
used predominantly in southern Africa,
but also in South America and parts of
Asia. It remains a recommended strategy
for epidemic prevention and control and
may also be used in specific situations, such
as refugee camps.

Personal protection measures against the
bites of mosquitoes

Mosquito nets provide a barrier against the
attacks of indoor, night-biting mosquitoes,
including most vector Anopheles, as well
as common nuisance biters (Fig. 4). The
protective effects of mosquito nets are
enhanced by treating them with insecti-
cides, primarily synthetic pyrethroids
(Table 2). Insecticide-treated nets (ITNs)
can provide protection at both individual
and family levels and may even reduce
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Target dosage (g m−2)

Insecticide ITNs
Residual
spraying

Alphacypermethrin
Bendiocarb
Cyfluthrin
Cypermethrin
DDT
Deltamethrin
Fenitrothion
Lambdacyhalothrin
Malathion
Permethrin

0.02–0.04

0.03–0.05

0.015–0.025

0.01–0.02

0.2–0.5

0.4

2.0
0.05
2.0
0.025
2.0
0.5

Table 2. Recommended target dosages (active
ingredient) for insecticides commonly used in
indoor residual spraying and for insecticide-treated
mosquito nets (ITNs).
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transmission if used on a large scale,
due to the mass killing of mosquitoes.
Insecticide-treated nets are recommended
for use in a variety of epidemiological
settings, including intense perennial trans-
mission, and have proved successful in
preventing morbidity and reducing all-
cause child mortality by 17–63% in field
research trials carried out in The Gambia,
Tanzania, Burkina Faso (insecticide-treated
curtains) and Kenya. Nets require treat-
ment with insecticide every 6–12 months,
depending on the insecticide and frequency
of washing. Nets should be washed as little

as possible between retreatments. When
implemented outside rigidly controlled
scientific trials, ITN coverage and retreat-
ment rates are lower, with the consequence
that they tend to be less effective in
reducing mortality. The challenge remains
to develop effective methods for the intro-
duction of ITNs on a large scale, while
continuing to achieve the high levels of pro-
tection shown to be possible. Insecticide-
treated nets are currently used on a large
scale in Sichuan, China (3.85 million
treated nets by the late 1990s), and Vietnam;
however, in both these countries, existing
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Fig. 4. Tucking an insecti-
cide-treated mosquito net
under the mattress of a bed.
Reproduced by courtesy of
the Wellcome Trust.

Fig. 3. Spraying the wall
of a house with a residual
insecticide. Reproduced by
courtesy of the Wellcome
Trust.
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net use was already high due to the high
biting densities of nuisance mosquitoes.

Other methods of personal protection
Individuals can protect themselves against
biting mosquitoes, including those that
transmit malaria, by using repellents (those
that include diethyltoluamide (DEET) are
best), burning insecticide coils or local
leaves and herbs, screening doors and
windows, taking antimalarial prophylac-
tics, wearing long-sleeved shirts and long
trousers and staying indoors between dusk
and dawn, when mosquito biting is most
frequent.

Biological control
Natural enemies of mosquitoes, such as
fish, crustaceans, nematode worms, preda-
tory mosquito larvae and fungi, have all
been used for control, with limited success.
Perhaps the most successful example of bio-
logical control has been the use of species of
cyprinodontid fish (e.g. Gambusia affinis,
Poecillia reticulata and species of Notho-
branchius and Cynolebias). This method of
control was first suggested as early as 1900,
with the first trials being carried out in the
mid-1920s. Larvivorous fish may represent
a useful additional control measure in
certain situations – for example, against
mosquito larvae in cisterns, small ponds
and streams.

The bacterium Bacillus thuringiensis
serotype H14 (= B. thuringiensis subsp.
israelensis or Bti) contains a toxin which
is fatal to mosquito larvae when ingested,
while being biodegradable and harmless to
fish, other animals and humans. There is
no evidence of resistance to the toxin in
mosquitoes in nature. The toxin contained
in Bti is now produced industrially in a
number of formulations, which need to
be frequently applied to breeding sites.
A second species, Bacillus sphaericus,
produces a more potent and long-lasting
toxin, but has not been used so widely.

Malaria vaccines
Exposure to malaria infection leads to the
natural development of partial immunity in
humans, and so the potential exists for the

development of a vaccine. There are three
types of vaccine currently under develop-
ment: pre-erythrocytic vaccines, which pre-
vent the sporozoite stage from invading
liver cells, asexual blood-stage vaccines,
which prevent the merozoite stage from
invading red blood cells, and transmis-
sion-blocking vaccines, which work by
inhibiting the sexual development of the
parasite within the mosquito. The most
well-known malaria vaccine is SPf66, a
synthetic multicomponent peptide vaccine.
Unfortunately, this vaccine has not yielded
consistent results in field trials and is still
under development. There are a number of
transmission-blocking candidate vaccines,
which are undergoing safety and immuno-
genicity trials in the USA. The search for an
effective anti-malaria vaccine is hampered
by several factors. First, the malaria parasite
expresses different antigens at different
stages of its life cycle and can even change
these antigens to evade the host’s immune
responses. Secondly, malaria parasites are
notoriously difficult to cultivate in suffi-
cient quantities to develop vaccines based
on attenuated parasites or their antigens.
A further difficulty is that testing requires
expensive and time-consuming animal-
model systems. Perhaps the real challenge
for any successful vaccine is to achieve
sufficiently high coverage rates among the
people most at risk from the disease – that
is, the poor in underdeveloped countries
with limited health resources. It is unlikely
that an effective malaria vaccine will be
available for widespread use in endemic
countries before the second decade of the
21st century.

Roll Back Malaria Programme
Roll Back Malaria (RBM), a joint initiative
between WHO, the United Nations Devel-
opment Programme (UNDP), the United
Nations Children’s Fund (UNICEF) and the
World  Bank,  was  launched  in  November
1998 to reinforce the global malaria control
efforts. The RBM partnership advocates the
use of an integrated approach to malaria
control, utilizing existing tools, such as
ITNs, and prompt and effective treatment at
community level, as well as encouraging
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development of new control methods,
including drug combinations and vaccines.
Roll Back Malaria has set a goal of 50%
reduction in mortality due to malaria by the
year 2010.
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Mansonella species see Mansonelliasis.

Mansonelliasis

W. Crewe

Infections of humans and other animals
with filarial worms of the genus Man-
sonella. Certain species now included in
the genus Mansonella have in the past been
regarded as species of Acanthocheilonema
or Dipetalonema, and may be recorded
under these names in older publications.

Mansonelliasis, human
Relatively little work has been carried
out on some species of Mansonella, and
information on their biology is rather
scant. Most infections with Mansonella are
non-pathogenic, with no clearly defined
symptoms, but sometimes infections are
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associated with cutaneous itching and
inflammation, pruritus and general signs of
allergic reactions, including eosinophilia.
Four species have been recorded as para-
sitic in humans, but only three are of major
importance. The fourth species, Mansonella
rodhaini, has been recorded on only one
occasion, when it was found in 14 people
during a study in Gabon.

Mansonella ozzardi
This parasite has been recorded only from
humans, but it has been experimentally
transmitted to Patas monkeys (Erythrocebus
patas).

Distribution
Mansonella ozzardi is widespread through
Central and South America, from Panama
to northern Argentina, and in the eastern
Caribbean (Fig. 1). Throughout the whole of
this area the distribution is patchy, and
infections are usually found in isolated
communities. Infection rates increase with
age, and prevalences above 70% have been
observed in adults in some localities.

Parasite
The only complete worms recovered from
humans have been female, but worms of
both sexes have been obtained from
experimentally infected Patas monkeys.
The female worms from humans measure
65–81 mm × 0.2–0.25 mm; the female
worms from monkeys are 32–62 mm ×
0.13–0.16 mm, and the male worms from
monkeys are 24–28 mm × 0.07–0.08 mm.
The microfilariae in humans are aperiodic;
they are usually seen in blood films, but
they may be present in skin biopsies.

Clinical symptoms
Infected individuals normally show no
obvious signs of infection, but in some
areas of South America infection has been
associated with non-specific symptoms.
Hydrocoel, enlarged lymph glands,
headaches, pruritus and chronic arthritis
have been recorded, but none of these has
been shown to be directly caused by
Mansonella infection. Eosinophilia is
common.

Diagnosis
Infections are recognized by the recovery
of microfilariae in blood films or in skin
biopsies that are taken during surveys
for onchocerciasis. The microfilariae of
M. ozzardi are 200–225 µm long and
3–4 µm wide and do not have a sheath. The
nuclei do not extend into the tail, which is
long and tapering (Fig. 2(1)).

Transmission
In different parts of its range M. ozzardi is
transmitted by species of either Culicoides
or Simulium. For example, in the Caribbean
islands and in Trinidad, Surinam and
Argentina the vectors are Culicoides,
mainly C. furens and C. phlebotomus; in
Brazil, Colombia and Guyana the vectors
are Simulium, mainly S. amazonicum and
S. sanguineum. It is not known whether two
different forms of M. ozzardi are involved.
After the microfilariae are taken up by the
feeding fly, development to the infective
stage, whether in Culicoides or in Simu-
lium, takes place in the thoracic muscles.
The first larval moult takes place after 4–5
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Fig. 1. Indication of overall geographical distribu-
tion of Mansonella ozzardi.
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days, and the second after 5–7 days. The fly
becomes infective 7–8 days after feeding,
and the infective larvae are injected
subcutaneously when the fly next bites. The
pre-patent period in humans is not known,
but in experimentally infected monkeys it is
5–6 months.

Treatment
There is at present no effective treatment for
M. ozzardi. Diethylcarbamazine (DEC) has
no effect on the microfilariae, but may have
some slight effect on the adult worms.
There have been reports from workers in
Mexico that DEC can kill the adults, but
studies in Trinidad showed no response
to DEC treatment. In another investigation,
ivermectin has been reported as effective in
one patient.

Control
Although in some isolated areas the infec-
tion rate in adults has been found to be
96%, M. ozzardi is not considered a major
public health problem and no large-scale
control programmes exist. Small-scale local
control measures are not at present feasible
because the vectors breed in small and
widely scattered bodies of water.

Mansonella perstans
Until recently this species was known as
Dipetalonema perstans. Humans are the

important definitive hosts, but the parasite
also occurs in Chimpanzees (Pan troglo-
dytes) and Gorillas (Gorilla gorilla), which
in some areas may perhaps be reservoir
hosts.

Distribution
Mansonella perstans is widely distributed
in tropical Africa, particularly throughout
the rain-forest belt of Central and West
Africa, and it is found in sylvatic foci as
far south as Zimbabwe (Fig. 3). It has been
recorded in islands in the Caribbean, and in
Central and South America there are lim-
ited foci among Amerindian communities
in the rain forests.

Parasite
Adult worms have only rarely been recov-
ered from humans; they live in the serous
cavities, mainly the peritoneal, pleural and
pericardial cavities. Mansonella perstans
has also been found in Chimpanzees and
Gorillas, but it is widespread in humans in
areas where there are no great apes. The
adult female worms measure 60–80 mm
× 0.1–0.15 mm, and the adult males are
35–45 mm × 0.05–0.07 mm. The micro-
filariae are unsheathed and aperiodic. They
are usually 190–200 µm long and 4–5 µm
wide, but small forms, 100 µm × 4 µm, have
been described.

Clinical symptoms
The pathology is not well defined, because
little pathological material has been avail-
able for study. Most infected individuals
show few or no signs, but in some individu-
als there may be a variety of symptoms,
including oedematous swelling of the arms,
face and other parts of the body (similar
to Calabar swellings (see Loiasis)), pruritus,
fever, headaches, pains in the bursae or
joints and exhaustion. Eosinophilia is
usually present, and severe abdominal pain,
especially in the liver region, has been
reported. Signs are more common and
prominent in individuals coming from
non-endemic areas. There are also records
of individuals in Uganda suffering from
‘bung-eye’ caused by M. perstans. However,
individuals infected with M. perstans
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Fig. 2. Diagram of tails of unsheathed
microfilariae of Mansonella species. 1. M. ozzardi;
2. M. perstans; 3. M. streptocerca. Note whether
nuclei extend to end of tail and whether tail is
straight or bent.

329
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
04 September 2001 15:19:13

Color profile: Disabled
Composite  Default screen



are frequently also infected with Loa loa
or other filariae, so the aetiology of the
symptoms may be doubtful; in some
communities infection rates of over 50%
occur without any symptoms being present.

Diagnosis
In the absence of any specific clinical signs,
diagnosis is made by finding microfilariae
in blood films taken during the day or
the night. The microfilariae are 190–200 µm
long and have a rounded tail, with the
nuclei extending to the tip of the tail (Fig. 2
(2)).

Transmission
The only known vectors of M. perstans are
species of Culicoides. The main vector in
Africa is C. grahami, but C. austeni and
other species are also involved. The species
of Culicoides transmitting M. perstans in
the New World have not been identified.
Culicoides larvae feed mainly on decaying
vegetable matter and live in many different
types of habitat, including wet soil, leaf
litter, humus and manure, on plants sub-
merged in water and in tree holes. In West
Africa they are often found in the rotting
stems of cut banana plants. The adult flies
bite at any time of the day or night, espe-
cially in shady localities, and some species
are particularly active in the evenings and

early mornings. Microfilariae of M. perstans
are taken up by the feeding midges, and
after 5 days they have developed into
first-stage larvae in the fly’s thorax. There-
after rapid development occurs, and by
the ninth day infective third-stage larvae are
present in the head. These infective larvae
are injected subcutaneously when the fly
next bites.

Treatment
Although DEC and ivermectin have little
effect on the adult worms and no obvious
effect on the microfilariae, treatment with
DEC may cause adverse side-reactions
in individuals with high microfilaraemia.
However, mebendazole has been shown to
be capable of eliminating microfilariae, and
two Swedish patients have been success-
fully treated with mebendazole.

Control
In view of the low pathogenicity of
M. perstans, no large-scale attempt has
been made to control this infection. The
Culicoides breeding sites are small, numer-
ous and spread over a wide area, so control
of the vectors is at present impracticable.

Mansonella streptocerca
Until recently, this species was known
as Dipetalonema streptocerca. It has been
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Fig. 3. Indication of over-
all geographical distribu-
tion of Mansonella
perstans.
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found in Chimpanzees (Pan troglodytes) as
well as in humans, but it is not known
whether Chimpanzees act as reservoir
hosts.

Distribution
Mansonella streptocerca has a limited
distribution in West and Central Africa,
from Ghana to Zaire and north-western
Angola (Fig. 4). It is most abundant in areas
of rain forest, and in some localities in Zaire
up to 90% of inhabitants are infected.

Parasite
Adult worms have rarely been recovered,
and little is known of their morphology.
They are found in the skin of both humans
and Chimpanzees, and are relatively small,
the female worms measuring 27 mm
× 0.075 mm and the males 17 mm ×
0.05 mm. In humans they live in the dermis
of the shoulders and upper thorax, usually
less than 1 mm below the skin surface. The
microfilariae, which are also found in the
skin, are unsheathed, aperiodic and about
200 µm long.

Clinical symptoms
Most patients show few signs of infection,
the most common being chronic itching
over the thorax and shoulders. Less fre-
quently there may be pruritus, hypopig-
mented macules, oedema and thickening
of the skin, changes that could be confused
with the skin changes caused by oncho-
cerciasis or leprosy.

Diagnosis
As the clinical signs are not specific,
diagnosis must be made by examining
the microfilariae, which are found in
skin-snips. The microfilariae measure
180–240 µm × 3–5 µm and do not possess a
sheath. The tail is markedly curved into a
‘shepherd’s crook’ shape, and the nuclei
extend in a single column to the tip of the
tail (Fig. 2(3)).

Transmission
The vectors are species of Culicoides, the
commonest probably being C. grahami. The

flies may feed at any time of the day or night
and take up microfilariae from the skin.
Complete development in the vector has
been shown experimentally to take 9 days.
Little is known about development from
infective larva to adult in humans, and the
pre-patent period is not known,

Treatment
Streptocerciasis can be effectively treated
with DEC, which kills both the microfilariae
and the adult worms. However, in most
patients, even at a relatively low dosage
level, treatment causes intense pruritus and
the development of cutaneous papules, in
which dead and decomposing adult worms
can be found. In some patients more severe
side-reactions, similar to the Mazzotti
reaction following DEC treatment of
onchocerciasis, may occur, but these are not
common.

Control
As with all the species of Mansonella
infecting humans, control of the Culicoides
vectors is not feasible because the breeding
sites are small and mainly inaccessible.
There have been no attempts at large-scale
control, and no information on possible
chemoprophylaxis is available.
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Fig. 4. Indication of overall geographical distribu-
tion of Mansonella streptocerca.
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Mansonelliasis, animal
A number of species of Mansonella have
been recorded from animals. Mansonella
evansi, which is parasitic in camels
(Camelus species), may cause arterio-
sclerosis and heart insufficiency, but other
species appear to be non-pathogenic and
so have not been studied extensively.
Mansonella dracunculoides is parasitic
in dogs and Hyaenas (Crocuta crocuta) in
Kenya, Mansonella grassi in dogs in Kenya
and Italy and Mansonella reconditum in
dogs in Africa, Italy, Brazil and the USA.
These records are probably reflections of
the distribution of investigators rather than
of the overall distribution of the parasites.
Mansonella reconditum has been the sub-
ject of several studies because its micro-
filariae can be confused with those of
the pathogenic dog heartworm Dirofilaria
immitis (see Dirofilariasis), and must be dif-
ferentiated for the diagnosis of dirofilariasis
in domestic dogs.

Mansonella reconditum
It has been pointed out by previous workers
that ‘the canine parasite M. reconditum has,
as its species name suggests, been seen
by few human beings’. For this reason,
relatively little is known about its biology.

Distribution
Most of the available information comes
from America, where the parasite is widely
distributed. It is particularly common in the
eastern, south-eastern and southern states
of the USA. It has also been recorded
in Italy and parts of Africa, so its overall
distribution is probably very wide.

Parasite
The adults are small slender worms, the
females being 17–32 mm in length and the
males 9–17 mm. They have been observed
in the body cavity, subcutaneous connec-
tive tissue and perirenal tissue in dogs and
wild canines, but usually in small numbers.
The microfilariae, which occur in the blood
and measure about 270 µm × 5 µm, are
more commonly seen.

Clinical symptoms
No specific pathogenic effects have been
associated with M. reconditum, but
eosinophilia and occasionally subcutane-
ous abcesses and ulcerations have been
recorded in infected dogs.

Diagnosis
In the absence of clinical signs, diagnosis
depends on finding the unsheathed micro-
filariae in the blood, and distinguishing
them from the commoner and larger
microfilariae of D. immitis. Microfilariae
of M. reconditum are unsheathed,
264–278 µm × 4.7–5.8 µm and, when alive,
they move progressively in a definite direc-
tion. Their diagnostic features are that the
tail of the microfilaria is curved into a
‘button-hook’ shape and the anterior end
bears a cephalic hook, which can be seen
with the ordinary high power of a standard
microscope (Fig. 5).

Transmission
The known vectors are fleas (Ctenocephal-
ides canis, Ctenocephalides felis and Pulex
irritans), lice (Heterodoxus spiniger) and
ticks (Rhipicephalus sanguineus). Develop-
ment to the infective stage takes 7–10 days
in fleas, but periods up to 19 days have been
recorded in other vectors, which are possi-
bly less suitable intermediate hosts. The
pre-patent period in dogs is 61–68 days.

Treatment
Because the parasite is not markedly patho-
genic, treatment is not normally required. It
is not known whether anthelmintics have
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Fig. 5. Diagram of head with cephalic hook and
curved tail of unsheathed microfilaria of
Mansonella reconditum.
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any effect on the adult worms, but a single
dose of ivermectin has been shown to kill
the microfilariae.

Control
Little has been done to investigate possible
methods of control, as this is considered
unnecessary. However, control of the
arthropod parasites of dogs would
obviously be beneficial.
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Marseilles fever see Tick-borne typhuses.

Mastitis

J. Eric Hillerton

Mastitis is inflammation of the mammary
gland of dairy animals usually induced by
various bacteria. It results from infection of
the mammary gland of any mammal and,
although a significant problem of well-
being, is economically important in animals
used to produce milk for human consump-
tion. It may be caused by any of at least 135
different microorganisms and affect the
mammary gland at any age of the animal
and at any stage of its development.
‘Summer mastitis’ is one particular form
of infection that affects only non-lactating
glands, primarily of cows, and is associated
with the muscid fly Hydrotaea irritans. The
disease affects up to 10% of animals at risk,
primarily in July to October, coincident
with the occurrence of adult flies visiting
cattle.

Distribution
The disease is endemic in the temperate
dairy areas of northern Europe but similar
problems have also been reported from
North America, South America, parts of
Africa and Australasia, where the supposed
vector is absent but its niche is filled by
other muscids.

Pathogens
The predominant bacterium isolated
from cases is Arcanobacterium pyogenes
(previously known as Corynebacterium
pyogenes), which is commonly found in
cutaneous lesions. The anaerobe Pepto-
coccus indolicus is also regarded as a key
component of the clinical disease. Other
pathogens, including Streptococcus dysgal-
actiae, other anaerobes and an unspeciated
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Stuart–Schwann coccus, are often isolated.
The complexity of the bacterial flora is
likely to be indicative of the quality of
samples, the laboratory methodology and
the amount of environmental exposure to
infection.

Clinical symptoms
Summer mastitis usually presents as an
acute or peracute multifactorial infection of
the non-lactating mammary gland. It is also
seen in male calves. Initially there is swell-
ing and pain in the mammary tissue and
a markedly purulent discharge. Progression
of the disease may lead to extensive
necrosis, including external rupturing of
abscesses, systemic involvement from
toxins elaborated, pyrexia, lameness and
even death. Abortion or impaired fetal
development are common in pregnant
animals. There is usually permanent loss of
secretory activity from affected tissue.

Diagnosis
Primary detection is by herdsman observa-
tion and is easy in later stages when there
is a distended udder, separation of the
affected animal from the herd, inappetence
and a high infestation of flies on the affected
teat. Early stages are only obvious if there
is close monitoring of animals at risk and
this is rare in these non-producing animals.
Confirmation usually only extends to obser-
vation of a purulent, creamy discharge,
indicative of the involvement of a complex
of bacteria. Laboratory confirmation is rarely
obtained. Confounding infections occur,
usually caused by Streptococcus uberis, but
lack the extensive clinical signs and poor
prognosis.

Transmission
The disease occurs at a low frequency
wherever and whenever dairy animals are
maintained, indoors and outdoors. It occurs
only at high incidence when the primarily
univoltine fly Hydrotaea irritans (see entry)
is abundant on cows. This is the only con-
firmed vector and infection is transferred
mechanically to teat skin tissue. Female
flies visit animals to obtain protein meals,
usually achieved by sucking blood from

wounds. When foraging on unaffected
animals they may enlarge previous teat skin
damage, often created by biting Stomoxinae
(see Stable-flies), or abrade teat orifice
tissue when feeding on intramammary
secretions. The initial cutaneous wounds
may be infected or the meal may be taken
from a mastitic gland, the secretion of
which contains chemoattractants, mostly
organic acids, produced by the anaerobic
bacteria. On subsequent feeding visits, up to
3 or 4 days later, the flies regurgitate their
contaminated crop contents, to maintain
blood flow, and thus infect and colonize
the wound. The disease of the mammary
tissue probably results from an ascending
infection via the streak canal. The role
of any other vector, especially in geo-
graphical areas other than Europe, is only
speculation.

Treatment
All pathogens involved are sensitive to
penicillins but systemic or intramammary
application is rarely very effective because
of poor distribution through the grossly
affected tissue, which can be an extensive
mass. In severe cases euthanasia is recom-
mended. In some Scandinavian countries
the teat is amputated to drain the abscess.
Usually the affected part of the udder
atrophies and may continue to be infected.
In highly productive dairy areas the animals
are diverted to beef enterprises or culled
early. It is important to quarantine affected
animals indoors to minimize subsequent
transmission.

Control
The degree of control attempted is related
to season and local incidence of summer
mastitis. Limitation of exposure to infection
is attempted by minimizing the number of
animals at risk, especially by manipulating
calving pattern and then by grazing animals
at risk on pastures away from flies. This is
done by avoiding wooded areas and using
exposed grazing where wind speeds limit
fly dispersal. Various insecticides, fly
repellents and barriers applied to teats
have been of limited use in prevention of
summer mastitis. Since the mid-1980s the
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introduction of pyrethroid-impregnated
ear-tags and then ‘pour-on’ formulations of
synthetic pyrethroids has made fly control
on animals kept on more remote pastures
highly effective. A noticeable decline in
incidence of summer mastitis has occurred
since these techniques became available.
Previously the only truly effective method
was prophylactic infusion of long-acting
antibiotic formulations into the mammary
gland. These achieved a reduction of
incidence of summer mastitis from approxi-
mately 10% to 2% of animals at risk.
However, this method is inappropriate
for animals prior to first calving. It has
become unpopular in some countries as
this use of antibiotic to treat uninfected

animals is considered an unnecessary
overuse of antibiotics in food animals,
despite its effectiveness in improving
animal welfare.
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Mayaro virus

Charles H. Calisher

Mayaro (MAY) virus causes a non-fatal ill-
ness characterized by sudden onset, fever,
chills, headache, myalgias and arthralgias
of the small joints of the hands and feet.
Two to 5 days after onset, fever begins to
resolve and a maculopapular rash appears,
lasting 3–5 days. Arthralgias may persist
for many months. This virus has been
isolated from haematophagous arthropods
and vertebrates from South America and
from people and birds who have departed
from there recently.

Distribution
Mayaro virus was isolated for the first time
from the serum of a human in Mayaro
County, south-eastern Trinidad, in 1954;
although not febrile at the time the serum
was collected, the person became febrile the
next day. In 1955, MAY virus was isolated
from quarry and forest workers during an
epidemic near Belém, Brazil, and, also dur-
ing an epidemic, from recent settlers from
Okinawa who were living in a rain forest in
eastern Bolivia. Mayaro virus continues to
cause periodic outbreaks of disease, includ-
ing Brazilian outbreaks in 1991–1993. This
virus was isolated in 1994 in Peru for the
first time. Additional cases occurred in Peru

in 1997, further suggesting the endemic
nature of this virus in Amazonia.

Mayaro virus has also been isolated
from humans in Suriname, French Guiana,
Colombia and, in 2001, Venezuela, and anti-
body to it has been detected in Howler mon-
keys (Alouatta pigra (= villosa) and Agoutis
(Dasyprocta punctata) in Panama and in
humans and monkeys in French Guiana.
Mayaro virus has also been isolated from
two species of lizards (Tropidurus torquatus
hispidus and Ameiva ameiva ameiva) in
Brazil and a single isolation of MAY virus
was made from a northbound migrant bird in
Louisiana in April 1967.

Aetiological agent
Taxonomy

The taxonomic placement of MAY virus is
in the family Togaviridae, genus Alpha-
virus. The virion diameter is 60–65 nm
(cores are 40 nm), and the nucleocapsid is
surrounded by a lipid envelope, which
is apparently derived from host cell mem-
brane during budding. Originally classified
by antigenic means, the togaviruses were
designated ‘Group A’ arboviruses, along
with eastern equine encephalitis, western
equine encephalitis, Venezuelan equine
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encephalitis, Getah, Ross River, Sindbis,
Semliki Forest (see entries), Sagiyama and
others. The two envelope glycoproteins, E1
and E2, compose the external surface of
the virion and take part in attachment of
virions to cell surfaces, haemagglutination
and neutralization. Antigenic subtypes and
varieties are numerous for most viruses of
this genus.

Genetics
Increasingly, genetic information is becom-
ing available for MAY virus, and this virus
has been used as a model for detailed stud-
ies of alphavirus replication and patho-
genesis. Alphavirus genomes contain about
12,000 nucleotides arranged as single, non-
segmented, positive-sense strands of RNA.
The genomes are polyadenylated at the 3′
end and capped with 7-methylguanosine at
the 5′ end. Phylogenetic relationships among
isolates of MAY virus are being investigated
by reverse transcription–polymerase chain
reaction but results are not yet complete.

Genome transfer into the cytoplasm of
the infected cell precedes three sequential
stages of viral amplification, i.e. translation,
transcription and replication of genomic
RNA. Subgenomic messenger RNA (mRNA)
(referred to as 26S RNA) is formed during
replication and contains about 4100 nucleo-
tides, the sequence of which is identical
to the 3′ terminal third of the genomic RNA.
This RNA is also polyadenylated and
capped and is the template for the four
viral structural proteins; the 49S RNA non-
structural region serves as the template for
four non-structural proteins and the capsid.
Alphavirus genomes can accept mutations
in the conserved regions without destroying
biological activity. Only sequences at the
3′ and 5′ termini are indispensable for the
genome to be amplified and packaged. In the
region of the junction of non-structural and
structural genes, 19 nucleotides upstream
from the beginning of the 26S RNA sequence
and five downstream from it are needed for
production of 26S RNA.

Evolution
Although both structural and non-structural
proteins of alphaviruses are conserved to

some extent, the latter are more conserved
than the former. Because amino acid
sequences of various alphaviruses are
encoded by different codons, alphavirus
replication may allow use of different paths
to the finished product but retention of
similar requirements to accomplish funda-
mentals. Indeed, the original antigenic
classification of the alphaviruses depended
on the phenotypic expression (antigens)
of the gene sequences (genotype). Because
the protein structure of Sindbis virus corre-
sponds with (is conserved among) protein
structures of certain plant viruses that
have genomic organizations dissimilar
from that of the alphaviruses, because all
alphaviruses and many plant viruses are
arthropod-borne at some stage in their
natural cycle and because mosquitoes
belonging to some of the species that
transmit alphaviruses typically feed on
plant secretions as well as on vertebrates,
alphaviruses and plant viruses may have
had common ancestors. Highly conserved
regions of alphavirus genomes may provide
insight into more recent phylogeny. Rela-
tively minor differences between viruses
and virus variants may indicate relatively
recent evolutionary drifts, and relatively
major differences between viruses may
indicate more remote genetic shifts.

Clinical symptoms
Human infections with MAY virus occur
primarily in the rainy season, when mosq-
uito populations are highest. Patients infec-
ted with MAY virus do not usually die from
it; therefore, tissues from these patients
are not readily available for histological
examination. Treatment of MAY virus
infections consists primarily of supportive
therapy. Symptoms respond partially to
non-steroidal anti-inflammatory drugs.
Development of viraemia does not necessar-
ily correlate with production of disease in
experimentally infected animals. Antibody
to MAY virus has been detected in various
primates and domestic animals and in
other vertebrates. Field strains of virus
are non-pathogenic for adult mice but are
pathogenic for suckling mice inoculated
intracranially.
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Diagnosis
Alphaviruses have common antigenic
determinants, as shown by many sero-
logical tests, including haemagglutination
inhibition, complement fixation, enzyme-
linked immunosorbent assay (ELISA) and
immunofluorescence. These viruses have
been classified as belonging to one of
six antigenic complexes; viruses in such
complexes are more closely related to each
other than they are to other viruses within
the serogroup (‘Group A’ arboviruses). The
six complexes are: (i) eastern equine
encephalitis; (ii) Middelburg; (iii) Ndumu;
(iv) Semliki Forest; (v) Venezuelan equine
encephalitis; and (vi) western equine
encephalitis. Mayaro virus belongs to the
Semliki Forest complex, which also
includes Semliki Forest, chikungunya,
o’nyong-nyong, Getah, Sagiyama, Bebaru,
Ross River and Una viruses. These viruses
can be distinguished from one another by
use of virus- or strain-specific monoclonal
antibodies employed in haemagglutination
inhibition, neutralization, ELISA and other
tests. Because no two virus isolates are
exactly the same, the definition and
identification of an alphavirus depends on
generalities as to placement in the sero-
group, specific identification as to its
nearest antigenic neighbour, and final
placement with regard to type, subtype or
variety. When type-specific antigens (poly-
peptides) and antibodies (against glycopro-
teins E1 and E2 and against nucleocapsids)
become available, they can be used as
reagents for rapid determination of sero-
group, complex and virus type and for
serodiagnosis of alphavirus infections.

Various cell cultures from vertebrates
(VERO, LLC-MK2, BHK-21, hamster kidney,
chicken embryo, duck embryo) and inverte-
brates (C6/36 cells from Aedes albopictus
mosquitoes) are susceptible to MAY virus
and useful for virus isolation and character-
ization. These cells can be used as substrates
for ELISA or for tests to detect neutralizing
antibodies to MAY virus, in which this virus
forms plaques and causes cytopathic effects.
Virus isolation is the test of choice for labora-
tory diagnosis of MAY virus infection. The
virus can be isolated either in cell cultures or

in suckling mice, which are slightly more
sensitive than are cell cultures.

Infection with MAY virus leads to
production of immunoglobulin M (IgM), IgG
and, probably, IgA antibodies. As detected
by IgM-capture ELISA, antibody to these
viruses cross-reacts with heterologous
alphaviruses but is most reactive with other
viruses of the same antigenic complex. That
is, IgM antibody from patients with MAY
virus may have the highest titres to MAY
virus but high titres to others of the Semliki
Forest complex. Immunoglobulin M anti-
body peaks 2–3 weeks after onset and per-
sists for about 2 months. Immunoglobulin G
antibody also appears relatively soon after
onset but, unlike IgM, persists for many
months or years after the illness. Haemag-
glutination inhibition, complement fixation,
immunofluorescence and neutralization
tests simply detect IgM and IgG antibodies
in other configurations. Immunoglobulin
M antibody is haemagglutinin-inhibiting,
immunofluorescing and neutralizing; IgG
antibody reacts in these tests and in comple-
ment fixation tests as well. Thus, IgM ELISA
is the diagnostic test of choice for determin-
ing recent infections (if confirmed by
neutralization tests) and may be applied to
single serum samples in some instances. The
presence of IgG antibody to any of these
viruses is simply an indication of past
infection and, without demonstration of a
significant (fourfold or greater) increase or
decrease in titre between paired acute-phase
and convalescent-phase serum samples,
cannot be used to implicate the virus in the
aetiology of the illness; usefulness of IgG
assays is limited because of cross-reactivity.
Clinical signs and symptoms cause confu-
sion between infections with MAY virus and
with dengue viruses.

Transmission and tissue tropism
Mayaro virus has been isolated principally
from Haemagogus janthinomys mosquitoes,
but a few isolates have been made from
mosquitoes belonging to other genera,
such as Psorophora, Mansonia, Culex and
Sabethes. Experimentally infected marmo-
sets (Callithrix species) and other primates
develop high-titre viraemia. Little else is
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known about the natural history of this
virus. This virus is transmitted to humans
by the bite of transmission-competent,
infected mosquitoes. When human virae-
mic titres reach such levels that mosquitoes
subsequently feeding on them become
infected, these mosquitoes can then trans-
mit virus to the people on whom they next
feed. If an infected human does not develop
a high viraemia titre, that person cannot
serve as a virus reservoir and becomes a
dead-end host. The target tissues for these
viruses are unknown but may include circu-
latory, synovial and epidermal cells. Intact
Aedes albopictus mosquitoes have also
been used for laboratory studies of MAY
virus replication and transmission.

Treatment
There is no specific treatment for MAY
virus infection. Treatment is entirely
symptomatic.

Prevention and control
Because mosquitoes transmit MAY virus,
prevention of human infection requires
reduction of contact between the suscepti-
ble human and the vector. This can be
effected by mosquito control operations,
using larvicide or adulticide techniques,
either on a large (e.g. aerial applications
of insecticides) or a small (ground-based
applications) scale. Public education pro-
jects (with ongoing publicity) and legal
means are often used to direct intervention.
Ongoing clinical, virological, serological
and arthropod surveillance techniques
should be used to ascertain the presence
and prevalence of these viruses. In certain
countries, this often requires considerable
political will.

For preventing contact of mosquito vec-
tors with humans, the use of mosquito nets
and screening windows and doors with plas-
tic mesh are recommended. Removing and
subsequently destroying mosquito breeding
sites (source reduction), providing piped
water, maintaining liquid waste systems and
managing irrigation systems have been suc-
cessful ways of reducing populations of both
maintenance and amplification vectors.

If measures taken to control arthropod
vectors of MAY virus are not effective or are
not possible because of economic, political
or geographical considerations, vaccines
hold some potential for prevention of
disease in humans at risk of infection. With
rapid air transport, an increasing number of
tourists are exposed to potential infection
(human infection with MAY virus has been
diagnosed in the USA in a patient who had
travelled to eastern Peru). Whether any
travellers return home in the incubation
(viraemic) period of MAY virus infection
and can infect local mosquito populations is
unknown.

Selected bibliography
American Committee on Arthropod-Borne

Viruses (1985) International Catalogue of
Arboviruses Including Certain Other Viruses
of Vertebrates, 3rd edn, Karabatsos, N. (ed.).
American Society of Tropical Medicine and
Hygiene, San Antonia, Texas, 1147 pp.

Calisher, C.H., Shope, R.E., Brandt, W., Casals, J.,
Karabatsos, N., Murphy, F.A., Tesh, R.B. and
Wiebe, M.E. (1980) Proposed antigenic
classification of registered arboviruses. I.
Togaviridae, Alphavirus. Intervirology 14,
229–232.

Calisher, C.H., El-Kafrawi, A.O., Mahmud, M.I.
Al-D., Travassos da Rosa, A.P.A., Bartz,
C.R., Brummer-Korvenkontio, M., Hakso-
husodo, S. and Suharyono, W. (1986)
Complex-specific immunoglobulin M anti-
body patterns in humans infected with alpha-
viruses. Journal of Clinical Microbiology 23,
155–159.

Peters, C.J. and Dalrymple, J.M. (1990) Alpha-
viruses. In: Fields, B.N., Knipe, D.M. and
Howley, P.M. (eds) Virology, Vol. 1, 2nd edn.
Raven Press, New York, pp. 713–761.

Schlesinger, S. and Schlesinger, M.J. (1990)
Replication of Togaviridae and Flaviviridae.
In: Fields, B.N., Knipe, D.M. and Howley,
P.M. (eds) Virology, Vol. 1, 2nd edn. Raven
Press, New York, pp. 697–711.

Talarmin, A., Chandler, L.J., Kazanji, M., de
Thoisy, B., Debon, P., Lelarge, J., Labeau, B.,
Bourreau, E., Vie, J.C., Shope, R.E. and
Sarthou, J.L. (1998) Mayaro virus fever
in French Guiana: isolation, identification,
and seroprevalence. American Journal of
Tropical Medicine and Hygiene 59, 452–456.

Tesh, R.B., Watts, D.M., Russell, K.L., Damodaran,
C., Calampa, C., Cabezas, C., Ramirez, G.,

338 Mayaro virus

338
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
04 September 2001 15:19:16

Color profile: Disabled
Composite  Default screen



Vasquez, B., Hayes, C.G., Rossi, C.A., Powers,
A.M., Hice, C.L., Chandler, L.J., Cropp, C.B.,
Karabatsos, N., Roehrig, J.T. and Gubler, D.J.
(1999) Mayaro virus disease: an emerging
mosquito-borne zoonosis in tropical South

America. Clinical Infectious Diseases 28,
67–73.

Theiler, M. and Downs, W.G. (1973) The Arthropod-
borne Viruses of Vertebrates. Yale University
Press, New Haven, Connecticut, 578 pp.

Mediterranean coast fever see Theilerioses.

Mediterranean spotted fever see Tick-borne typhuses.

Middelburg virus

Oyewale Tomori

Distribution
Middelburg (MID) virus was first isolated in
1957 from a pool of Ochlerotatus1 caballus
sensu lato mosquitoes, collected with
human bait in Conway, Middelburg, in the
Cape Province of South Africa. Additional
isolates were later recovered from pools of
Aedes lineatopennis and Aedes albothorax
mosquitoes, also collected in Middelburg.
Since then, numerous isolations of MID
virus have been obtained from mosquitoes
of various species in several African coun-
tries, such as South Africa, Zimbabwe,
Kenya, Central African Republic, Came-
roon, Senegal and Côte d’Ivoire. Serological
surveys have revealed low prevalence of
neutralizing antibodies to MID virus in
human populations in South Africa,
Mozambique and Angola. In addition, MID
virus neutralizing antibodies have been
detected in the sera of South African sheep,
cattle, goats and horses.

Virus
Middelburg virus is a single-stranded RNA
enveloped virus, belonging to the Alpha-
virus genus of the Togaviridae family.
Under the electron microscope, the spheri-
cal virions measure 62–80 nm in diameter.
In cross-plaque reduction neutralization
tests, there was a low (1/10) neutralization
of MID virus by antisera to Ross River and
Ndumu viruses. Middelburg virus shows
no significant serological relationship with
more than 30 alphaviruses from Africa and
the Americas. Although MID virus is not

antigenically closely related to any other
alphavirus, it has been placed in the
western equine encephalitis (WEE) virus
antigenic complex (see entry).

Middelburg virus is similar to other
enveloped alphaviruses in physical and
chemical characteristics. The virus is unsta-
ble at room temperature, but more stable
at lower temperatures. It is inactivated by
lipid solvents, such as chloroform, ether and
sodium deoxycholate.

Clinical symptoms, pathogenesis
and pathology

Suckling mice inoculated intracerebrally
(i.c.) or intraperitoneally (i.p.) with MID
virus die within 2 days of inoculation. High
virus titres (as much as 109.4 ml−1) develop
in the brains of these mice. Histopathology
in mice infected i.c. reveals evidence of gen-
eralized infection, with encephalitis, myo-
sitis, myocarditis, necrosis of connective
tissues in subcutis, periosteum and arteries.
Weanling mice (from 3–4 weeks) are not
susceptible to MID virus infection when
inoculated i.p. or by the subcutaneous (s.c.)
route. Day-old chicks, lambs and various
species of wild rodents develop viraemia
following experimental infection with
MID virus, while adult guinea-pigs, Vervet
(Green) monkeys (Chlorocebus aethiops2)
and Red-billed teal (Anas erythrorhynchos)
develop only antibodies. Middelburg virus
is readily cultured in a variety of cell lines,
with cytopathic effects and plaque develop-
ment in baby hamster kidney (BHK-21)
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cells, but only plaque development in chick
embryo, vervet monkey (VERO) African
green monkey (LLC-MK2) and human
diploid (MA-111) cells. Plaque variants
(s and 1) of MID virus replicate in Aedes
aegypti mosquitoes. Following infection,
Ochlerotatus caballus successfully trans-
mitted MID virus to lambs on days 4, 10 and
19 post-infection, with the lambs develop-
ing viraemia and a stiff gait. It is speculated
that sheep and O. caballus may be involved
in incidental transmission cycles of MID
virus. No human disease has been associ-
ated with MID virus.

Diagnosis
The virus can be isolated by inoculation of
laboratory animals and tissue cultures and
identified by serological methods.

Treatment
There is no human disease associated
with the virus and no treatments have been
developed for disease in livestock.

Transmission
Numerous isolations of MID virus have
been made from mosquitoes, in particular
Aedes species, including Aedes circum-
luteolus, pools of A. lineatopennis and
A. albothorax, and Aedes (Aedimorphus)
species, and O. caballus sensu lato
(Natal, South Africa); Aedes cumminsii
(Cameroon, Kenya and Senegal); Aedes
dalzieli (Senegal); Aedes simulans (Central
African Republic); A. lineatopennis
(Zimbabwe); and Aedes palpalis group
(Côte d’Ivoire). In addition there have

been isolations from Mansonia uniformis
(Central African Republic) and Mansonia
africana (Cameroon and Central African
Republic).

Although MID virus has been suc-
cessfully transmitted by O. caballus and
antibodies to it detected in livestock, the
vertebrate hosts involved in the natural
transmission cycle remain unknown.

Control
Because the vertebrate hosts are not known
and human and livestock diseases have
not been recognized, control measures are
inappropriate.

Notes
1 Ochlerotatus was formerly a subgenus of
Aedes.
2 This monkey was formerly in the genus
Cercopithecus.
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Midges see Biting midges.

Mite-borne typhus see Scrub typhus.

Mites (Prostigmata and Mesostigmata)

M.W. Service

There are about 30,000 species of mites.
Their classification into orders and families

is both complex and controversial. No
attempt will be made to enter into such
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a debate. The mites that can transmit
infections to humans and animals are
the scrub typhus mites belonging to the
genus Leptotrombidium and dermanyssid
mites in the genera Liponyssoides and
Dermanyssus.

Scrub typhus mites (chiggers, itch mites,
leptotrombiculid mites, red bugs,

trombiculid mites)
These mites are usually placed in the order
Prostigmata and family Trombiculidae.
There are some 3000 species of mites in this
family belonging to several genera, but only
about 20 species in the genus Lepto-
trombidium are of medical importance as
disease vectors. They occur mainly in Asia.

Biology
Trombiculid mites have a complex life
cycle. Adults are free-living and feed on a
variety of soil-inhabiting arthropods. Eggs
are laid on leaf litter or on the surface of
soil that is damp but well drained, such as
in pastures, scrub jungle and along river-
banks. In hot weather, egg laying continues
throughout the year, but in cooler regions,
including Japan, oviposition seems to cease
during the cooler months, with adults enter-
ing partial hibernation. Eggs hatch within
about a week, but the six-legged larva
remains in the eggshell and is called a
deutovum. After about a further week
the larva emerges from the eggshell and
becomes very active, climbing up grasses
and other ground vegetation. Larvae are par-
asitic and attach themselves to mammals,
especially rodents, but also to humans and
birds. They congregate on areas of the skin
that are soft and moist, such as in the ears
and on or around the genitalia and anus
of rodents; on people larvae seek out areas
where clothing is tight, such as around the
ankles and waist. On the host larvae pierce
the skin and inject saliva, which causes
disintegration of cells and a skin reaction
in the host, in which a vertical tube-like
structure (stylostome, histiosiphon) is
formed. Larvae do not usually suck up
blood but feed on lymph, other fluids and
semi-digested materials. Larvae of Lepto-

trombidium species that transmit scrub
typhus usually remain on people for 2–10
days, after which the engorged larvae drop
to the ground and bury themselves under
leaves or just below the soil.

The buried and inactive larva is called
a protonymph (Fig. 1). After 7–10 days, the
protonymph moults to become an eight-
legged reddish deutonymph, which feeds on
soil-living arthropods. A few days or 1–2
weeks later, the deutonymph stops feeding,
becomes inactive and is called a tritonymph.
After a further 2 weeks, this moults to
become an adult. The only stage in the life
cycle that is parasitic is the larva.

The ecological requirements for the life
cycle can be complex. For example, larval
mites need areas in which there is a plentiful
supply of small mammals on which to feed,
whereas the free-living nymphal stages and
adults require moist conditions and a good
supply of soil arthropods on which to feed.
Areas that satisfy these needs and support
mite populations are called ‘mite islands’,
which can comprise just a few square metres
to several kilometres.

The complete life cycle (Fig. 1) usually
lasts 6–12 weeks, but may be prolonged to
about 9 months.

Diseases
Certain species of the genus Lepto-
trombidium, such as L. deliense and
L. akamushi, are vectors of scrub typhus
(see entry). Some species are also involved
in the transmission of haemorrhagic fever
with renal syndrome (see entry).

Control
The chance of being attacked by larval
mites can be reduced by applying chemical
repellents, especially around the ankles
and lower parts of the legs. Clothing,
such as socks, can be impregnated with
repellents or pyrethroid insecticides, such
as permethrin. The wide and patchy
distribution of trombiculid mites and the
difficulty of identifying mite islands can
make their control with insecticides
difficult.
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Liponyssoid mites (house-mouse mite)
These mites are usually placed in the
order Mesostigmata. They belong to the
family Dermanyssidae, and the only species
of medical importance is Liponyssoides
sanguineus, which has a localized but
almost worldwide distribution.

Biology
The preferred host is the House mouse (Mus
musculus), but other rodents, including
rats, are commonly attacked, and also
humans. Mites only occur on their hosts to
feed; at other times they shelter in cracks
and crevices in or near the hosts’ nests or
burrows, where they lay their eggs. Larvae,
which hatch from the eggs after 4–5 days,
are non-parasitic, but the two nymphal
stages (protonymph and deutonymph) and
adults take blood meals. Adult mites
(Fig. 2), especially the females, take several

blood meals before reaching repletion, and
engorged mites can withstand starvation for
about 2 months and starved ones for about
6 weeks. The life cycle from egg to adult
lasts 17–23 days.

Diseases
Liponyssoides sanguieneus is a vector of
rickettsialpox to humans (see entry), and
Dermanyssus gallinae is a vector of fowl
pox (see entry).

Control
Rodenticides can be used to kill the reser-
voir rodent hosts, such as mice and rats,
while residual insecticides can be sprayed
in places harbouring the mites.

Selected bibliography
Audy, J.R. (1968) Red Mites and Typhus. The Ath-
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Fig. 1. Life cycle of a Leptotrombidium mite (scrub typhus mite) (courtesy of the Natural History
Museum, London).
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Fig. 2. An adult house-mouse mite (Liponyssoides
sanguineus).

Monkey disease see Kyasanur Forest disease.

Mosquitoes (Culicidae)

M.W. Service

There are some 3200 species and subspecies
of mosquitoes belonging to 42 genera, all
within the family Culicidae. Mosquitoes
have a worldwide distribution. Although
they can be common in tropical countries,
the greatest numbers biting humans and
animals are often encountered in subarctic
areas. The species most concerned with the
transmission of infections to humans and
animals are contained in the genera Anoph-
eles, Culex, Aedes, Ochlerotatus (formerly
this was a subgenus of Aedes) and
Mansonia. Mosquitoes are the major vectors
of diseases to humans; they also transmit a
few infections to animals, but ticks (see
entry) are of greater importance in the trans-
mission of animal infections.

The Culicidae are divided into three
subfamilies, the principal two being the
Anophelinae (anophelines) containing the
genus Anopheles (and two other genera of no
medical importance) and the Culicinae
(culicines) containing Aedes, Ochlerotatus,
Culex, Mansonia, Coquillettidia, Culiseta,
Haemagogus, Sabethes and another 30
genera. The third subfamily, Toxorhyn-

chitinae, has just one genus, Toxorhyn-
chites, species of which are incapable of
blood-feeding and consequently are not
disease vectors.

Identification
Useful taxonomic characters for distin-
guishing anopheline from culicine mosqui-
toes are as follows.

Anophelines
Eggs are laid singly on the water surface;
they are not stuck together. They have a
pair of air-filled lateral floats. Larvae lack a
respiratory siphon and lie parallel to the
water surface when breathing and feeding.
Adults have black and whitish scales on the
wings, which are arranged in blocks. They
rest on surfaces with the body at an angle.
Both males and females have palps about as
long as the proboscis.

Culicines
Eggs are laid singly or formed into an egg
raft or sticky mass and they never have
floats. Larvae have a respiratory siphon and
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subtend at an angle to the water surface.
Adults usually have brownish scales on the
wing veins and sometimes also a scattering
of white scales, but their dark and white
scales are not arranged in blocks. They rest
with the body more or less parallel to the
surface. In males the palps are about as long
as the proboscis, but in females they are
much shorter than the proboscis.

Biology
It is convenient to describe the general
biology of mosquitoes and then consider
separately differences in the biology of
anopheline and culicine mosquitoes.

Mosquitoes in general
Eggs are brown or blackish and are laid: (i)
on the water surface of a diverse collection
of waters, ranging from pools to puddles
water-filled animal hoofprints, borrow pits,
wells, discarded tin cans, clay or metal
water-storage containers, grassy ditches,
marshes, including sometimes salt-water
ones, rice-fields, septic tanks, cesspools,
water-filled tree holes, cut bamboo stumps
and leaf axils of plants; (ii) on wet mud, leaf
litter, damp walls of containers, such as tree
holes or water-storage pots, or other damp
substrates near the water’s edge; and (iii)
on the undersides of floating vegetation, to
which they are ‘glued’.

In the tropics, eggs hatch within 1–2
days, but in cooler climates hatching may
not occur until after 1–2 weeks. Some
mosquitoes (e.g. Aedes and Ochlerotatus
species) have eggs that can withstand
desiccation and may remain viable for
months or years in a ‘dry’ state.

All mosquito larvae are aquatic, but
they do not usually occur in large expanses
of open water, such as lakes, or in the
running water of streams, although they
may live at the edges, where water flow
is minimal and where they can shelter in
vegetation, such as grasses. They feed on
a variety of aquatic microorganisms and
pass through four larval instars. With the
exception of species of Mansonia and Coq-
uillettidia, larvae have to come to the water
surface to breathe. In tropical countries the
larval period can be as short as 7–10 days,

but it is longer in cooler weather and in
temperate regions may extend to weeks or
months, and several species overwinter as
larvae. The pupae are aquatic, do not feed
and, with the exception of Mansonia and
Coquillettidia species, remain at the water
surface, where they breathe. However, if
disturbed they rapidly swim up and down,
as also do the larvae. Pupal life is commonly
2–3 days in tropical countries, but may be a
week or more in temperate areas.

Only female adult mosquitoes bite;
males feed on naturally occurring sugary
secretions including nectar. Some species
feed predominantly or exclusively on mam-
mals, others may bite birds. Mosquitoes bit-
ing humans are termed anthropophagic (or
anthropophilic), while those biting livestock
and other animals are referred to as being
zoophagic (zoophilic). Biting may occur in
the evenings or at night (e.g. anophelines) or
during the daytime (e.g. many culicines).
Some species bite mainly inside houses
(endophagic), while others bite out of
doors (exophagic). After blood-feeding some
species rest indoors while the blood meal
is being digested and the eggs mature
(endophilic), while others rest out of
doors (exophilic) in various man-made or
natural shelters. Many species exhibit a mix
of these behavioural patterns, with species
not being exclusively exophilic or exophagic
or even anthropophagic. Speed of blood
digestion is temperature-dependent and in
tropical countries usually takes 2–3 days,
after which the female is ready to lay her
eggs, and she is referred to as being gravid. In
temperate climates blood digestion may take
1–2 weeks. After egg laying females take
another blood meal and develop a further
batch of eggs, this process of feeding and
oviposition is repeated several times during
her life and is called the gonotrophic cycle.
Some individuals of some species (e.g.
Aedes aegypti) may take multiple blood
meals before they become gravid.

Adult mosquitoes generally disperse
just a few hundred metres from their
emergence sites, and in control programmes
and epidemiological studies it is usually
assumed, for practical purposes, that
mosquitoes do not fly further than 2 km.
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However, there are records of mosquitoes
being dispersed 100 km or more, usually
assisted by the wind. Sometimes they get
carried considerable distances in railway
carriages or even further in aircraft. In
tropical countries female adults probably
live on average 1–2 weeks, but in temperate
regions they commonly live for 1–2 months
and sometimes fertilized females remain
in hibernation for up to 9 months. Males
usually have a much shorter life.

Anophelines
Anopheles eggs are black, have lateral floats
(Fig. 1) and are laid on the water surface,
not on damp substrates. They cannot with-
stand desiccation and hatch within 2–3
days, but in colder temperate regions eggs
may not hatch until after 2–3 weeks. The
larvae lack a siphon and lie parallel to the
water surface, where they both breathe
and feed. Like the pupae they only descend
when disturbed. Larval habitats range
from animal hoofprints, puddles, pools
and wells, to rice-fields and marshy areas,
including salt-water marshes and mangrove
swamps. A very few species are found in
water-filled tree holes and, in the southern
USA and Central and South America, some
species, including malaria vectors, breed in
leaf axils of bromeliad plants that grow on
trees. In general anophelines prefer clean
water that is not polluted with animal and
vegetable matter.

Anopheles adults feed mainly in the
evenings and at night. Some species, such
as Anopheles albimanus of Central America,
bite mainly before midnight, whereas others
such as Anopheles gambiae in sub-Saharan
Africa, feed mostly after midnight. The
times of biting, the degree of anthropophagy
and whether adults rest indoors or outdoors
are all of considerable importance in the epi-
demiology of disease transmission and
control.

Culicines
Eggs of Aedes and Ochlerotatus species are
black and are usually laid on damp sub-
strates just beyond the water-line. They can
withstand varying degrees of desiccation,
and dry eggs may remain viable for many

months and in some species even for a
few years. Eggs hatch when they become
flooded. Culex and also Coquillettidia mos-
quitoes have brownish eggs, which are laid
upright and placed together to form an egg
raft that floats on the water surface (Fig. 1),
while female Mansonia lay their eggs in a
sticky mass that is glued to the undersides
of floating vegetation, such as leaves of the
Water lettuce (Pistia stratiotes).

Culicine larvae have a short or long
siphon, which most species use to breathe
at the water surface. Larvae hang down
from the surface, and thus do not lie parallel
to it as do anophelines. However, larvae
of Mansonia and Coquillettidia insert their
modified siphons into aquatic plants to
obtain oxygen via plant tissues; larvae do not
surface but remain submerged and attached
to plants. (Pupae of these two genera also
remain submerged, obtaining oxygen from
plants by inserting into them their special-
ized respiratory trumpets.) Larvae of some
species feed predominantly near the water
surface while others feed on the debris and
detritus at the bottom of larval habitats.
Culicine larvae are found in a great variety
of waters, ranging from puddles and ponds
to swamps. Some species, especially of the
genera Aedes and Ochlerotatus, breed in
natural and man-made container-type
habitats, such as water-filled tree holes,
cut bamboo stems, plant axils, rock pools,
water-storage pots, discarded tin cans and
motor vehicle tyres. In subarctic areas Aedes
and Ochlerotatus species are often found in
snow-melt pools. They are also sometimes
found in snow-melt waters at high elevation
in temperate zones and, in the eastern USA
and northern Europe, even at low elevations.
Larvae of most Culex species are found in
ground collections of water, such as pools,
ponds, ditches and borrow pits. Some Culex
species (e.g. Culex tritaeniorhynchus) breed
in rice-fields, while larvae of Culex
quinquefasciatus tolerate high levels of
organic pollution and can be found in
latrines, septic tanks and soak-away pits.
Larvae of Mansonia and Coquillettidia are
found only in waters in which there are
aquatic plants to which their larvae and
pupae can attach themselves.
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Adults of many, but not all, Aedes and
Ochlerotatus species bite during the day or
early evening, while adults of many Culex
species and most Mansonia and Coquil-
lettidia bite at night. Most culicines feed and
rest out of doors, but C. quinquefasciatus
bites inside houses as well as outside, and

commonly rests in houses after blood-
feeding.

Diseases
Mosquitoes transmit more pathogens to
humans than do any other arthropods
and, in addition, are the vectors of some

346 Mosquitoes (Culicidae)

Fig. 1. Diagram
showing the principal
distinguishing charac-
ters of the various
stages in the life
cycle of anopheline
(Anopheles) and
culcine (Aedes, Culex,
Mansonia) mosquitoes
(modified from M.W.
Service (2000) Medi-
cal Entomology for
Students, Cambridge
University Press,
Cambridge).
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pathogens to domesticated animals. For
example, anophelines transmit human
malaria parasites, bancroftian and brugian
filariae and o’nyong nyong and a few other
arboviruses, while culicine mosquitoes
transmit avian malaria parasites, bancro-
ftian and brugian filariae, dirofilariae,
Setaria species and numerous arboviruses,
including those causing yellow fever,
dengue, Rift Valley fever, fowl pox and the
encephalitides (see entries under names of
these infections).

Control
Mosquitoes can be controlled by directing
efforts either at the larvae or at the adults.

Larval control
Larval habitats can sometimes be drained or
filled in to eradicate breeding places. Envi-
ronmental modifications, such as digging
out marshy areas to create impoundments
containing uninterrupted standing water,
which is unsuitable as a larval habitat for
many species, is sometimes practised on a
small or large scale. Covers and screens can
sometimes be placed on domestic water
containers and cisterns to prevent egg
laying occurring. Alternatively chemicals,
such as oils, Paris green (copper aceto-
arsenite), organophosphate and carbamate
insecticides, or microbial insecticides, such
as Bacillus thuringiensis subsp. israelensis
(Bti or serotype H-14) can be applied to
many breeding places to kill the larvae.
Sometime insect growth regulators (IGRs)
such as Dimilin (diflurobenzuron) or
Altosid (methoprene) can be applied. All
these chemicals have to be repeatedly
sprayed because they have little, if any,
long-lasting effect. Biological control, using
fish and other agents, has not generally
proved very effective in reducing biting
densities of mosquitoes or reducing disease
transmission.

Adult control
Mosquito screening over windows and
doors of houses and hospitals may
assist in reducing the likelihood of being
bitten by mosquitoes. Better personal pro-
tection against night-biting species (e.g.

anophelines and C. quinquefasciatus) is
provided by mosquito bed nets, especially if
they are impregnated with pyrethroid insec-
ticides. Insect repellents may also provide
some degree of protection against biting.
Ground or aerial applications of insecti-
cides, especially ultra-low-volume (ULV)
spraying, can often give rapid, albeit usu-
ally temporary, relief over relatively small
areas. This approach is usually best suited
to achieving a rapid kill of mosquitoes,
included infective ones, in epidemics such
as dengue outbreaks.

The application of residual insecticides
to the inside surfaces of walls, ceilings
or roofs of buildings, mainly houses, can
often give effective control of endophilic
mosquitoes, such as some anophelines, for
3–6 months. At present, there are no genetic
methods that can be routinely advocated for
mosquito control.
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Murine typhus see Endemic typhus.

Murray Valley encephalitis

Ian D. Marshall

Murray Valley encephalitis (MVE) virus
is a mosquito-borne, single-stranded RNA
arbovirus of the Flaviviridae family.

Distribution
Murray Valley encephalitis virus has
been recovered from mosquitoes collected
at latitudes ranging from about 4°S on
the Sepik River, Papua New Guinea (PNG),
to about 37°S in the Murray River basin
(Fig. 1). In New Guinea the virus is
enzootic and endemic on the coastal
plains and foothills north and south of
the high central mountain range. Overt
disease is extremely rare. In continental
Australia, MVE virus seems now to be
enzootic and endemic on much of the
north coast and immediate hinterland,
with rare epidemic activity in the Murray–
Darling river system. The first of the
endemic cases occurred in the Kimberley
region in 1978, 4 years after the 1974
epidemic, which involved all states. There
were four Murray Valley encephalitis
cases on this occasion and a further 25
cases in 10 of the following 18 years. Over
the same time period, there were 14 cases
in the ‘Top End’ of the Northern Territory
(NT) and four cases on Cape York
Peninsula, but there were no cases in the
Murray–Darling Basin or in South Australia
(SA). The damming of the Ord River
and the introduction of irrigated farming
in the Kimberley region might explain the
altered behaviour of MVE virus in this
formerly seasonally arid region. Perhaps
increased population and the resultant
‘development’ have influenced the behav-
iour of the virus in the NT and northern
Queensland.

Aetiological agent
Murray Valley encephalitis virus grown
in mosquito cell culture was found to be
40 nm in diameter. In common with all
flaviviruses, the virions contain a nucleo-
capsid core composed of a single-strand,
positive-sense RNA genome complexed
with a single species of capsid protein. The
nucleocapsid is composed of a lipid bilayer
and two proteins: a membrane (M) protein
and the envelope (E) protein.

The nucleotide sequences of the gene
encoding the E protein from 11 MVE virus
isolates from Australia and PNG have been
compared. The isolates were from four fatal
human cases, a heron (Ardeidae) and six
pools of mosquitoes collected over a period
of 25 years. The nucleotide sequences of
Australian strains were remarkably stable,
showing not more than 1.7% divergence in
pairwise comparisons. However, there was
6.8% divergence in the E gene between the
two PNG strains and 9–10% divergence
between a PNG strain and the Australian
prototype.

Murray Valley encephalitis virus is
closely related to Japanese encephalitis (JE)
virus (from Japan to India and recently
in PNG, the Torres Strait Islands and Cape
York), St Louis encephalitis (SLE) virus
(USA), West Nile (WN) virus (Africa,
Europe, Israel and recently the north-eastern
USA) and Kunjin (KUN) virus (Australia).
See entries on all these arboviruses.

Clinical symptoms
As with other arboviral encephalitides,
the morbidity rate is very low – perhaps
one clinical case for every 800–1000
seroconversions.
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Based on published reports by physi-
cians attending a total of 48 cases during the
1951 and 1974 outbreaks:

onset was sudden, fever invariable, with
daily peaks of up to 40.6°C, anorexia and
severe frontal headache common, and about
half the patients suffered nausea, vomiting
and diarrhoea. Some had an early vague
sensation of dizziness. The first indication
of disturbed brain function usually

appeared 2–5 days after onset with leth-
argy, drowsiness, irritability, a dullness
deepening into confusion, disorientation
and ataxia. About one-third of the patients
had convulsions and fits.

The 1974 patients at one hospital were
divided into mild (11 patients), severe
(seven) and fatal (four) groups. In the ‘mild’
group, neurological involvement stabilized
between the fifth and tenth day of illness

Murray Valley encephalitis 349

Fig. 1. Map of Australia and Papua New Guinea, with some of the main foci of human infections of
Murray Valley encephalitis arrowed.
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but all had frank encephalitis. All had neck
stiffness and one lapsed into a coma,
responding only to painful stimuli. They
were discharged after 2 weeks to 3 months
and, at review 16 months later, seven had
completely recovered and four had mild
degrees of impaired coordination or emo-
tional problems. In the ‘severe’ group, all
lapsed into coma. Pharyngeal paralysis
developed in two and respiratory failure in
the other five. The latter would have died
without the use of artificial respiration and
all seven had severe residual disabilities. In
1951, 19/45 (42%) reported cases were fatal
and, in 1974, 13/58 (22%). If the five saved
by artificial respiration are included, the
percentage would be 40%.

Diagnosis
Early diagnosis can only be by clinical
symptoms, tempered by awareness of the
season, the location of the patient at and
before onset, the intensity of mosquito
activity and perhaps the movement of
water-birds, such as the Nankeen night
heron (Nycticorax caledonicus), into the
region. Of course, diagnosis of the first case
in an impending epidemic is the most
challenging one. The virus is rarely isolated
from blood, but small samples should be
taken daily for serological testing, particu-
larly for the presence of immunoglobulin M
(IgM) antibody.

Treatment
Treatment can only be symptomatic as the
individual case progresses or regresses, and,
except in the mildest cases, the prognosis is
not good.

Physiography relevant to epidemiology
The Great Dividing Range follows the east
coast of Australia from near the tip of Cape
York down to the south-east corner of Victo-
ria and then runs west roughly parallel to
the southern coast and almost to the border
of South Australia (SA). The cities of Bris-
bane, Sydney and Melbourne and a large
proportion of the population of Australia
are on the relatively narrow coastal plains.
The highest mountains in the range, and the
only reliable winter snowfields, are in the

south-east corner of the continent and give
rise to two major rivers, the Murray and the
Murrumbidgee, which meander through the
high country before heading west. The Mur-
rumbidgee receives water from the Lachlan
River and other smaller tributaries before it
flows into the Murray. Several substantial
tributaries flow northward from the Victo-
rian Alps to the Murray River and its ana-
branches, billabongs and swamps receive a
final offering from the Darling River before
crossing into SA, where it is diverted south
to Lake Alexandrina and the Southern
Ocean. This vast drainage network has but
one mouth and, because the rivers in the
network have been so used and abused, its
final passage across the sand-dunes has to
be periodically opened artificially.

South of the Tropic of Capricorn (Rock-
hampton on the east coast, northern tip
of Lake Macloud on the west coast), the
Queensland rivers rising on the western
slopes of the Great Dividing Range flow
south and west. The Barwon, Culgoa, Bogan,
Macquarie, Namoi, Warrego and several
other streams amalgamate as they approach
the north-western New South Wales (NSW)
town of Bourke and leave the town as the
Darling River. The Darling and a maze of
short tributaries sluggishly enter and leave
extensive water-bird-breeding marshes dur-
ing the slow journey south to the Murray
River. Other, mostly non-perennial, streams
flow through the ‘channel country’ into the
also non-perennial North and South Lakes
Eyre in the deserts of South Australia. When
full, they too are utilized for opportunistic
breeding by water-birds.

North of the Tropic of Capricorn, from
the rugged coast of Western Australia across
the ‘Top End’ to the east coast of Cape York,
all life is governed by the monsoonal wet and
dry seasons. The highly variable wet season
starts in December and continues to April
and the dry season extends from May
to November. The wet season annually
activates the northern streams and rivers,
frequently to excess. Most of those on Cape
York flow west from the Great Divide into
the Gulf of Carpentaria.

The Ord River, one of the ephemeral
streams in northern Western Australia has
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been harnessed to form the large Lake Argyle
and a small ‘diversionary’ dam regulates
the flow of water to an irrigation area. This
has greatly increased human activities in
the immediate area and provides the
opportunity for year-round mosquito and
water-bird breeding in what was previously
a seasonally arid region, exacerbating the
persistence and activity of MVE and other
arboviruses.

With no ‘dividing range’ to channel the
rivers inland, the great bulging west coast of
Western Australia has numerous independ-
ently flowing short streams, backed by
rugged broken plateaux rich in mineral
deposits, semi-deserts and deserts. Agricul-
tural and forest industries and most of
the population of this huge state are located
in the relatively verdant south-west corner,
where, in recent years, Ross River and
Barmah Forest viruses have caused concern
but not Murray Valley encephalitis. Ross
River virus and Barmah Forest virus (see
entries) are hosted, probably exclusively,
by animals and were probably unwittingly
introduced to the area by humans, whereas
MVE virus is hosted primarily, but certainly
not exclusively, by birds and particularly
by water-birds. Many northern NSW kanga-
roos and feral pigs have antibodies to MVE
virus.

History of epidemics
1917 and 1918

Epidemics of a severe, highly lethal enceph-
alitis were reported in eastern Australia
during the summers of 1917 and 1918. Early
in the first epidemic, a virus was recovered
from the brain of a fatal case in Townsville,
a tropical Queensland coastal town, which
caused a similar lethal encephalitis when
inoculated into monkeys. A second strain
was isolated in the following year and
the disease was given the sobriquet of
‘Australian X disease’. During these years,
there were scattered localized outbreaks of
encephalitis, extending from Townsville to
the Murray Valley. By the end of 1918, 172
cases had been reported in NSW, 118
of them fatal, and 13 cases in northern
Victoria and at least 20 cases in and near
Townsville, most of them fatal.

1922–1925
In a poorly reported outbreak in and near
Brisbane in 1922, it was stated that 49 of
79 cases of Australian X disease were fatal.
Between January and April 1925, nine cases
were reported at Broken Hill in the far west
of NSW and one at Tibooburra, 322 km to
the north; six of these died. In April and
May of the same year, at least 11 cases again
occurred in Townsville; all were children
under 8 years and ten died. This was the
last appearance of the virus on the east coast
of Australia.

1950–1951
It was not until the southern hemisphere
summer of 1950–1951 that cases similar to
Australian X disease were again seen in
Australia. The first of 45 cases occurred in
late December 1950 near Wentworth and
Mildura at the confluence of the Darling
and Murray Rivers (Fig. 1). An early fatal
case occurred in dryland farming country
west of the Murray River in SA and the last
of the series in April 1951 at Narrabri in
central NSW on the Namoi River, a tributary
of the Darling River. All other cases
occurred in the broadly defined Murray
Valley of northern Victoria and southern
NSW. The age of patients ranged from
7 weeks to 69 years, 62% were less than
15 years and 69% were male.

A presumptive virus was recovered
from the brain of the young SA girl by intra-
cerebral inoculation into both infant and
adult mice: this was the method used in
the successful establishment of JE and SLE
viruses. Investigators at the Walter and Eliza
Hall Institute in Melbourne used embryon-
ated eggs, a technique largely developed at
that institute. Virus was recovered from each
of four fatal cases: the SA case, the Narrabri,
NSW, case and two cases from northern
Victoria. All isolates produced small focal
lesions 3 days after direct inoculation on
the chorioallantoic membrane of developing
chicken embryos; specific antisera were
produced against the four strains and
cross-reaction was absolute in complement
fixation titrations and in neutralization tests
in suckling and weaned mice. American
collaborators demonstrated that the virus is
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closely related to, but not identical with, JE,
WN and SLE viruses (see entries). As all
except the Narrabri case occurred in the
Murray Basin, the virus was named Murray
Valley encephalitis virus.

Australian X disease and Murray Valley
encephalitis

Not surprisingly, when MVE virus was iso-
lated in 1950, there was no virus or tissue
from Australian X disease patients available
for direct comparison with Murray Valley
encephalitis. However, from the recorded
descriptions of the earlier outbreaks,
Murray Valley encephalitis seemed indis-
tinguishable from Australian X disease. In
particular, the clinical picture, the morbid
anatomy and histology, the age incidence,
the sex distribution and the seasonal
incidence were closely comparable.

As mentioned earlier, nine cases were
identified at Broken Hill in 1925. There were
no overt cases in Broken Hill in 1951. A
serological survey of Broken Hill residents
was carried out in 1952 and the sera tested
for the presence of a neutralizing antibody to
the newly isolated MVE virus. A higher pro-
portion of residents born before 1919 (19 of
92) had antibody to MVE virus than did peo-
ple under 34 years of age (2 of 69). This find-
ing is consistent with the similarity of the
clinical symptoms of Australian X disease
and Murray Valley encephalitis and is per-
haps the most objective and convincing evi-
dence that the causative agent is the same.
The antigenic relationship to SLE and JE
viruses (see entries) also implied that it was
almost certainly mosquito-borne. The sum-
mer of 1950–1951 is significant for another
reason: a section of the Murray Valley was
the site of yet another attempt to create an
epidemic of myxomatosis (see entry) in
introduced European wild rabbits (Orycto-
lagus cuniculus), which had reached disas-
trous levels during the Second World War
(1939–1945). On this occasion, the plague of
mosquitoes responsible for the Murray Val-
ley encephalitis epidemic was instrumental
in permanently establishing myxomatosis in
the Australian rabbit population.

The 1951 Murray Valley encephalitis
epidemic tapered off during the autumn and

plans were made to mount a major effort in
the following spring, summer and autumn
to detect some pattern in the waxing and
waning of this elusive virus. A team of virol-
ogists, epidemiologists, entomologists and
physicians was mustered for work in the
field, laboratory and hospital. Several medi-
cal entomologists in Australia with wartime
experience in malaria and dengue fever took
the opportunity to work with a Californian
medical entomologist experienced in arbo-
virology, particularly St Louis encephalitis
and western equine encephalitis.

Large numbers of mosquitoes were
collected in and around Mildura on the
banks of the Murray River, rapidly processed
and inoculated into chick embryos. Blood
samples were taken from blood donors,
birds and other wildlife. However, no cases
were seen in hospitals or by general practi-
tioners throughout Australia in 1952. The
mosquito pools yielded only the recently
introduced myxoma virus and a bird-pox
virus, both of which are transmitted
‘mechanically’ on the proboscis of probing
insects, such as mosquitoes and fleas. On the
positive side, Murray Valley encephalitis
and myxomatosis stimulated continuing
research on mosquitoes as vectors of disease
and theories based on rainfall patterns and
seasonal distribution were developed to
anticipate the next outbreak of Murray Val-
ley encephalitis. A highly successful search
for arthropod-borne viruses was undertaken
in tropical northern Queensland and exten-
sive serological surveys were carried out in
temperate and tropical Australia aimed at
plotting the distribution of MVE virus dur-
ing and between epidemics. An unexpected
episode occurred in March 1956 when two
cases of Murray Valley encephalitis were
serologically confirmed on the Murray River
upstream from Mildura and seroepidemio-
logical studies indicated a patchy distribu-
tion of the virus in a small area close to the
two cases. This had not been predicted by
rainfall patterns and in the following year,
when an outbreak was anticipated, no activ-
ity was detected. Similarly, in 1971 minor
MVE virus activity occurred in the Murray–
Darling Basin, with a serologically confir-
med case of severe encephalitis in a child at
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Charleville, on the Warrego River in south-
ern Queensland at the northern extremity
of the basin, and another at Henty between
the Murrumbidgee and Murray Rivers in
southern NSW. Antibody was detected
in domestic fowls at some localities and in
horses with ‘nervous disease’ in the Murray
Valley.

1974
The first substantial epidemic since 1951
occurred in 1974 and eventually involved
every mainland state and the NT. As in
1951, there were almost simultaneous
infections scattered over a large area of the
Murray Valley. The first eight cases, with
onset in January 1974, extended from
Albury, NSW, to Goolwa at the mouth of the
Murray River in South Australia. There had
been 21 cases in the Murray Valley by 19
February 1974 when the first case occurred
outside the valley at Windorah in the ‘chan-
nel country’ of south-western Queensland.
The last of the 39 cases in the Murray Valley
had an onset of symptoms on 15 April and
the final case of the series of 58 occurred at
Kununurra, northern Western Australia, on
9 May – the only case to occur in that state.
There were ten cases scattered through
Queensland, all on the western slopes or
inland of the Great Divide and the five in
the NT included two in Alice Springs, near
the geographical centre of the continent.
The ten in SA included two in the arid
Musgrave Ranges near the NT border
south-west of Alice Springs. There were 13
deaths and, unlike the epidemic of 1951,
there was a double peak of age prevalence,
one peak under 10 years and a second
over 50 years. Retrospectively, several of
the 1974 cases might have been due to
KUN virus rather than MVE virus. Rather
more ominous were two fatal cases where
low-titre KUN virus antibody was detected
when the patients were first admitted to
hospital but this was replaced by MVE anti-
body before death. These might have been
examples of virus replication enhanced by
low titre or imprecisely matched antibody,
as is seen with another group of flavi-
viruses, the four dengue viruses and dengue
haemorrhagic fever.

1975–1997
During this period, 14 Murray Valley
encephalitis cases were diagnosed in
the NT and Queensland and 18 cases in
northern Western Australia. Ten of these 32
infections were fatal.

The development of the water
impoundment and agricultural irrigation
area on the Ord River at Kununurra has
increased the population of people, water-
birds and mosquitoes in the Kimberley area.
This has resulted in increased arbovirus
activity and has converted a Murray Valley
encephalitis enzootic area with very rare
overt disease into an enzootic-endemic area
with disease incidence mainly during the
transition from the wet to the dry season.
The majority of sentinel chicken serocon-
versions to flaviviruses in the Kimberley
region are to MVE virus, but those in the
Pilbara region have been mostly to KUN
virus (see entry). As in southern epidemic
regions, Culex annulirostris is the main vec-
tor of both viruses. Although viraemic water-
birds may play a role in reintroducing MVE
and KUN viruses in these tropical areas,
there is increasing evidence that the viruses
are reactivated through vertical transmis-
sion in dormant Ochlerotatus1 normanensis
and Ochlerotatus tremulus eggs.

In contrast to the Ord River develop-
ment, the dams built on two more tributaries
of the Murray River since 1974 and more
dams on the Darling River further upstream
have contributed to increased salting in the
Murray Valley and natural seasonal flooding
is now a rare event. The few remaining River
redgum (Eucalyptus camaldulensis) forests
are under threat of extinction.

Transmission and vertebrate hosts
The 1974 epidemic and several preceding
and succeeding years provided an opportu-
nity to contemporaneously observe the
generation and decline of an epidemic
of Murray Valley encephalitis. A lengthy
drought in eastern Australia was broken in
April 1973 and, from northern NSW down
the Paroo River to the Murrumbidgee and
Murray, mosquitoes were far more plentiful
than is usual in autumn. Later in the
year, water-birds moved in large numbers
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to the flooded feeding and breeding
grounds of the Murray–Darling system.
Ducks and other herbivores were the first of
the birds to benefit from the exuberant plant
growth but, as the numbers of crustaceans,
fish, insects and their larvae, tadpoles,
frogs, small marsupials, lizards, placental
mice and the nestlings of other birds
proliferated, so did the carnivores and
omnivores: herons (Ardeidae), cormorants
(Phalacrocorax species), grebes (Podici-
pedidae), pelicans (Pelecanidae) and ibis
(Threskiornithidae). Waters began receding
from the flood plains in late November
1973 and an abnormally large hatching
of spring Aedes species tormented residents
of the river towns. Culex annulirostris are
summer night-feeding mosquitoes, which
overwinter as adults and prefer warm,
shallow, grassy pools for egg laying. By
mid-December, floodwater had receded
sufficiently for C. annulirostris to swarm
through the overcrowded colonies of nest-
ing water-birds in the Barmah, Moira and
other redgum forests. At the height of the
epidemic, a total of 136,077 C. annulirostris
yielded 238 isolates of 11 antigenically
distinct viruses, including 38 strains of
MVE virus and 111 strains of KUN virus.
Culex australicus yielded one isolate of
MVE virus and there were no isolates of
any viruses from 917 culicine mosquitoes
of other species, or from 1184 Anopheles
annulipes. There seems no doubt that
C. annulirostris is the major epidemic
vector for both MVE and KUN viruses.

Water-birds were suspected as being
important in the transmission cycle from the
time that the virus was first identified in
1951. Serological surveys during the 1974
epidemic indicated a high incidence of MVE
antibodies in the families Ardeidae (55%)
and Phalacrocoracidae (41%). Within Ardei-
dae the highest incidence of MVE antibodies
was 22/25 Nankeen night herons (Nycti-
corax caledonicus), followed by 4/10 Sacred
ibis or White ibis (Threshkiornis molucca),
3/9 Pacific herons or White-necked herons
(Ardea pacifica) and 6/18 White-faced her-
ons (Ardea novaehollandiae). Additionally,
MVE virus was recovered from the blood of a
White-faced heron.

Within the families Phalacrocoracidae
(cormorants, shags) and Anhingidae
(darters), 1/3 Great cormorants (Phalacro-
corax carbo), 11/26 Little-black cormorants
(Phalacrocorax sulcirostris), 18/46 Little-
pied cormorants (Phalacrocorax melano-
leucos) and 2/4 Darters (Anhinga melano-
gaster) had MVE antibodies.

The family Anatidae (geese, swans and
ducks) was of particular interest because
it was thought that, as ducks were capable
of rapid long-distance flight, they might be
responsible for transferring virus from the
tropics to the temperate region. In Black
swans (Cygnus atratus) 2/9 had antibodies to
MVE virus. Of a total of 222 ducks, 158 were
Grey teal (Anas gibberifrons), only nine of
which tested positive, and 20 Pacific black
ducks (Anas superciliosis), one of which
tested positive. All sera were also tested for
antibodies to Sindbis virus, an alphavirus
active on all continents except the Americas.
As with MVE virus, the highest prevalence
of Sindbis antibody was in herons and cor-
morants (46% and 56% positive), but 70/222
ducks (32%) also had Sindbis antibodies.
Anatidae are clearly susceptible to mosquito
attack but presumably require a larger dose
of MVE virus than Sindbis virus to raise an
antibody response.

Although percentage prevalence and
antibody titres in Nankeen night herons
continued to be high during the first summer
after the epidemic, persistent flooding pre-
vented breeding of C. annulirostris at levels
sufficient to continue transmission of the
virus to the human population. The
mosquito catch was less than 10% that of
the previous year.

The mechanism by which the virus sur-
vives between epidemics has not been satis-
factorily established. There is no evidence
that the virus persists in C. annulirostris. It
has been shown in the laboratory and in field
studies in the Kimberley area that MVE virus
is maintained in the eggs of Aedes species
and it may be that in non-epidemic years this
allows limited transmission to vertebrates in
winter and spring. Or it may simply be that
the recirculation of virus in the bloodstream
of a persistently infected vertebrate is suffi-
cient to infect a few mosquitoes in spring. If

354 Murray Valley encephalitis

354
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
04 September 2001 15:19:24

Color profile: Disabled
Composite  Default screen



conditions are favourable, as they were in
1950 and 1973, for an explosion in the popu-
lations of C. annulirostris and susceptible
vertebrates, an epidemic ensues.

Control
The recent incursion of JE virus into the
Torres Strait Islands and western Cape York
Peninsula brings the number of flaviviruses
isolated in Australia to 14. Whether or not
JE virus persists, the use in Australia of
currently available vaccines against JE virus
or the development and use of an MVE vac-
cine could be hazardous. The four dengue
viruses are flaviviruses, and dengue haem-
orrhagic fever, the severe and frequently
lethal manifestation of a second infection
with a non-matching dengue virus, is the
classic example of antibody enhancement
of virus replication. The four arboviral
encephalitides are antigenically related and
pose a similar problem in the design and
application of vaccines. Japanese encepha-
litis vaccine is currently being used only
where JE is the only endemic encephalitic
flavivirus.

The 1951 epidemic in Australia was fol-
lowed by several years of adequately funded
research, which was orientated towards the
characterization of the abundant arboviruses
in Australia, their epidemiology and effect
on health and important fundamental
aspects of viral replication. In the wake
of the 1974 outbreak, the Commonwealth
Department of Health encouraged the states
to develop strategies for cooperative ven-
tures in anticipating epidemics and coordi-
nating control measures. This cooperation
has been sustained, partly because other
arboviruses, such as Ross River, Barmah and
KUN viruses have attracted public health
attention. The sentinel fowl programme
designed primarily to anticipate epidemics
of Murray Valley encephalitis is still
functioning in NSW, Victoria and Western
Australia, but the very successful annual

training schools for health inspectors, Shire
engineers, Armed Services personnel and
Pacific Islanders were terminated for lack
of funds. However, there remains a core of
trained personnel, familiar with the basics of
mosquito control strategies and techniques,
who are involved in public education
programmes.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Myxomatosis

Frank Fenner

Disease of European rabbits (Oryctolagus
cuniculus) caused by a virus of the genus
Leporipoxvirus.

Distribution
In the Americas, myxomatosis may occur
wherever, within the distributions of Syl-
vilagus bachmani (Brush rabbit) or Sylvila-
gus brasiliensis (Forest rabbit), European
rabbits are farmed or kept as pets (Fig. 1). In
addition, it is enzootic in Tierra del Fuego,
where it was introduced to control wild
European rabbits in 1954. It seems likely
that the presence of foci of infection in
S. bachmani or S. brasiliensis played a
major role in preventing European rabbits
from becoming a wild animal pest in
the many suitable habitats that occur in
the Americas. Elsewhere, the disease is
enzootic in areas into which it was intro-
duced to control wild rabbits, i.e. in Austra-
lia and many countries of Europe, except on
small islands, where it was sometimes
introduced for rabbit control but died out.

Aetiological agent
The viral genus Leporipoxvirus is one of
eight genera in the subfamily Chordopox-

virinae, family Poxviridae. It contains five
species, four of which occur naturally in
leporids and squirrels in the Americas. The
species of greatest importance are myxoma
virus, of which there are two subspecies,
and the immunologically related fibroma
virus.

Natural history
Myxoma virus was one of the first animal
viruses to be recognized as such, when it
was recovered from laboratory (European)
rabbits suffering from a disfiguring and
invariably fatal disease by Guiseppe
Sanarelli, working in Montevideo, Uruguay.
Several years later the disease was found in
farmed and laboratory European rabbits in
the Oswaldo Cruz Institute in Rio de Janeiro
(Fig. 1). In 1943 H.B. Aragão showed that
in Brazil, and indeed throughout South
America, its natural host was S. brasiliensis
(Fig. 2), in which it produced a small
localized fibroma, very like that seen in
S. bachmani (Fig. 3A). He also showed that
it could be transmitted mechanically from
one rabbit to another by bites of cat fleas or
mosquitoes. The virus is highly specific for
a limited range of species of leporid.

Myxomatosis356

Fig. 1. Myxomatosis in a sponta-
neously infected laboratory rabbit,
at an advanced stage of the
disease. This is the first published
photograph of a rabbit with
myxomatosis, produced by Aragão
in 1927. (From Fenner and Fantini
(1999), The History of Myxomato-
sis – an Experiment in Evolution,
CAB International, Wallingford,
UK.)
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Myxomatosis was a worry to persons
farming European rabbits in California in the
1930s, but it was not until 1960 that I.D.
Marshall and D.C. Regnery showed that the
natural host in California was the Brush rab-
bit, S. bachmani (Fig. 2). The lesions in this
species were again small localized fibromas,
but in European rabbits it produced a lethal
disease, which often killed very quickly (7–8
days after probing by an infective mosquito)
but occasionally caused a disease similar to
that produced by the Brazilian strain (Fig. 3).

Fibroma virus was recognized by Rich-
ard E. Shope as a disease causing a localized
lump in the skin of Sylvilagus floridanus,
the Eastern cottontail rabbit, found in the
eastern states of the USA (Fig. 2). It was also
transmissible by mosquito bite, but, unlike

the myxoma viruses, it produced only a
localized fibroma in European rabbits.

Clinical features in European rabbits
As derived from their respective reservoir
hosts, the South American and Californian
subspecies of myxoma virus are highly
lethal for the European rabbit, O. cuniculus.
However, the signs produced in infected
rabbits are sometimes strikingly different
(compare Figs 1 and 3B). After an incuba-
tion period of 4–5 days, all recently isolated
South American strains produce florid
lesions with large protuberant tumours at
the inoculation site and elsewhere on the
body. Virtually all inoculated rabbits die,
with survival times of 9–16 days. On the
other hand, many Californian strains, as

357 Myxomatosis

Fig. 2. Map of the Americas,
showing the distributions of the
reservoir hosts of fibroma virus
(Sylvilagus floridanus), South
American myxoma virus
(Sylvilagus brasiliensis) and
Californian myxoma virus
(Sylvilagus bachmani) and of feral
Oryctolagus cuniculus in the
Americas. Symbols indicate some
of the sites from which the different
leporipoxviruses have been
isolated from their natural hosts.
(From Fenner and Fantini (1999),
The History of Myxomatosis – an
Experiment in Evolution, CAB
International, Wallingford, UK.)
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derived from their natural host, produce a
hyperacute infection that kills laboratory
rabbits in 7–10 days, often before extensive
skin lesions develop (Fig. 3B). However, in
some parts of the range of S. bachmani (Fig.
2), a disease with more obvious skin and
eye lesions develops, very like that seen
after infection with South American strains
(Fig. 3C, D).

Diagnosis
Diagnosis can usually be made clinically. If
necessary, virus can be isolated from skin
lesions in rabbits, in cultured cells or on
the chorioallantoic membrane of the devel-
oping egg. Recovered rabbits can be recog-
nized by tests for antibody by any of several
methods, enzyme-linked immunosorbent
assay (ELISA) being the preferred method.

Myxomatosis for the control of wild
European rabbits

Myxomatosis occurred only as an occa-
sional nuisance to rabbit farmers or pet
owners in Brazil and eastern USA until
the early 1950s, when it was successfully
introduced to control wild European rabbits
in Australia and France.

In Australia the introduction of wild
European rabbits by English settlers in 1859
was a major disaster. Within 10 years of their
introduction they were recognized to be a
major agricultural pest. In 1918 H.B. Aragão
proposed to the Australian Government that
myxoma virus should be used to control this
pest, but the quarantine authorities refused
its entry. However, between 1937 and 1943,
preliminary trials were carried out in Aus-
tralia on its host specificity and ability to be

358 Myxomatosis

Fig. 3. (A) Myxoma virus infection in the reservoir host in California, the Brush rabbit, Sylvilagus
bachmani, showing the fibroma produced by the bite of a mosquito which had probed a similar lesion
in another Sylvilagus bachmani. (B) Myxomatosis in Oryctolagus cuniculus due to infection with the
Californian strain of myxoma virus. Disease with few obvious lesions 7 days after the intradermal inocu-
lation of a small dose of virus; the rabbit died the next day. (C) Acute disease and (D) advanced disease,
as observed with virus recovered in California in 1930; both cases were fatal. (From Fenner and Fantini
(1999), The History of Myxomatosis – an Experiment in Evolution, CAB International, Wallingford, UK.)
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spread by mosquitoes and fleas. Preliminary
field trials were conducted, but further work
was deferred because of pressures of the
Second World War (1939–1945). In 1949 a
special Wildlife Survey Section was estab-
lished, its first task being to make a thorough
trial of myxomatosis. In late 1950 it spread
far beyond the trial sites, producing enor-
mous mortalities among the very numerous
wild rabbits. Enthused by this demonstra-
tion, a French paediatrician obtained a
Brazilian strain of the virus to control rabbits
on his estate; inoculation of two rabbits in
June 1952 led to its spread over the greater
part of Europe, among both wild and farmed
rabbits. Subsequently extensive laboratory
and field studies of the disease in European
rabbits were carried out in Australia, France
and Great Britain.

Transmission
Aragão in Brazil and L.B. Bull in Australia
had shown that myxomatosis could be trans-
mitted mechanically by mosquitoes and fleas.
Infection can also occur by close contact
between diseased and healthy animals, or
by exposure to artificially produced aero-
sols containing virus. However, mechanical
transmission by mosquitoes in Australia
(until introduced in 1966, rabbit fleas (Spilo-
psyllus cuniculi) did not occur there), and
fleas and mosquitoes in Europe, is by far the
most important mechanism of transmission.

Mosquito transmission
In the early 1950s F. Fenner and M.F. Day
of CSIRO Entomology, Australia, demon-
strated several important aspects of mos-
quito transmission. Female Aedes aegypti
mosquitoes and sharp pins were used to
determine the source of virus and the period
over which transmission could occur. Mos-
quitoes were fed (or pinpricks made) on the
rabbit’s ear in places where there were no
skin lesions and through a skin tumour at
various times after the rabbit was infected
with myxomatosis. Six days after inocula-
tion the rabbit was viraemic and a local
lesion had developed at the inoculation
site. Titration of the heads (including pro-
boscis) and the abdomens of the mosquitoes
showed that immediately after a blood feed

on the ear the abdomens always yielded
virus but the heads were negative, whereas
after feeding through the tumour both head
and abdomen were positive, although due
to the amount of blood it contained the titre
of virus was much higher in the abdomen.

Mosquitoes that had obtained a blood
feed on the ear never transmitted myxomato-
sis, even after 4 weeks had elapsed to allow
for replication of virus in the mosquito (if it
occurred), whereas many of those that had
fed through the tumour transmitted immedi-
ately after feeding and at intervals over the
next 3 weeks. Pinpricks gave similar results.
Electron micrographs of a mosquito’s
mouthparts showed that virions were
attached to the maxillae of a mosquito that
had probed through a tumour (Fig. 4). Thus
transmission depended on contamination of
the mouthparts not with viraemic blood but
with virus from epidermal cells over the skin
lesion (Fig. 5).

The infectivity for probing mosquitoes
of various accessible parts of the body of
advanced cases of myxomatosis showed that
100% of mosquitoes became infective after
probing through the skin over the primary
lesion, 78% after probing the swollen
eyelids, 58% by probing the swollen base of
the ears and 15% after probing secondary
skin lesions. Probing in unaffected skin
gave negative results. When mosquitoes
were allowed to probe through tumours at
times ranging from 5 to 10 days after inocula-
tion (the last in a dead rabbit) and then tested
by probing on susceptible rabbits, positives
rose from 38% on day 5 to 71% on day 9, and
to 92% on the dead rabbit (probably because
they probed repeatedly in an attempt to
obtain blood).

At about this time scientists in the USA
and Europe suggested that, although mech-
anical transmission of leporipoxviruses
occurred, these viruses might multiply in
the mosquito. The problem was therefore
re-examined, paying particular attention to
the possibility of replication of the virus in
the mosquito. Using rabbits surviving after
infection with slightly attenuated strains of
virus, groups of individually housed mos-
quitoes were allowed to probe repeatedly on
susceptible rabbits at various times from 2
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to 18 days after probing through a tumour,
whereas the 18-day controls had not probed
on the infected rabbit until that day. The
steady fall in positive results in the test mos-
quitoes suggested that virus on the proboscis
was eventually ‘wiped off’ and that there
was no enhancement of infectivity by repli-
cation. In another experiment large numbers
of Aedes aegypti and Anopheles annulipes
mosquitoes were fed through skin lesions
containing high titres of virus and individu-
ally tested for virus at intervals after the
acquisition feed. There was a progressive
diminution in the virus titre of the mosquito

suspensions and no evidence whatever of a
rise after a latent interval.

Flea transmission
The European rabbit flea (Spilopsyllus
cuniculi) did not occur in Australia, and it
was not until some time after myxomatosis
had spread in Britain that detailed research
was carried out on its role in transmission.
Transmission by these fleas was shown
to be mechanical, positive results being
obtained immediately after removal from
a diseased rabbit and after several days of
starvation. The piercing mouthparts of a

360 Myxomatosis

Fig. 4. Electron micrograph of myxoma virions on the maxilla of an Aedes aegypti mosquito after
probing through a skin tumour. (From Fenner and Fantini (1999), The History of Myxomatosis – an
Experiment in Evolution, CAB International, Wallingford, UK.)

Fig. 5. Sections of skin lesion produced by intradermal inoculation of a domestic rabbit with the
Moses (later called Standard laboratory) strain of myxoma virus. (A) Stained with haematoxylin and
eosin (× 270), showing hyperplasia of epithelial cells and numerous cytoplasmic inclusions. (B) Stained
with immunofluorescent antibody. The abundance of virus in these cells explains why insect vectors
contaminate their mouthparts during probing through these lesions. (From Fenner and Fantini (1999),
The History of Myxomatosis – an Experiment in Evolution, CAB International, Wallingford, UK.)
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flea are about 300 µm long, about one-tenth
as long as the proboscis of a mosquito, so
fleas are capable only of relatively shallow
probing. However, the highly developed
cutting plates of the laciniae of fleas are
better adapted for retaining large numbers
of virus particles than the scanty teeth on
the maxillae of mosquitoes and, as Fig. 5
indicates, there are numerous infected
epithelial cells in the epidermis over a
myxomatous skin lesion.

The year-round occurrence of cases of
myxomatosis in Britain focused attention
on the European rabbit flea as an important
vector. The rabbit flea is well-suited for
maintaining infection through the winter.
For example, rabbits released in deserted
burrows 50 days after the inhabitants had
died of myxomatosis became infested with
fleas and died of myxomatosis, suggesting
that fleas could act as a reservoir of infection
for several months after rabbits had deserted
a burrow. The potential prolonged infect-
ivity of fleas was confirmed by the observa-
tion that some fleas that had fed through
lesions of a rabbit with myxomatosis and
were then buried in the ground in glass
tubes were infective for as long as 112 days.
In France, mosquitoes were responsible for
summer epizootics among wild rabbits and
for introducing the virus into rabbitries, but
fleas were important in maintaining chains
of infection in the cooler months. Following
autumn outbreaks, quiescent rabbit fleas
were recovered from soil scrapings from
deep burrows that had been abandoned by
rabbits 10 weeks earlier and myxoma virus
was recovered from these fleas.

Reproductive biology of Spilopsyllus cuniculi
Although other fleas parasitize rabbits,
S. cuniculi is unique in that egg maturation
in the female is dependent on hormones
found only in female rabbits at the late
stages of pregnancy; for successful repro-
duction male fleas also need to have prob-
ing contact with a rabbit in the final stages
of pregnancy or with a newborn nestling
(Fig. 6). This complicated life cycle is pecu-
liar to S. cuniculi and is not found in the
Spanish rabbit flea, Xenopsylla cunicularis;
its elucidation was crucial to the success

of the importation and distribution of
S. cuniculi in Australia.

Efficiency of transmission of strains of
low virulence

In the field, in both Australia and Europe, it
was found that over a period of some years
the virulence of the virus diminished such
that most field strains killed 70–90% of
rabbits instead of over 99%, as initially
observed. It was noted earlier that the
important virus from the point of view of
mosquito (or flea) transmission was that in
the superficial layers of skin through which
the mosquito probed in search of a blood
meal. The titres of virus in skin slices taken
at different times from rabbits that had been
infected with strains of myxoma virus of
differing virulence were compared with
the numbers of infections resulting from 20
successive probes on marked sites on the
back of susceptible rabbits (Fig. 7). Highly
virulent strains produced sufficiently high
titres of virus in the skin for effective
transmission from about the fourth day after
infection until the rabbit died on the tenth
or eleventh day. Even the highest skin titre
of a highly attenuated laboratory variant
(neuromyxoma) was almost two logs lower
than that of highly virulent strains, and
mosquito transmission was correspond-
ingly poor – only 12 out of 136 positive
probes compared with 53 out of 88 for a
virulent strain. Another significant result
was that skin titres in rabbits infected with
somewhat attenuated strains, with longer
survival times, remained high as long as
the rabbits survived, sometimes for over 20
days after infection. These results proved of
great value in interpreting the evolution of
virus in the field in Australia.

Transmission by other arthropods
Since transmission is mechanical, any
arthropod that probes through a skin
tumour of an infected rabbit and then bites
another rabbit is potentially a vector of
myxomatosis. Data collected in Australia
over the period 1944–1958 and summarized
by F. Fenner and F.N. Ratcliffe (see Selected
bibliography) support this view. The criti-
cal features are the extent to which the
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arthropod concerned feeds on rabbits and
moves from one rabbit to another. In an
effort to enhance the efficacy of myxomato-
sis in arid parts of Australia, the Spanish
rabbit flea (X. cunicularis), which is a vector
of myxomatosis in drier parts of Spain
and France and proved easy to breed in the
laboratory, was introduced in many sites
in inland Australia, and appears to be
relatively effective.

Prevention
When first introduced in Europe, myxoma-
tosis was a serious threat to the large-scale
rabbit farming common in many countries,
notably France and Italy. There is no treat-
ment, but initially vaccination with the
related fibroma virus was used as a control
measure; then an attenuated strain of

myxoma virus was developed as a vaccine
and now it is common to vaccinate first
with fibroma virus and then with the
attenuated myxoma virus vaccine.
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Fig. 7. Changes with time in the titre of virus in skin slices taken from the surface
of lesions produced by the intradermal inoculation of rabbits with large doses of
various strains of myxoma virus. Standard laboratory strain: highly virulent strain
used to initiate myxomatosis in Australian wild rabbits; neuromyxoma: laboratory
strain of very low virulence; KM 13 and Uriarra III: Australian field strains of
moderate virulence. Lesions produced by highly attenuated strains rarely reach
concentrations high enough to contaminate the proboscis of a probing mosquito;
lesions produced by moderately or highly virulent strains reach high skin titres,
but rabbits infected with highly virulent strains die soon after. Lesions caused by
moderately virulent viruses may have highly infectious skin lesions for many days
after infection, especially in the 10% or more animals that survive. (From Fenner
and Fantini (1999), The History of Myxomatosis – an Experiment in Evolution,
CAB International, Wallingford, UK.)
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Nagana see Animal trypanosomiasis.

Nairobi sheep disease

J.S.M. Peiris

Nairobi sheep disease was first recognized
in 1910, following an outbreak of a fatal
disease in sheep brought into Nairobi.
Soon afterwards, experimental transmission
studies in sheep established that the
causative agent was a filterable agent trans-
mitted by the ixodid (hard) tick, Rhipicep-
halus appendiculatus. These studies also
established that the agent was transmitted
transovarially in the tick.

Distribution
Nairobi sheep disease outbreaks have been
documented in Kenya, Uganda, Rwanda,
Tanzania and the highlands of western
Somalia. Serological evidence of virus
activity has also been found in eastern
Ethiopia. Nairobi sheep diease (NSD) virus
(Ganjam strain) has also been isolated in
India (states of Orissa, Karnataka, Andhra
Pradesh and Tamil Nadu) and in Sri Lanka.

Virus
Nairobi sheep disease virus is an envel-
oped, single-stranded RNA virus. It is clas-
sified in the genus Nairovirus within the
family Bunyaviridae. The Nairovirus genus
contains seven antigenic groups and over 33
viruses, including Crimean–Congo haemor-
rhagic fever virus (see entry). Nairobi sheep
disease and Dugbe viruses form an anti-
genic group (NSD virus group) within this
genus.

The virus is spherical or pleomorphic
and between 80 and 120 nm in size.
Nairoviruses have three surface glyco-
proteins (in contrast to other Bunyaviridae,
which have two) and a nucleocapsid with
helical symmetry. The RNA genome is in
three segments, RNA-L, RNA-M and RNA-S,
containing 11,000–14,400, 4400–6300 and
1700–2100 nucleotides, respectively.

There are no discernible differences
between African NSD virus strains, either
antigenically or in cross-protection experi-
ments. Ganjam, a virus isolated in south
India, is now known to be antigenically
indistinguishable from NSD virus by com-
plement fixation and immunofluorescence
tests and is considered to be a strain of
NSD virus. However, these immunological
tests are broadly reactive and do not detect
subtle antigenic differences. Genetic or virus
cross-protection studies comparing these
two virus strains are yet to be done. In order
to keep data from these two geographical
strains distinguishable for the purposes
of this review, the terms NSD and NSD
(Ganjam strain) will be used to denote
the African and South Asian viruses,
respectively.

Clinical symptoms in animals
Nairobi sheep disease can cause severe and
fatal disease in sheep and goats, typically
following the introduction of non-immune
animals into an endemic region. In out-
breaks in sheep, mortality can exceed 90%.
The disease is characterized by high fever
(41.5°C), collapse and diarrhoea. Fever
follows an incubation period of 2–4 days
and lasts for 2–8 days. The animals are
depressed and anorexic and have con-
junctival injection and a serosanguinous
nasal discharge. Diarrhoea may appear 2–4
days after the onset of fever and is watery
initially but subsequently becomes mucoid
and bloody. Infection in pregnant animals
can lead to abortion. Prescapular and
precrural lymph nodes may be palpable.
The white cell blood count is low in the
early stage of the illness.

In fatal sheep or goat infections, death
usually occurs in the early stage of the
illness. At this time post-mortem may be
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unremarkable but a high awareness of the
possibility of Nairobi sheep disease should
be maintained in endemic areas. Mesenteric
lymph nodes are usually enlarged and serve
as ideal specimens for virus isolation.
Animals dying later in the course of the
illness may have evidence of a mucoid
or haemorrhagic ulcerative enteritis in the
abomasum, duodenum, caecum and colon,
and a tubular nephritis.

East African hair sheep varieties are
highly susceptible and high (75–95%)
rates  of  mortality  have  been  observed  in
non-immune field populations. Breeds of
imported wool sheep, such as Romney and
Corriedale, appear less susceptible to overt
disease. Cattle are not susceptible to NSD
virus, even though this is the preferred host
of the tick vector, Rhipicephalus appendicu-
latus. There is neither evidence of disease
nor serological evidence of infection in other
domestic livestock or wild ruminants. How-
ever, the death of two Grey (common) duiker
(Sylvicapra grimmia) in the Entebbe zoo has
been attributed to Nairobi sheep disease.

The Asian NSD (Ganjam strain) virus
has been reported to cause a similar illness
and fatality but outbreaks on the scale
of that reported in Africa have not been
reported. In contrast to the situation in
Africa, local breeds of sheep were infected
asymptomatically, while imported breeds or
cross-breeds were more likely to develop
clinically overt disease. Experimental infec-
tion of Langur monkeys (Semnopithecus
entellus1) with NSD (Ganjam strain) virus
resulted in viraemia without clinically overt
disease, and infection of Bonnet monkeys
(Macaca radiata) resulted in seroconversion
without detectable viraemia.

Clinical symptoms in humans
Human infection with NSD virus is rare
but has been reported both with the African
and the Asian (Ganjam) strains of the virus.
Clinical features were those of a self-limited
febrile illness, with shivering, abdominal
pain, back pain, headache, nausea and
vomiting. Conjunctival injection and a
temperature–pulse deficit were noted in
some patients. In Kenya, no serological
evidence of infection was found in humans.

Laboratory workers handling this virus
or infected animals, even those who had
accidental needle-stick exposure to poten-
tially infectious material, failed to sero-
convert or become ill. However, serological
evidence of infection was found in labora-
tory workers and in the general population
in Uganda and India and in workers on a goat
farm in Sri Lanka. A number of presumed
laboratory-acquired infections (confirmed
by virus isolation from the serum), leading
to disease, have been reported in India.
These infections were not attributable to
needle-stick injury. However, some of the
infected laboratory workers were involved
in washing contaminated glassware. Percut-
aneous transmission via non-intact skin
through pre-existing skin damage or disease
or injury acquired during the washing
procedure remains a possibility.

Diagnosis
Serum (1/10 dilution), plasma or 10%
homogenates of post-mortem mesenteric
lymph node, liver or spleen tissues are
suitable specimens for virus isolation. Virus
isolation from the blood is only successful
in the acute stage of the illness.

Laboratory-reared sheep, newborn (2–4-
day-old) mice or cell culture (e.g. baby
hamster kidney (BHK-21C-13) cells) can be
used for primary virus isolation. Inoculation
of Nairobi sheep disease-susceptible sheep
held in isolation, though inconvenient,
is the most sensitive method for virus
isolation. This is especially useful when
the original field samples may have been
exposed to adverse transport conditions,
with associated loss of viable virus titre.
Pyrexia and clinical symptoms in the
animal allow a tentative diagnosis of Nairobi
sheep disease and provide specimens for
virological confirmation of the diagnosis.

Mice injected by the intracerebral route
develop neurological signs and die within
5–9 days of inoculation. Ideally, two litters
of mice are used for each sample. Homo-
genates of mouse brain diluted 1/100 are
used for further passage in mice or in cell
culture.

Virus-containing specimens inoculated
on to BHK-21C-13 cells will result in
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cytopathic effect in 3–6 days. Immuno-
fluorescent staining for virus antigen can
lead to a diagnosis sooner (1–3 days).
Though marginally less sensitive than
mouse inoculation, the latter approach has
the advantage of providing relatively rapid
virological diagnosis and is a useful routine
diagnostic method. Other cell lines known
to be useful for primary isolation of NSD
virus from field isolates include primary or
secondary lamb or hamster kidney cells.
African green monkey kidney (VERO) and
pig kidney (PS) cells can be used for sub-
culturing NSD viruses but are not ideal for
primary isolation from clinical specimens.

Virus can be isolated from infected ticks
by intracerebral inoculation of 10% homo-
genates of infected ticks or pools of ticks
into newborn mice. Baby hamster kidney
cells have also been used for this purpose,
although comparative sensitivity studies
with mouse inoculation have not been done.

Once isolated, the virus can be identi-
fied by complement fixation or enzyme-
linked immunosorbent assay (ELISA) tests
done on mouse brain suspensions or cell cul-
ture fluids using specific immune sera or by
immunofluorescence tests on infected cell
culture monolayers. Some cross-reaction
may occur with hyperimmune sera raised to
other nairoviruses, but these viruses are not
usually associated with disease in sheep or
goats.

Antiviral antibody can be detected
by indirect immunofluorescence, comple-
ment fixation, ELISA, immunodiffusion or
haemagglutination inhibition tests. Signifi-
cant rises in titre between acute and
convalescent sera will establish the diag-
nosis. Antibody tests also provide useful
seroepidemiological data on the distribution
of the infection. The indirect immunofluo-
rescence test is the most suitable test for
serology. However, one should be aware that
cross-reactions occur with other nairovir-
uses, including Dugbe and Crimean–Congo
haemorrhagic fever viruses.

Transmission
Ixodid (hard) ticks are the vectors of natural
NSD virus infection in animals, and direct
transmission by aerosol, fomites or contact

is not documented. Rhipicephalus appendi-
culatus is the main vector in the enzootic
areas of Africa. Experimental transmission
of the virus to sheep and goats by infected
ticks has been documented. The virus has
been shown to persist and be transmitted
from an infected tick for as long as 871
days. In the tick, the virus is transmitted
transovarially and trans-stadially. Feeding
upon immune hosts does not result in the
‘sterilization’ of the virus within the tick,
and such ticks continue to transmit the
virus through subsequent feeds at the adult
stage. Transovarial transmission, however,
appears to require an infective feed at the
adult stage.

Not all populations of R. appendicula-
tus are able to transmit the virus efficiently.
Thus different populations of this species
have differing levels of vectorial capability
for NSD virus. Rhipicephalus appendicula-
tus primarily feeds on wild Bovidae, e.g.
Buffalo (Syncerus caffer) and Waterbuck
(Kobus ellipsiprymnus), and on domestic
cattle. Sheep and goats are less preferred
hosts. In Africa, changes in climate, such as
heavy rainfall, increased cloud cover and
humidity, favour the extension of the ‘Eco-
climatic Zone IV’ and thereby the geograph-
ical range of R. appendiculatus and of NSD
virus. These climatic changes occur in 5–15
year cycles and may persist for 1–3 years.

Rhipicephalus pulchellus may be an
important vector in Somalia and Ethiopia
and Amblyomma variegatum and other
Rhipicephalus species may also be occa-
sional vectors. Epidemiological data of
Nairobi sheep disease outbreaks in Somalia
occurring in the absence of either R. appen-
diculatus or Amblyomma species suggested
that R. pulchellus was a possible vector.
Though Kenyan populations of R. pul-
chellus are unable to transmit NSD virus
experimentally, the Somali population of
the tick can. The virus has been isolated from
A. variegatum in the lake basin of western
Kenya and this tick can transmit the virus in
experimental studies.

The NSD (Ganjam strain) virus has been
isolated frequently from Haemaphysalis
intermedia collected in India and Sri Lanka.
Occasional isolates of the virus have also
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been obtained from Haemaphysalis welling-
toni, and from Culex vishnui mosquitoes in
India.

Prevention and control
In enzootic areas, the majority of sheep and
goats have serological evidence of infection
without significant disease. Young animals
probably get infected early in life while they
are partially protected by maternal anti-
body, leading to asymptomatic infection
and subsequent lifelong immunity. Epi-
demics are usually associated with the
introduction of susceptible animals from
non-enzootic areas to areas where the dis-
ease is enzootic or when climatic changes
lead to the extension of the range of the
vector (and the virus) to areas where the
hosts have hitherto been non-immune.

In enzootic areas where virus infection
is nearly universal, vector control measures
are not thought to offer significant benefit.
This is because they may lead to temporary
and partial reduction in the vector popula-
tion and virus transmission, which leads
to the increase of a population of susceptible
animals that eventually get infected and
diseased. Thus naturally acquired ‘herd’
immunity is probably best left undisturbed.

Remote-sensing data from satellites may
provide information of ecological changes
that may lead to the extension of the range of
the vector (and of the virus) and provide
early warning of impending outbreaks of
disease. In ‘extension zones’, i.e. those areas
in which the vector (and consequently the
disease) emerges from time to time due
to ecological change, aggressive tick control
measures may be a short-term option to
reduce the impact from the disease. Local
application of acaricides by dipping ani-
mals or spraying them has been attempted
but resistance in the vector, the toxic effects
of the compounds on the livestock and
the potential for residual acaricides in meat
used for human consumption limit their
usefulness. Pyrethrum-based grease prepa-
rations or ‘pour-on’ lotions are an alternative
option. However, vector control measures
are not likely to be of benefit in the long term.

Nairobi sheep disease is on list B of
the Office International des Epizooties. It is

important that control measures are taken to
prevent the importation of the vector and
virus into areas where they are currently not
present.

Both killed and attenuated experimen-
tal vaccines against Nairobi sheep disease
have been developed. But, with the realiza-
tion that naturally acquired immunity early
in life in enzootic areas provides efficient
and cheap ‘natural’ protection, the role for
a vaccine is unclear. Potentially, vaccines
may have usefulness when climatic changes
produce increased risk of the spread of the
disease to adjacent geographical areas with
non-immune populations of livestock. How-
ever, vaccine efficacy in such a situation has
not yet been demonstrated.

Note
1 This monkey was formerly in the genus
Presbytis.
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Nematoda

M.W. Service

Nematodes are generally regarded as con-
stituting a phylum that contains at least
40,000 species arranged in about 2271
genera in 256 families. Many species occur
in the soil, marine and freshwater habitats,
others parasitize arthropods, such as insects
and mites, while about a third of the genera
have species parasitizing a broad spectrum
of vertebrates. Of these, several infections
are transmitted by arthropods.

Adult nematodes are unsegmented
roundworms, usually cylindrical but taper-
ing at the anterior and posterior ends. They
range in size from 250 µm to 9 m in length!
Nearly all species are dioecious. Fertilized
females usually lay eggs which hatch into
larvae, of which there are four growth stages.
Usually, but not invariably, the third-stage
larva is responsible for infecting a new host.
In the filarioid nematodes the first-stage
larvae are called microfilariae. The hier-
archical classification used here is that
adopted by R. Anderson (see Selected
bibliography) but only the orders and
families containing arthropod-transmitted
nematodes are considered.

The Nematoda are divided into two
classes: the Adenophorea and the Secer-
nentea; only the latter contains arthropod-
transmitted nematodes.
Class: Secernentea. Contains monoxenous
species (i.e. those that infect the host
directly without involving intermediate
stages in vectors, such as Ascaris and
Strongyloides species – not considered
in the encyclopedia) and heteroxenous
species, which have intermediate hosts
involved in transmission. Frequently trans-
mission requires ingestion of larval nema-
todes in the tissues of vertebrate hosts by

non-biting intermediate hosts, but some,
such as those belonging to the superfamily
Filarioidea are transmitted by blood-suck-
ing arthropods, usually insects. The stages
that occur in the invertebrate hosts are the
first- to early third-stage larvae.
Order: Spirurida. Most species produce
eggs containing a fully developed first-stage
larva, which can only develop to the third
stage in an arthropod intermediate host.
1. Superfamily: Thelazioidea. There are
three families but only the Thelaziidae are of
medical or veterinary importance.
Family: Thelaziidae. The so-called eye-
worms. Species in the genus Thelazia infect
eyes of birds and mammals and are trans-
mitted by non-biting flies, such as species of
Fannia and Musca (see Thelaziasis).
2. Superfamily: Habronematoidea. A bio-
logically diverse family with species para-
sitizing birds, mammals and fish.
Family: Habronematidae. Of three genera
the most important economically are
Habronema and Draschia, species of which
occur in the stomachs of horses and
certain ruminants (see Habronemiasis).
Transmission is by non-biting muscid flies,
such as species of Musca.
3. Superfamily: Filarioidea. The filarioids
occur in all types of vertebrates except
fish, and are usually transmitted by haema-
tophagous arthropods.
Family: Filariidae. Contain subcutaneous
parasites of mammals having dipteran
intermediate hosts.
Subfamily: Filariinae. Contains four genera,
of which the genus Parafilaria parasitizes
cattle and horses (see Parafilariasis). Trans-
mission is by non-biting flies, such as
Musca species.

368 Nematoda

368
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
04 September 2001 15:19:35

Color profile: Disabled
Composite  Default screen



Subfamily: Stephanofilariinae. This sub-
family contains a single genus, Stephano-
filaria, species of which parasitize cattle
(see Stephanofilariasis). Vectors include
non-biting flies, such as Musca species,
and blood-sucking flies, such as species of
Haematobia.
Family: Onchocercidae. A very diverse col-
lection of nematodes belonging to numer-
ous genera. Larvae are usually found in the
definitive vertebrate host. The immature
larvae, called microfilariae, occur in the
host’s blood (e.g. species of Wuchereria,
Brugia, Loa) or the skin (e.g. Onchocerca
species).
Subfamily: Setariinae. The genus Setaria
has species that infect artiodactyles,
especially Bovidae, but also equines (see
Setariosis). Transmission is by mosquitoes
of several genera.
Subfamily: Dirofilariiinae. Several genera
occurring in birds, reptiles and mammals.
The genus, Dirofilaria, has species that
infect carnivores and primates. Infections
which occur in dogs and humans are
transmitted by various mosquito species
in several genera (see Dirofilariasis). Genus
Loa, the species L. loa (see Loiasis) is a
parasite of humans in Africa transmitted by
tabanids (horse-flies).
Subfamily: Onchocercinae. Several species
which have blood-inhabiting microfilariae
exhibit marked circadian periodicity in
the peripheral blood system of their verte-
brate hosts (e.g. Wuchereria bancrofti). The

subfamily contains the medically most
important nematodes transmitted by arthro-
pods to humans. Species in the genus
Mansonella infect humans and other
primates (see Mansonelliasis). Transmis-
sion is by Culicoides flies (biting midges).
Elaerophora schneideri (see entry) occurs
in cattle and deer and is transmitted by
tabanids (horse-flies).

Species of the genera Brugia and Wuch-
ereria cause lymphatic filariasis in humans
and are transmitted by several mosquitoes
in various genera. The genus Onchocerca
contains species that cause onchocerciasis
(see entry) in humans, often termed river
blindness; vectors are Simulium species.
Animal onchocerciasis (see Onchocerciasis,
animal) is transmitted by species of Simul-
ium and Culicoides and infects equines,
cattle and other domesticated livestock.
Subfamily: Splendidofilariinae. Contains
the genus Splendidofilaria, a parasite of
birds, such as quail (Coturnix species) and
ducks (see Splendidofilariasis). Parasites
are transmitted by species of Simulium and
Culicoides.
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Ockelbo disease see Sindbis virus.

Omsk haemorrhagic fever

Irina N. Gavrilovskaya

Omsk haemorrhagic fever is an infectious
disease of humans and other mammals
caused by Omsk haemorrhagic fever (OHF)
virus. The virus is transmitted to people
through bites of Dermacentor ticks or by
direct contact with infected Muskrats
(Ondatra zibethicus), or with their car-
casses. Outbreaks and sporadic cases of
Omsk haemorrhagic fever are observed in
the Omsk region of western Siberia, and
now in adjacent regions (Russia). Geneti-
cally and antigenically OHF virus is very
similar to tick-borne encephalitis (TBE)
virus (see entry), but it causes a different
clinical picture: acute febrile disease with
haemorrhagic symptoms in patients and a
relatively benign course. The mortality rate
is about 1%.

Distribution
In wet grasslands of the Barabin forest
steppe in the Omsk and Novosibirsk
regions of western Siberia (Russia). Ori-
ginally (1944–1949), Omsk haemorrhagic
fever cases were observed in three districts
in the north of the Omsk region and, since
1950, in adjacent districts of Novosibirsk
and Tyumen regions. Omsk haemorrhagic
fever is endemic to the following areas
only: Bolsherechensk, Sargatsk, Soldatsk
and Tyukalinsk (Omsk region); Barabinsk,
Vengerovsk, Zdvinsk, Ust-Tarsk and
Chanovsk (Novosibirsk region). All these
areas are situated at the same latitude and
have the same landscape characteristics, i.e.
northern forest steppe with small areas of
birch–aspen forests and many lakes.

Virus
Omsk haemorrhagic fever virus is an
arthropod-borne virus and a member of the
family Flaviviridae, genus Flavivirus. Omsk
haemorrhagic fever virus is serologically

related (based on cross-neutralization
tests with polyclonal hyperimmune mouse
ascitic fluids prepared against each of the
viruses) to other members of the genus,
which include: TBE, including European
and Far Eastern subtypes, Kyasanur Forest
disease (KFD), louping ill (LI), Powassan
(POW), Langat (LGT) (see entries), Negishi,
Royal Farm, Carey Island and Phnom Penh
bat viruses. Two antigenic types of OHF
virus have been determined by agar precipi-
tation and immunoadsorption methods.

Omsk haemorrhagic fever virus is a
spherical or slightly polygonal enveloped
virus, with a diameter of approximately
37 nm and a membrane layer approximately
6 nm thick. The electron-dense nucleo-
capsid is 25 nm in diameter, with icosa-
hedral symmetry. The virus localizes in
reservoirs of the endoplasmic reticulum and
in vesicles and vacuoles of the Golgi com-
plex. Omsk haemorrhagic fever virus causes
cytolysis in pig embryo kidney cells. The
virions contain about 17% lipid and 9%
carbohydrate within the viral membrane.
The virus is sensitive to lipid solvents. Omsk
haemorrhagic fever virus has a positive-
sense genome of 10 kb single-stranded RNA.
The viral proteins are encoded in one open-
reading frame containing both structural
and non-structural (NS) proteins. The core
proteins include the premembrane (prM),
membrane (M) and envelope (E) proteins.
There are seven NS proteins: NS1, NS2a,
NS2b, NS3, NS4a, NS4b and NS5. The viral
E protein is glycosylated and agglutinates
goose erythrocytes at pH 6.8. The E protein
antigenically induces cross-reactive neutral-
izing and protective antibodies in infected
animals. Genetically, OHF virus is most
closely related to TBE virus (81% nucleotide
identity and 93% amino acid identity).
About 20 amino acid substitutions between
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OHF and TBE virus have been described. It
is possible that more than one domain
within the viral E protein determines Omsk
haemorrhagic fever pathogenesis. Omsk
haemorrhagic fever virus is pathogenic for
experimentally infected adult and newborn
white mice, in which it is neurotropic. In
naturally and experimentally infected
Muskrats, the virus causes a lethal haemor-
rhagic disease. This animal is an ideal model
for studying the pathogenesis of the human
disease, while differentiating OHF virus
from TBE, which is non-pathogenic for
Muskrats. In nature, OHF virus may be iso-
lated from ticks (Dermacentor reticulatus).
Rare isolations have been obtained from
Dermacentor marginatus or from the blood
of patients taken during the acute period of
infection.

Clinical symptoms
The incubation period of Omsk haemor-
rhagic fever is short (2–4 days). The
prodromal period lasts about 12 h and is
manifested by fatigue, myalgias and head-
ache. The prodromal phase is followed by
the febrile phase (5–15 days) and finally the
convalescent phase (2–4 weeks). In approxi-
mately half of all cases a second febrile
phase occurs. Clinical manifestations dur-
ing the second febrile phase are typically
milder than in the first. Usually the disease
begins abruptly, with a brief chill followed
by high fever (39–40°C). The fever lasts for
3–4 days at this level and then decreases to
37.5–38.5°C. Later, 9–15 days after onset of
the disease, the fever slowly abates. On the
first day after the onset of fever, headache,
myalgia and flushing of the face and neck
are typical. Sclerae are usually bright red.
These symptoms increase for 3–5 days after
the onset of fever and then slowly disap-
pear. Complete absence of these symptoms
coincides with abatement of the fever. The
haemorrhagic manifestations occur at the
beginning of the febrile phase. Haemor-
rhages may occur in oral mucous mem-
branes, pharynx or conjunctivae (up to 47%
of cases). Petechial skin rash is seen in 82%
of cases. Massive nasal (43%), uteral (23%),
gum (15%) or lung (9%) haemorrhage may
occur. Enhancement of vessel fragility in

the febrile phase of the disease is observed
in virtually all cases.

Physical findings
These include a temperature of 39–40°C,
bradycardia (30% of cases) and, in some
cases, tachycardia. The most common man-
ifestations of Omsk haemorrhagic fever are
associated with lung injury. Bronchitis can
occur during the first day of the onset of
fever in most cases. Pneumonia develops
in 31% of cases, usually in the right lung
(59%). Chest X-rays reveal light infiltration
of lung tissue. Signs of upper respiratory
tract disease, including sore throat, rhinor-
rhea, sinusitis and ear pain, are absent,
though a non-productive cough can be
observed. Pulmonary onset usually occurs
3–5 days after the onset of fever, lasts for
1–1.5 weeks and then disappears towards
the end of the febrile phase. Hepatomegaly
is seen in 29–67% of cases. An enlarged
spleen is detected by palpation in only
9.5% of cases. Involvement of kidneys is
insignificant and is manifested by slight
proteinuria in 90% of patients.

Laboratory findings
Elevation of haemoglobin and haematocrit
is observed during the first days after the
onset of fever. During the early febrile phase
a prominent leucopenia develops. White
blood cell counts of less than 3000 mm−3

are observed in 51.4% of patients (in
some cases, as low as 1200 mm−3). Other
haematological observations include slight
enhancement of neutrophils (two-thirds
of cases), lymphocytes comprising nearly
40% of total white cell count, and mild
thrombocytopenia. A lumbar puncture
during the febrile phase shows a myeloid
reaction with a shift to the left. The level of
this shift corresponds to the severity of the
disease. Erythropoiesis in the febrile stage is
suppressed. Biochemical findings are not
significant and are manifested in slight
proteinuria.

After the temperature decreases (nor-
mally 5–10 days after onset of the disease)
the convalescent phase begins. During this
period all symptoms disappear. Headache
and myalgia resolve quickly but fatigue and
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weakness last up to 1 month. Flushing
of face and neck, haemorrhages and brady-
cardia disappear. Hypotension may be
observed for 2–3 weeks. After normalization
of the temperature the clinical symptoms of
pneumonia also vanish. In 50% of cases
the convalescent phase is interrupted with a
second febrile phase of Omsk haemorrhagic
fever. In cases with a severe course of the
disease, the second wave of fever begins after
3–9 days of apyrexia. In cases with a moder-
ate course, the second wave is observed after
10–18 days of normal temperature. The
prolongation of the second febrile phase is
3–12 days.

All the symptoms described above for
the febrile phase recur, but in a less manifest
form, and then disappear after the tempera-
ture returns to normal. During the con-
valescent phase, patients may complain
of persistent weakness. Transient hair loss
in convalescence is frequently seen. After
the convalescent phase, complete recovery
occurs; there are no sequelae. Case-fatality
rate is variable, but is generally low – 0.4% to
a maximum of 2.5%.

Pathogenesis and pathophysiology
There are no morphological changes typical
for Omsk haemorrhagic fever. Its character-
istics, in common with other haemorrhagic
fevers, are: a generalized increase in vascu-
lar permeability, extravasation and peri-
vascular infiltration, with thrombi in small
vessels. The pathogenesis is determined by
the degree of vascular damage, thrombo-
cytopenia and bleeding in the brain, kidney,
endocardium, myocardium, stomach and
intestines. Oedema of the brain causes
sensory changes. Hypotonia can lead to
collapse and shock in serious or fatal
cases, particularly in the first week of
illness. Haemosiderin deposits are found
in the Kupffer cells of the liver.

Diagnosis
Clinical manifestation of Omsk haemor-
rhagic fever in its febrile stage has a typical
course, which makes the diagnosis straight-
forward. Such symptoms as sudden onset
of high fever, chills, myalgia, complete
absence of appetite, flushing of face and

neck, haemorrhages, haemoptysis, pneumo-
nia, hypotension, leucopenia, enlargement
of the liver, and often a second febrile phase
allow a diagnosis to be made from clinical
evidence. In milder cases, diagnostic
mistakes may be made.

Omsk haemorrhagic fever must be dif-
ferentiated from other acute diseases, such
as bronchopneumonia, pseudotuberculosis,
leptospirosis and tick-borne encephalitis.
With regard to bronchopneumonia caused
by meningococcaemia, Omsk haemorrhagic
fever is characterized by leucopenia, which
is not typical for bronchopneumonia of
different aetiology. Enlargement of the liver
is an important symptom, since this is not
typical for microbial pneumonias. Leuco-
penia, which is an important sign of Omsk
haemorrhagic fever, does not occur in
pseudotuberculosis and leptospirosis. In
years of Omsk haemorrhagic fever epidemic
outbreaks, clinical diagnosis is simpler.
In years following epidemics, with only
sporadic cases, diagnosis should be based on
laboratory investigation, including isolation
of the virus from blood taken during the
acute phase of illness and seroconversion
detected in paired serum samples by virus
neutralization. Newer techniques, such as
immunofluorescence tests and enzyme-
linked immunosorbent assay (ELISA), are
also available. The close antigenic relation-
ship of OHF and TBE viruses makes it
necessary to differentiate between them for
a correct diagnosis. In Omsk haemorrhagic
fever, antibody titres to OHF antigens are
four or more times higher than titres to TBE
virus, and absence of typical neurological
symptoms in a patient suggests a diagnosis
of Omsk haemorrhagic fever.

Transmission
The first description of a new disease, later
called Omsk haemorrhagic fever, was made
in 1944–1945 by A. Gavrilovskaya and
G. Sizemova. Winter outbreaks among
Muskrat hunters were recorded in the Omsk
region (western Siberia). In 1946–1948,
spring–autumn outbreaks of the disease
were recorded. During this period 1344
cases of Omsk haemorrhagic fever were
registered. Omsk haemorrhagic fever cases
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appear mainly from April to October (with
occasional single cases in November and
December). The seasonal morbidity curve
has two peaks, in May and in August–
September, which correlate with the
seasonal dynamics of ticks (D. reticulatus)
(formerly called Dermacentor pictus). In
April, when the first cases of Omsk haemor-
rhagic fever were described, only D.
reticulatus could be found in nature in
the active state. Mosquitoes and horse-flies
arrive in May and July. Their activity
increases in June–July, when Omsk haemor-
rhagic fever morbidity decreases or disap-
pears. The number of Omsk haemorrhagic
fever cases correlates with the size and
activity of the D. reticulatus population.
The main role of D. reticulatus in the trans-
mission of the causative agent of Omsk
haemorrhagic fever was confirmed by M.P.
Chumakov and colleagues with the
isolation of OHF virus strains from D.
reticulatus. An additional reservoir host of
virus in the endemic areas is D. marginatus,
from which a strain of OHF virus has also
been isolated. Nevertheless, D. reticulatus
is the principal reservoir and vector of OHF
virus.

Virus is transmitted between verte-
brates via the bite of infected ticks. In
ticks, transmission may be transovarial and
trans-stadial. There is apparently no direct
human-to-human transmission, and no
hospital outbreaks have been observed.

Contacts of humans with ticks may occur
during field work, visits to the forest or
gardening. The possibility of such contacts
is very high. Dermacentor reticulatus has
a wide spectrum of hosts, e.g. 37 species
of mammals and birds. However, the main
ones are cattle and Narrow-head voles
(Microtus gregalis). Attempts to isolate OHF
virus from these animals have been unsuc-
cessful, even though the antibody to the
virus is frequently found, and voles are
sensitive to experimental infection with
OHF virus. It could be explained by a short
period of virus circulation in the blood and
a fast immune response, which results in
complete virus elimination. An exception to
this is the Muskrat (Ondatra zibethicus),
which is highly sensitive to OHF virus in
nature. Epizootics among Muskrat popula-
tions are frequent, and many isolates of OHF
virus strains have been obtained from these
animals. Muskrats were introduced into the
Barabin steppe from Canada 70 years ago
for hunting. Muskrats successfully adapted
to the Siberian environment and became
involved in OHF virus circulation as an
additional host for D. reticulatus. Muskrats
play an important role in direct transmission
of OHF virus to humans (Fig. 1).

All cases of Omsk haemorrhagic fever
observed in the winter months occur in per-
sons who have been hunting Muskrats and
treating their carcasses. After the great out-
breaks in 1946–1948 caused by transmission
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Fig. 1. Main reser-
voir host of OHF virus
in nature and routes
of transmission.
(A) By bite of the
tick, Dermacentor
reticulatus. (B) By
direct human contact
with Muskrats
(Ondatra zibethicus).
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through ticks, the morbidity of Omsk haem-
orrhagic fever has decreased to just sporadic
cases. Although Omsk haemorrhagic fever
cases have not been officially recorded for
more than 20 years, in the last 10 years
an increase of OHF virus infections in
endemic areas has been apparent. Sporadic
cases have been recorded in Tyumen (1987),
Omsk (1988) and Kurgan (1992) regions.
Outbreaks of Omsk haemorrhagic fever have
occurred in the Novosibirsk region (1989,
1998). All 155 cases of Omsk haemorrhagic
fever recorded in recent years were con-
nected with an OHF virus epizootic among
Muskrats. More than 20 strains of virus
were isolated from these animals, but, at
the same time, all the attempts to isolate
the virus from D. reticulatus ticks were
unsuccessful.

A few virus isolations have been made
from mosquitoes, such as Coquillettidia
richiardii, Ochlerotatus1 flavescens and
Ochlerotatus excrucians, and it is possible
they transmit the virus to Muskrats in certain
regions. But mosquitoes play a very minor
role, if any, in the epidemiology of Omsk
haemorrhagic fever; ticks are the principal
vectors.

Treatment
There is no specific treatment for Omsk
haemorrhagic fever. The management of the
patient must be supportive and based on
the understanding of the pathogenesis of
the disease. Although clinical management
depends on each phase of the disease,
important points in general management
are as follows: (i) early diagnosis, early
hospitalization, early rest; (ii) close observa-
tion, especially during the first week after
normalized temperature, when recurrence
of the disease could occur; (iii) careful
handling of the patient; (iv) supportive
treatment; and (v) prevention of complica-
tions. Strict maintenance of fluid balance
is necessary. The goal during the hypo-
tensive state is to maintain cardiovascular
stability. In the case of a secondary

infection, administration of antibiotics is
strongly recommended.

Control
Since the disease has not been very active in
recent years, there is no need for special
surveillance programmes, but medical
authorities should be vigilant, especially
for any increase in morbidity suggestive of
an outbreak of Omsk haemorrhagic fever.
Anti-tick control measures, such as spray-
ing acaricides, are not justified at present.
However, workers in endemic areas should
wear specially designed nylon-net-like
protective clothes or clothing impregnated
with acaricides or repellents for general
protection when exposure to ticks is partic-
ularly likely. Muskrat hunters should avoid
contact with sick animals.

Note
1 Ochlerotatus was formerly in the subgenus
Aedes.
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Onchocerca species see Onchocerciasis.
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Onchocerciasis, animal

Alfons Renz

Distribution
There are about 27 species of Onchocerca
infecting animals other than humans.
Onchocercal infections occur worldwide
and are very common in cattle, horses,
donkeys, Dromedary camels (Camelus
dromedarius), deer (e.g. Cervus elaphus and
Rangifer tarandus), antelopes and pigs,
including the Warthog (Phacochoerus
aethiopicus), mainly in the tropics but also
in temperate zones up to the polar circle.
Although their prevalence often exceeds
90% and simultaneous infections by several
species are frequent, they are often over-
looked, because they do not usually cause
any great pathological changes.

Parasite
Adult worms, so-called ‘macrofilariae’, live
in nodules either in or under the skin,
where they can be palpated on the living
animal (these nodules must be distin-
guished from Demodex cysts and swellings
caused by tick bites) or are attached to the
fasciae of the muscles. However, there are
other Onchocerca species that live more
or less free in the surrounding connective
tissue of the ligamentum nuchae or gastro-
lienale or along the tendons of the joints of
the legs. These are only seen at slaughter.
Onchocerca armillata lives in the intima of
the aorta wall of ruminants, but also forms
nodules attached to the outer wall.

The skin-dwelling microfilariae are
only occasionally seen in the blood (cf.
Setaria species (see Setariosis)). Transmis-
sion is restricted to areas where the vectors,
zoophagic and especially boophagic species
(e.g. bovid feeders) of the genus Simulium
and Culicoides, prevail. These insects do not
usually enter animal quarters and stables,
but bite out of doors. Onchocerciasis there-
fore mainly affects animals kept in pastures
and declines increasingly with keeping
animals indoors.

Bovine onchocerciasis
Ten Onchocerca species have been
described worldwide from cattle (Table 1
and Fig. 1), and co-infections of up to
four or more species can occur in the
same host. Adult worms are either located
in well-developed nodules in and under
the skin (often attached to fasciae of the
thoracic or dorsal muscles) or lie more
loosely in the connective tissue surround-
ing the ligaments and tendons of the neck,
the lower legs or the intestine. Other species
live in flat nodules attached to bones
(tibiotarsal joints) or in the aorta wall
(Fig. 2).

In contrast to human onchocerciasis,
most bovine Onchocerca species seem better
adapted and cause very few pathological
changes in their natural hosts. Large num-
bers of microfilariae in the skin (>10 mg−1)
may lead to inflammation (mostly when they
die), but skin irritation is also caused by
the bites of the vectors; in fact, Simulium
toxicosis can be severe and even lethal to
cattle.

Aorta lesions are frequent in old cattle
infected with O. armillata and are usually
associated with calcifications and nodulat-
ions, involving arteriosclerosis, arteritis and
aneurism formation.

Nodules of Onchocerca ochengi
(Fig. 2A–C) and Onchocerca gibsoni in the
skin decrease the value of hides for tan-
ning. Their presence in large numbers on
the carcasses of slaughtered animals (e.g.
Onchocerca dukei in cattle, Onchocerca
fasciata in camels) or nodular lumps on the
lower legs are considered unsightly. How-
ever, there is no risk for human consump-
tion. Although Onchocerca nodules are easy
to differentiate from tuberculosis nodules
(at least when cut open), they may be incor-
rectly diagnosed by inexperienced meat
inspectors, so that carcasses are unnecessar-
ily condemned.
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Equine onchocerciasis (horse and donkey)
The pathology caused by microfilariae
and adult worms is more frequently seen
in horses and has been described from
North America, Britain, Central Europe
and Australia. Microfilariae of Onchocerca
cervicalis are the cause of remittent
dermatitis in the head and nuchal region
(sweet itch). Equine periodic ophthalmia,
moon-blindness and conjunctivitis have
been attributed (not unanimously) to the
presence of microfilariae in the eyes.

Inflammatory reactions around nodules
in the ligamentum nuchae lead to fistulous
withers and, more rarely, to poll-evil (possi-
bly in connection with brucellosis). Stiffness
of the joints has been reported and is likely to
be due to the calcification of nodules (e.g.
Onchocerca reticulata) inside the joint cap-
sules or along the tendons of the lower leg.

Other animals
Although bovids and equines remain the
most common animals to be infected with
onchocercal worms, camels, sheep, rarely
goats (Table 1) and wild animals are some-
times infected.

Zoonosis
The accidental infection of humans by an
animal Onchocerca species (most probably
O. gutturosa) has been reported from North

America, Europe and Japan, but never from
any of the tropical areas, endemic for
human filariae, where such infections must
certainly also occur but are more difficult to
recognize.

Differential diagnosis
Onchocerca infections of living animals are
identified to species by the morphology
of the microfilariae from the skin (Fig. 3)
rather than by examination of adult worms
(as only nodules in the skin can be removed
surgically). Multiple infections by several
filaria species are very common. The loca-
tion of microfilariae and adult worms in
the skin and body is more or less species-
specific (Fig. 1), but may vary with the
biting behaviour of the local vector and also
depends on the adult worm load. In very
heavy infections worms also invade less
characteristic areas on the body. Micro-
filariae usually accumulate in those body
sites that are favoured feeding sites of the
vectors. Moreover, maximum microfilarial
numbers are observed at times, seasonally
and diurnally, when maximum numbers
of black-flies bite. Skin microfilarial densi-
ties peak in young or middle-aged animals
when transmission is high, while the adult
worm load continues to increase. Newborn
calves can carry a few maternal micro-
filariae, but their own new infections can

378 Onchocerciasis, animal

Fig. 1. Location
of Onchocerca
adult worms (d),
microfilariae (~)
and biting behav-
iour of Simulium
and Culicoides
vectors (hi) on
cattle. Nodule-
forming species
are encircled.
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become patent after only 6–9 months.
Onchocerca armillata microfilariae are
often difficult to find in older cattle, though
the prevalence can be over 90%. The life

expectancy of adult worms is high (up to 10
years, or longer).

Microfilariae differ morphologically in
their length, diameter, shape (Fig. 3) and

Onchocerciasis, animal 379

Fig. 2. (A) Intradermal nodules of O. ochengi in the ventral skin of a heavily infected cow in Cameroon.
(B) Freshly isolated nodules of O. ochengi from the slaughter-house: subcutaneous lumps of nodules (diam-
eter 3–8 mm) occur in the udder, but, regardless of population density, each nodule is clearly separated and
contains just one female worm. (C) Collagenase-digested nodules of O. ochengi; each nodule contains one
female and on average one male worm. Young worms are whitish, transparent and later turn yellow to
brownish before they calcify. (D) Ligamentum nuchae from cattle with O. gutturosa (at tip of needle).
Worms are best recognized with transparent or reflected light, when the cuticular striae are visible at 10×
magnification. (E) Air-dried aorta wall from cattle with O. armillata (partially calcified). Parts of worm (total
length of female 20–60 cm) and calcifications are easily visible when the aorta is left in the sun to dry so
that it becomes transparent.
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movements. Adult worms are distinguished
by their cuticular structures, form and
dilatation of the anterior end (O. gutturosa,
for example, is characterized by a swelling in
the anterior part of the body). Male worms
typically carry spiculae and papillae at
the posterior end. Live adult filariae can be
isolated from their nodules by collagenase
digestion (0.5% collagenase A in Rosewell
Parc Memorial Institute tissue culture
medium (RPMI) for 24 h at 35°C, under
aerobic conditions) or squeezed out mech-
anically – this works well with males, but
females usually break into pieces, although
the intrauterine microfilariae can be col-
lected from them for identification. Old
nodules often contain only debris of degen-
erate and calcified worms.

Skin biopsies
These can be taken from the live animal
or at the slaughter-house. From the shaved
skin, small superficial biopsies (3–5 mm2,
5–30 mg weight) are taken with a scalpel
blade. They are incubated in a drop of
water, saline or tissue culture medium and
kept for up to 24 h at 35°C. Microfilariae
start wriggling out within a few minutes
and are easily recognized at low magnifi-
cation (×20–100) under a compound, or
preferably a dissecting, microscope. Under
optimum conditions, about 80% of the
larvae leave the biopsy within 24 h. Larger

skin biopsies (6 mm punches have often
been used) should be avoided because
most of the microfilariae will fail to emerge.
Several snips should be taken from various
body parts of each animal (inguinal region,
head, ears, back, thorax, legs), both because
of the highly aggregated distribution of
skin microfilariae and to account for the
species-specific location of microfilariae
(Fig. 1).

Live microfilariae show characteristic
species-specific movements, which vary
from strong and quick entanglements to slow
bendings. Their length and morphology are
studied after heat inactivation (e.g. by gently
heating up a slide with microfilariae with
a gas-lighter), and this is best done with
specimens in water, not saline, so as to
avoid shrinkage. Staining with Giemsa
or haemalum should be done on single
microfilariae transferred to a small drop
of water on a microscope slide and left to
dry quickly. The head of the microfilariae
(shape, diameter and hook), as well as the
shape of the tail (length, form of tip, nuclei),
should be examined at high magnification
(×500–1000).

Treatment
It is usually unnecessary to treat infected
animals, because the microfilariae do not
cause much harm and the adult worms
cannot be killed without risking the life of
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Fig. 3. Identification of
microfilariae. Typical
shape of freshly heat-
inactivated or dead
microfilaria in water.
Note the length of larvae
(lengths given in µm),
the diameter and shape
of the anterior and poste-
rior ends and the bend
of the body and tail.
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the animal. Avermectins (ivermectin, dora-
mectin or moxidectin) are highly efficient
against microfilariae, but, as in the treat-
ment of human onchocerciasis (see Oncho-
cerciasis, human), there is a potential risk of
dangerous reactions when other concomi-
tant filarial infections are present. Nodules
in the ligamentum nuchae or in the lower
legs of horses can be removed surgically.

Control of transmission
Vector control is rarely possible or even
necessary, except in the tropics, where
Simulium also transmits human oncho-
cerciasis (see Onchocerciasis, human).
Keeping animals in shelters or dark stables
into which simuliid vectors will not enter is
highly effective in reducing transmission,
but is less so against Culicoides species.

Insect repellents, such as diethyltoluamide
(DEET), applied to the skin give some
protection against biting, but only for a few
hours.
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Onchocerciasis, human

John B. Davies

Commonly known as ‘river blindness’
because the disease is associated with
river valleys, where the simuliid (black-fly)
vectors breed, and the disease can cause
blindness. Also known as ‘onchocercose’
(French) and ‘oncocercosis’ (Spanish).
Sometimes known in Africa as craw craw, a
West African name describing an itchy skin.
The disease remains endemic in 34 coun-
tries and an estimated 17.7 million people
are infected, of which 270,000 are blind and
another 500,000 have severely impaired
vision.

Distribution
About 95% of all cases occur in Africa,
mostly in West and Central Africa, with
limited foci in East Africa from Ethiopia
to Tanzania and with isolated pockets
in Malawi, Sudan and southern Yemen,
possibly extending into Saudi Arabia. In the
Americas onchocerciasis is found in local-
ized areas of southern Mexico, Guatemala,
Brazil, Venezuela, Ecuador and Colombia
(Fig. 1). (There is evidence that the disease
was probably introduced into the Americas
during the slave trade.)

Parasite
Onchocerca volvulus (Nematoda: Oncho-
cercidae). Male (3–5 cm long, 0.13–0.2 mm
diameter) and female (30–50 cm long,
0.25–0.4 mm diameter) worms live in sub-
cutaneous tissues, often forming tangled
masses of threadlike worms in fibrous
nodules. Adult females can live for up to
17 years, the mean being about 10 years.
The female worm is ovoviviparous and
from maturity she produces large num-
bers of minute sheathless microfilariae
(200–300 µm × 10 µm), which migrate to the
host’s skin. The appearance of microfilariae
in the skin occurs about 15–18 months
after infection, and their presence is usually
accompanied by clinical symptoms. Micro-
filariae live free in the skin for about
2 years.

Onchocerciasis is not a zoonotic
disease, although natural infections with
O. volvulus have been reported once in a
Spider monkey (Ateles geoffroyi) in Central
America and in a Gorilla (Gorilla gorilla) in
Africa. Chimpanzees (Pan troglodytes) can
be infected experimentally.
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Clinical symptoms
The disease is accumulative, requiring
repeated infection over several years to
produce serious symptoms. When infection
is light, there may be no obvious clinical
symptoms. There is often a period of 1–3
years between infection and symptoms,
which are caused by the microfilariae. The
most obvious and distressing symptom is
severe itching of the skin. Adult worms
are of secondary importance and the sub-
cutaneous nodules which contain them
present no more than cosmetic blemishes.
In chronic infections these fibrous, but
well-vasculated, nodules, varying in size
from a pea to a golf ball and containing one
or many adult worms, can be felt and seen
over bony prominences. In Africa nodules
are found mainly around the pelvic region,
knees, lateral chest and spine (Fig. 2). In
Central America nodules more commonly
occur on upper parts of the body, especially
on the head. It is believed that the location
of the nodules reflects areas most com-
monly bitten by the simuliid vectors, but it
could also be due to differences in the geo-
graphical race of the parasite. Other bundles
of worms may be found in deep connective
tissue between the muscles, where they
cannot be detected by palpitation. In light

or early infections there may be few skin
reactions, but in most patients pruritus,
with skin lesions, occurs, accompanied by a
persistent itchy rash (filarial itch) consist-
ing of papules, the severity and extent
of which can be very variable, with some
persons appearing to be more tolerant than
others. There may be lymphadenopathy
in the axilla or groin. Onchodermatitis
(sowda) can lead to thickening of the skin,
caused by intradermal oedema, and also to
pachydermia (crocodile skin). Loss of skin
elasticity may lead to ‘hanging groin’ –
that is, pendulous sacs containing inguinal
glands – or to hernias. In advanced chronic
infections loss of skin elasticity can present
a prematurely aged appearance (presby-
dermia) and paper-thin skin forming folds
on the knees and buttocks. Mottled depig-
mentation (‘leopard skin’) is common,
particularly on the shins (Fig. 2).

The most important sequela of infection
is deteriorating eyesight, which can result in
total blindness. In Africa, blindness is more
common in savannah areas, where over 10%
of a population may be completely blind and
another 20% have impaired vision. There
are two types of eye lesions, one occurring in
the anterior part of the eye and the other in
the posterior segment. Anterior lesions are

Onchocerciasis, human382

Fig. 1. World distribution of onchocerciasis and the area covered by the Onchocerciasis Control
Programme (OCP) (adapted from maps published by the World Health Organization (1995), Technical
Report Series 852).
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caused by microfilariae entering the cornea
through the conjunctiva. When they die in
the cornea, they cause a punctate keratitis
with many fluffy (snowflake) opacities,

which are often symptomless, involving no
corneal scarring, but there may be photopho-
bia and watering of the eyes, with chronic
conjunctivitis. The more severe pathology
involves vascularization of the cornea,
usually starting in the lower half of the
cornea and spreading upwards and inwards
to eventually obscure the pupil. This
sclerosing keratitis (Fig. 3), often associated
with iritis due to dead microfilariae in the
iris muscle, is the major cause of blindness.
The aetiology of the posterior lesions is less
clear and is usually associated with heavy
infections. Retinal damage occurs, with
or without optic atrophy, and can lead to
complete blindness or tunnel vision. This
in turn can lead to increased risk of
trauma, a dependency on the community for
food, malnutrition and a reduction in life
expectancy.

Diagnosis
There are a number of methods available,
such as those outlined below.

1. The simplest and most commonly used
diagnostic procedure is the biopsy (skin-
snip). This entails removing a small, shal-
low, bloodless snip of skin (approx. 2 mm2),
from the thighs, buttocks and iliac crests in
African patients, but from the scapula and
outer canthus in those in Central America.
Preferably, a Walser corneoscleral punch
should be used, but alternatively a razor
blade or scalpel and a sharp needle will suf-
fice. The skin-snip is placed on a microscope

Onchocerciasis, human 383

Fig. 2. An advanced case of onchocerciasis.
Note nodules on lower ribs and waist (arrowed),
depigmentation of shins, thickened skin on the
knees and eyes closed due to photophobia.
(Reproduced from an original photograph by
B.O.L. Duke.)

Fig. 3. Onchocercal
blindness. The final stage,
with eyes totally obscured
by sclerosing keratitis.
(Reproduced with permis-
sion from a World Health
Organization publication.)
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slide in physiological saline or water and
after about 20–30 min examined under a
microscope for actively writhing micro-
filariae. Only about 20% of the microfilariae
may emerge at this stage, which may be
sufficient for diagnosis, but, if the skin-snip
is incubated in saline in a covered microtitre
plate for 12–24 h, emergence will increase to
about 80%, which is better for assessing
intensity or detecting light infections. In
parts of West Africa the parasites must be
distinguished from those of another filarial
skin parasite, Mansonella streptocerca (see
Mansonelliasis). In the Amazon area confu-
sion with Mansonella ozzardi (see Manson-
elliasis) is possible.
2. The presence of palpable subcutaneous
nodules 0.5–10 cm in diameter. Further
confirmation can be obtained by surgical
excision and removal of the nodule, from
which fragments of adult worms may be
obtained by dissection.
3. Slit-lamp examination of the eyes under
×16 magnification after the patient has been
seated with the head bent down for about
2 min, this allowing microfilariae in the
anterior chamber and dead corneal micro-
filariae to be detected and counted. With
×25 magnification and retroillumination
live corneal microfilariae can be observed.
4. Oral administration of 50–100 mg of
diethylcarbamazine (DEC) and observation
for up to 24 h (Mazotti test). This drug causes
skin microfilariae to die, which results in
intense itching and a rash and so indicates
infection. The severity of the reaction
depends on microfilarial density, so this test
should be used only when parasites cannot
be demonstrated in multiple skin-snips or in
the eyes. This test is potentially dangerous
and can result in oedema of the limbs
and face, postural hypertension, vomiting,
adenitis, ocular discomfort and loss of visual
acuity.
5. Serological tests for antibodies (e.g.
enzyme-linked immunosorbent assay
(ELISA), fluorescent antibody test (FAT))
and DNA probes on skin-snips can be useful
in diagnosis when microfilarial loads are
low. These techniques are ‘high tech’
requiring skilled personnel, and are expen-
sive for use in mass surveys, but they are

claimed to improve sensitivity by as much
as 50%.

Transmission
Vectors are certain species of simuliid
black-flies (see Black-flies). Only adult
female black-flies take blood and they
normally feed during daylight, usually in
the open in strong sunlight. The fly uses
its mouthparts to tear and rasp the host’s
skin to rupture blood capillaries so that
it can suck blood (and microfilariae of
O. volvulus, if present) from the wound.

Most of the ingested microfilariae die in
the blood meal (over 1000 may be present),
but some penetrate the fly’s stomach wall
and migrate to the thoracic muscles (Fig. 4),
where they develop into a sausage-shaped
stage (referred to as L1) and moult to an inter-
mediate stage (L2). Some survive a second
moult and elongate into thinner worms (L3),
which pass through the head and down the
short proboscis. There is no multiplication
of the parasite in the vector. The infective
third-stage larva (about 660 µm in length)
leaves the proboscis and penetrates the
host’s skin via the wound when the fly feeds
again. Two moults later, it develops into an
adult male or female O. volvulus. The devel-
opment interval between the ingestion of
microfilariae to infective L3 depends on
temperature and vector species (usually
6–8 days with the African vector Simulium
damnosum, but 10–12 days with the Central
American vector Simulium ochraceum). An
infective fly rarely carries more than four
infective larvae, although ten or more have
occasionally been recorded. Not all larvae
are necessarily transmitted at a single
feed. As a fly usually feeds every 3–4 days,
it cannot become infective until the
second or third blood meal after ingesting
microfilariae.

In Africa, vectors may fly 15–30 km
from their emergence sites to obtain blood
meals and may also be further dispersed long
distances on the wind (adult S. damnosum
may be found biting 60–100 km from their
nearest breeding sites, and in West Africa
there is strong evidence that seasonal mon-
soon winds can carry adults 400–600 km).
In the forested mountain valleys of Central
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Fig. 4. Diagram of the life cycle of Onchocerca volvulus in Simulium and the human host
(original by G.S. Nelson, reproduced from the Annals of Tropical Medicine and Parasitology
(1991) 85, with the permission of the Liverpool School of Tropical Medicine).

America dispersal of S. ochraceum is of the
order of 2–10 km between valleys.

The principal vectors in Africa are
species within the S. damnosum complex,
which contains about 40 almost morpho-
logically identical cytoforms, many of which
are recognized as formal species. The main
Simulium vectors are S. damnosum sensu
stricto, S. sirbanum, S. sanctipauli and S.
leonense. Other but less important vectors
include Simulium neavei, which is respon-
sible for transmission in parts of the Congo,
Zaire and Uganda, and formerly Kenya.
Simulium neavei is an unusual phoretic
species, as larvae and pupae are attached to
freshwater crabs of the genus Potamonautes.
The immature stages of all other vector
species are found attached to submerged
vegetation, rocks and debris in rivers and
streams (see Black-flies).

Simulium ochraceum sensu lato is the
principal vector in southern Mexico and

Guatemala, while Simulium metallicum
sensu lato is the main vector in northern
Venezuela, but in other Central American
countries it is considered of minor impor-
tance. In Colombia the only known vector
is Simulium exiguum sensu lato, a species
which is also a primary vector in Ecuador
and a secondary one in Venezuela. Above
150 m above sea level in the Brazil/
Venezuela Amazon focus the main vector
is Simulium guinense sensu lato, while
below this altitude the vectors belong to the
Simulium oyapockense species complex.

Epidemiology
The impact of onchocerciasis on a commu-
nity is usually expressed as the prevalence
of persons having demonstrable microfila-
riae in skin-snips. The following four categ-
ories of endemicity are generally used: spo-
radic, below 10%; hypoendemic, 10–29%;
mesoendemic, 30–59%; and hyperendemic,
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over 59%. The prevalence by age group
(Fig. 5) demonstrates the cumulative nature
of the disease, in which there is little or no
acquired immunity. In hyperendemic com-
munities almost everybody over the age of
30 years is infected. In older persons with
thickened skin, skin-snips may not always
reveal microfilariae; thus such surveys may
not always show a 100% infection in the
older age groups.

Treatment
The drug of choice is ivermectin
(Mectizan®), which was approved for mass
distribution in 1987. A single oral dose of
150 µg kg−1 body weight given once or twice
a year reduces the numbers of skin micro-
filariae to low levels for up to a year, thus
alleviating many symptoms and making
the recipient less infective to the vector. It
is now used for mass treatment, as in the
Onchocerciasis Control Programme (OCP)
in West Africa, but should not be given to
children under 5 years of age or weighing
less than 15 kg, pregnant women and a few
other categories specified in the manu-
facturer’s exclusion criteria. It does not
kill the adult worms, but seems to reduce
fecundity. Formerly, the more toxic drug
DEC was given, at a dose of 2 mg kg−1 body
weight three times a day for 7 days, but it
also does not kill the adult worms and,

because it produces severe side-effects,
is no longer recommended. Suramin given
intravenously is the only drug currently
available that kills adult worms. Although it
has been used in a few past campaigns, it
is potentially dangerous and is no longer
recommended.

Control
Insect repellents, such as diethyltoluamide
(DEET) and dimethylphthalate (DIMP), can
give protection against simuliid bites for
about 2 h, but are not practical for constant
use in endemic areas.

Prior to the release of Mectizan®, vector
control, to break the transmission cycle, was
the only option to control the disease. Insec-
ticidal fogging or spraying of vegetation har-
bouring adult flies results in very temporary
and localized control. The only practical
method available is the application of insec-
ticides to rivers in which black-flies breed so
as to kill the larvae. Insecticides need be
applied to only a few selected sites on a
watercourse, because the water carries the
insecticide a relatively long way down-
stream (as far as 50 km in large, swift rivers).
Because larvicides are only effective against
larvae and these have a short development
time in the tropics (6–10 days) applications
have to be repeated every 7–10 days. The
quantity of insecticide needed is calculated
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Fig. 5. Age prevalence of
positive skin-snips in a West
African community with an
overall prevalence of 72%
(compiled from data pub-
lished in Davies, J.B. (1993)
Annals of Tropical Medicine
and Parasitology 87, 41–63).
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from water depth and flow rates at dosages of
the order of 0.05 mg l−1.

Since D.B. Blacklock discovered the
vector of onchocerciasis in 1926, there
have been many attempts at controlling the
vector by larviciding. The use of DDT gave
good control of S. damnosum sensu lato in
Nigeria and Uganda, and helped to eradicate
S. neavei from Kenya, but this insecticide
is no longer environmentally acceptable.
Acceptable insecticides with very low verte-
brate toxicity include the organophosphates,
such as temephos (Abate®), and microbial
ones, such as Bacillus thuringiensis subsp.
israelensis. In many areas ground applica-
tion is difficult, either because of the enor-
mous size of the rivers requiring treatment
or the distance from roads and bridges,
or because breeding occurs in a large
network of small rivers and watercourses.
Under these conditions aerial application
from small aircraft or helicopters is essential
(Fig. 6). Helicopters are almost indispens-
able for prospection and follow-up surveys.

The world’s most ambitious and largest
control programme against any vector
was initiated in 1974 by the World Health
Organization (funded by a consortium of
donor countries and international agencies
through the World Bank), and is called
the Onchocerciasis Control Programme
(OCP). By 1986 there were 11 participating
countries, namely Benin, Burkina Faso, Côte

d’Ivoire, Ghana, Guinea, Guinea Bissau,
Mali, Niger, Senegal, Sierra Leone and Togo
(Fig. 1). Some 50,000 km of rivers over an
area of 1.3 million km2 were dosed weekly
with temephos, which was dropped from
helicopters or light aircraft (Fig. 6). Resis-
tance to temephos appeared in 1980 in some
populations and species of the S. damnosum
complex. Consequently affected rivers were
treated with other insecticides or with B.
thuringiensis subsp. israelensis. Larviciding
is planned to continue until the reservoir of
adult parasites in the human population has
died of old age, and in the last remaining
parts of the OCP area this should occur in
the year 2002. Since 1988 the OCP has
been undertaking the large-scale distribu-
tion of Mectizan®. Results of both regimes
have been spectacular, and transmission of
river blindness has ceased over most of the
OCP area. At the end of 2002, responsibility
for surveillance and control will be devolved
to the individual participating countries.

In 1995 the African Programme for
Onchocerciasis Control (APOC) was created
to cover populations at risk in 19 countries
outside the OCP area. The objective is
to establish, within 12 years, a sustainable
community-based ivermectin treatment
regimen, backed up with focal larviciding.
Because ivermectin does not kill the adult
worms, control needs to continue for about
20 years – that is, until the reservoir of
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Fig. 6. Helicopter applying
larvicide to a river in
Burkina Faso (original
photograph by J.B. Davies).
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infection in the human population (i.e. adult
Onchocerca worms) dies out. But, if the
regime is interrupted locally for any reason
before all female worms have died, there
is a danger that transmission could recom-
mence, requiring the programme to continue
for yet another 20 years. Mectizan® is pro-
vided free of charge to the port of entry
via the Mectizan® Donation Programme by
its manufacturer. In 1998 about 30 million
treatments were distributed.

Mass nodulectomy to remove adult
worms has been practised routinely in
Mexico and parts of Guatemala for many
years. This has reduced the incidence of
severe ocular complications and prevented
blindness, but patients from which all
palpable nodules have been regularly
removed may still have large numbers of
microfilariae in the skin and develop fresh
nodules. This shows that, while the regime
has reduced microfilarial levels and morbid-
ity, transmission, albeit at a lower level, is
still continuing.
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O’nyong-nyong virus

Jack Woodall

This is an infection of humans. O’nyong-
nyong (ONN) virus was first isolated in
1959 from the serum of a 40-year-old febrile
woman with severe joint pains during an
epidemic affecting 90% of the population in
the rural district of Acholi, Uganda. The
name comes from that given to the disease
by the Acholi people, and means ‘joint-
breaker’, reminiscent of the name ‘bone-
breaker’ for dengue fever, which it resem-
bles. It is a descriptor, not a place name like
most other arboviral names, so, like dengue

and yellow fever, it does not begin with
a capital letter. (Some early publications
refer to the virus as ‘Gulu’; this was another
strain, isolated from mosquitoes, named for
the town where the mosquitoes were col-
lected.) Many other local names were given
to the epidemic as it subsequently spread
through Uganda to Kenya, Tanzania, Zam-
bia, Malawi and Mozambique, involving
several million people – the largest
recorded mosquito-borne virus epidemic in
history. The epidemic died out in 1962, but
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sporadic cases were seen in Nigeria in 1966
and 1969, where the virus isolated was ini-
tially considered to be different and was
named Igbo-Ora; a small outbreak was also
identified in Côte d’Ivoire in 1984–1985. In
1996 it reappeared in epidemic form in
Uganda after a 35-year absence, although
serological studies of febrile patients in Kenya
in 1994 and 1995 suggested that the virus
might have been circulating there earlier.

Distribution
The epidemic of o’nyong-nyong spread from
Uganda to Kenya, southern Sudan, Congo,
Tanzania, Zambia, Malawi and Mozam-
bique, as shown by virus isolation or anti-
body detection. In addition, ONN virus has
been isolated from sentinel mice in Senegal,
where a serosurvey showed that up to 55%
of the populations surveyed had haemag-
glutination inhibiting (HI) antibody, and
from three patients in Nigeria and an out-
break involving 33 people in Côte d’Ivoire
(the Igbo-Ora strain in both countries).

Domestic animals
O’nyong-nyong virus has not been isolated
from any domestic animal, although it
produces viraemia when inoculated into
newly hatched (‘wet’) chicks. The antibody
found in serosurveys, such as complement
fixation (CF) antibody in 11% of 62 horses
tested in Nigeria with the Igbo-Ora strain,
could have been due to cross-reactions
with antibody elicited by infections with
chikungunya (CHIK) virus (see entry).

Virus
O’nyong-nyong virus is an RNA virus that
has been placed in the genus Alphavirus of
the family Togaviridae. Alphaviruses have
been classified as belonging to one of six
antigenic complexes; viruses in such com-
plexes are more closely related to each other
than they are to other viruses within the
serogroup. O’nyong-nyong virus belongs to
the Semliki Forest complex, which includes
four viruses: Semliki Forest, CHIK (sub-
types CHIK (several varieties) and ONN),
Getah (subtypes Getah, Sagiyama, Bebaru
and Ross River) and Mayaro (subtypes
Mayaro and Una) (see entries on all these

viral infections except for Sagiyama, Bebaru
and Una).

The genome is constructed in the same
way as that of CHIK virus, to which ONN
virus is closely related. Phylogenetic studies
indicate that CHIK and ONN viruses occupy
anciently distinct evolutionary lineages, and
therefore that o’nyong-nyong outbreaks do
not result from repeated mutation of African
CHIK viruses. Sequence data show that the
1959 epidemic strain of ONN virus is closely
related to the 1996–1997 epidemic strain,
and that Igbo-Ora virus is clearly a strain of
ONN virus.

O’nyong-nyong virus has been isolated
only from humans, mosquitoes and sentinel
mice. It produces antibodies in hamsters and
viraemia in newly hatched (‘wet’) chicks.
Various cell cultures are susceptible to ONN
virus (see entry on chikungunya virus).

Clinical symptoms
The virus causes illness characterized by
sudden onset, fever, severe chills, severe
headache, eye pain, myalgia, symmetrical
arthralgia, dry cough and coryza in some
cases, leucopenia and often a rash. The
clinical syndrome caused by ONN virus is
similar to that caused by CHIK virus (see
entry). After at least an 8-day incubation
period the patient experiences sudden
onset of joint pain, particularly in the knees,
elbows, wrists, fingers and ankles, in that
order. An itching morbilliform rash, often
accompanied by resolution of the illness,
occurs about 4 days later in most patients
and lasts 4–7 days. It begins at the face
and descends. Postcervical, axilla and groin
lymph nodes are enlarged. The itching rash
and joint pain distinguish the infection
from measles and rubella (but not from
dengue), and the marked lymphadenitis
distinguishes it from CHIK infection. As
determined by coordinated serological and
clinical surveys, most infections produce
typical symptoms. Haemorrhagic signs have
not been seen. Recovery is complete; no
deaths or sequelae due to ONN virus
infection have been recorded, and a post-
epidemic survey in the area of presumed
origin in Africa showed no increase in the
incidence of congenital birth defects.
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Diagnosis
Virus isolation is the test of choice for
laboratory diagnosis. Field strains of ONN
virus are non-pathogenic to adult mice but
are pathogenic for suckling mice inoculated
intracranially; however, the only sign on
initial passage may be runting and/or a
patchy alopecia in the newly emerging
hairy coat. Although alphavirus antigens
participating in haemagglutination and
neutralization appear to be conserved,
plaque-reduction neutralization tests to
distinguish CHIK and ONN viruses are
successful when single-dose (infection-
immune) antisera are used.

Transmission
The virus is transmitted by mosquitoes;
the vectors of ONN virus are the malaria
vectors Anopheles funestus and Anopheles
gambiae and probably others of the com-
plex; consequently the virus can spread to
wherever malaria is found in Africa. This is
in contrast to the closely related CHIK virus
and most other mosquito-borne viruses,
which are transmitted by culicine mosqui-
toes. Attempts to infect the North American
Anopheles quadrimaculatus and Aedes
aegypti in the laboratory were unsuccessful.
Primate and other vertebrate hosts of ONN
virus are unknown.

Treatment
In the absence of a specific antiviral
drug, this consists primarily of supportive
therapy. Symptoms respond partially to
non-steroidal anti-inflammatory drugs.

Control
Prevention of human infection involves
reducing contact between humans and
mosquitoes by avoidance behaviour, and
mosquito control operations. Clothing that
covers the arms and legs, applying insect
repellents to exposed skin, staying indoors
in mosquito-screened houses after dark
and using mosquito bed nets, preferably
insecticide-impregnated, can all be
effective.

Routine malaria control measures
involving spraying houses with residual

insecticides, draining swamps and manag-
ing irrigation systems, and providing piped
water can be effective in reducing the trans-
mission potential. Community education
and media publicity are essential to engage
the general public in cleaning up the envi-
ronment to get rid of mosquito breeding
places.

A live, attenuated CHIK vaccine has
been developed by the US military; tests in
humans show that it blocks conversion to
subsequent Venezuelan equine encephalitis
(see entry) vaccination, meaning that it
might cross-protect against other alpha-
viruses, including ONN virus.
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Oriental sore see Leishmaniasis.

Oriental spotted fever see Tick-borne typhuses.

Orientia tsutsugamushi see Scrub typhus.

Oropouche virus

P.S. Mellor

Oropouche (ORO) virus is the cause of one
of the most important arboviral diseases in
the Americas. It was first isolated in 1955
from a febrile forest worker, a resident
of Vega de Oropouche in Trinidad. Since
that time the virus has caused at least 27
epidemics and many thousands of clinical
cases in Central and South America.
Serological surveys suggest that up to half
a million people may have been infected
since the beginning of the 1960s in Brazil
alone.

Distribution
Oropouche virus is Central and South
American in distribution and cases of fever
caused by this virus have been recorded
from Brazil, Panama, Peru and Trinidad.
Antibodies to the virus have also been
detected, in non-human primates, in
Colombia – a finding that suggests the virus
is probably present in most countries in
the region. By far the greatest number of
epidemics have been in the Brazilian
Amazon region, which is the only part
of Brazil to be affected.

Most occurrences of Oropouche fever
have been in the form of urban epidemics
and have involved such centres as Belém
and Manaus, the largest cities of the Brazil-
ian Amazon, and the city of Iquitos in the
Peruvian Amazon region. Elsewhere, anti-
bodies  to ORO virus  have  been  detected
in the residents of villages scattered across
virtually the entire Amazon region.

Aetiological agent
Oropouche virus is a member of the
genus Bunyavirus, family Bunyaviridae,
and is included in the Simbu serogroup

of bunyaviruses. The virion is spherical
and 90–100 nm in diameter and displays
surface glycoprotein projections, which are
embedded in a lipid bilayered envelope.
Four structural proteins have been identi-
fied and surround the three segments of
single-stranded RNA (ssRNA).

Clinical symptoms
Oropouche fever is characterized by an
abrupt onset and fever, headache, myalgia,
arthralgia, anorexia, dizziness, chills and
photophobia. Nausea, vomiting, diarrhoea,
epigastric pain, retrobulbar pain, conjunc-
tivitis and meningitis have also been
reported. The acute phase of the illness
usually lasts for 2–5 days, but recurrence of
the original symptoms over the next 10 days
is common in patients who resume strenu-
ous activities too quickly. Reinfection with
ORO virus has not been documented, so a
single infection seems to provide lifelong
immunity. To date, no fatalities have been
attributed to Oropouche fever.

Oropouche virus is not known to cause
overt disease or death in any domestic
species of animal or in wildlife.

Diagnosis
Oropouche fever in humans may be diag-
nosed by isolation and identification of the
virus from serum during the febrile phase of
the disease or, subsequently, by the demon-
stration of ORO virus-specific antibodies.

Virus may be isolated by intracerebral
(i.c.) and intraperitoneal (i.p.) inoculation of
suckling mice, by i.c., i.p. and subcutaneous
(s.c.) inoculation of adult hamsters or by
the inoculation of a range of cell cul-
tures. Virus identification is by indirect
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immunofluorescence antibody (IFA) or
virus neutralization (VN). A range of assays
can be used to demonstrate the presence of
ORO virus-specific antibodies including,
haemagglutination inhibition (HI), comple-
ment fixation (CF), VN and enzyme-linked
immunosorbent assay (ELISA).

Transmission
In the field ORO virus has been isolated
occasionally from mosquitoes and fre-
quently from the biting midge, Culicoides
paraensis. This species is typically found at
high density during epidemics of Oro-
pouche fever and bites humans both inside
houses and outside. Biological transmission
has been demonstrated via C. paraensis
from infected to susceptible hamsters and
from infected humans to susceptible
hamsters, with transmission rates as high as
83%. Transmission of ORO virus between
hamsters has also been demonstrated using
the mosquito Culex quinquefasciatus,
although this is much less efficient. Con-
centrations of virus higher than those usu-
ally occurring in humans were necessary to
initiate an infection in mosquitoes and even
then transmission rates never exceeded
5%. These findings strongly suggest that
C. paraensis is the major biological vector of
ORO virus between humans during urban
epidemics of the disease. However, the
vector(s) of the virus in its ‘silent’ sylvatic
cycle remain unknown.

Epidemics of Oropouche fever tend
to be explosive in nature, rapidly affecting
large numbers of people, with prevalence
rates as high as 60%, and, as a consequence
of this, have had a significant social and
economic impact. In general, epidemics of
Oropouche fever begin during the rainy
season and tend to decline with the onset of
the dry period, though in some locations
virus transmission has been detected for as
long as 6 months. This seasonal incidence
of the disease is linked to the population
densities of the major vector, C. paraensis,
which peak during months with high levels
of rainfall. The predominant risk factor for
Oropouche fever, therefore, is proximity to
large populations of the vector. Individually
C. paraensis seems to be an inefficient

vector, but it is able to compensate for this by
being widely distributed in both urban and
rural environments and by being extremely
abundant during the high-rainfall periods. It
is most active during the late afternoon and
early evening, when people are likely to be
relaxing out of doors and are therefore more
easily accessible. Agricultural occupations,
such as cultivating cacao or banana plants
around houses, activities that provide ideal
breeding sites for the vector, are important
risk factors. All ages and both sexes appear to
be equally susceptible to ORO virus. Female
cases have predominated in some localized
outbreaks, though not in others, and this
probably represents differential exposure to
the vector.

Oropouche virus is the only Culicoides-
borne virus that is a major cause of disease
in humans; all other viruses transmitted by
Culicoides, if they cause disease at all, do so
in non-human animals.

Vertebrate hosts
Humans seem to be the main host of ORO
virus, at least during the dissemination of
the virus in urban (epidemic) situations.
During the long interepidemic periods,
however, it is postulated that the virus is
maintained in a ‘silent’, sylvatic cycle. This
secondary cycle is poorly understood but,
on the basis of antibody detection, the
vertebrate hosts or reservoirs are suspected
to be non-human primates, sloths and birds
of the family Formicariidae. However, apart
from humans, the virus itself has only been
isolated on four occasions, all from Three-
toed sloths (Bradypus tridactylus).

Treatment
Apart from supportive treatment, there is
no specific therapy for Oropouche fever.
Patients should refrain from strenuous
activities, retire to bed and consult their
physician.

Prevention and control
The most effective way to prevent or curb
the impact of epidemics of Oropouche
fever is to attempt to control the vector,
C. paraensis. Such measures could involve
insecticidal fogging to kill adult midges
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during their activity periods, though this
is likely to be of short-term benefit only.
Destruction or removal of the vector’s larval
habitats (decomposing trunks of felled
banana plants, rotting cacao husks) may
offer a more permanent control strategy.
Individuals may also acquire short-term
protection against attacks of the vector by
applying insect repellents directly to the
skin.

At present, there is no vaccine available
against Oropouche fever and, in the light of
the relatively benign nature of the disease, it
is unlikely that one will be developed in the
near future.
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Oroya fever see Carrión’s disease.
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Papataci fever see Phlebotomus fevers.

Parafilariasis

R.C. Anderson

Infection of horses and cattle with nema-
todes of the genus Parafilaria, which live in
subcutaneous tissues and pierce the skin to
release eggs in blood ingested by muscid
flies, which act as intermediate hosts. The
vulva is beside the oral opening (Fig. 1).

Parasites
Parafilaria bovicola

Moderately sized, whitish nematodes in
subcutaneous nodules. Males are 2–3 cm
and females 4–5 cm in length. Eggs are
40–55 µm × 23–33 µm in size and oval,
with smooth shells. Mature larvae are
215–230 µm in length.

DISTRIBUTION In cattle and Water buffalo
(Bubalus bubalis) in Europe, Africa, India,
Pakistan and the Philippines.

CLINICAL SIGNS Focal cutaneous haemor-
rhages, mainly along the back, which bleed
on to the surface of the skin, usually in the
spring and early summer. If severe, lesions
may impair the working ability of bullocks.
The lesions give the carcass a bruised
appearance, which make superficial parts of
it unacceptable for human consumption.

DIAGNOSIS Examination of blood in the
lesions for the presence of the eggs by micro-
scopic examination in water (if necessary,
after centrifugation).

TRANSMISSION Intermediate hosts attracted
to the bleeding lesions are Musca autum-
nalis in Europe and Musca lusoria and
Musca xanthomelis in South Africa. Flies
ingest eggs together with blood. The eggs
hatch and the larvae invade the tissues of
the fly and develop to third-stage larvae
(2.0–4.3 mm in length), which move to the
mouthparts of the fly and enter the host
while the latter is feeding on a lesion or
on the orbit. Cattle have been infected
experimentally by allowing infected flies to
feed on fresh incisions, or when inoculated
subcutaneously or into the jugular or the
orbit. The nematodes may move some
distance from the site of introduction. The
pre-patent  period  is  reported  as  242–319
days. In South Africa the main period for
transmission is summer from August to
February. In Sweden the main period of
transmission is in June.

CONTROL According to the Merck Veteri-
nary Manual (see Anon., 1991), ivermectin
(200 µg kg−1) or nitroxynil (20 µg kg−1) given
subcutaneously reduced the number and
extent of the lesions. In Sweden pyrethroid-
impregnated ear tags on cattle reduced the
vector population and the lesions (by 75%).

Parafilaria multipapillosa
Similar to P. bovicola. Males are 2.8 cm and
females 4–7 cm in length. Eggs are about
50–58 µm × 24–33 µm in size. Larvae are
220–230 µm in length.

DISTRIBUTION In subcutaneous tissues of
equines (horse, donkey and mule) in Asia,

394

Fig. 1. Cephalic end of Parafilaria multipapillosa
(female) showing ‘anterior’ vulva.
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the Commonwealth of Independent States
(CIS), Europe, South America and North
Africa.

CLINICAL SIGNS Skin nodules occur mainly
on the head and upper forequarters. The
female worm pierces the nodule and the
nodules bleed to the outside, usually in the
summer, resulting in the condition being
termed ‘bloody sweat’ or ‘summer bleeding’.
Lesions may suppurate and also interfere
with harnesses. Lesions are seasonal (spring
and summer) and disappear in winter in
temperate regions.

DIAGNOSIS Discovery is by microscopic
examination for eggs in the blood leaving
bleeding nodules (see above).

TRANSMISSION The known vector in the CIS
is the biting dipteran Haematobia atripalpis.
The fly ingests eggs while feeding on the
blood from a lesion. The eggs hatch in the
gut of the fly and larvae develop in the
haemocoel and fat body in 10–15 days at
20–36°C. Infective larvae are 1.67–2.67 mm
in length. Horses presumably become
infected when flies break the skin of the
definitive host while feeding, thus allowing
the infective larvae to invade the subcutane-
ous tissues. The pre-patent period was 281
and 387 days in horses naturally infected by
the bites of H. altripalpis. The nematodes
may migrate extensively from the point of
infection, and sunlight may be a stimulus
for the lesions to bleed because of
increased activity of the ovipositing female
nematodes.

CONTROL Nothing has been reported, but
presumably the same treatment as that
used in infections of P. bovicola would be
effective, as well as similar vector control
measures.
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Parafilaria species see Parafilariasis.

Phlebotomine sand-flies (Phlebotominae)

M.W. Service

There are about 700 species of phleboto-
mine sand-flies (often just called sand-flies)
in six or more genera (the number depends
on the hierachical classification adopted);
but species in three main genera, Phle-

botomus, Lutzomyia and Sergentomyia,
blood-feed on vertebrate hosts. The former
two genera contain species that transmit
disease pathogens to humans and animals
and are therefore of economic importance.

Phlebotomine sand-flies (Phlebotominae) 395
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Phlebotomine sand-flies occur in tropical
countries and warmer regions of temperate
countries. The genus Phlebotomus is found
only in the Old World, such as in Mediterra-
nean countries, the Middle East, Africa,
India and China. Most species inhabit semi-
arid or arid regions in preference to forests.
Lutzomyia species are found in the New
World tropics, being especially common
in forested areas of Central and South
America.

Biology
Eggs are supposedly deposited in cracks
and crevices in the ground, among leaf
litter, between buttress roots of trees, at the
bases of termite mounds, in masonry, on
stable floors and in poultry sheds. The type
of habitat depends on the species. Eggs
require a moist microenvironment and,
under optimum conditions, hatch in 6–17
days, but after longer periods in cooler
conditions. Larvae are mainly scavengers,
feeding, at least in the laboratory, on semi-
rotting vegetable matter and decomposing
arthropod bodies. There are four larval
instars and development takes about 16–90
days, duration depending on species and
environmental conditions. In arid and tem-
perate regions, larvae may remain in a state
of diapause for many months. The final-
instar larva sheds its skin and the pupa
is formed (Fig. 1). After about 5–10 days
adults emerge from the pupae. The life
cycle, from egg laying to adult emergence,
may be 30–60 days, but extends to several
months in some species having diapausing
larvae. In temperate areas adults die off in
late summer or autumn, but in tropical
areas breeding continues throughout the
year. However, little is known of the breed-
ing of sand-flies in nature; larvae have been
found only rarely.

Adults of both sexes feed on sugary
secretions, including plant juices. Only
females in addition suck blood from
humans and a wide spectrum of hosts,
which includes domestic livestock, dogs
and urban and wild rodents, as well as
reptiles and amphibia. Feeding usually
occurs at night or late in the evenings and
most species bite out of doors. A few species,

however, enter houses to feed and/or rest
and are commonly referred to as domestic
or peridomestic species; examples are
Phlebotomus papatasi in the Mediterranean
region and the Lutzomyia longipalpis com-
plex in South America. Being very small
(1.3–3.5 mm long) and delicate insects,
adults do not usually disperse more than
a few hundred metres from their breeding
places, but they have occasionally been
reported as dispersing up to about 2 km.

Diseases
Phlebotomine sand-flies are of the greatest
medical and veterinary importance in trans-
mitting the protozoan parasites causing
leishmaniasis in humans and in animals,
such as dogs. They also transmit viruses
responsible for phlebotomus (sandfly)
fevers and bacteria causing Carrión’s
disease to humans (see entries).

Control
Personal protection can be obtained by
using suitable insect repellents and/or bed
nets (sand-fly nets), in which the holes
are smaller than those found in mosquito
bed nets. However, small ventilation holes
are unnecessary if nets are regularly
impregnated with pyrethroid insecticides.
Spraying the interior surfaces of walls and
ceilings or roofs of houses with residual
insecticides can reduce the numbers of
those species that enter houses to feed or
rest. If out-of-door resting sites are known,
these can also be sprayed.

Most leishmaniasis involves animal
reservoir hosts, and these, such as dogs and
rodents, have sometimes been destroyed
in attempts to reduce disease transmission.
Occasionally vegetation around villages
has been cleared to reduce Gerbil (e.g.
Psammomys obesis) populations.

Selected bibliography
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Ward, R.D. (1990) Some aspects of the biology of
phlebotomine sandfly vectors. Advances in

Disease Vector Research 6, 1–126. (Reprints
and chapters are incorrectly dated 1989.)

Phlebotomus fevers

R.W. Ashford

Otherwise known as sandfly fevers,
papataci fever or three-day fever. This is a
febrile disease caused by viruses trans-
mitted by phlebotomine sand-flies (Psycho-
didae: Phlebotominae). The prototype virus
of this group is sandfly fever (Sicilian)
(SFS), but various other types cause classi-
cal sandfly fever, and further related viruses
cause occasional fever in the Americas.

In addition to the sandfly fever viruses,
phlebotomine sand-flies are responsible for
the transmission of ten of the 16 vesiculo-
viruses, as well as certain flaviviruses and
orbiviruses.

Distribution
Classical sandfly fever occurs throughout
the Mediterranean basin, including most of
the islands, extending through south-west
Asia to northern India. The initial isolation
came from American troops in Sicily in
the Second World War (1939–1945). Sand-
fly fever used to be a well-recognized
occupational hazard among British troops
stationed in the Middle East. In the 1980s,
Russian troops became infected when they
entered a previously unrecognized focus in
Afghanistan, as did UN troops in Cyprus.
The occurrence of related fevers, with

Phlebotomus fevers 397

Fig. 1. Life cycle of a phlebotomine sandfly (modified from M.W. Service (2000), Medical Entomology
for Students, Cambridge University Press, Cambridge).
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associated meningitis and meningoencep-
halitis, has been recognized recently in cen-
tral Italy, where 155 cases were identified in
two regions in a 10-year survey.

This distribution coincides closely with
that of the main vector, Phlebotomus
papatasi, and, in Europe, with that of Phle-
botomus perniciosus. Phlebotomus papatasi
occurs in semi-arid, low-lying, sandy areas
from western Europe and Africa to Central
Asia and north-east India, while P. perni-
ciosus is found in more humid areas, usually
on calcareous substrates, throughout the
Mediterranean littoral. The fever occurs
focally within the overall distribution of
the vectors. This focality is sometimes
attributed to the short flight range of
sand-flies but, in fact, sand-flies are known
to fly considerable distances. While short
‘hopping’ flights are commonly observed,
these are associated with the final approach
to blood meal or sugar-meal sources. In fact,
mark–release–recapture experiments show
that these insects normally fly hundreds of
metres between resting and feeding sites and
can travel several kilometres.

In the Americas, related viruses capable
of causing sandfly fever are widely but spo-
radically distributed between Panama and
Brazil, but human cases are uncommonly
recognized.

The diversity of phlebovirus species
in the Americas conforms with the great
diversity of sand-flies in that region. No
phlebovirus species is known from South-
East Asia or Australasia, where the fauna of
mammal-biting sand-flies is poor.

Aetiological agent
Sandfly fever viruses belong to the family
Bunyaviridae and the genus Phlebovirus.
Thirty-eight viruses were listed in the genus
Phlebovirus in 1988, 24 of which are trans-
mitted by phlebotomine sand-flies. Since
that time the number has reached over 50.
The most important virus in the group, Rift
Valley fever virus (see entry), is normally
transmitted by mosquitoes, but there is
some evidence that sand-flies may also be
able to serve as vectors. At least nine strains
of phlebovirus can cause human disease,

seven of which are transmitted by sand-flies
(Table 1). The causes of classical sandfly
fever are SFS and sandfly fever (Neapolitan)
(SFN) viruses. The strain causing meningi-
tis in Italy is known as Toscana (TOS)
strain, and has recently been recognized in
Portugal and Spain. This is transmitted by
P. perniciosus and possibly Phlebotomus
perfiliewi, both of which may occur in high
densities.

Sandfly fever viruses replicate in their
sand-fly hosts, with an extrinsic cycle of
7–10 days, which corresponds to a single
gonotrophic cycle. They can be cultured in
African green monkey (VERO) cells or in
mosquito cells.

Clinical symptoms
The fever caused by these viruses is a self-
limiting influenza-like disease. Following
an incubation period of 2–6 days, the fever
usually lasts 2–4 days. After resolution
of the fever, there is complete immunity
to the homologous strain, and there is no
mortality. The disease is usually unnoticed
in infants and children, and the high
prevalence of antibodies in people with
no history of disease indicates that it is
frequently asymptomatic or overlooked. It
is normally only when outbreaks occur in
groups of travellers or visitors to endemic
areas that the disease is recognized. In
a series of volunteer infections the fever
lasted between 6 and 74 h and was associ-
ated with headache, anorexia, myalgia,
photophobia and lower back and retro-
orbital pain.

The disease in South and Central Amer-
ica is similar, but is only known sporadically
among people entering forested areas.

Diagnosis
This is usually presumptive, based on
circumstantial evidence, and many cases
go undiagnosed. It was estimated retro-
spectively that only 20% of SFS virus
cases in Swedish tourists who had visited
Mediterranean countries had been correctly
diagnosed. For confirmation, serology is
required, by haemagglutination inhibition,
confirmed by neutralizing antibody tests.

398 Phlebotomus fevers
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Phlebotomus fevers 399

Virus name Prototype strain Distribution
Arthropod
associations Vertebrate associations

Aguacate
Alenquer
Ambe
Anhanga
Arbia

Arboledas
Armero
Arumowot
Belterra
Buenaventura
Bujaru
Cacao
Caimito
Candiru
Chagres

Chilibre
Corfou
Durania
Frijoles
Gabek Forest
Gordil

Icoaraci

Ixcanal
Itaituba

Itaporanga
Joa
Karimabad
Mariquita
Munguba
Nique
Odrenisou
Oriximina
Pacui
Punta Toro

Rift Valley fever

Rio Grande
Saint Floris

Salehabad

VP-175A
BeYH 30101
BeAr 407981
BeAn 46852
ISS. Phl. 18

CoAr 170152
CoAr 171096
Ar 1284-64
BeAn 356637
CoAr 3319
BeAn 47693
VP-437R
VP-488A
BeH 22511
JW-10

VP-118D
PaAr 814
CoAr 171162
VP-161A
Sud An 754-61
Dak An BR
496d

BeAn 24262

CAAr 170897
BeAn 213452

–
BeAr 371637
I-58
Mariquita A
BeAr 389707
Nique-9C
–
BeAr 385309
BeAn 27326
D-4021A

–

TBM3-24
DakAn BR
512d

I-81

Panama
Brazil
S. America
Brazil
Italy

Colombia
S. America
Africa
Brazil
Colombia
Brazil
Panama
Panama
Brazil
Panama,
Colombia
Panama
Greece
Colombia
Panama
Africa
Central
African
Republic
Brazil

Guatemala
Brazil

S. America
Brazil
Iran
Colombia
Brazil
Panama
Africa
Brazil
Brazil
Panama

Africa

USA (Texas)
Central
African
Republic
Iran

Lutzomyia species
–
Lutzomyia species
–
Phlebotomus perniciosus,
Phlebotomus perfiliewi
Lutzomyia species
Lutzomyia species
Culicidae

Lutzomyia species
–
Lutzomyia trapidoi
Lutzomyia ylephiletor
–
L. trapidoi,
L. ylephiletor
Lutzomyia species
Phlebotomus major
Lutzomyia species
Lutzomyia species
Possibly none
–

Culicidae,
Lutzomyia species
Lutzomyia species
–

Culicidae
Lutzomyia species
Phlebotomus species
Lutzomyia species
Lutzomyia umbratilis
Lutzomyia panamensis
Culicidae
Lutzomyia species
Lutzomyia flaviscutellata
Lutzomyia trapidoi,
Lutzomyia ylephiletor

Culicidae,
Culicoides species
–
–

Phlebotomus species

–
Human
–
Sloth (Choloepus species)
–

Human? Opossum?
–
Rodents, birds, etc.
Spiny rat (Proechimys species)
–
Rodents
–
–
Human
Human

–
–
Human?
–
Rodents
Rodents

Rodents, birds

–
Opossum (Didelphis
marsupialis)
–
–
Human, gerbils?
–
–
–
–
–
Rodents
Human, sloth (Bradypus
species), primates?
Carnivores? Rodents?
Human, sheep, cattle, goat

Rodents
Rodents

–
Continued

Table 1. The serotypes of Phlebovirus (from Tesh, 1988; Kolakofsky, 1991).
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Transmission
The virus is maintained by transovarial
transmission in the sand-fly population,
and humans can probably act as amplifier
hosts, infecting further lines of sand-flies.
The TOS strain has been maintained
through 13 generations of P. perniciosus by
transovarial transmission. Although it is
usually stated that there is no reservoir host
for sandfly fever, sheep in Sicily are sero-
positive, TOS has been isolated from the
brain of a Kuhl’s bat (Pipistrellus kuhlii) in
Italy and, in Iran, 13 of 38 Great gerbils
(Rhombomys opimus) were seropositive for
SFS virus and 12 for the related Karimabad
(KAR) virus. This suggests that a wildlife
cycle exists, but this has not yet been
demonstrated. Transovarial transmission
is unlikely to be able to maintain a virus
indefinitely, so it is probable that some
horizontal transmission between sand-flies
is essential to the maintenance of a focus.

The finding that TOS virus circulates in
Tuscany with another phlebovirus, Arbia
(ARB) virus, which seems not to infect
humans, shows that different sandfly fever
viruses can circulate sympatrically.

Treatment
There is no specific treatment, nor any
real need for treatment of these short-lived,
self-limiting diseases. A combination of

interferon-alpha and ribavirin has been sug-
gested on the basis of in vitro experimental
results.

Control
Serological evidence demonstrated that,
in Athens, the incidence of sandfly fever
was greatly reduced coincidentally with
the introduction of insecticides against
mosquitoes. In the mid-1970s it was found
that seropositivity was greatly reduced in
people aged less than 35 years. The reason-
able assumption is that the two events
were linked, and that sand-flies were con-
trolled incidentally with the mosquitoes.
Phlebotomus perniciosus, the main vector
in Europe, is not particularly synanthropic,
so it is surprising that domestic use of
insecticides should have controlled this
species. More probably it was the wide-
spread use of insecticides on the land
that led to a reduction in sand-fly numbers.
Nevertheless, insecticides were apparently
successful in eliminating the infection
from hotels in Cyprus, where there had
been a problem. Phlebotomus papatasi,
the main vector outside Europe, is both
endophilic and sylvatic. Synanthropic
populations can easily be controlled by
insecticides, but it is not known whether
these or the sylvatic populations, which
are less accessible for control, are more

400 Phlebotomus fevers

Virus name Prototype strain Distribution
Arthropod
associations Vertebrate associations

Sandfly fever
(Naples)

Sandfly fever
(Sicilian)

Tehran
Toscana

Tunis
Turuna
Urucuri

Sabin

Sabin

I-47
ISS.Phl.3

–
BeAr 352492
BeAn 100049

N. Africa, S.
Europe, C.
Asia
N. Africa, S.
Europe, C.
Asia
Iran
Italy, Portugal,
Spain
Tunisia
Brazil
Brazil

Phlebotomus papatasi,
Phlebotomus perfiliewi

Phlebotomus papatasi

Phlebotomus papatasi
Phlebotomus perniciosus

Argas reflexus (tick)
Lutzomyia species
–

Human

Human, sheep? gerbil
(Rhombomys opimus)?

–
Human, bat (Pipistrellus
kuhlii)
–
–
Spiny rat (Proechimys
species)

Question marks indicate serological evidence only.

Table 1. Continued.
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responsible for the transmission of sandfly
fever virus.

Personal protection against the bites of
phlebotomine sand-flies is possible by
avoiding being in the open at night or
by the use of insect repellents, fine-mesh-
screened windows or fine-mesh bed nets,
preferably impregnated with pyrethroid
insecticides.

It should be emphasized that this is not
a sufficiently serious complaint for control
measures to be relevant other than in excep-
tional circumstances.
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Tesh, R.B. (1988) The genus Phlebovirus and its
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169–181.

Pigeon-fly see Hippoboscids.

Piroplasmosis

The term piroplasmosis has in the past been
used to refer to infections with the parasites
of the genera Babesia and Theileria – that is,

for diseases in which piroplasms are found
in the red blood cells. See Babesiosis and
Theileriosis.

Plague

Thomas Butler

Infection of humans and other animals with
the bacterium Yersinia pestis.

Plague, human
The most common disease form is called
bubonic plague, which starts suddenly with
fever and a painful enlargement of one or
more lymph nodes (the bubo), usually in
the groin, axilla or neck. Disease progresses
to severe sepsis and death in a few days
if patients are not treated with antibiotics.
Known as the ‘Black Death’ since the Mid-
dle Ages in Europe, because victims some-
times develop skin haemorrhages or gan-
grene before death, plague was estimated
to have killed a quarter of Europe’s pop-
ulation. Plague is transmitted by bites of
fleas, which carry the infection from reser-
voir rodents, including domestic rats, squir-
rels (Sciuridae) and Prairie dogs (Cynomys
species). A less common form is pneumonic
plague, which causes fever, cough and

bloody sputum and can be transmitted
directly by coughing near other persons.

Distribution
Plague occurs worldwide, with most of
the human cases reported from developing
countries of Africa and Asia. During the
decade of the 1990s through 1996, there
were 16,005 cases of plague and 1214
deaths (7.6%) reported to the World Health
Organization. The countries that reported
more than 100 cases were, in the order from
greatest to least: Tanzania, Madagascar,
Vietnam, Congo, Peru, India, Myanmar,
Zimbabwe, China and Uganda. In the
USA, all the 64 plague cases occurred in
the south-western states of New Mexico,
Arizona, Colorado, Utah and California.
Most of the American cases occur during
the months of May to October, when people
are outdoors and coming into contact
with rodents and their fleas. Each endemic
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region has a specific season when plague
tends to occur.

Parasite
Yersinia pestis is a Gram-negative, bipolar-
staining bacillus that belongs to the bacte-
rial family Enterobacteriaceae. It grows
aerobically on most culture media, includ-
ing blood agar and MacConkey’s agar. It
does not ferment lactose and it forms small
colonies on MacConkey’s agar after 24 h
incubation at 35°C. On triple-sugar–iron
agar, Y. pestis produces an alkaline slant
and acid butt, because it ferments glucose.
It is non-motile and negative for citrate
utilization, urease and indole.

Like the other yersiniae, the plague
bacillus produces V and W antigens, which
confer a requirement for calcium to grow at
37°C. This property, mediated by a 45 MDa
plasmid, is essential for virulence and
plays a part in adapting the organism for
intracellular survival and growth. Other
important virulence factors include the
production of lipopolysaccharide endo-
toxin, a capsular envelope containing the
antiphagocytic principal fraction I antigen,
the ability to absorb organic iron in the
form of a haemin and the presence of the
temperature-dependent enzymes coagulase
and fibrinolysin.

Clinical symptoms
Although plague infection of humans can
assume many and protean clinical forms,
the most common presentation is bubonic
plague, which has a distinctive clinical pic-
ture. The people of plague-endemic regions
know the disease and have local names,
such as dich hach in Vietnamese, that
conjure up the horror of recalled fatalities
during previous seasons. During an incuba-
tion period of 2–8 days following the bite of
an infected flea, bacteria proliferate in the
regional lymph nodes. Patients are typically
affected by the sudden onset of fever,
chills, weakness and headache. Usually, at
the same time, after a few hours or on the
next day, they notice the bubo, which is sig-
nalled by intense pain in one anatomical
region of the lymph nodes, usually the
groin, axilla or neck. A swelling evolves in

this area, which is so tender that patients
typically avoid any motion that might pro-
voke discomfort. For example, if the bubo is
in the femoral area (Fig. 1), the patient will
characteristially flex, abduct and externally
rotate the hip to relieve pressure on the area
and will walk with a limp. When the bubo
is in an axilla, the patient will abduct the
shoulder or hold the arm in a splint. When a
bubo is in the neck, patients will tilt their
head to the opposite side.

The buboes are oval swellings that vary
from 1 to 10 cm in length and elevate the
overlying skin, which may appear stretched
or erythematous. They may appear either as
a smooth, uniform, ovoid mass or as an irreg-
ular cluster of several nodes with interven-
ing and surrounding oedema. Palpation will
typically elicit extreme tenderness. There is
warmth of the overlying skin and an under-
lying, firm, non-fluctuant mass. Around the
lymph nodes there is usually considerable
oedema, which can be either gelatinous or
pitting in nature. Occasionally, there is a
large area of oedema extending from the
bubo into the region drained by the affected
lymph nodes. Although infections other
than plague can produce acute lympha-
denitis, plague is virtually unique for the
suddeness of onset of the fever and bubo, the
rapid development of intense inflammation
in the bubo and the fulminant clinical
course, which can produce death as quickly
as 2–4 days after the onset of symptoms. The
bubo of plague is also distinctive for the
usual absence of a detectable skin lesion
in the anatomical region where it is located,
as well as for the absence of an ascending
lymphangitis near it.

In uncomplicated bubonic plague the
patients are typically prostrate and lethargic
and often exhibit restlessness or agitation.
Occasionally, they are delirious with high
fever, and seizures are common in children.
Temperatures are usually elevated in the
range 38.5–40.0°C, and the pulse rates are
increased to 110–140 min−1. Blood pressures
are characteristically low, in the range of
100/60 mmHg, owing to extreme vasodilata-
tion. Lower pressures, which are unmeasur-
able, may occur if shock ensues. The liver
and spleen are often palpable and tender.
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Most patients with bubonic plague do
not have skin lesions; however, about one-
quarter of patients in Vietnam did show
varied skin findings. The most common
were pustules, vesicles, eschars or papules
near the bubo or in the anatomical region of
skin that is lymphatically drained by the
affected lymph nodes, and they presumably
represent sites of the flea bites. When these
lesions are opened they usually contain
white cells and plague bacilli. Rarely, these
skin lesions progress to extensive cellulitis
or abscesses. Ulceration, however, may lead
to a larger plague carbuncle.

Another kind of skin lesion in plague is
purpura, which is a result of the systemic
disease. The purpuric lesions may become
necrotic, resulting in gangrene of distal
extremities, the probable basis of the epithet
‘Black Death’ attributed to plague through
the ages. These purpuric lesions contain
blood-vessels affected by vasculitis and
occlusion by fibrin thrombi, resulting in
haemorrhage and necrosis.

A distinctive feature of plague, in addi-
tion to the bubo, is the propensity of the

disease to overwhelm patients with a
massive  growth  of  bacteria  in  the  blood.
In the early acute stages of bubonic plague,
all patients probably have intermittent
bacteraemia. Single blood cultures obtained
at the time of hospital admission in Vietnam-
ese patients were positive in 27% of cases. A
hallmark of moribund patients with plague
is high-density bacteraemia, so that a blood
smear revealing characteristic bacilli has
been used as a prognostic indicator in this
disease. Occasionally in the pathogenesis of
plague infection, bacteria are inoculated and
proliferate in the body without producing a
bubo. Patients may become ill with fever and
actually die with bacteraemia but without
detectable lymphadenitis. This syndrome
has been termed ‘septicaemic plague’, to
denote plague without a bubo. In New
Mexico, 25% of plague was septicaemic in
1980–1984 and the case fatality rate of 33%
in these instances was three times higher
than in bubonic plague, because of delays in
diagnosis and treatment.

One of the feared complications of
bubonic plague is secondary pneumonia.
The infection reaches the lungs by haemato-
genous spread of bacteria from the bubo.
In addition to the high mortality, plague
pneumonia is highly contagious by airborne
transmission. It presents in the setting
of fever and lymphadenopathy as cough,
chest pain and often haemoptysis. Radio-
graphically, there is patchy bronchopneu-
monia, cavities or confluent consolidation.
The sputum is usually purulent and
contains plague bacilli.

Primary inhalation pneumonia is rare
now but is a potential threat following
exposure to a patient with plague who has
a cough. Plague pneumonia is invariably
fatal when antibiotic therapy is delayed
more than a day after the onset of illness.

Plague meningitis is a rarer complica-
tion and typically occurs more than a week
after inadequately treated bubonic plague.
It results from a haematogenous spread from
a bubo and carries a higher mortality rate
than uncomplicated bubonic plague. There
appears to be an association between buboes
located in the axilla and the develop-
ment of meningitis. Less commonly, plague
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Fig. 1. Femoral bubo in patient with plague.
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meningitis presents as a primary infection of
the meninges without antecedent lympha-
denitis. Plague meningitis is characterized
by fever, headache, meningism and pleo-
cytosis, with a predominance of poly-
morphonuclear leucocytes. Bacteria are
frequently demonstrable with a Gram stain
of spinal-fluid sediment, and endotoxin has
been demonstrated by the limulus test in
spinal fluid.

Plague can produce pharyngitis, which
may resemble acute tonsillitis. The anterior
cervical lymph nodes are usually inflamed,
and Y. pestis may be recovered from a throat
culture or by aspiration of a cervical bubo.
This is a rare clinical form of plague, which
is presumed to follow the inhalation or
ingestion of plague bacilli.

Plague sometimes presents with promi-
nent gastrointestinal symptoms of nausea,
vomiting, diarrhoea and abdominal pain.
These symptoms may precede the bubo or,
in septicaemic plague, occur without a bubo;
they commonly result in diagnostic delay.

Diagnosis
Plague should be suspected in febrile
patients who have been exposed to rodents
or other mammals in the known endemic
areas of the world. A bacteriological diag-
nosis is readily made in most patients by
smear and culture of a bubo aspirate. The
aspirate is obtained by inserting a 20-gauge
needle on a 10 ml syringe containing 1 ml
of sterile saline into the bubo and with-
drawing it several times until the saline
becomes blood-tinged. Because the bubo
does not contain liquid pus, it may be
necessary to inject some of the saline and
immediately reaspirate it. Drops of the aspi-
rate should be placed on microscope slides
and air-dried for both Gram and Wayson’s
stains. The Gram stain will reveal poly-
morphonuclear leucocytes and Gram-
negative coccobacilli and bacilli ranging
from 1 to 2 µm in length. Wayson’s stain is
prepared by mixing 0.2 g of basic fuchsin
(90% dye content) with 0.75 g of methylene
blue (90% dye content) in 20 ml of 95%
ethyl alcohol. This mixture is then poured
slowly into 200 ml of 5% phenol. A smear,
after being fixed for 2 min in absolute

methanol, is stained for 10–20 s in
Wayson’s stain, washed with water and
dried. Yersinia pestis appears as light-blue
bacilli with dark-blue polar bodies and the
remainder of the slide has a contrasting
pink counterstain. Smears of blood, sputum
or spinal fluid can be handled similarly.

The aspirate, blood and other appropri-
ate fluids should be inoculated on to blood
and MacConkey’s agar plates and into infu-
sion broth for bacteriological identification.
At some reference laboratories, a serological
test, the passive haemagglutination test
utilizing fraction I of Y. pestis, is available
for testing acute- and convalescent-phase
serum. In patients with negative cultures, a
fourfold or greater increase in titre or a single
titre of 1 : 16 or higher is presumptive
evidence of plague infection. At reference
laboratories, enzyme-linked immunosorbent
assay (ELISA) testing for antibodies against
fraction I antigen may be available, and rapid
diagnosis can be accomplished by applying
a fluorescent antibody against fraction I anti-
gen to a bubo aspirate or other body fluids.

Transmission
More than 220 species of rodents can
harbour plague bacilli. Rodents are the
natural hosts and humans are an accidental
host (Fig. 2). Transmission among rodents,
such as American red squirrels (e.g. Tami-
asciurus species), gerbils (e.g. Gerbillus,
Meriones and Rhombomys species), mar-
mots (Marmota species), ground squirrels
(Spermophilus (= Citellus) species) and
voles (e.g. Microtus species), is referred to
as sylvatic, campestral, rural or endemic
plague, with many different species of fleas
feeding on these rodents and maintaining
transmission among them. When fur
trappers and hunters handle these wild
rodents, they can be bitten by rodent fleas
and develop plague.

Urban plague describes the situation
where plague circulating among wild
rodents (e.g. Mastomys (= Praomys)
natalensis (Multimammate rat), Gerbillus
and Meriones species (gerbils)) has been
transmitted to commensal rats, such as
Rattus norvegicus (Brown or Norwegian rat),
Rattus rattus (Black rat or House rat), Rattus
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Plague 405

Fig. 2. Transmission of plague among animals and to humans, with thick arrows
indicating common, medium arrows occasional and thin arrows rare transmission
pathways.

exulans (Polynesian rat) and Bandicota
bengalensis (Lesser bandicoot rat). The
infection is maintained in the rat population
by fleas, such as Xenopsylla cheopis (Asia,
Africa, Europe and the Americas),
Xenopsylla astia (South-East Asia) and
Xenopsylla brasiliensis (Africa, India and
South America). When rats are living in
close association with people, such as in
rat-infested slums, fleas normally feeding
on rats may jump to humans. This usually
happens when the rats are infected with
plague and die of the infection. On their
death, infected fleas abandon the dead
rodents and feed on humans. In this way

bubonic plague is spread by rat fleas to
the human population. The most important
vector is X. cheopis, but other fleas, such as
X. astia and X. brasiliensis and, more rarely,
Nosopsyllus fasciatus and Leptopsylla
aethiopica, are vectors in some areas. How-
ever, as the last two species are reluctant to
feed on people, they are not usually involved
in transmission of plague to humans.

More rarely, plague is spread directly
from person to person by fleas, such as
Xenopsylla species and the so-called human
flea, Pulex irritans. This method, however,
appears to play a minor role in the trans-
mission of plague.
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In the USA plague sometimes infects
domestic cats, resulting from their contact
with rodents during hunting. Infected cats
have developed submandibular lympha-
denitis and pneumonia and have caused a
few cases of human pneumonic plague after
persons had had face-to-face contact with
sick cats.

Plague bacilli sucked up with the blood
meals of male and female fleas pass to the
flea’s stomach, where they undergo so great a
multiplication that they extend forward to
invade the proventriculus (Fig. 3). In some
fleas, notably in Xenopsylla species, further
multiplication of bacilli occurs in the
proventriculus and this may become
partially or almost completely blocked. This
hinders the proventriculus from functioning
normally and as a result such blocked fleas
regurgitate some of their blood meal during
later feeds. In this way bacilli can be injected
into a new host during feeding. Because
of their inability to feed properly, blocked
fleas become starved and repeatedly bite in
attempts to take a full blood meal, and are
consequently epidemiologically very dan-
gerous. Even if there is no blockage of the
alimentary canal, plague transmission can
still occur from direct contamination of the
flea’s mouthparts.

A much less important route of trans-
mission is by the faeces of the flea being
rubbed into skin abrasions or coming into
contact with mucous membranes. Plague
bacilli can remain infective in flea faeces
for as long as 3 years. Occasionally the

tonsils become infected with plague bacilli
due to people crushing fleas between their
teeth. In pneumonic plague, where bacilli
occur in enormous numbers in the sputum,
there is no involvement of fleas in its
transmission.

Treatment
Untreated plague has an estimated mortal-
ity rate of greater than 50% and can evolve
into a fulminant illness complicated by
septic shock. Therefore, the early institu-
tion of effective antimicrobial therapy is
mandatory following appropriate cultures.
In 1948, streptomycin was identified as the
drug of choice for the treatment of plague,
by reducing the mortality rate to less than
5%. No other drug has been demonstrated
to be more efficacious or less toxic.

Streptomycin should be given intra-
muscularly in two divided doses daily,
totalling 30 mg kg−1 body weight per day for
10 days. Most patients improve rapidly and
become afebrile in about 3 days. The 10-day
course of streptomycin is recommended to
prevent relapses, because viable bacteria
have been isolated from buboes of patients
with plague during convalescence.

For patients allergic to streptomycin or
in whom an oral drug is strongly preferred,
tetracycline is a satisfactory alternative. It is
given orally in a dose of 2–4 g day−1 in four
divided doses for 10 days. Tetracycline is
contraindicated in children younger than
7 years of age and in pregnant women,
because it stains developing teeth.

Plague406

Fig. 3. Diagrammatic representation of the alimentary canal of an adult flea showing
the backwardly pointing spines of the proventriculus (from M.W. Service (2000), Medi-
cal Entomology for Students, Cambridge University Press, Cambridge).
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For patients with meningitis, who
require a drug with a good penetration into
the cerebrospinal fluid, and for patients with
profound hypotension, in whom an intra-
muscular injection may be poorly absorbed,
chloramphenicol should be given intra-
venously, a loading dose of 25 mg kg−1 of
body weight, followed by 60 mg kg−1 of body
weight per day in four divided doses. After
clinical improvement, chloramphenicol
should be continued orally to complete a
total course of 10 days.

Other antimicrobial drugs have been
used in plague or in experimental animal
infections with varying success. These
include sulfonamides, trimethoprim-
sulfamethoxazole, kanamycin, gentamicin,
ampicillin, cephalosporins and fluoro-
quinolones. These drugs, however, are
either less effective than streptomycin or
have not been subjected to adequate clinical
studies and therefore should not be chosen.
An isolate from a 16-year-old boy in Mada-
gascar in 1995 was resistant to streptomycin,
tetracycline, chloramphenicol and sulfon-
amide but was susceptible to trimethoprim-
sulfamethoxazole. He recovered after receiv-
ing trimethoprim-sulfamethoxazole. Other
than this case, antibiotic resistance
in Y. pestis from humans has never been
reported, nor has resistance emerged during
antibiotic therapy. The antibiotics strepto-
mycin, tetracycline and chloramphenicol
given alone are clinically effective, and
relapses are exceedingly rare. Therefore,
there is no rationale for using multiple
antibiotics to treat plague.

Most patients are febrile, with constitu-
tional symptoms including nausea and
vomiting. Hypotension and dehydration
are common. Therefore, intravenous 0.9%
saline solution should be given to most
patients for the first few days of the illness or
until improvement occurs. Patients in shock
will require additional quantities of fluid,
with haemodynamic monitoring and the
judicious use of adrenaline or dopamine.

The buboes usually recede without
local therapy. Occasionally, however, they
may enlarge or become fluctuant during the
first week of treatment, requiring incision
and drainage. The aspirated fluid should be

cultured for evidence of superinfection with
other bacteria, but this material is usually
sterile.

Control
Prevention

Plague is an internationally quarantinable
disease. Accordingly, all patients with sus-
pected plague should be reported to the
appropriate health department and to the
World Health Organization. Patients with
uncomplicated infections who are promptly
treated present no health hazards to other
people. Those with coughs or other signs of
pneumonia must be placed in strict respira-
tory isolation for at least 48 h after starting
antimicrobial therapy or until the sputum
culture is negative. The bubo aspirate and
blood must be handled with gloves and
with care to avoid aerosolization of these
infected fluids. Laboratory workers who
process the cultures should be alerted
to take precautions; however, standard
bacteriological techniques that safegaurd
against skin contact with and aerosolization
of cultures should be adequate.

Vaccines have been developed and
used but are not currently available. People
living in endemic areas should provide
themselves with as much personal protec-
tion against rodents and fleas as possible,
including living in rat-proof houses, wearing
shoes and garments to cover the legs and
dusting houses with insecticide. For persons
who report close contact with a coughing
patient suspected of having pneumonic
plague, prophylaxis with oral doxycy-
cline or trimethoprim-sulfamethoxazole is
advised.

Flea control
Control of plague should start with killing
the vector fleas, not with destroying the res-
ervoir hosts, such as rats and other rodents.
During plague outbreaks there should be
extensive and well-organized operations.
Because of widespread resistance to DDT in
X. cheopis and, to a lesser extent, in X. astia
and X. brasiliensis this insecticide is
not usually used. Instead, insecticides
such as the organophosphates, e.g. mala-
thion, fenitrothion or pirimiphos-methyl,
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carbamates, e.g. carbaryl or bendiocarb, or
pyrethroids, e.g. permethrin, deltamethrin
or lambdacyhalothrin, are used. Powders of
these can be liberally applied to the floors
of houses and other buildings where there
are known or suspected to be rat fleas and
to runways of commensal rodents and
blown into their burrows. Insecticidal fogs
or aerosols have sometimes been used to
fumigate premises harbouring fleas. Alter-
natively, food baits can be placed into
7–10 cm diameter tubes (plastic, bamboo)
and insecticidal powders placed at both
openings.

Fleas of wild rodents are not easy
to control because of difficulties in locat-
ing their runways or burrows. Sometimes
aerial insecticidal applications have been
made and baits in tubes employed, but
usually there is little attempt to control these
fleas.

Rodent control
Rodents should not be destroyed before
their fleas are killed, because fleas from
dead rodents will bite other mammals,
including people, and this may result in
increased transmission. Rodenticides are
usually incorporated into either solid or
liquid baits. Basically there are two types
of rodenticides: the fast-acting one-dose
ones, such as zinc phosphide and calciferol,
which are very toxic and are now not
commonly used, and the slow-acting
multidose ones, most of which are the anti-
coagulants. The best known is warfarin and
other so-called first-generation anticoagu-
lants, include fumarin, coumatetralyl and
pindone. Second-generation anticoagulants

include difenacoum, bromadiolone and
flocoumafen. Anticoagulants are readily
ingested by rodents when incorporated into
baits and accidental poisoning to humans
and to other animals does not occur, but
rats developing resistance can be a problem.
The fast-acting one-dose rodenticides are
very to moderately toxic to humans and can
kill a broad spectrum of non-target animals,
and rodents often refuse poisoned baits, but
they can be useful where there is resistance
to the anticoagulants.
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Plasmodium species see Malaria.

Pongola viruses see Bwamba and Pongola viruses.
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Powassan encephalitis

Donald M. McLean

Encephalitis induced in humans by the
tick-borne arbovirus, Powassan (POW)
virus (family Flaviviridae) in the genus
Flavivirus.

Since the initial isolation of POW
virus from the brain of a child resident
of Powassan, Ontario, Canada (46°N, 79°
30'W), who died with acute encephalitis
in September 1958, a total of 27 cases of
Powassan encephalitis have been reported
in North America through 1998, of whom
seven died and 11 of 20 survivors developed
severe sequelae.

Distribution
All symptomatic infections with POW virus
have arisen in eastern North America.
Reported cases have contracted their infec-
tions while residing in or visiting forested
terrain, interspersed with areas cleared
for agricultural pursuits, throughout the
south-eastern mixed forest vegetation zone
(Fig. 1). This extends from Sault St Marie
along the north shore of Lake Huron,
eastwards across the Canadian Province
of Ontario along the Ottawa River Valley,
which joins the St Lawrence River Valley
near Montreal (Province of Quebec), and
extends further across the Provinces of New
Brunswick and Nova Scotia to the Atlantic
seaboard. Comparable forested terrain inter-
spersed with farms extends south and east
of Lake Ontario and the St Lawrence Valley
in the USA, especially across upstate New
York from the adjacent state of Pennsylva-
nia eastwards to the adjoining state of
Massachusetts.

Although POW virus has been isolated
in western USA from Dermacentor ander-
soni ticks collected in the state of Colorado
and from Ixodes spinipalpus collected in
South Dakota, no human cases have been
identified in those states, or along the Pacific
coast of Canada and USA, where Ixodes
pacificus is prevalent. Furthermore, during
1972, POW virus was isolated from Haema-
physalis neumanni ticks collected in the

Primor’ye region of Siberia, but in the
absence of human cases.

In Canada, seven human cases contracted
infection in Ontario and four additional
cases became infected in Quebec, New
Brunswick and Nova Scotia. Neutralizing
antibodies to POW virus have been detected
in three of 71 (4%) human residents of
localities within a 50 km radius of the index
case’s home in northern Ontario, indicating
subclinical infection in that region, but in
only 11 of 1008 (1%) residents throughout
Ontario, New Brunswick and Nova Scotia,
thus demonstrating the focal distribution of
POW virus infection.

In the USA, ten humans became infected
in upstate New York, and six additional
cases arose in adjacent states of Massachu-
setts and New Jersey. The low incidence of
Powassan encephalitis (average 0.4 cases
year−1) contrasts with the average of 109
laboratory-confirmed cases of arbovirus
encephalitis per year from 1996 through
1999, 80% of which were due to the Califor-
nia serogroup viruses, principally La Crosse
serotype (see entry).

Powassan infections occur typically
during warmer months, mainly between
May and October, when ticks are active.
Incubation periods range from 8 to 34 days.
Due to the small size of ticks, bites are often
overlooked; only seven cases reported tick
bites.

Virus
Powassan virus is a tick-borne member of
the arbovirus serogroup B, family Flavi-
viridae. Virions are enveloped icosahedra
containing single-stranded positive-sense
RNA, molecular weight 4.2–4.4 × 106, with
an average diameter of 45 nm (Fig. 2).
Powassan virus multiplies readily after
intracerebral injection of suckling mice
aged 1–3 days and weaned mice aged 3–4
weeks, inducing fatal encephalitis after 5–7
days’ incubation. Although hamsters develop
viraemia 1–4 days after subcutaneous
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injection and subsequently antibodies are
detected by haemagglutination inhibition
(HI) and neutralization tests (NT), they
show no signs of illness. Rabbits and
guinea-pigs develop antibodies without
overt illness. Woodchuck (Marmota monax)
also develop viraemia, followed by anti-
body, after subcutaneous injection, without
detectable illness. Propagation of POW
virus has been demonstrated in primary
monolayer tissue cultures of pig kidney
cells, inducing cytopathic effects after 5
days’ incubation and also in continuous
cultures of dolphin kidney cells.

Haemagglutination of erythrocytes of
geese and newly hatched chicks by POW
virus occurs optimally at pH 6.4 and 22°C.
Haemagglutinin is prepared by extraction of
POW virus-infected suckling mouse brains
with sucrose and acetone. This preparation
also serves as antigen in complement
fixation (CF) and enzyme-linked immuno-
sorbent assay (ELISA) tests for POW anti-
bodies in human and animal sera. Before
conducting HI tests, it is important to
remove non-specific inhibitors of haemag-
glutination from human and animal sera by
extraction with acetone.

Powassan encephalitis410

Fig. 1. Natural foci of Powassan virus infection near Powassan, Ontario, Canada (46°N, 79° 30'W).
Upper: virus isolation from Ixodes marxi ticks and squirrel blood. Lower: farm of index case. (From McLean,
D.M. (1989) Virological Infections. Courtesy of Charles C. Thomas, Springfield, Illinois.)
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Within the Flaviviridae, POW virus
shows closer antigenic relationships with
the following serotypes within the tick-
borne complex of serogroup B, louping ill
(see entry) from Scotland, Czech topotype
HYPR and other Central European tick-
borne viruses, Russian spring–summer
encephalitis virus (Sofjin) from Siberia,
Langat (see entries) from Malaysia and
Kyasanur Forest disease (see entry) from
India, than with mosquito-borne serotypes,
such as yellow fever and St Louis encephali-
tis viruses (see entries on both). Recent
genotypic analyses have amply confirmed
these earlier results of antigenic analyses.

Clinical symptoms
After 1–3 days of fever, headache and
drowsiness, sometimes accompanied by
slurred speech or possibly limb tremors,
signs of encephalitis develop. These
include increased temperature, ataxia,
spastic hemiplegia, neck stiffness, convul-
sions and progressive loss of conscious-
ness. Cerebrospinal fluid (CSF) typically
shows leucocytosis, with total cell count
exceeding 100 × 106 cells l−1, with >60%
lymphocytes, and normal levels of glucose
and protein. Electroencephalograms show

moderate to severe diffuse abnormalities,
such as slowing and disorganization. Com-
puterized tomography (CT) and magnetic
resonance imaging (MRI) scans reveal no
abnormalities. Clinical deterioration may
continue for several days, terminating in
death in 25% of patients, or slow recovery
may occur over many weeks, with severe
sequelae, such as hemiplegia, memory defi-
cit or muscle weakness of upper or lower
limbs, affecting over 50% of non-fatal cases.

Diagnosis
Encephalitis afflicting a patient who has
resided in or visited forested areas of
eastern North America during May through
October, when ticks are active, raises the
possibility of POW virus infection, for
which the following tests should be
performed.

Serology
Serum collected within 1 week after onset
may contain immunoglobulin M (IgM) anti-
bodies to POW virus by the IgM capture
ELISA test. Serum collected during subse-
quent weeks will reveal POW antibodies by
HI, NT and IgG ELISA tests; CF antibodies
appear 3–4 weeks after onset and become

Powassan encephalitis 411

Fig. 2. Powassan virus, prototype
LB strain (magnification × 120, 120).
Negatively stained preparation after
three passages in suckling mouse
brain. (Reproduced with permission
from McLean, D.M. and Wong, K.K.
(1984) Same-Day Diagnosis of Human
Virus Infections. Courtesy of CRC
Press, Boca Raton, Florida.)
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undetectable after 6–12 months. Antibodies
should be detected in CSF by IgM ELISA
tests within a few days after onset.

Virus identification
In fatal cases, histological examination of
brain stained by haematoxylin and eosin
reveals features typical of acute encephali-
tis: perivascular cuffing of cerebral blood-
vessels with lymphocytes; and foci of
necrotic neurons surrounded by mono-
nuclear cells (Fig. 3).

Inoculation of suckling mice intra-
cerebrally with brain suspended in saline
containing bovalbumin or bovine serum
induces fatal encephalitis 5–7 days later,
and POW virus is identified by NT in
mice, following presumptive identification
of POW antigen in brain by HI tests. Recent
isolates of POW virus from Ixodes dammini
(now named Ixodes scapularis) ticks in
suckling mouse brains have also been
identified rapidly by reverse transcriptase–
polymerase chain reaction (RT-PCR) and
direct sequencing of RNA.

Following identification of the flavi-
virus West Nile (WN) virus (see entry) in
brains of six fatal human cases during an
outbreak of encephalitis in New York City
and adjacent counties during August and
September 1999, by amplification of WN
virus-specific gene sequences by RT-PCR
or RNA extracted from autopsy specimens
within 2–3 days after receipt of specimens,
this technique has now become the pro-
cedure of choice for prompt diagnosis of
fatal cases of Powassan encephalitis, to be
followed up with isolation of virus using
suckling mice.

Transmission
Powassan virus is maintained in nature by a
cycle involving ixodid (hard) ticks (primar-
ily Ixodes cookei but also Ixodes marxi and
I. scapularis) as vectors, forest mammals
(especially Groundhogs (M. monax) but
also American red squirrels (Tamiasciurus
hudsonicus) and White-footed mice (Pero-
myscus leucopus) as reservoir hosts, with
humans and other mammals becoming
infected tangentially to this cycle as
illustrated on the facing page.

The principal tick vector species in
Ontario is I. cookei. The virus isolation rate
was 6.6% among 273 pools of ticks removed
from groundhogs between May and August
in each of the summers of 1964, 1965 and
1966. Tick pools, containing one to 15 ticks
each (average 2.5), comprised all the ticks
removed from one mammal. Virus titre per
pool ranged from 2.5 to 6.0 log10 tissue
culture infective dose (TCID50) ml−1 when
tested in pig kidney tissue cultures.

Isolation of POW virus from 12% of
eight pools of I. marxi ticks collected from
Red squirrels during August to October 1962
demonstrated the vector role of this tick spe-
cies. In Massachusetts, POW virus has been

Powassan encephalitis412

Fig. 3. Powassan virus: sections through cerebral
tissue of the index case to show: A, perivascular
cuffing of blood-vessels; B, foci of inflammatory
cells. H+E stain (× 100). (From Powassan virus:
isolation of virus from a fatal case of encephalitis,
Canadian Medical Association Journal (1959) 80,
pp. 708–711. Reprinted with permission of the
publisher and of Lippincott Williams & Wilkins,
Pennsylvania.)
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isolated from two pools of I. scapularis ticks.
Virus transmission to mammals has been
demonstrated in the laboratory by all stages
of I. scapularis, which were infected by
feeding on viraemic hamsters. Virus was
transferred trans-stadially from larva to
nymph and from nymph to adult, plus
transovarially to the next tick generation.
Although not associated with human POW
virus infections to date, D. andersoni ticks
have become infected as larvae and nymphs
by feeding on viraemic rabbits or hamsters,
virus has been transferred trans-stadially
through each tick stage and both nymphs
and adults have transmitted POW virus
infection by biting hamsters and rabbits.

The main reservoir species in Ontario
is the Groundhog (Marmota monax), as
shown by the isolation of POW virus from
the blood of two Groundhogs collected
in May 1964, at titres of 1.7–2.2 log10

TCID50 ml−1, and detection of NT antibody in
sera from 44% of 993 Groundhogs collected
during the summers of 1964, 1965 and 1966,
with antibody prevalence increasing from
22% of 225 born in the current year through
30% of 190 juveniles to 57% of 578 adults.
This clearly demonstrates their important
role as reservoir hosts. Ixodes cookei were
found feeding on 273 (27%) of these
Groundhogs.

Groundhogs are distributed widely
throughout New York State and adjoin-
ing states. High POW antibody rates signi-
fies their importance as reservoir hosts.
They are among 17 mammalian species,
including White-footed mice (Peromyscus
leucopus), in which POW antibodies have
been detected. Following subcutaneous
injection of juvenile Groundhogs, viraemia
was detected 4 days later at titres

sufficient to infect I. scapularis ticks, and
POW antibodies were detected subse-
quently.

In Ontario, the Red squirrel (Tamias-
ciurus hudsonicus) serves as an additional
reservoir host. During October 1962, POW
virus was isolated from the blood of one
squirrel among 23 (4%) collected during
summer and NT antibodies were detected in
three sera from other squirrels.

In Massachusetts, the White-footed
mouse has been infected by subcutaneous
injection with POW virus, which suggests
that it may serve as a reservoir host for
I. scapularis ticks, whose immature stages
feed readily on it.

Treatment
Good supportive nursing care is required
to maintain vital functions, including anti-
convulsant medication and mechanical
ventilation of lungs, where necessary. How-
ever, no antiviral medication is currently
available.

Preventive measures
Preventive measures should be followed
routinely by all visitors and residents
within rural forests of eastern Canada and
the USA throughout the months of tick
activity, May through October. These
include clothing that fully covers the trunk
and limbs, placing trousers inside socks
and always wearing shoes, together with
daily or more frequent examination of all
skin surfaces. Ticks should be removed
promptly, before embedding of their hypo-
stomes. Great care is needed to detect and
remove I. scapularis, due to their small size;
regretfully these are often overlooked until
skin swelling and erythema around the

Powassan encephalitis 413
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embedded hypostomes becomes obvious.
Repellents, such as diethyltoluamide
(DEET), are usually ineffective and are not
recommended.
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Protozoa

M.W. Service

The Protozoa comprise more than 200,000
described species of which about 10,000 are
parasitic. Some parasitologists use the term
Protista, not Protozoa, but this seems to
be declining in popularity. They are now
usually treated as a kingdom in zoological
classification, with the major taxonomic
divisions comprising phyla, classes and
orders, but their precise classification
remains contentious. Protozoa can be
regarded as unicellular organisms, rarely
containing chlorophyll, consisting basically
of a mass of cytoplasm, mitochondria, Golgi
bodies and peroxisome. They have one
or more nuclei, there is a distinct nuclear
membrane and chromosomes are present.
Inside the nucleus, usually in a central
position, is either a conspicuous or minute
mass, known as the karyosome. Protozoa
are very small (mostly 1–150 µm), and are
possibly the most primitive organisms.

All protozoans reproduce asexually by
simple or multiple division, or by budding,
and most also reproduce sexually. Some
species, such as those of the genus Plasmo-
dium, exhibit both asexual and sexual
reproduction.

As eukaryotes, Protozoa differ from
bacteria in having distinct membrane-bound
nuclei and often having complicated life
cycles, such as with malarial parasites.

The infections discussed in this ency-
clopedia are restricted to the so-called
parasitic protozoa, of which there are many
diverse forms. For example, some species
(the flagellates) have flagella to aid their
motion, whereas others lack flagella – for
example, the amoebae use pseudopodia,
while in others, such as sporozoans, loco-
motion is by ‘gliding’.

The hierarchical classification of the
Protozoa is complicated and in a state
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of flux, and therefore remains somewhat
unsatisfactory. Phylogenic relationships are
based on structure, physiology, biochemis-
try and molecular biology. Unfortunately,
there is no universally recognized taxo-
nomic classification of the Protozoa. The
abbreviated scheme adopted here is some-
what of a compromise between differing
systems, and places the parasitic protozoans
that are vector-borne in the following
taxonomic hierarchies.

Phylum: Euglenozoa (The taxa below were
previously placed in the Mastigophora,
although this is not synonomous with the
Euglenozoa).
Class: Kinetoplastidea.
Order: Trypanosomatida. Species in this
order have one or two flagella and a single
large mitochondrion, with the mitochon-
drial DNA concentrated in a relatively small
body, called the kinetoplast, close to the
base of the flagellum.
Genera: Species of two genera, Leishmania
and Trypanosoma, are of economic
importance.

1. Leishmania species are characterized
by intracellular amastigotes in mammalian
hosts and extracellular promastigotes in the
gut of phlebotomine sand-flies.
2. Trypanosoma species are found in a
wide variety of vertebrate species, including
fish. Nearly all species have trypanoma-
stigote and epimastigote stages in their life
cycle.

(See entries on Leishmaniasis, Chagas
disease and Human and Animal trypano-
somiasis.)

Phylum: Apicomplexa (or Sporozoa).
Class: Haematozoea.
Order: Haemosporida. Members of this
order undergo asexual reproduction (schizo-
gony) in vertebrate erythrocytes and sexual
reproduction in the blood-sucking insect
vectors.

1. Plasmodium: schizogony occurs in
the host’s blood, with the gametocytes devel-
oping in the erythrocytes; the end-product of

the digestion of haemoglobin is the dark pig-
ment haemozoin. (See entries on Malaria,
human and Malaria, avian.)
2. Leucocytozoon: schizogony occurs in
the tissues; only the gametocytes are
found in the peripheral circulation, in
both  leucocytes  and  erythrocytes,  but  no
haemozoin is produced. (See entry on
Leucocytozonosis.)
3. Haemoproteus: schizogony occurs in
the tissues, gametocytes develop in mature
erythrocytes and haemozoin is produced.
(See entry on Haemoproteosis.)

Order: Piroplasmida.
Genera: Species in both the genera Babesia
and Theileria have an intracellular stage in
the erythrocytes that is pear-shaped, which
is called a piroplasm.

1. Babesia species invade the erythrocytes
and the haemoglobin is digested without
the production of haemozoin. Schizogony
occurs in the erythrocytes or lymphocytes,
depending on the Babesia species. (See
entry on Babesiosis.)
2. Theileria species have large schizonts
called macroschizonts or ‘Koch’s blue
bodies’ are produced in the lymphocytes
of the host and cause them to divide and
produce infected daughter cells. (See entry
on Theilerioses.)
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Q fever

Todd Hatchette and Thomas J. Marrie

Distribution
Q fever (query fever) is a zoonosis with
worldwide distribution. New Zealand is
the only country free of the disease. Due to
its non-specific presentation, it often goes
unrecognized, so the true prevalence of
disease in unknown. E.H. Derrick first des-
cribed Q fever in 1937 while investigating
a febrile illness in abattoir workers in
Australia. When he was unable to isolate a
causative organism, he named the illness Q
or ‘query’ fever. F.M. Burnet and M. Free-
man subsequently isolated the causal agent,
Rickettsia burneti, from guinea-pigs inocu-
lated with blood and urine from Derrick’s
patients. At the same time G.E. Davis and
H.R. Cox isolated the agent from ticks
(Dermacentor andersoni) in the USA. The
organism was renamed Coxiella burnetii in
honour of Cox and Burnet.

Microorganism
Coxiella burnetii was initially considered to
be related to Rickettsia. However, current
phylogenetic studies suggest that it is
most closely related to Legionella. Coxiella
burnetii is an obligate intracellular organ-
ism that resides in acidic phagolysosomes
in eukaryotic cells. The lipopolysaccharide
coat has two distinct antigenic presenta-
tions or ‘phases’. In nature the microorgan-
ism exists in the phase I antigenic state and
is highly infectious; as little as one microor-
ganism can induce infection in experimen-
tal systems. After numerous passages in cell
or animal culture the surface of the organ-
ism undergoes a ‘phase variation’, where it
will express a second antigenic form, called
phase II, which is its less virulent form.
Animals and humans generate antibody
responses to both phases, although the
predominant antibody response in acute
infection is to phase II, whereas the pre-
dominant antibody response during chronic
infections is to phase I antigen.

Clinical symptoms
Although C. burnetii infection can cause
abortions and stillbirths, most animals have
a persistent, relatively asymptomatic sub-
clinical infection. Infection in humans is
often non-specific and can be asymptomatic
or manifest as a self-limiting febrile illness,
pneumonia, hepatitis or overlapping clini-
cal syndromes. The most common symp-
toms of acute Q fever are non-specific and
include fever, fatigue, chills, myalgias,
sweats and a cough. Patients often present
with a severe headache, which is a clinical
clue to the diagnosis. Mild elevations of
liver transaminases are common. Pneumo-
nia can be rapidly progressive or atypical
or present as fever without pulmonary
symptoms. Pericarditis, myocarditis and
meningoencephalitis are also potential
manifestations of acute Q fever. Most
patients have an ‘uneventful’ recovery;
however, there is evidence that Q fever can
lead to a protracted state of fatigue similar
to that seen with chronic fatigue syndrome.
Chronic infections, such as osteomyelitis,
chronic hepatitis, endocarditis and other
endovascular infections, are uncommon
but well-documented sequelae of infection,
particularly in patients who have underly-
ing immunosuppression or cardiac valvular
abnormalities.

Diagnosis
Due to its non-specific presentation, Q
fever is often difficult to diagnose. Coxiella
burnetii is considered a level 3 pathogen,
making routine culture difficult for most
laboratories. Demonstrating seroconversion
to Coxiella antigens between acute and
convalescent serum samples, in conjunc-
tion with an appropriate clinical history
(exposure to parturient animals or their
newborn), is the usual method of diag-
nosis. Complement fixation, enzyme-
linked immunosorbent assay (ELISA) and
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immuofluorescence assays are used to make
the serological diagnosis; however, the indi-
rect immunofluorescence assay (IFA) is the
current method of choice. In acute Q fever
the antibody response is predominantly to
phase II antigen. A titre of ≥1 : 800 to phase
I antigen reflects chronic disease. Poly-
merase chain reaction (PCR) has also been
used to confirm the presence of C. burnetii
in serum, tissue and milk samples.

Transmission
This microorganism has been found in
many wild and domesticated animals,
including dogs, wild hares (Lepus species),
Moose (Alces alces), Raccoons (Procyon
lotor), birds, foxes (Vulpes species) and
deer (Cervidae). In addition, it has been
isolated from arthropods, including lice,
mites, flies and over 40 species of ticks. The
most common reservoir hosts for infection
in humans are cats and domesticated farm
animals, such as cattle, goats and sheep.
Coxiella localizes in the uterus and mam-
mary glands of infected animals and is shed
in the urine, faeces and milk. It is found
in particularly high concentrations in the
placenta and amniotic fluid (109 organisms
g−1 of placental tissue), which have con-
sistently been shown to be risk factors for
human disease. In Nova Scotia, Canada,
many cases of Q fever pneumonia are
acquired through exposure to infected
parturient cats. The organism is highly
resistant to desiccation and can survive
in soil for up to 150 days. Inhalation of
aerosolized microorganisms is felt to be the
most important route of infection. Direct
exposure to infected animals, as well as
indirect exposures to dusts, manure, hay
and clothing contaminated with C. burnetii,
has been implicated as causing disease in
humans. Ingestion of raw milk products has
also been suggested as a route of infection
and experimental evidence suggests that
sexual transmission can occur in mice.
Human-to-human transmission can occur
but is extremely rare. The only documented
cases include direct transmission from a
parturient woman to her obstetrician (at the
time of delivery) and from a cadaver to
the pathologist during autopsy. Infection

can also occur from transfusion of infected
blood. Although the microorganism has
been isolated from many species of ticks,
tick-borne transmission is not a common
route of infection in humans. However,
there have been a few instances where
crushing infected ticks between the fingers
resulted in infection. Arthropod-borne dis-
ease seems to be more important in main-
taining C. burnetii infection in wild animals
and transmitting the disease to the domestic
animal population.

Treatment
Acute Q fever

In the majority of cases, Q fever will resolve
spontaneously in approximately 15 days.
Patients who present with severe symptoms
suspicious for Q fever should be treated
empirically, as serological diagnosis is
delayed. Tetracycline, doxycycline or
quinolone compounds have all been used
to treat acute Q fever. At present, doxy-
cycline (100 mg twice daily) for 15–21 days
is the treatment of choice. Quinolones
can penetrate the blood–brain barrier
and should be considered for Q fever
meningoencephalitis.

Chronic Q fever
While there is some variation, depending
on technique, an IFA titre of ≥1/800 to
phase I antigen would signify chronic Q
fever. Chronic Q fever endocarditis is a
serious complication, with mortality rates
of up to 65%. Although doxycycline is the
mainstay of therapy in acute Q fever, it does
not appear to cure chronic disease. Combi-
nation therapy with rifampicin (rifampin)
and doxycycline has been used with vary-
ing results. Currently the antibiotic regime
of choice is a combination of rifampicin
(rifampin) and ciprofloxacin. In patients
with haemodynamic compromise, valve
replacement is often necessary; however,
concurrent antibiotic treatment is required
to prevent reoccurrence of disease.
Response to therapy can be followed by
monitoring the antibody titre to the phase I
antigen every 3 months, with a phase I titre
of <1/200 indicating cure. The duration of
treatment is unknown as C. burnetii is very
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difficult to eradicate and can be isolated
in patients despite more than 1 year of
antibiotic therapy. Patients often require
3 years of therapy to achieve cure. Some
authorities recommend continuing therapy
indefinitely.

Control
Once an animal infected with C. burnetii
is introduced into a herd of livestock, the
infection quickly spreads throughout the
remaining seronegative animals. Outbreaks
of Q fever in research institutions have led
to a series of recommendations to control
and prevent C. burnetii infection in the
research setting, including using only C.
burnetii seronegative animals in research,
restricting access to animals, vaccination
of seronegative animals, using protective
clothing and masks while working with
the animals, especially pregnant animals,

proper decontamination of contaminated
surfaces with formalin or bleach solutions
and proper disposal of waste by incinera-
tion. Recommendations for the control
of C. burnetii among dairy animals (cows
and goats) are necessary but have not
been enacted in any country to date. A
formalin-inactivated vaccine is available
and is used by abattoir workers in Australia
with success.
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Queensland tick typhus see Tick-borne typhuses.
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Rabbit fever see Theilerioses, and Tularaemia.

Rabbit haemorrhagic disease

Brian D. Cooke

Distribution
Rabbit haemorrhagic disease is an acute and
often fatal disease of the European rabbit,
Oryctolagus cuniculus. First described in
domestic rabbits in China in 1984, it sub-
sequently spread, mainly through trade
in rabbit products, to over 40 countries
throughout the world. Mortality in excess
of 80% was commonly recorded among
domestic rabbits until vaccines were
developed.

Organism and symptoms
The causative agent, rabbit haemorrhagic
disease (RHD) virus, is a calicivirus, which,
along with European brown hare syndrome
(EBHS) virus, belongs to the genus Lago-
virus within the family Caliciviridae. Rabbit
haemorrhagic disease virus targets the liver,
causing fulminating hepatitis, associated
with massive cell death. Rabbits usually die
48–72 h after infection. Just before death,
the liver, spleen and blood contain large
amounts of virus.

Clinical signs and diagnosis
No significant clinical signs are seen in
peracute cases of rabbit haemorrhagic
disease, but in acute cases rabbits appear
quiet; wild rabbits may not move even
when approached. Body temperature and
respiration rate show increases above
normal. Death usually follows within 12 h
of the onset of clinical signs. Blood and
foamy discharge are occasionally seen from
the nostrils of infected animals.

Virus-capture enzyme-linked immuno-
sorbent assays (ELISAs) have been devel-
oped to detect RHD virus in tissue samples.
Usually tissues such as liver or spleen are
used for these analyses because they contain
the greatest concentrations of virus.

Transmission and epidemiology
Because its spread was associated with the
trade of rabbit meat and fur and the
exchange of live rabbits between rabbitries,
RHD virus was thought to be transmitted
mainly by rabbit-to-rabbit contact and
fomites. However, flies of the genus
Phormia also transmitted in laboratory
experiments. Consequently, in assessing
RHD virus for use as a biological control
for wild European rabbits in Australia,
mechanical transmission by insects was
considered in some detail. Mosquitoes,
Culex annulirostris, rabbit fleas, Spilop-
syllus cuniculi and Xenopsylla cunicularis,
and bush-flies, Musca vetustissima, were
shown to be capable of transmitting the
virus. In these laboratory trials, insects
were first allowed to feed on rabbits that
had been infected with RHD virus 16–22 h
earlier and then transferred immediately
to susceptible rabbits. Viraemia was clearly
sufficiently high for biting insects to trans-
mit RHD virus and sufficient virus was
present in secretions around the eyes,
nose and mouth of rabbits for bush-flies to
become infective.

Subsequently, in March 1995, when
trials to assess the efficacy of RHD virus were
begun on Wardang Island, 4 km off the coast
of South Australia, elaborate precautions
were taken to minimize the risk of spread
of the virus by insects. These included the
control of mosquito larvae in swamps using
Bacillus thuringensis subsp. israelensis, the
spraying of rabbit burrows in experimental
sites with a pyrethroid insecticide (delta-
methrin) and the trapping of flies. Neverthe-
less, in mid-October 1995, the virus escaped
to the Australian mainland under circum-
stances that further implicated insects as
vectors. Warm weather followed by an
intense low-pressure system apparently
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allowed the first spring migrations of flying
insects from inland Australia to reach
Wardang Island and then dispersed them
over parts of mainland South Australia.
Rabbit haemorrhagic disease was initially
seen where rabbits were most abundant but
was later confirmed over wider areas (Fig. 1).

Insect vectors were also implicated in
the subsequent spread of virus across south-
ern Australia. The progressive appearance of
new rabbit haemorrhagic disease outbreaks
showed that the virus spread at over 400 km
month−1. Such high rates are consistent
with insect transmission; they cannot be
explained in terms of rabbit-to-rabbit spread,
given that the disease takes 2 days to incu-
bate and that rabbits have home ranges
limited to a few hectares. Furthermore, RHD
virus survives best at low temperature and
is rapidly destroyed at high temperature.
On this basis, virus persistence and spread
should occur most rapidly in the Australian
winter. Nevertheless, relatively high rates of
disease spread in autumn and spring may
mean that high insect activity offsets lower
virus survival. The low rate of spread of

RHD virus in summer probably reflects
lower abundance and limited movements of
insects during hot weather, as well as poor
virus survival.

Trapping of insects as the virus first
spread across Australia quickly revealed
that many insects readily became contami-
nated with RHD virus. Reverse-transcription
polymerase chain reaction (RT-PCR) showed
that over ten species of flies, including bush-
flies (M. vetustissima) and blow-flies (Cal-
liphoridae), were involved. Additionally,
viable virus was confirmed in wild-caught
rabbit fleas, S. cuniculi, by both RT-PCR and
by allowing them to feed on susceptible
rabbits. Likewise, homogenates of RT-
PCR-positive mosquitoes, Ochlerotatus1

postspiraculosus, inoculated into rabbits
contained viable virus.

Most investigations of insect transmis-
sion concentrated on large blow-flies. These
flies are closely associated with rabbits,
often entering and sheltering in rabbit bur-
rows. Rabbits that die from RHD virus are
prime sites for flies to deposit eggs. Virus has
not been detected in fly puparia, despite

Rabbit haemorrhagic disease 421

Fig. 1. Maps of part of
South Australia showing
the surface wind pattern
from Wardang Island on
(A) 12 October 1995,
(B) 13 October 1995
and (C) 14 October
1995, during periods
when temperatures
were suitable for the
flight of bush-flies. Map
D shows where RHD
virus-infected rabbits
were found in October
(open circles), Novem-
ber (triangles) and
December (crosses)
1995. (From Fenner
and Fantini (1999)
Biological Control of
Vertebrate Pests. The
History of Myxomatosis
– an Experiment in
Evolution. CAB Inter-
national, Wallingford,
UK, with permission.)
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virus having been ingested by the larvae, so
vertical transfer of virus to adult flies is
unlikely. Rather, adult flies become contam-
inated as a result of depositing eggs on or
feeding on cadavers. In flies experimentally
fed on liver from infected rabbits, virus is
detectable within the gut for up to 9 days.
However, virus on the feet of the flies
persists for less than 12 h. Most importantly,
the regurgitated food and faeces of flies
contain viable virus. Faeces from a single fly
contain an estimated 2–3 lethal dose (LD50)
of RHD virus and cause infection when fed to
susceptible rabbits. Presumably, blow-flies
transmit virus in the field by feeding on
cadavers and then defecating on pasture
vegetation that is subsequently eaten by
rabbits. Pasture harvested from rabbit haem-
orrhagic disease outbreak sites in Australia
contains sufficient RHD virus to infect sus-
ceptible domestic rabbits. Outbreaks of rab-
bit haemorrhagic disease in domestic rabbits
in Europe are also linked to the practice of
harvesting forage from fields.

Despite good evidence that insects are
involved in the transmission and rapid
spread of RHD virus, this may not be the
most common means of spread. Within
social groups of rabbits, contact transmis-
sion of virus in urine and faeces (used as
social signals for marking territory) or direct
contact with cadavers is also very important.
Antibody responses of rabbits to infection
and reinfection in the field usually involve a
strong immunoglobulin A (IgA) component,
typical of a mucosal immune response. This
implies infection by the oral route and
involvement of gut-associated lymphoid
tissues. Although this does not rule out
flies as common vectors, it indicates that
the intradermal route of infection, e.g. by
mosquito- or flea-bite, may be relatively
unimportant.

Insect transmission of RHD virus is
clearly important in the long-distance

movement of the virus in natural rabbit pop-
ulations in Australia. Its importance in other
countries has not been confirmed, although
this may depend on the suitability of the
climate and the range of insects present.
However, insect transmission should be
regarded as a risk factor in the potential
transfer of RHD virus from wild rabbit
populations to domestic rabbits.

Treatment
There is no known treatment for rabbits
infected with RHD virus.

Control and prevention
Killed-virus vaccines are available for
immunizing pet rabbits and commercial
herds against RHD virus. Revaccination
every 12 months is recommended. Erad-
ication of the disease has usually been
achieved by killing stock in infected
rabbitries, carefully decontaminating cages
and the walls of buildings with sodium
hypochlorite and reintroducing uninfected
stock from a reliable source after several
weeks.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Red bugs see Mites.

Red-eye see Eye-flies.

Redwater fever see Babesiosis.
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Rickettsiae

C.A. Hart

Rickettsiae are small (0.8 µm × 0.4 µm)
Gram-negative coccobacilli that are obligate
intracellular bacterial pathogens. They are
members of the family Rickettsiaceae in the
order Rickettsiales (see entry). There is
a large number of species, but they are
usually grouped into those causing typhus
and those causing spotted fevers. Rickettsia
prowazekii causes epidemic typhus (see
entry), also called louse-borne typhus, but
chronic carriage following a primary infec-
tion can recrudesce (Brill–Zinsser disease).
Rickettsia typhi causes endemic typhus (see
entry), sometimes called murine or ‘shop’
typhus, which is transmitted by the rat flea
(Xenopsylla cheopis). Most of the spotted
fevers are transmitted by ticks, the major
exception being rickettsialpox (R. akari)
(see entry), which is transmitted by a mite
(Allodermanyssus sanguineus). The spotted
fevers tend to be geographically limited
(see Tick-borne typhuses). Rickettsia
rickettsii, which causes Rocky Mountain
spotted fever (see entry) or Brazilian fever,
is found in North and South America,
Mediterranean spotted fever (R. conorii)
or fièvre boutonneuse, is found around
the Mediterranean region, Siberian tick
typhus (R. siberica) is found in northern
Asia and Japan, Japanese spotted fever

(R. japonica) in Japan and Queensland tick
typhus (R. australis) in Australia. Some
are rare causes of human infection; these
include R. helvetica, R. mongolotimonae,
R. slovaca, R. honei (Flinder’s Island spot-
ted fever), R. africae (African tick-bite fever)
and R. felis (California flea typhus). Others
have been isolated from ticks or animals
and are of unknown pathogenicity for
humans. These include R. rhipicephali,
R. mossiliae, R. montana, R. parkeri,
R. heilongjanji and R. belli.
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Rickettsia africae see Tick-borne typhuses.

Rickettsia akari see Rickettsialpox.

Rickettsia australis see Tick-borne typhuses.

Rickettsia conorii see Tick-borne typhuses.

Rickettsia helvetica see Tick-borne typhuses.

Rickettsia honei see Tick-borne typhuses.

Rickettsia japonica see Tick-borne typhuses.

Rickettsia mongolotimonae see Tick-borne typhuses.
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Rickettsia prowazekii see Epidemic typhus.

Rickettsia rickettsii see Rocky Mountain spotted fever.

Rickettsia sibirica see Tick-borne typhuses.

Rickettsia slovaca see Tick-borne typhuses.

Rickettsia typhi see Endemic typhus.

Rickettsiales

C.A. Hart

The order Rickettsiales contains a large
variety of small Gram-negative bacteria,
most of which are obligate intracellular
parasites. Currently there are three families
(Rickettsiaceae, Bartonellaceae and Ana-
plasmataceae) within the order. The family
Rickettsiaceae comprises the genera Orien-
tia, Rickettsia, Coxiella, Ehrlichia, Neoric-
kettsia, Wolbachia, Cowdria and Rickett-
siella, although some authors include
Cowdria species in the genus Ehrlichia.
The family Bartonellaceae includes the
genera Bartonella and Grahamella, and the
Anaplasmataceae the genera Anaplasma,

Aegyptianella, Haemobartonella and Epery-
throzoon. Insect transmission occurs for
Rickettsia and Ehrlichia, for some
Bartonella and Anaplasmataceae and for
Orientia tsutsugamushi.
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237–245.

Rickettsialpox

Alan S. Boyd

Rickettsia, Coxiella and Ehrlichia (and
formerly Rochalimaea) comprise the
Rickettsiaceae family. One of the disease
groups caused by these organisms is termed
spotted fever and is probably responsible
for the most morbidity worldwide of all
Rickettsiaceae. Rickettsialpox is one of the
spotted fevers and the only one not initiated
by a tick. The disease is caused by infection
with Rickettsia akari and is transmitted
by the bite of an infected house mite,
Liponyssoides sanguineus. Fevers, sweats,
headaches and myalgia are present initially,
followed in a few days by a mildly papular

rash, initially, appearing centrally and
then spreading acrally. An eschar is often
present at the mite bite.

Distribution
Rickettsialpox was initially described in the
Kew Gardens section of Queens, New York,
and is most often seen in the eastern half of
the USA. Other countries reporting cases
include South Africa, Russia and Korea, but
not Europe. Urban areas with crowding
seem particularly prone to outbreaks. There
is some evidence that this disease is greatly
under-reported.

Rickettsialpox424

424
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
05 September 2001 09:46:08

Color profile: Disabled
Composite  Default screen



Parasite
Rickettsia akari is a Gram-negative, proka-
ryotic coccobacillus. It is morphologically
indistinguishable from Rickettsia rickettsii.
These organisms measure up to 600 nm in
length and are obligate intracellular para-
sites. They prefer to invade endothelial
cells and propagate within the nucleus.
Rickettsia akari may be visualized with
Giemsa’s and Machiavello’s stains.

Clinical symptoms
Men and women are equally affected, there
being no sex or age preference. Twenty-four
hours to 48 h after being bitten by an
infected mite, an eschar begins to develop.
Patients are frequently unaware of the bite
or eschar. Initially the skin becomes red and
is occasionally itchy. Blistering and suppu-
ration may ensue, followed by the produc-
tion of a dark, hardened eschar. Swelling
and discomfort of regional lymph nodes are
common.

After an incubation period of 7–14 days,
the patient becomes febrile. Temperatures
typically remain under 39.9°C but may reach
41.1°C. Headache, myalgias, neck stiffness
and drenching sweats with chills are com-
mon. Mild photophobia may be noted.
Upper respiratory symptoms may also
occur, but less frequently.

The rash of rickettsialpox begins 2–3
days after the onset of systemic symptoms.
Papules measuring 2–10 mm erupt on the
trunk and face and spread to the extremities.
These lesions are asymptomatic, are slightly
red and can develop a small vesicle or
pustule in the centre. More than 40 such
lesions is uncommon. An enanthem of the
oral mucous membranes has been described.
The palms and soles are not affected.
Post-inflammatory hyperpigmentation may
result, but scarring does not.

Initially patients demonstrate a lym-
phocytosis, which is later replaced by mild
leucopenia. Cerebrospinal fluid is normal
and blood cultures are negative.

Symptoms resolve in 6–10 days without
therapy. Reinfections and relapses have
not been described, meaning that human

immunity appears complete. Infection with
R. akari does not confer immunity to infec-
tion with other rickettsial organisms.

Diagnosis
Previously, infected blood leucocytes were
injected into the peritoneal cavities of mice
to confirm the presence of R. akari; how-
ever, serological studies have replaced this
method. The Weil–Felix test evaluates for
the presence of antibodies capable of agglu-
tinating cell wall antigens from Proteus
species (OX-19, OX-K, OX-2). Among the
spotted fever group, rickettsialpox is the
only Weil–Felix-negative organism.

Complement fixation evaluation is the
most prevalent means of diagnosing this
infection. Paired sera antibody titres are
compared and a fourfold increase or more
than 1 : 64 dilution is considered diagnostic.
Antibodies may be detected 10 days after the
onset of symptoms, but less than 20% of
patients will have a positive titre during
the acute stage. Titres peak after 3–4 weeks
if therapy has not begun or 6–8 weeks if
patients have been treated. Anti-rickettsial
fluorescent antibodies have been found on
formalin-fixed eschar tissue but rarely from
biopsies of the cutaneous eruption. More
specific antibody tests are being developed.

Transmission
The typical vector for R. akari is the mouse
mite Liponyssoides sanguineus (previously
named Allodermanyssus sanguineus). This
mite parasitizes the common House mouse
(Mus musculus) but has also been found on
rats, Mongolian gerbils (Meriones unguicu-
latus), the Korean vole (Eothenomys regu-
lus) and Egyptian gerbils (Gerbillus pyrami-
dum). A substantial portion of the mite’s
life cycle is spent away from the mouse.
Following a blood meal, the mite abandons
its host and may be found in mouse-infested
housing and mouse bedding. The infectious
organisms are passed transovarially among
mice and to other hosts by biting. Human
infection may occur when the mite finds
the murine host less attractive and seeks
nourishment elsewhere.
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Treatment
Rickettsialpox is a comparatively benign
infection and typically runs its course in
7–10 days if untreated. Antibiotics, how-
ever, are recommended in patients who
are known to be infected. Since R. akari
is an intracellular organism, antimicrobials
which inhibit cell wall synthesis, such
as beta-lactams, are ineffective. Antibiotics,
such as tetracycline, which arrest protein
assimilation are efficacious. One gram per
day given in four divided doses is recom-
mended. Fever and systemic symptoms
begin to subside within 48 h of beginning
treatment. This drug is typically withheld
in paediatric cases, since tooth and bone
deposition have been described; however,
in particularly sick children, dosing at
25 mg kg−1 24 h−1 in divided doses for
2 days is acceptable. Chloramphenicol
is also effective when given at 250 mg
four times day−1. However, idiosyncratic
reactions may ensue and this drug is not
recommended for mild illness. Successful
use of erythromcyin in an 11-month-old
child has been reported. Sulfonamides are
unhelpful in this disease.

Control
Prevention of this condition is directed
at removing the vector by controlling the

mouse population. Removal of conditions
favourable to rodent proliferation will
usually suffice and this revolves around
improved living conditions. Rodent traps
and poison baits are also useful.
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Rift Valley fever virus

Michèle Bouloy

In 1931, R. Daubney and colleagues
described a disease called Rift Valley fever,
which affected sheep and lambs on the
northern shores of Lake Naivasha in the Rift
Valley of Kenya. Retrospectively, it is likely
that the disease described by R.E. Mont-
gomery and R.J. Stordy in the same region,
in 1912, was a Rift Valley fever outbreak.
However, identification of the outbreak
became possible in 1931 when the causative
viral agent was isolated for the first time, by
Daubney and co-workers. In 1973, the virus
was classified in the Bunyaviridae family
and the genus Phlebovirus.

Among viruses of the Bunyaviridae
family, only a few are zoonotic. Rift Valley
fever (RVF) virus is probably one of most
important in Africa: it is transmitted by
mosquitoes, infects livestock and is a serious
public health problem, as it is highly
pathogenic for humans and causes fatal
haemorrhagic fevers.

Human infections
Before 1975, Rift Valley fever was known as
a disease essentially affecting domestic ani-
mals, such as sheep, cattle and goats, and
producing high mortality rates in newborn
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animals and abortions in pregnant animals.
A few human cases, due only to laboratory
accidents, were reported. In 1975, human
infections occurred during a major epi-
zootic in South Africa. Among 17 diagnosed
cases, 12 suffered from encephalitis and
four died from haemorrhagic fever. The
severity of the disease and the haemor-
rhagic forms were recognized later in 1977
with the Egyptian outbreak.

Distribution
Although phleboviruses related to RVF
virus have been isolated worldwide, Rift
Valley fever has until recently been
described only on the African continent,
namely in Egypt and in sub-Saharan coun-
tries; but in 2000 it was found in Saudi
Arabia and Yemen.

Major outbreaks have been recorded
since 1931: in Kenya in 1931, 1968,
1978–1979 and recently in 1997–1998; in
South Africa in 1950–1951, 1969 and
1974–1976; in Zimbabwe in 1957–1958,
1969–1970 and 1978; in Sudan in 1973; and
in Zambia in 1973–1974 and 1978 (Fig. 1). In
1997–1998 in Kenya, Tanzania and Somalia,
outbreaks occurred in flooded areas after a
period of very abundant rainfall. The RVF
virus was isolated in 1974 for the first time in
West Africa, from Aedes mosquitoes. Later,
it was detected in Mauritania, Mali and
Guinea. In 1987, in Mauritania, a major

outbreak occurred in association with
implementation of the Diama dam. Circula-
tion of the virus was monitored in Senegal
and recently in 1998 in Mauritania, where
human cases were reported.

Rift Valley fever virus had not been
reported as circulating outside the sub-
Saharan countries until 1977, when it pro-
voked a sudden and dramatic outbreak in
Egypt in the Nile Valley and re-emerged in
the same region in 1993–1997. Manifesta-
tions of the virus were observed in
1990–1991 in Madagascar during an
epizootic. A recent study indicated that the
viruses circulating in Madagascar in 1990
and in Kenya in 1997 were closely related.
Interestingly, RVF virus was isolated for the
first time in Madagascar in 1979 but
serological and phylogenetic analyses of the
strain showed that it was closely related to
the virus circulating in Egypt in 1977. These
data suggest that RVF viruses were imported
into the island from different sources and
emphasize the risk of emergence of this virus
outside its established geographical area, via
transportation or travelling.

Virus
Rift Valley fever virus is classified in the
Bunyaviridae family and the Phlebovirus
genus. Examination by electron microscopy
and biochemical analysis reveals enveloped
particles measuring 90–110 nm in diameter,

Rift Valley fever virus 427

Fig. 1. Circulation of RVF virus in
Africa. Dark areas represent epidem-
ics/epizootics; hatched areas, virus
isolations; and light grey areas,
serological evidence.
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composed of four structural proteins and a
tripartite single-stranded RNA genome. The
protein components consist of two glyco-
proteins G1 (60 kDa) and G2 (55 kDa), a
nucleoprotein N (27 kDa) and an RNA-
dependent RNA polymerase L of approxi-
mately 250 kDa (Fig. 2A). Rift Valley fever
virus is sensitive to ionic and non-ionic
detergents, hypochlorite and common
disinfectants.

The three segments of the genome (L, M
and S for large, medium and small, respec-
tively), associated with multiple copies of
the N nucleoprotein and a few copies of the L
protein, form the inner circular and helical
ribonucleoproteins. Genomic RNAs possess
the 3′ terminal sequences UCUCUUUC . . .
specific to phleboviruses, which are comple-
mentary to the 5′ terminal ones AGAGAAAG
. . . and form panhandle structures. The
sequence of the complete genome of this
virus indicates that the L and M segments are
of negative polarity and code, respectively,
for the L protein and for a polypeptide
precursor to the glycoproteins (Fig. 2B). The
S segment utilizes an ambisense strategy and
expresses the N and NSs proteins from the
antigenomic- and genomic-stranded RNA,
respectively. It is noteworthy that the NSs
protein of RVF virus possesses specific

properties, as it is phosphorylated and
forms filamentous structures in the nuclei
of infected cells (Fig. 3). The nuclear local-
ization of a viral component is surprising
since RVF virus, like other members of
the family, replicates only in the cytoplasm.
The role of NSs has been elucidated. It is an
accessory protein for the viral growth in cell
culture, since there exists a natural isolate,
Clone 13, which possesses an internal dele-
tion in the NSs open-reading frame and
replicates in vertebrate and mosquito cells.
However, NSs plays a major role in patho-
genicity as an antagonist of interferon
production.

The virus grows and produces plaques
in many continuous line and primary cell
cultures, including VERO and BHK-21 cells,
the only exceptions being primary macro-
phages and lymphoblastoid cell lines. The
viral cycle occurs in the cytoplasm. During
transcription, four subgenomic messenger
RNAs (mRNAs) are synthesized, one from
each of the L and M segments and two from
the S segment, the N and NSs mRNAs, all of
them lacking poly-A at their 3′ ends (Fig. 4).
The N mRNA is transcribed from the S
genomic segment, whereas the NSs mRNA
is transcribed from the antigenomic RNA
molecule. All the mRNAs are subgenomic,

428 Rift Valley fever virus

Fig. 2. (A) Schematic representation of the viral particle. (B) Rift Valley fever virus genomic organization;
the rectangles and the black arrows represent the genomic strand and the ORFs, respectively. Orientation
from right to left: ORF present in the antigenomic strand; and from left to right: ORF present in the genomic
strand. ORF, open-reading frame.
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resulting from transcription that terminates
in the intergenic region for the S segment or
before the end of the templates for the L and
M segments. Moreover, mRNAs possess a
5′ methylated cap and 10–18 additional
non-viral nucleotides derived from cellular
RNAs, which are used to initiate the mRNA
synthesis with a cap-snatching mecha-
nism, like influenza virus. Full-length anti-
genomic RNAs, representing the complete
copies of the genome and terminating with
a 5′ triphosphate, serve as templates for
replication. Full-length S antigenomic RNA
is also the template for the synthesis of
NSs mRNA (Fig. 4).

Translation of the mRNAs leads to the
expression of the four structural (N, L, G1

and G2) and three non-structural proteins,
NSs, which form filaments in the nuclei and
two proteins, 14K and 78K, coded by the M
segment, the role of which is not known.
The M segment mRNA synthesizes a poly-
peptide precursor, which is cleaved co-
translationally and generates, in this order,
the 14K non-structural protein, followed by
G2 and G1. Expression of the 78K protein
results from translation initiation at the first
(instead of the second) in-frame AUG codon
(the translation initiation codon), which
leads to a polypeptide, uncleaved at the site
usually recognized between 14K and G2.
Like all the viruses of this family, the viral
particles maturate by budding through
the membranes of the Golgi apparatus.

Rift Valley fever virus 429

Fig. 3. Electron microscopic
examination of: (A) a VERO cell
infected with RVF virus MP12
strain showing the presence of
particles in the Golgi vesicles
(arrow number 1) and (B) the
presence of fibrous structures in
the nucleus (arrow number 2).
The bar represents 100 nm. (Kindly
provided by P. Gounon.)

Fig. 4. Transcription and replication of the negative-stranded L and M segments, and the ambisense S
segment. The black area represents the additional oligonucleotides derived from cellular RNAs and used
as primers for transcription of mRNAs.
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Exceptions to this rule were reported: the
plasma membranes of infected rat hepato-
cytes and epithelial cells of the mid-gut of
infected mosquitoes were found to be the
site for particle maturation.

No significant antigenic differences
were detected among RVF virus isolates.
However, phylogenetic analysis of strains
of various geographical origins and isolated
from different hosts (humans, animals,
mosquitoes) during epidemics/epizootics
or endemic/enzootic periods indicated the
existence of three lineages: Egyptian, West
African and East–Central African. Extended
analyses performed by sequencing regions
in the three genomic segments strongly
suggested that some of the strains were
generated by genomic reassortment between
phylogenetically different viruses, indicat-
ing that RVF viruses from different origins
were present at the same time and place
and coinfected mosquito or vertebrate hosts.

Clinical symptoms
In 1977, some 18,000–200,000 human cases
were estimated in Egypt, with 600 recorded
deaths from encephalitis and haemorrhagic
fevers. In 1987, 224 human patients died
from RVF virus infection in Mauritania.
Although it was difficult to estimate the
number of cases in 1997–1998 in East
Africa, because of the circulation of numer-
ous pathogens, probably more than 89,000
humans were infected with RVF virus.

Infections in humans occur from con-
tact with infected animals or with viraemic
blood or from mosquito bites. Contaminated
aerosols may also be implicated. The disease
leads to a wide variety of clinical manifesta-
tions. Usually Rift Valley fever begins as
an influenza-like illness, with fever, head-
ache and myalgia, followed by a complete
recovery. However, in some cases, infection
progresses to severe and sometimes fatal
complications, such as retinitis, encephali-
tis or haemorrhagic fever, with acute hepati-
tis. In Egypt, approximately 800 patients
had ocular disease appearing after the febrile
illness, between 7 and 20 days after the onset
of the symptoms, and had a diminution in
visual acuity and sometimes a permanent
loss of central vision.

Meningoencephalitis was frequent in
Egypt. The timing of encephalitic and ocular
diseases is similar; the febrile phase is
followed in 5–10 days by hallucination,
disorientation and vertigo. Immunoglobulin
G (IgG) and IgM antibodies were found in
the cerebrospinal fluids of patients with
central nervous system (CNS) involvement.
Fatalities were not frequent but neurological
complications were reported.

Most of the haemorrhagic forms are fatal.
Usually, the acute febrile phase is followed
in 2–4 days by jaundice and haemorrhages.
Death usually occurs 3–6 days later.

Diagnosis
Major Rift Valley fever epizootics/epidem-
ics have been preceded by heavy rains,
a high density of mosquitoes and frequent
abortions in sheep and cattle. These criteria
should be considered as a suspicious
indication of the circulation of the virus.
However, during an outbreak, the clear
demonstration of the presence of the RVF
virus must be obtained by virological and
serological methods. Isolation of the virus
after inoculation of suckling mice or VERO
cells is considered to be the method of
choice. Virus has been isolated from the
blood of patients up to 10 days after the
onset of the symptoms, and from many
organs at autopsy.

Diagnosis can also be performed by
detection of RVF virus-specific IgM or IgG
antibodies in animal or human sera, IgM
being the signature of a recent infection.
Enzyme-linked immunosorbent assays
(ELISAs), widely used in reference labor-
atories, are preferred to the previously estab-
lished methods of complement fixation,
inhibition haemagglutination and plaque-
reduction neutralization.

The N protein appears as the major
antigen during infection. The envelope
glycoproteins G1 and G2 carry epitopes
inducing neutralizing antibodies, which
were shown to play an important protective
role against infection. The presence of serum
antibodies to RVF virus seems to be the
major immunological defence mechanism
in recovery. Very little is known about the
cellular immune response.
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Liver lesions found by histopatho-
logical examinations also provide a good
indication of RVF virus infection. Immuno-
staining or in situ hybridization to detect
RVF virus antigens or its genome is useful
to confirm diagnosis. When liver sections
were observed under an electron micro-
scope, many hepatic cells were found to be
disorganized, with nuclei containing rod- or
fibre-like structures composed of the NSs
protein.

More recently, detection of the
viral genome by reverse transcription–
polymerase chain reaction (RT-PCR) ampli-
fication has been developed and found
to be very useful for rapid diagnosis. This
provides material for sequencing and further
characterization of the strains.

Transmission
Except for contamination by contact with
infected tissues, the virus is generally trans-
mitted by mosquito bites. Numerous strains
of RVF virus have been isolated from
various mosquito species, especially from
species of Aedes, Ochlerotatus,1 Culex
and Mansonia (Table 1). Virus isolations
have also been reported from Culicoides,
Simulium and ticks, but their role in
transmission is as yet unproved.

The occurrence of epidemics/epizootics
following periods of heavy rains or in
association with dam implementation, e.g.
the Aswan dam in 1977 or Diama dam on the
Senegal River in 1987, appears to be related
to a dense population of mosquitoes. Analy-
sis of records of rainfall, Pacific and Indian
Ocean sea-surface temperature anomalies
and vegetation index data, coupled with
satellite observations, has shown that out-
breaks could be predicted up to 5 months in
advance in East Africa.

During inter-epidemic periods, the
virus is maintained in nature via transo-
varial transmission in mosquitoes, as was
shown in Aedes lineatopennis in Kenya
and in Aedes vexans in Senegal. Recently,
it has been reported that RVF virus could
infect rodents, such as Namaqua Rock
mice (Aethomys namaquensis), which were
able to propagate the virus and might be
involved in a vertebrate–mosquito cycle,

constituting a possible reservoir host in
South Africa.

Animal infections
Depending on the animal species, up to
30% of adults could die and 80–100% of
pregnant animals abort. During a notable
epizootic of Rift Valley fever in South
Africa in 1950–1951, 100,000 sheep died
and 500,000 aborted. In less developed
countries, these outbreaks produce substan-
tial economic losses and sometimes reduce
the animal protein available for humans.
Restriction of animal exportation from
countries where the virus is endemic
contributes to the economic losses.

The disease affects sheep and cattle,
the most susceptible animals of veterinary
interest being lambs, calves and kids. Pigs,
horses, domestic Buffaloes (Syncerus caffer)
and camels (Camelus species) do not
become ill, but abortion due to RVF virus
has been observed in camels and buffaloes.
A recent serosurvey of RVF virus infections
in wildlife in Zimbabwe showed that RVF
virus antibodies were most prevalent in the
Black rhinoceros (Diceros bicornis), the
White rhinoceros (Ceratotherium simum),
Buffalo (S. caffer) and the Waterbuck (Kobus
ellipsiprymnus).

In newborn lambs, the mortality rate is
90–100% for less than 1-week-old animals.
The incubation period may be as short as
12 h but usually lasts 24–36 h, after which
the animal develops a high fever, exhibits
abdominal pain and dies within 24–36 h
after the onset of the first clinical symptoms.
Older animals exhibit various clinical signs,
from inapparent to peracute or acute infec-
tion, the latter form being frequent under
field conditions. Sick animals exhibit fever,
anorexia, nasal discharge, bloody or fetid
diarrhoea and, in some cases, a severe
icterus. For pregnant animals, abortion may
occur at any stage of pregnancy. Abortion
rates are usually very high, ranging from 40
to 100% in southern Africa and 80 to 100%
in Egypt in 1977. Adult cattle and sheep
may suffer mortality rates of 10–30% or
higher, depending on the nutritional state
of the animal. The disease primarily affects
the liver, with rapid hepatocellular changes
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432 Rift Valley fever virus

Species Country

Aedes
(Aedimorphus)

cumminsii
dalzieli
dentatus
durbanensis
ochraceus
tarsalis
vexans

(Neomelaniconion)
circumluteolus
lineatopennis
palpalis

(Stegomyia)
africanus
dendrophilus

(Diceromyia)
furcifer

Ochlerotatus*
caballus
juppi

Culex
(Culex)

antennatus
antennatus, annulioris grp., simpsoni, vansomereni
antennatus, simpsoni, vansomereni
theileri
zombaensis

(Eumelanomyia)
rubinotus

Eretmapodites
quinquevittatus species

Coquillettidia
fuscopennata
grandidieri

Mansonia
africana
uniformis

Anopheles
(Anopheles)

coustani
coustani, fusicolor

(Cellia)
pauliani, squamosus
christyi
pharoensis

Ticks
Amblyomma variegatum
Rhipicephalus appendiculatus

Burkina Faso 1983
Kenya 1982, Senegal 1975, 1983
Zimbabwe 1969
Kenya 1937
Senegal 1993
Uganda 1955
Senegal 1933

Uganda 1955, South Africa 1955, 1981
Zimbabwe 1969, South Africa 1975, Kenya 1982, 1984
Central African Republic 1969

Uganda 1956
Uganda 1948

Burkina Faso 1983

South Africa 1953
South Africa 1978

Kenya 1982, Nigeria 1967, 1970
Madagascar 1979
Kenya 1982, Madagascar 1979
Kenya 1982, South Africa 1953, 1970, 1975, Zimbabwe 1969,
Kenya 1982

Kenya 1982

South Africa 1971, Uganda 1948

Uganda 1960
Madagascar 1979

Uganda 1959, 1968, Central African Republic 1969
Madagascar 1979, Uganda 1960

Zimbabwe 1969
Madagascar 1979

Madagascar 1979
Kenya 1982
Kenya 1982

Central African Republic 1983
Kenya 1933

Continued

Table 1. Arthropods naturally infected with RVF virus. Subgenera in parentheses.
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Rift Valley fever virus 433

Species Country

Other arthropods
Culicoides
Simulium

Nigeria 1967
South Africa 1953

*Ochlerotatus was formerly a subgenus of Aedes.

Table 1. Continued

progressing to massive necrosis. In some
animals, haemorrhages are observed in the
liver.

Experimental infections of susceptible
animals have helped towards a better under-
standing of Rift Valley fever pathogenesis.
Infections of mice, hamsters and some
strains of rats, by peripheral routes, with
virulent strains lead to a transient viraemia,
followed by an acute hepatitis and death.
In other strains of rats, RVF virus infection
provokes encephalitis. Some other strains
are completely resistant, with asymptomatic
infection. Resistance was shown to be
governed by a dominant Mendelian gene.
Rhesus monkeys (Macaca mulatta) repre-
sent an excellent model for human infection,
exhibiting a variety of clinical symptoms,
including haemorrhagic forms with dissemi-
nated intravascular coagulation.

Prevention and treatment
Because of the economic importance of
the disease in sheep and cattle, efforts have
been to produce a veterinary vaccine. To
this end, the Smithburn neurotropic strain
was obtained by intracerebral passages of
the virulent strain Entebbe in suckling mice
and embryonated chicken’s eggs. However,
the strain was not completely attenuated,
being neurotropic, and provoked a range of
anomalies of the central nervous system
in fetuses. Vaccination of ewes may also
result in abortion and stillbirth. Teratogenic
effects associated with vaccination have
been reported in up to 15% of pregnant
ewes. For this reason, other attenuated
strains have been produced or isolated.
One of them, the mutagenized strain MP12,
which derived from a virulent strain iso-
lated in Egypt in 1977, appeared to be a

good candidate because of the presence of
attenuating mutations in each of the three
segments of the genome. However, although
it was an efficient immunogen in adult and
young animals, deleterious effects were
observed after vaccination of pregnant ewes
in the first trimester (B. Erasmus and D.H.L.
Bishop, personal communication). Recen-
tly, a naturally attenuated strain, Clone 13,
isolated from a benign human case was
found to be highly immunogenic for mice.
Interestingly, this RVF virus possesses a
large deletion in the gene coding for the
non-structural NSs, which seems to be an
important determinant for attenuation.

An inactivated RVF virus vaccine,
produced in 1967 and improved in 1978,
is used to protect at-risk personnel, but it
is too expensive for veterinary use. Adminis-
tration of immune plasma or serum, inter-
feron, interferon inducer or ribavirin in
experimentally RVF virus-infected mice,
rats or monkeys has proved efficient in
protecting against the disease.

Control
Recent epidemics in East and West Africa
have emphasized the importance of irriga-
tion and rainfall in the re-emergence of the
virus, as well as a risk of exportation from
Africa. Since mosquitoes play an important
role for viral transmission and propagation,
vector control measures are often appropri-
ate. In emergency situations, such as deal-
ing with epidemics, the most appropriate
measures are space-spraying, particularly
using ultra-low-volume (ULV) techniques,
with insecticides such as malathion, pro-
poxur or the pyrethroids to kill the adult
mosquitoes, including infected ones. Aerial
applications are the method of choice for
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covering large areas. In the 1977–1978
epidemic in Egypt the number of cases
was reduced following aerial spraying of
malathion. Preventive control measures
include spraying houses or animal quarters
with residual insecticides, if the vectors
are known to be, or are suspected of being,
endophilic. Because of the often extensive
mosquito larval habitats, larviciding is
unlikely to be very effective.

During epizootics, relocation of animals
where mosquitoes are absent has been sug-
gested. Of utmost importance is the control
of the circulation of the virus during sero-
logical surveys or virus isolation from
captured mosquitoes or a sentinel herd. To
this end, methods for the rapid detection
of the virus by immunocapture ELISA or
RT-PCR amplification are extremely useful.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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River blindness see Onchocerciasis, human.

Roaches see Cockroaches.

Rochalimaea quintana see Bartonella quintana and Bartonella henselae.

Rocio encephalitis

Carl J. Mitchell

Distribution
Rocio (ROC) virus was responsible for epi-
demics of meningoencephalitis in coastal
communities in southern São Paulo State,
Brazil, during 1975–1977. Epidemics
were confined to 20 counties in the
Santista Lowlands and the Ribeira Valley;

1021 cases were diagnosed. Outside the
epidemic area, five cases were diagnosed
in Parana State across the border to the
south from the Ribeira Valley. Subsequen-
tly, no further outbreaks have occurred
and ROC virus activity has decreased
markedly.
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Aetiological agent
The prototype strain of ROC virus (SP H
34675) was isolated in 1975 from cere-
bellum and spinal cord tissues of a fatal
encephalitis case, who previously resided
in the small village of Rocio. Rocio virus
belongs to the genus Flavivirus (family
Flaviviridae) and is closely related sero-
logically to Ilheus, St Louis encephalitis,
Japanese encephalitis and Murray Valley
encephalitis viruses (see entries). Rocio
virus particles are typical of flaviviruses,
spherical in shape and about 43 nm in
diameter. The virus causes encephalitis and
death in suckling and weaned mice and
suckling hamsters, after intracerebral inocu-
lation. Rocio virus replicates in a variety of
vertebrate and insect cell lines.

Clinical symptoms
The incubation period is estimated to
be between 7 and 14 days, with an average
of 12 days. The main symptoms and signs
among 234 patients with encephalitis
included headache (94%), fever (91%),
vomiting (51%), weakness (45%), anorexia
(24%), abdominal distension (21%), nausea
(19%) and hyperaemia of the oropharynx
(19%) and conjunctivae (16%). Signs of
central nervous system involvement inclu-
ded meningeal irritation (57%), alteration of
consciousness (51%), motor abnormalities
(50%), alteration of deep tendon reflexes
(25%), alteration of muscle tone (25%),
presence of pathological reflexes (14%),
abnormalities of the cranial nerves (12%),
dyslalia (10%), sensory disturbance (2%)
and convulsions (2%). Death followed ful-
minating or prolonged coma. Serious neuro-
logical sequelae were observed in about
20% of patients.

Diagnosis
Infections with ROC virus cannot be diag-
nosed on the basis of clinical symptoms,
which may be the same or similar to those
caused by a variety of aetiological agents.
Laboratory procedures for diagnosis are
based on isolation of ROC virus or specific
serological tests. Rocio virus can usually be
isolated from the central nervous tissues
of patients who die within 5 days of the

onset of illness. Serological tests, including
haemagglutination inhibition (HI), comple-
ment fixation (CF) and neutralization tests
(NT), can be used. Serological diagnosis is
based on a significant rise between paired
acute and convalescent sera collected with
at least a 10-day interval between samples.
The HI test is less reliable because of cross-
reactivity between ROC virus and related
flaviviruses. An immunoglobulin M (IgM)
antibody-capture enzyme-linked immuno-
sorbent assay (MAC-ELISA) is also useful,
especially when only a single serum is
available, which results in inconclusive
results by HI and CF tests.

Epidemiology
The affected area is bordered to the north
and north-west by the Serra do Mar
Mountains and the Atlantic Ocean to the
south. The Ribeira Valley has the lowest
population density in São Paulo State;
two-thirds of the population is rural. It
is extensively forested, and humid tropical
forests often extend up to the edges of urban
and rural centres. Basic sanitation services
are frequently lacking and unpaved streets
are common. The Santista Lowlands lie to
the north-east in a long, narrow corridor
along the coastal plain. Tourism, industry,
banana plantations and fishing contribute
to a well-developed economy.

The initial outbreak involved primarily
adult males who worked close to or inside
forests, suggesting an arbovirus aetiology
even before the virus was isolated. Subse-
quently, fishermen and agricultural workers
were at greatest risk, especially males in
the 15–30-year age bracket. In 1975, the
incidence in males in this age group was
82/1000, whereas for males in general it was
49/1000, and for females 15–30 years of age
it was 24/1000. The coastal counties were
most affected, with attack rates ranging from
718 to 1915 per 100,000 population. From
1978 to 1983, annual encephalitis attack
rates in the Ribeira Valley decreased gradu-
ally from 19.6/100,000 to 0.9/100,000. The
overall case–fatality rate was 10%, with
the highest rates in children under 1 year
of age (31%) and in people over 60 years
of age (28%). Most cases in the Santista
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Lowlands occurred from March through
May, whereas peak incidence in the Ribeira
Valley was during the summer and early
autumn.

Transmission cycles
Neither the epidemic nor the epizootic
cycles of ROC virus have been defined;
however, field and laboratory studies have
provided information about the probable
involvement of birds and mosquitoes. Dur-
ing the 1975 outbreak, 14,490 mosquitoes,
representing at least eight species belonging
to three tribes, were collected in the epi-
demic zone and tested for the presence of
virus by inoculating triturated suspensions
of mosquito pools into suckling mice. The
results were negative. Subsequently, an
additional 38,896 mosquitoes collected in
the epidemic zone later in 1975, and during
1976, were tested in VERO and primary
duck embryo cell cultures. A single isolate
of ROC virus was recorded from a pool of
Psorophora ferox collected in a Shannon
trap in Cananeia, along the south-east coast
of the Ribeira Valley, on 26 February 1976.
The positive pool included 16 unfed, one
gravid and two blood-engorged specimens.
The abdomen of one of the two engorged
mosquitoes was saved for precipitin testing
and was found to contain canine blood.
Only 283 P. ferox (0.7% of the total mos-
quitoes) were present in the collections.
Among the mosquitoes tested, species of
Culex (Melanoconion) were most commonly
represented (36%), followed in decreasing
abundance by Coquillettidia chrysonotum,
Mansonia indubitans, Ochlerotatus1 scapu-
laris, Ochlerotatus serratus, other Culicini,
Anophelini and Sabethini.

Experimental studies showed that ROC
virus produced high-level viraemias in
young chicks following subcutaneous inoc-
ulation of virus or the bite of a single infected
mosquito. Use of a mosquito–chick model
permitted an evaluation of the susceptibility
of a variety of mosquito species and strains
to infection per os, measurement of virus
infection and transmission rates, determina-
tion of the virus content of infected mos-
quitoes and growth patterns of ROC virus

in infected mosquitoes. Initially, because of
the availability of mosquitoes, such studies
were carried out with colony strains of mos-
quitoes from the USA and one from Argen-
tina. Based on the results of these studies,
the vector competence of various species
and strains was classified as high (Culex
tarsalis from Colorado and Arizona, and
Culex pipiens sensu stricto from Illinois),
moderate (C. pipiens group from Tennessee,
and Culex quinquefasciatus from Argen-
tina), or low (P. ferox from Louisiana, and
Culex opisthopus and Culex nigripalpus
from Florida).

Subsequent studies with P. ferox, O.
scapularis and O. serratus from the epi-
demic zone showed that the first two species
could be classified as potential vectors, but
O. serratus was relatively insusceptible to
per os infection, even following ingestion of
high-titre blood meals. Field investigations
during the late 1970s and 1980s showed that
O. scapularis, O. serratus and species of
Culex (Melanoconion)  were  the  predomi-
nant mosquitoes in the epidemic zone, and
that O. scapularis was the most common and
abundant mosquito in human settlements
and human-made environments.

Haemagglutination inhibition antibody
to flaviviruses was found in approximately
25% of wild birds in the epidemic zone
during the time of the outbreaks, and ROC
virus was the most reactive antigen. In
addition, strains of ROC virus were isolated
from the blood of a Rufous collared sparrow,
Zonotrichia capensis, and from sentinel
mice. The latter were exposed in a suspen-
ded cage, indicating that a flying arthropod
was the probable vector. Experimental stud-
ies with House sparrows, Passer domesticus,
from Colorado indicated that the population
tested was not a good amplification host for
Rocio virus.

Treatment
There is no specific treatment for patients
infected with ROC virus. Hospitalization
with good supportive therapy and general
nursing care currently offer the best hope
for reducing the risk of complications lead-
ing to more severe or fatal cases.
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Prevention and control
A formalin-treated extract of infected suck-
ling mouse brains was used to prepare an
inactivated vaccine against ROC virus in
1977. Employees of an industry located in
the epidemic area were given three doses of
the vaccine 1 month apart and another dose
15 months later. Seroconversion rates were
low and induced antibodies were short-
lived; therefore, the vaccine was not used
extensively.

Mosquito control activities undertaken
during the epidemic included the use of
larvicides in ditches and flooded areas,
perifocal application of adulticides around
residences with encephalitis cases, and area-
wide ultra-low-volume (ULV) applications
of malathion from vehicles and aircraft.
Also, some areas with stagnant water were
drained. It is impossible to determine what
impact these control efforts had on ROC
virus transmission. Personal protection by
the use of bed nets, especially pyrethroid-
impregnated ones, and mosquito repellents
may be useful for protecting people living in
or near the epidemic area, especially when
there is evidence of ROC virus activity.

Future perspective
The ecological variables that accounted for
the sudden appearance and disappearance
of intense Rocio virus transmission in the
affected area are unknown. It seems likely
that low-level enzootic transmission contin-
ues to occur. With increasing deforestation
and population expansion in south-eastern
São Paulo State and other areas of Brazil,
it is highly probable that epidemics caused
by ROC virus will occur in the future. The
apparent importance of birds, perhaps
involving migratory species, in the virus
transmission cycle and the ease with
which Rocio virus can be transmitted

experimentally by a wide variety of mosq-
uito species both suggest that the virus may
become more widely distributed in the
future. The encephalitis outbreak caused
by West Nile virus (see entry), a related
flavivirus, in the north-eastern USA in 1999
illustrates the potential for arboviruses to
cause severe problems far from previously
recognized enzootic foci.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Rocky Mountain spotted fever

Daniel J. Sexton

Rocky Mountain spotted fever, human
Rocky Mountain spotted fever (RMSF) was
first recognized as a distinct clinical entity

in settlers of the Bitterroot Valley of western
Montana over 100 years ago. During the first
decade of the 20th century Howard Ricketts
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discovered that ticks were vectors of RMSF
and further discovered that the causative
organism (which he isolated from guinea-
pigs) circulated in nature between ticks
and mammals, and that infected ticks
transmitted the causative organism to their
progeny. These discoveries paved the way
for later investigators, who discovered the
causative organisms of other rickettsial
diseases and deduced their basic epidemio-
logical features.

Distribution
Rocky Mountain spotted fever is an
endemic but highly seasonal disease
throughout most of the continental USA,
south-western Canada, Mexico, Central
America, Colombia and Brazil. In the USA,
RMSF is most prevalent in the south-
eastern and south central states. In addition,
there are several well-known ‘hot spots’ of
spotted fever activity, including Cape Cod
(Massachusetts) and Long Island (New York
State). Although it is primarily a disease of
rural and suburban locations, occasionally
RMSF occurs in urban locations, such as
Central Park in New York City. Currently
available surveillance data probably under-
estimate the true incidence of the disease,
as proof of diagnosis usually requires
collection of paired serological samples
and because many cases are treated pre-
sumptively without subsequent serological
testing.

Aetiological agent
Rickettsia rickettsii is a Gram-negative
coccobacillus measuring 0.3–0.7 µm by
0.8–2.0 µm. It is an obligate intracellular
parasite that stains weakly with Gram’s
stain but can be visualized with Giemsa,
Machiavello and Gimenez stains, or by
fluorescent antibody conjugates. Rickettsia
rickettsii has ribosomes and indistinct
strands of DNA in an amorphous cytosol,
surrounded by a plasma membrane. An
indistinct microcapsular layer is present
on the outer surface of the cell wall. An
electron-lucent zone, which is thought to be
a slime layer important in pathogenicity,
separates the microcapsular layer from
the host cytosol. Rickettsia rickettsii cannot

be propagated on agar or in broth but the
organism grows readily in the yolk sac of
chicken embryos and in several tissue
culture monolayers, such as chicken
embryo fibroblasts, mouse L cells and
golden hamster cells. Rickettsia rickettsii
also grows readily in male guinea-pigs
after intraperitoneal inoculation. In vivo,
R. rickettsii has a striking tropism for endo-
thelial cells, where it grows in both the
nucleus and the cytosol of infected cells.
Cell-to-cell spread of R. rickettsii infection
occurs in vivo and in tissue culture systems
without lysis of infected cells. Rickettsia
rickettsii infection in humans produces a
widespread lymphocytic vasculitis, which
may secondarily result in dysfunction of
virtually any tissue or organ. Severe infec-
tions in humans may result in cerebritis,
myocarditis, retinitis, cutaneous necrosis or
even gangrene, as well as focal necrosis
of peripheral nerves and intra-abdominal
organs, and diffuse pulmonary infiltrates.

Clinical symptoms
Infected patients become symptomatic 2–14
days after being bitten by an infected tick,
with most cases occurring between 5 and
7 days after exposure. In the early phases
of illness, most patients have non-specific
signs and symptoms, such as fever, head-
ache, malaise, myalgia and nausea, with or
without vomiting. Children and occasion-
ally adults may have abdominal pain in
the early phases of illness. In fact, gastro-
intestinal involvement may be severe and
lead to erroneous diagnoses, such as acute
appendicitis, cholecystitis and even bowel
obstruction. A small number of patients
in the early phases of RMSF have been
admitted to surgical services and some have
undergone laparotomy.

Most patients with RMSF develop a
rash between the third and fifth days of ill-
ness. However, a skin rash is often absent
when the patient first contacts a physician.
Approximately 15% of patients have a rash
on the first day of illness, and less than
one-half of all patients develop a rash in the
first 72 h of illness. In a small percentage of
patients, the rash may be delayed in onset
past 5 days and/or is atypical (e.g. confined
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to one body region). Furthermore, a rash
never occurs in up to 10% of patients. These
cases of ‘spotless’ RMSF may be severe and
end fatally. The typical rash of RMSF begins
on the ankles and wrists and spreads both
centrally and to the palms and soles. It often
begins as a macular or maculopapular erup-
tion and then usually becomes petechial.
The evolution of a skin rash can vary greatly
from one patient to another. For example, in
some patients the rash may suddenly appear
as a petechial eruption, whereas in other
patients, especially dark-skinned individu-
als, the rash may be faint or difficult to see.

In addition to a rash, most patients
with RMSF complain of intense headache,
myalgias and arthralgias. Cough, abdominal
pain, bleeding, confusion, focal neurological
signs and seizures may occur together or
singly in severe cases. Gangrene of the digits,
ears and scrotum can also occur in severe
cases, as can widespread organ dysfunction,
resulting in renal failure, heart failure or
diffuse lung injury. Children with RMSF
may develop striking oedema of the hands,
feet and periorbital tissues.

The prognosis in RMSF is dependent
upon both host factors and as yet poorly
characterized virulence factors of the infect-
ing organism. Depending upon the geo-
graphical location, 20–80% of patients
with Rocky Mountain spotted fever who do
not receive anti-rickettsial therapy will die
of their illness. The disease is more severe in
adults, males and individuals with glucose-
6-phosphate dehydrogenase deficiency.
However, fulminant disease may occur in
patients of both sexes and all ages and races.
Delay in the institution of anti-rickettsial
therapy is an additional prognostic factor.
Patients treated with effective therapy within
the first 5 days of onset have significantly
better outcomes than those treated later.
Long-term sequelae, such as mononeuro-
pathy, neurogenic bladder and paralysis,
may occur in patients with severe disease.

Diagnosis
The diagnosis of RMSF is based upon the
probability that individual clinical features
represent RMSF in the appropriate epide-
miological setting. There is no completely

reliable diagnostic test in the early phases
of illness when therapy should begin. The
initial clinical features of Rocky Mountain
spotted fever are so non-specific that, even
in areas where the disease is endemic, the
majority of patients with this disease are not
correctly diagnosed at their first physician
visit. During the early phases of illness
RMSF is frequently mistaken for a wide
array of other febrile illnesses, including
common viral exanthems and other viral ill-
nesses without skin rash. Individuals with
RMSF are often empirically treated with
beta-lactam antibiotics in the early phases
of illness, and then mistakenly thought
to have a drug eruption when a skin rash
appears a few days later. Gastrointestinal
manifestations are often dominant symp-
toms in the early phases of illness; indeed,
some children and adults with RMSF have
undergone appendectomies because of an
erroneous initial diagnosis of appendicitis.

Occasionally patients with RMSF pres-
ent with unusual focal or generalized neuro-
logical symptoms that mimic viral meningo-
encephalitis or bacterial meningitis. Rarely,
bizarre neurological symptoms, such as hal-
lucinations, dominate the early presentation
of illness, leading to misdiagnosis as psychi-
atric disease or an intoxication. Severe cases
of RMSF fever may mimic meningococ-
caemia to a point that even experienced
clinicians cannot distinguish between the
two diseases. In addition, RMSF has been
confused with thrombotic thrombocyto-
penic purpura, streptococcal bacteraemia
and measles. Occasionally, more than
one person in a household will acquire
RMSF nearly simultaneously, leading to the
logical, but mistaken, assumption that the
cause of illness is a common viral pathogen.

Later in the course of illness, the diagno-
sis of RMSF can be made by skin biopsy and
confirmed serologically. Rickettsial blood
cultures are highly sensitive and specific but
are only available in research centres with
specialized laboratories.

Most patients with RMSF have a normal
white blood cell count at presentation. How-
ever, the white blood cell count may be low,
normal or elevated in individual patients
and is therefore not diagnostically helpful.
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As the illness progresses, thrombocytopenia
becomes more prevalent and may be
severe. Hyponatraemia, elevated plasma
levels of aminotransferases (transaminases)
and bilirubin, azotaemia, and prolongation
of the partial thromboplastin and prothrom-
bin times are often present in severe cases of
RMSF.

Biopsy of a skin lesion obtained with a
3 mm punch biopsy can establish the diag-
nosis of RMSF. Fresh or formaldehyde-fixed
tissue can be examined for rickettsiae using
direct immunofluorescence or immuno-
enzyme methods. Direct immunofluores-
cent staining can provide an answer in a
few hours if the necessary conjugates are
available locally. If local facilities are
not able to do direct immunofluorescence,
reference laboratories can perform immuno-
peroxidase stains on fixed tissue specimens.
However, any delay in obtaining results
makes this technique of little or no use for
initial patient management.

The diagnosis of RMSF can be confir-
med serologically using the indirect fluores-
cent antibody (IFA) test. The minimum diag-
nostic titre in most laboratories is 1 : 64.
Antibodies typically appear 7–10 days after
the onset of the illness. The optimal time to
obtain a convalescent antibody titre is at
14–21 days after the onset of symptoms.
Thus, serological testing is usually not
helpful during the first 5 days of symptoms,
when therapy should be initiated. Patients
who are treated within the first 48 h after
symptoms have appeared may not develop
convalescent IFAs. The Weil–Felix test,
which detects cross-reacting antibodies
against Proteus vulgaris antigens (OX2 and
OX19), lacks sensitivity and specificity and
its use is no longer recommended.

Transmission
Rickettsia rickettsii circulates in nature
between ixodid (hard) ticks and small
rodents, such as Ground squirrels (e.g.
Spermophilus lateralis tescorum), Yellow-
pine chipmunks (Tamias amoenus), White-
footed mice (Peromyscus leucopus) and
voles (Muridae, Microtinae). A number of
different tick species have been implica-
ted in this tick–rodent sylvan cycle of

infection. Horizontal transmission of R.
rickettsii can occur during feeding of ticks
on small mammals that are rickettsaemic.
Subsequently, infected ticks can in turn
infect further animals. Also ticks can be
infected trans-stadially and by transovarial
transmission of infection. Finally trans-
mission of rickettsial infection may also
occur when an infected male mates with an
uninfected female tick – that is, venereal
transmission.

Humans are only an accidental host
for R. rickettsii.  The  principal  vectors  of
human R. rickettsii infection in the USA and
Canada are Dermacentor andersoni (in the
Rocky Mountain region) and Dermacentor
variabilis (in the eastern and south-western
USA). In Mexico and Central America,
Rhipicephalus sanguineus is the primary
vector for human infections. In Brazil
and Colombia the principal tick vector
is Amblyomma cajennense. However, A.
cajennense has also been described as a
vector of spotted fever group (SFG) ricket-
tsiae in Mexico and in Central America.

Rickettsia rickettsii has also been
isolated from rabbit ticks (Haemaphysalis
leporispalustris) and from the lone star tick
(Amblyomma americanum). The latter tick
is probably an insignificant or minor vector
of RMSF. The rabbit tick is not thought to be
a vector for human infection, even though it
may be partially responsible for maintaining
R. rickettsii in rodent populations. More-
over, although rickettsiae recovered from
H. leporispalustris are antigentically similar
to R. rickettsii, they do not cause disease in
laboratory animals.

Treatment
The only two drugs effective against R.
rickettsii are tetracyclines and chloramph-
enicol. The latter drug is generally reserved
for the treatment of pregnant women and
for empirical treatment of severe cases in
which meningococcaemia is thought to be a
possible alternative diagnosis. Tetracycline
(usually in the form of doxycycline) is the
preferred treatment for most cases – both in
adults and in children. Although repeated
doses of tetracycline can cause dental
staining in children, a short course of

440 Rocky Mountain spotted fever

440
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
05 September 2001 09:46:14

Color profile: Disabled
Composite  Default screen



doxycycline therapy has little chance of
dental damage and doxycline is considered
to be the drug of choice even in children.
The recommended dose of doxycyline for
children is 200 mg day−1 in two divided
doses for children heavier than 45 kg in
weight; children weighing less than 45 kg
should receive 4.4 mg kg−1 body weight
day−1. The recommended dose of chlor-
amphenicol for children is 25 mg kg−1 day−1

in four divided doses, up to a maximum
dose of 2 g day−1. Fluoroquinolones have
been shown to have in vitro activity against
spotted fever group (SFG) rickettsiae, inclu-
ding R. rickettsii, but they have not been
adequately tested in humans with RMSF.
Duration of treatment of SFG rickettsial in-
fections has not been systematically studied
in a large cohort of humans. Most authori-
ties recommend that tetracycline or chlora-
mphenical be continued for at least 5–7
days or until the patient has been afebrile
for at least 48 h and is clinically improving.

Prevention and control
As the tick vectors of SFG rickettsia are
widespread and as control of tick popula-
tions is not practical or even feasible in
most regions, the cornerstone of public
health control of all tick-borne rickettsial
diseases is prompt empirical treatment
of suspected cases. Vaccines developed in
the 1930s and 1940s to control RMSF are
no longer available because they lacked
efficacy, and also because the low fre-
quency of illness even in highly endemic
regions made vaccination strategies imprac-
tical and prohibitively expensive. Because
infected ticks need to feed on hosts for
several hours before rickettsial transmission
occurs, prompt identification and removal
of attached ticks may prevent disease
transmission to humans.

Rocky Mountain spotted fever, animal
Although cats and other domestic animals
in endemic areas can be shown to have anti-
bodies that react with R. rickettsii antigens,
the only domestic animal that is known to
acquire clinical illness due to R. rickettsii is
the dog.

Clinical symptoms
Dogs experimentally infected with R. ric-
kettsii via inoculation or by the bite of an
infected tick may have fulminant clinical
illness or subclinical infection. A similar
range of severity from asymptomatic infec-
tion to fulminant illness has been described
after naturally occurring canine infection.
Dogs with symptomatic R. rickettsii infec-
tion usually have fever, anorexia, mental
depression, cough and a stiff gait. Examina-
tion   may   reveal   subcutaneous   oedema,
petechiae of the mucosa and skin and
epistaxis. Neurological abnormalities,
including seizures, may be present.

Some infected dogs make a complete
recovery without specific anti-rickettsial
treatment; others may die during the second
week of illness or recover with significant
sequelae. Severely affected dogs may develop
necrosis of the extremities, shock with
cardiovascular collapse or manifest signs of
severe meningoencephalitis.

As in infected humans, canines infected
with R. rickettsii may have thrombocyto-
penia, abnormal hepatic serum enzyme
levels, hyperbilirubinaemia and abnormal
renal function tests.

Necropsy findings in canines with
severe R. rickettsii infection show histo-
pathological abnormalities almost identical
to those of humans with fatal RMSF. These
abnormalities include intense vasculitis,
with perivascular lymphocytic infiltrates
and secondary damage of tissues and organs.
Focal myocardial and hepatic necrosis
is characteristically present in fatal cases,
along with intense vasculitis of the skin,
testicles, meninges, retina and skeletal
muscle.

Diagnosis
Diagnosis in canines is similar to diagnosis
in infected humans. The mainstay of diag-
nosis is serological testing. Microimmuno-
fluorescent, enzyme-linked immunosorbent
assay (ELISA) and latex agglutination tests
can be used to demonstrate antibodies
to R. rickettsii. Paired sera should always
be tested to prove infection. In endemic
areas 5–25% of asymptomatic dogs have
serological evidence of prior infection with
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SFG rickettsial antigens; thus a fourfold rise
along with a compatible clinical illness
is required before acute infection with R.
rickettsii is considered to be present. None
of these serological tests is useful in the
acute phases of illness; thus, in virtually all
cases of acute infection, diagnosis must be
based on the epidemiological setting (time
of year, likelihood of exposure to ticks and
geographical location) and the presence of
compatible clinical features. In virtually all
clinical situations, initial therapy must be
empirical, as proof of diagnosis requires
skin biopsy, a technique that is not readily
available or practical for most veterinarians.
As infected dogs may have a rather
high-grade rickettsaemia, veterinarians and
their staff should use caution and care
when obtaining blood samples and when
performing necropsies on dogs with fatal
infection; otherwise they may become
infected.

Treatment
The best treatment for R. rickettsii infection
in dogs is tetracycline or oxytetracycline
at a dose of 22 mg kg−1 three times daily.
Doxycycline, minocycline or chloram-
phenicol can also be used in treatment.
Enrofloxacin has also been shown to be an
effective treatment in dogs.

Control
Pet dogs living in areas endemic for RMSF
can be restricted from potentially tick-
infested brushy areas or locales with long
grass, but such measures are generally
impractical and ineffective in completely
preventing tick exposures. Periodic immer-
sion of dogs in acaricidal baths is also
of limited long-term efficacy in preventing
tick-to-dog transmission of R. rickettsii
infection. As in humans, prompt empirical
treatment with tetracycline is the best
way to prevent canine mortality due to
R. rickettsii infection.
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Ross River virus and Ross River virus disease

John S. Mackenzie

Infection of humans with Ross River virus
Ross River (RR) virus is recognized as the
aetiological agent of epidemic polyarthritis,
now more commonly known as Ross River
virus disease to distinguish it from other
viruses causing similar symptoms, and
sometimes colloquially but erroneously as
Ross River fever. It is the most common
arboviral disease in Australia, with between
4000 and 8000 cases reported annually. Epi-
demic polyarthritis as a disease entity was
first described in 1928 following unusual
epidemics in New South Wales (NSW).
Subsequent epidemics occurred in troops
stationed in the Northern Territory and
Queensland during the Second World War
(1939–1945). Serological studies carried out
during an epidemic in south-eastern Aus-
tralia, using Bebaru virus as antigen (Bebaru
virus is a Group A arbovirus, later classified
as an alphavirus), strongly indicated that
the causative agent was an arbovirus.
Shortly afterwards the virus was isolated
from Ochlerotatus1 vigilax mosquitoes
trapped in 1959 at the Ross River near
Townsville in Queensland.

Distribution
The virus occurs in all states of Australia
including Tasmania. A number of cases
have been diagnosed in Papua New Guinea,
and one isolate has been obtained from
mosquitoes there. The virus has not been
isolated from the Solomon Islands,
although seroepidemiological studies have
suggested that it is present. A single large
disease outbreak occurred in 1979–1980 in
a number of Pacific islands, including Fiji,
Samoa, Cook Islands, French Polynesia,
New Caledonia and Wallis and Futuna, but
the virus did not become established and
disappeared in 1981 shortly after the epi-
demic subsided. Virus was isolated from
mosquitoes and from viraemic human cases
during the outbreak.

Virus
Ross River virus is an alphavirus with a pos-
itive single-stranded RNA genome of about
11,650–11,875 nucleotides. In common
with other alphaviruses, the 5′ two-thirds of
the genome encodes the four non-structural
proteins (nsP1, nsP2, nsP3 and nsP4),
whereas the 3′ one-third of the genome
encodes the structural proteins (C-E1–
6K-E2). Ross River virus is closely related
antigenically to chikungunya and Getah
viruses in the Semliki Forest serological
complex (see entries). The complete
sequence has been elucidated for several
strains of RR virus, and an infectious clone
has been constructed to investigate aspects
of replication and immunogenicity and for
gene function studies.

Clinical symptoms and pathogenesis
The clinical disease occurs most commonly
in adults from 20 to 50 years of age, with
the highest incidence in the 30–40-year age
group. Clinically apparent infections are
rare in children. The incubation period may
vary from 5 to 21 days but is usually 7–9
days. Onset is relatively sudden and the
first symptom is usually joint pain. The dis-
ease is characterized by marked arthralgia
and myalgia, with an arthritis in over 40%
of patients. Anorexia, headache, photo-
phobia, lymphadenopathy and sore throat
may occur. Lethargy is common, and a fever
is observed in up to about 50% of cases and
a maculopapular rash in about 50% of the
cases. The joints of the extremities are most
commonly affected, but back involvement
is also relatively frequent. Most patients
report joint pain, with between 60 and 85%
having stiff and swollen joints. Knees,
wrists, ankles and the metacarpophalangeal
and interphalangeal joints of the fingers are
most commonly involved. The next most
frequently involved joints are elbows, toes,
tarsal joints, vertebral joints, shoulders and
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hips. Signs of joint involvement can vary
from restricted joint movement to promi-
nent swelling and tenderness. A rash can
appear from about 11 days before to 15 days
after the arthritis as pale, erythematous
macules and papules, but may be vesicular.
The rash is usually found on the limbs and
trunk, but can occur less frequently on the
face, palms of the hands or soles of the feet.
Purpura can also be found, mainly on the
limbs.

In some studies, about 50% of patients
were sufficiently well to return to work
within a month of the onset of symptoms,
although a significant number still suffered
residual arthralgia, with a few experiencing
relapses for a year or more. However, other
studies have suggested that symptoms may
persist for much longer, with nearly 50% of
patients still experiencing symptoms such
as joint pains and stiffness after a year, some-
times with joint swelling. Symptoms and
signs generally diminish over time, but may
follow a relapsing course, and it is known
that symptoms can persist for at least 6 years
in a few patients. The persistent joint pain
and tenderness is often accompanied by
fatigue and myalgia, which may contribute
significantly to the morbidity.

Most studies have shown that the rate of
disease is about the same for men and for
women. Subclinical infections may be com-
mon, particularly in endemic areas where
infection occurs throughout the year.

The pathogenesis of acute and persis-
tent RR virus infection has been investigated
by studying aspirated synovial fluid. Cells in
the aspirates were found to be largely mono-
nuclear, with macrophages predominating
in the early stages and small lymphocytes
becoming the major cell type in later
effusions. The persistence of virus-specific
immunoglobulin M (IgM) antibodies for
months after acute infection raises the ques-
tion of whether there is ongoing antigenic
challenge. Viral antigen can be detected
by immunofluorescence in the cytoplasm
of leucocytes aspirated from joint effusions
during the first few days of clinical infection,
and viral genomic sequences have been det-
ected by reverse transcriptase–polymerase
chain reaction (RT-PCR) in biopsy material

from cells of the synovial lining in two
patients 5 weeks after onset of symptoms.
However, RR virus has never been isolated
from infected joints, and there is no evidence
of immune complexes or complement
activation in synovial fluid. Thus it has
been believed that synovial tissue damage
was caused by non-specific cytotoxic
effector cells rather than cytotoxic T cells
directed at RR virus. However, recent
studies have indicated that RR virus is
able to persist within macrophages, and
thus may play a role in ongoing joint
symptoms. Indeed, in a murine model
system, treatment of mice with macrophage-
toxic agents (e.g. silica) prior to RR virus
infection completely abrogated disease
symptoms without significantly affecting
titres of virus in organs.

The rash in Ross River virus disease is
a cell-mediated immune response to viral
antigen in epidermal cells.

Diagnosis
Serological tests are the mainstay of labora-
tory diagnosis. Most cases are diagnosed
by detection of specific IgM antibodies, usu-
ally by a capture enzyme-linked immuno-
sorbent assay (ELISA). Diagnoses are fre-
quently made on a single serum specimen,
and thus can only be regarded as presump-
tive, as IgM antibodies can often persist
for months and may represent past infec-
tion. To confirm a case of RR virus infec-
tion, a second serum specimen is needed
to demonstrate seroconversion or a greater
than fourfold rise in IgG antibodies.
False-positive IgM responses have been
reported with some commercially available
tests, and a false positive should be consid-
ered when specific IgG antibody is absent.
Immunoglobulin G antibodies nearly
always appear within 10 days of the onset
of symptoms, although occasionally their
appearance can be delayed by a month or
more. Virus isolation is rarely attempted, as
the period of viraemia is relatively short
and, in most cases, viraemia is over by the
time a patient presents at the surgery. Viral
genomic sequences can be detected and
identified by RT-PCR from serum speci-
mens, but is not usually employed in
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diagnostic laboratories because of the cost
and labour involved.

Transmission
The natural wildlife transmission cycles
of RR virus are believed to be between
macropods and various mosquito species,
depending on the season and the geograph-
ical location. The major vertebrate hosts of
RR virus are believed to be macropods,
especially Eastern grey kangaroos (Macro-
pus giganteus) and Western grey kangaroos
(Macropus fuliginosus), but a number of
other domestic and wild animals have
been implicated on serological and/or epi-
demiological grounds, including horses,
Rabbits (Oryctolagus cuniculus) and Flying
foxes (Fruit bats) (Pteropus species). Two
virus isolations have been made from
Wallabies (Macropus species), a single virus
from a horse and three isolations from birds.
Despite these latter avian isolates, there has
been no subsequent evidence to suggest that
birds are involved in RR virus transmission
cycles in nature. There is also evidence that
humans may act as vertebrate hosts in urban
transmission cycles to a limited extent, but
transmission cannot be maintained.

Ross River virus has been isolated from
over 30 species of mosquitoes, although only
a few have been shown to be involved in nat-
ural transmission cycles. The most impor-
tant mosquito species involved in RR virus
transmission cycles are the two salt-marsh-
breeding species Ochlerotatus vigilax and
Ochlerotatus camptorhynchus, particularly
in coastal areas, and the freshwater-breeding
species Culex annulirostris in inland areas,
especially in semi-permanent water. Ochler-
otatus vigilax is found from southern NSW
northwards around the north of the conti-
nent, and down the Western Australia (WA)
coast to south of Perth, whereas O. camptor-
hynchus occurs along the southern coastline
from Gippsland in Victoria to just north
of Perth. Other species may be important
in specific localities or conditions. Thus
Ochlerotatus notoscriptus and Coquillet-
tidia linealis are important vectors in urban
areas, while Ochlerotatus normanensis, the
Ochlerotatus sagax group, Ochlerotatus
pseudonormanensis, and Ochlerotatus

bancroftianus and other temporary ground-
pool-breeding species are important for
initiating outbreaks following heavy rain-
fall events and flooding. Indeed, RR virus
is transmitted seasonally by different mos-
quito species in different ecological and
climatic situations. In coastal areas of north-
ern and north-eastern Australia, Ross River
virus disease exhibits an endemic pattern of
disease, with virus activity and human cases
occurring all year, but, elsewhere in Austra-
lia and particularly in southern areas, virus
activity tends to be seasonal and epidemic,
although low levels of virus transmission
can be detected in some areas all year round.

Epidemiology and ecology
Epidemics and outbreaks are driven by
environmental conditions, especially heavy
rainfall events and flooding, and by tidal
inundation of salt-marshes. Epidemic activ-
ity is also dependent on the recruitment of
sufficient numbers of non-immune verte-
brate hosts, and this may be a limiting factor
in the genesis of epidemics in successive
years, even when environmental conditions
favour mosquito breeding. However, model-
ling to account for the effects of climate
change have proved difficult, because of the
importance of local rather than regional cli-
matic conditions. There is strong evidence
to indicate that virus can persist in the
environment during adverse conditions
by vertical transmission in desiccation-
resistant mosquito aedine eggs.

There was a significant increase in the
number of cases of Ross River virus disease
reported throughout Australia in the 1980s,
due largely to a combination of increased
general medical practitioner awareness and
of improvements and availability of diagnos-
tic reagents. Ross River virus disease is a
notifiable disease in Australia. However, the
number of reported cases is probably a sig-
nificant underestimate because of under-
presentation and under-reporting. In the
8-year period between 1991 and 1998, over
38,000 cases of Ross River virus disease were
reported, at an annual average of about 4800.
The highest number of cases was 7800 in
1996, and the lowest 2700 in 1995. The
national annual notification rate of reported
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cases varied between 14.4 and 50.3 per
100,000 population. However, at a state or
regional level incidence rates are much
higher, particularly following epidemic
activity. Thus, in an outbreak in South
Australia, the regional rate was 670 per
100,000. In endemic areas with year-round
transmission, annual incidence rates can
exceed 350 per 100,000.

Minor variations among RR virus strains
have been found with comparisons of bio-
logical properties, such as mouse patho-
genicity, antigenicity (kinetic haemag-
glutination inhibition (HI)) and genetic
variation (restriction enzyme maps of com-
plementary DNA (cDNA), sequence varia-
tion), but none of these properties has been
related to differences of medical signifi-
cance. Nevertheless, a number of medical
practitioners have noted that signs and
symptoms varied in different outbreaks, sug-
gesting that strains differing in pathogenic-
ity occurred naturally. The best example of
this was in the 1979–1980 outbreak in the
Pacific, where, for the first time, virus could
be readily isolated from sera collected from
patients. This may have been because of a
delayed antibody response to the Pacific
virus strains, or because the course of dis-
ease was biphasic in the acute stage in some
patients. These patients developed a second
clinical phase after a short period of
remission, which might coincide with the
appearance of detectable HI antibody. Thus
virus could be isolated because of the earlier
presentation during the first acute phase.
This differs from the disease in Australian
patients, who have a clinically silent first
phase, and, by the time they present, a
detectable antibody response would nor-
mally have occurred. Although sequencing
parts of the genomes of Pacific island RR
virus strains revealed amino acid substitu-
tions, there was no evidence to link specific
substitutions with any changes in the dis-
ease. Genetic variants (or topotypes) have
been described in different areas, which
have been useful in molecular epidemiologi-
cal investigations, such as outbreak origins.
Thus two major topotypes have been found
in western and eastern Australia, respec-
tively, with the eastern topotype being

associated with the major outbreak in the
Pacific in 1979–1980. Thus it is believed that
the virus was introduced into the Pacific
through a viraemic tourist from eastern
Australia. A third topotype, found only in
north-eastern Australia and including the
prototype strain of RR virus, has not been
detected since the mid-1970s.

Treatment
No treatment is available for Ross River
virus disease, but aspirin or non-steroidal
anti-inflammatory drugs can be used for
relief of joint pains.

Prevention and control
Prevention has been largely directed at
behavioural changes, with local warnings
disseminated when epidemic activity is
predicted. These warnings suggest the use
of insect repellents and wearing long
sleeves and long trousers at dusk and dawn.
Adult mosquito control measures using
insecticides are rarely used because of the
difficulty in applying such agents effec-
tively in most settings and because of envi-
ronmental concerns. Larvicides have been
employed successfully in certain habitats
close to human habitation. Runnelling and
improved drainage have been important in
decreasing mosquito breeding in salt-marsh
habitats.

A killed vaccine has been suggested
but too many difficulties remain unresolved
before a vaccine can be contemplated. These
include the reports of immune enhance-
ment, improved understanding of the patho-
genesis of the disease, recent studies of the
persistence of the virus in macrophages and
synovial cells and the choice of virus strain
for vaccine development.

Infections of animals with Ross River virus
Ross River virus only causes disease
naturally in humans and possibly horses,
although some strains of laboratory mice
and hamsters are susceptible to lethal
infections. The evidence for disease in
horses requires further investigation, but,
as RR virus is very closely related to the
alphavirus Getah virus (see entry), a known
equine pathogen, it may not be altogether
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surprising that disease may occur in horses.
There was a suggestion from serological
studies that RR virus infection of horses
may lead to muscle and joint stiffness,
reluctance to move, leg swelling, ataxia and
nervous disease. Subsequent studies in Vic-
toria and Tasmania demonstrated a rising
ELISA IgG antibody titre in horses present-
ing with reluctance to move, pyrexia,
swollen legs, abdominal discomfort or mild
colic, inappetence and shifting lameness.
Ross River virus was also isolated from a
horse exhibiting ataxia with muscle rigidity
and twitching. This animal was also hyper-
sensitive to sound and had a rapid heart
rate, with occasional arrhythmia. Inocula-
tion of horses with RR virus has given
equivocal results, with the animals exhibit-
ing a vague inappetence, mild transient
pyrexia and a reluctance to move. It is
interesting to note that RR virus was also
isolated more frequently from traps, such
as carbon dioxide-baited light-traps, set
in locations close to horses than in traps
placed elsewhere during surveillance
studies in WA.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.

Selected bibliography
Burness, A.T.H., Pardoe, I., Faragher, S,G., Vrati,

S. and Dalgarno, L. (1988) Genetic stability
of Ross River virus during epidemic spread
in non-immune humans. Virology 167,
639–643.

Flexman, J.P., Smith, D.W., Mackenzie, J.S.,
Fraser, R.E., Bass, S., Hueston, L., Lindsay,
M.D.A. and Cunningham, A.L. (1998) A

comparison of the diseases caused by Ross
River virus and Barmah Forest virus. Medical
Journal of Australia 169, 159–163.

Fraser, J.R.E. (1986) Epidemic polyarthritis and
Ross River virus. Clinics in Rheumatic
Diseases 12, 369–388.

Kay, B.H. and Aaskov, J.G. (1989) Ross River virus
(epidemic polyarthritis). In: Monath, T.P.
(ed.) The Arboviruses: Epidemiology and
Ecology, Vol. IV. CRC Press, Boca Raton,
Florida, pp. 93–112.

Lindsay, M.D., Broom, A.K., Wright, A.E.,
Johansen, C.A. and Mackenzie, J.S. (1993)
Ross River virus isolations from mosquitoes
in arid regions of Western Australia: implica-
tion of vertical transmission as a means of
persistence of the virus. American Journal of
Tropical Medicine and Hygiene 49, 686–696.

Mackenzie J.S. and Smith, D.W. (1996) Mosquito-
borne viruses and epidemic polyarthritis.
Medical Journal of Australia 164, 90–93.

Mackenzie, J.S., Lindsay, M.D., Coelen, R.J.,
Broom, A.K., Hall, R.A. and Smith, D.W.
(1994) Arboviruses causing human disease in
the Australasian region. Archives of Virology
136, 447–467.

Marshall, I.D. and Miles, J.A.R. (1984) Ross River
virus and epidemic polyarthritis. Current
Topics in Vector Research 2, 31–56.

Russell, R.C. (1994) Ross River virus: disease
trends and vector ecology in Australia.
Bulletin of the Society for Vector Ecology
19, 73–81.

Russell, R.C. (1995) Arboviruses and their vectors
in Australia: an update on the ecology and
epidemiology of some mosquito-borne arbo-
viruses. Reviews of Medical and Veterinary
Entomology 83, 141–158.

Sammels, L. Coelen, R.J., Lindsay, M.D. and Mac-
kenzie, J.S. (1995) Geographic distribution
and evolution of Ross River virus in
Australia and the Pacific Islands. Virology
212, 20–29.

Russian spring–summer encephalitis see Tick-borne encephalitis.

Ross River virus and Ross River virus disease 447

447
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
05 September 2001 09:46:15

Color profile: Disabled
Composite  Default screen



St Louis encephalitis

Laura D. Kramer

St Louis encephalitis (SLE) virus was first
recognized as the cause of central nervous
system disease in the USA, when it was iso-
lated from brain tissue of deceased humans
during an epidemic in St Louis, Missouri, in
1933. Over 1000 cases were reported in peo-
ple resident in the area. Extensive breeding
of two domestic mosquitoes, Culex pipiens
and Culex quinquefasciatus, was noted in
the urban and suburban environs of Mis-
souri, Kentucky, Ohio and Illinois, where
the disease occurred. The causative agent
was first isolated from field-collected Culex
tarsalis mosquitoes in Yakima Valley,
Washington State, in 1941 by W.McD.
Hammon and W.C. Reeves. Subsequent
intermittent epidemic transmission was fol-
lowed by a relative lull from 1969 to 1973,
after which the largest and most widespread
outbreak occurred in the Ohio River Valley
from 1974 to 1975. There were 1815 docu-
mented cases from 30 states and the District
of Columbia, but the most intensive activity
occurred in the east north central and east
south central states. This trend continued
through 1998, as is evident from an analysis
of the distribution of 4478 St Louis

encephalitis cases by state from 1964 to
1998 (Fig. 1). Large outbreaks have occurred
approximately every 10 years.

Distribution
St Louis encephalitis virus is widely dis-
tributed throughout the Americas, having
been isolated in Canada, the USA, Mexico,
Central and South America and the Carib-
bean islands. In the continental USA, St
Louis encephalitis has occurred, in both
endemic and epidemic forms, in all but five
states. A small number of human cases of St
Louis encephalitis have been reported in
Central and South America, but no large
outbreaks in the region have been attributed
to this virus. St Louis encephalitis virus
strains isolated from different sections of
the USA have phenotypic variations in their
virulence for mice and monkeys, and they
differ in their ability to produce viraemia in
House sparrows (Passer domesticus) and
chickens and in their vector competence in
C. quinquefasciatus.

Phylogenetic analyses indicate that SLE
virus isolates from tropical and temperate
America, including the USA, Mexico, the

448

Fig. 1. Human St Louis
encephalitis cases by state,
in the USA, 1964–1998.
CT, Connecticut; DC,
District of Columbia; NJ,
New Jersey; DE, Delaware;
MD, Maryland.
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Caribbean and Central and South America,
form a monophyletic group, indicating a
common ancestor. Isolates generally tend
to cluster according to geographical origin:
isolates from Panama and South America
predominantly form two large groupings,
whereas isolates from the USA form two
additional major groups. Several South and
Central American strains are more closely
related to strains isolated in the USA than
to other South American strains; e.g. one
isolate each from Mexico and Panama are
closely related to two Tampa Bay, Florida,
isolates, and an isolate from Brazil is closely
related to three isolates from Texas. The
USA isolates were also not strictly grouped
according to geographical source. For exam-
ple, some California isolates were closely
related to Texas or midwestern isolates, and
a Florida isolate was closely related to three
isolates from Maryland. The results of these
phylogenetic analyses indicated that SLE
virus is predominantly maintained locally,
but has occasionally been transported
between areas, both within and outside the
USA.

Virus
St Louis encephalitis virus is a mosquito-
borne virus and a member of the genus
Flavivirus in the family Flaviviridae. Along
with other important human pathogens,
such as Murray Valley encephalitis (MVE),
West Nile (WN) and Japanese encephalitis
(JE) viruses (see entries), SLE virus is a
member of the JE serocomplex, and is the
only member of this serocomplex that is
endemic in the Nearctic north of Mexico,
with the possible exception of WN virus,
introduced into New York City in 1999. The
members of the JE serocomplex are related
mostly through broad serological inter-
relationships and cross-react extensively
with each other.

The genome of the flaviviruses is single-
stranded, linear, positive-sense infectious
RNA, approximately 10,800 nucleotides
long and composed of one open-reading
frame. The 5′ terminus has a methylated
nucleotide cap, and the 3′ terminus has
no poly-(A) tract. Structural proteins are
located at the 5′ end of the genome and the

non-structural genes, involved in viral
replication, at the 3′ end of the genome in
the order 5′ C-PrM-E-NS1-NS2A-NS2B-NS3-
NS4A-NS4B-NS5 3′. The non-structural
proteins include a protease, a helicase and a
polymerase. The virion structural proteins
are glycosylated. The virus particles are
uniform in shape, spherical, enveloped and
40–60 nm in diameter, with glycoprotein
surface projections. Antigenic determinants
on the envelope are type-specific and group-
specific and are involved in antibody-
mediated neutralization. The virion contains
an icosahedral nucleocapsid, 25–30 nm in
diameter.

Clinical symptoms
Humans

Multiple environmental, biological and
social factors contribute to disease occur-
rence. In naïve populations in the eastern
USA the incidence of disease in persons
>60 years old is 5–40 times higher than
in the 0–9-year-old age group. As many as
30% of the elderly die following infection.
However, the majority of infections in other
age groups are subclinical or result in mild
illness. Having an outdoor occupation
which increases exposure represents
another risk factor. The incubation period
between infection and the onset of clinical
symptoms is usually 5–15 days. Most peo-
ple who are infected with SLE virus have
no symptoms or only a mild non-specific
flu-like illness. However, in some individu-
als, especially the elderly, SLE virus can
cause serious illness that affects the central
nervous system. Symptoms often include
a rapid onset of headache, high fever,
stiff neck, disorientation and tremor. Coma,
convulsions and paralysis may also occur.
Clinical syndromes, besides febrile head-
ache, include encephalitis and aseptic
meningitis. Convalescence can take as long
as 3 years in 30–50% of the cases, with
long-term sequelae in approximately 20%
of these patients, particularly old and
acutely ill people.

Other vertebrates
Domestic animals and horses do not usually
develop clinical symptoms.
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Diagnosis
In fatal cases, virus may be recovered from
suspensions of brain tissue by intracerebral
inoculation of suckling mice; however, iso-
lation from serum or cerebral spinal fluid
(CSF) is unusual. Diagnosis is usually
accomplished by demonstration of immu-
noglobulin M (IgM) antibodies in CSF or by
a fourfold rise in IgG antibody titre between
acute and convalescent sera. Serological
diagnosis may be confounded by cross-
reaction with other flaviviruses. Sera can be
initially screened by the broadly reacting
haemagglutination inhibition (HI) assay or
enzyme-linked immunosorbent assay (ELISA)
tests, which detect group-reactive antigens.
The most specific assay is the neutralization

test; neutralizing antibody titres following
the first infection with SLE virus rise
rapidly the week after onset and persist over
the lifetime of the person. A diagnosis can
be made by demonstrating a fourfold rise in
neutralizing antibody titre between acute
and convalescent sera. Complement-fixing
(CF) antibodies develop in the second week,
peak after 3–4 weeks and then decrease to
low levels by 9–12 months. Evidence of CF
antibody in a single serum sample indicates
recent infection. The presence of IgM anti-
bodies, which appear in the serum by
4 days after onset, also suggests recent
infection. However, approximately one-
quarter of all patients demonstrate IgM
antibodies even 1 year after infection.

450 St Louis encephalitis

Fig. 2. St Louis encephalitis transmission cycles.
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Transmission
Virus cycle

In the USA, SLE virus is maintained and
amplified by horizontal transmission in an
enzootic cycle involving wild birds, primar-
ily passeriformes and columbiformes, and
Culex mosquitoes (Fig. 2). Specific mos-
quito vectors vary regionally. Humans may
acquire the infection tangentially, but are
dead-end hosts. On the Gulf Coast and in
the Ohio and Mississippi River Valleys, two
C. pipiens complex mosquitoes, C. pipiens
and C. quinquefasciatus, are the primary
vectors. In these regions, SLE virus occurs
in both urban and suburban areas. In con-
trast, in the western USA, SLE virus occurs
more frequently in rural settings, especially
in heavily irrigated areas, where C. tarsalis
is the primary vector. Urban transmission
has been recognized in the west since
the 1984 outbreak in Los Angeles, and C.
quinquefasciatus and Culex stigmatosoma
may play a secondary role in these environ-
ments. A third distinct SLE virus cycle
occurs in Florida, where Culex nigripalpus
is the primary vector.

Less is known of the natural trans-
mission cycle in Mexico, the Caribbean and
Central and South America, where SLE
virus has been isolated from Culex species,
including C. quinquefasciatus, Culex spe-
cies of the subgenus Melaniconion, and
C. nigripalpus, as well as species in other
genera, such as Mansonia, Haemagogus
and Sabethes. Birds are presumed to be the
primary vertebrate host in the cycle, but
conclusive studies have not been conducted.
In South America, there are a number of
isolates from mammals other than humans,
including Calomys musculinus (Vesper
mouse), Mus musculus (House mouse),
Akodon species (field mice) and other
rodents, and Didelphis marsupialis (Opos-
sum), but it is not known whether these are
dead-end or amplification hosts.

Factors that affect the transmission
cycle include mosquito population genetics
and densities, virus strain and environmen-
tal factors, such as temperature. The dura-
tion of the transmission season is delineated
by temperatures that permit viral replication
in the mosquito host and by photoperiods

conducive to vector host-feeding activity.
The length of extrinsic incubation in the
mosquito host decreases as the temperature
of extrinsic incubation increases above the
thermal minimum of 17°C.

Infection in the arthropod host
The replication and dissemination of SLE
virus has been characterized in Culex mos-
quitoes. The genetics of both the virus and
the mosquito influence the transmission of
virus. Interspecies variation in susceptibil-
ity to peroral infection with SLE virus has
been demonstrated. Culex stigmatosoma
was found to be more susceptible to
infection with SLE virus than were most
populations of C. tarsalis, followed by
C. quinquefasciatus; Culex erythrothorax
was refractory to infection. The extrinsic
incubation period before which 50% of the
infected mosquitoes were able to transmit
virus was delayed for C. quinquefasciatus,
from 14 to 21 days as compared with
C. tarsalis. It is thought that the delay in
ability to transmit is associated with a delay
in dissemination of virus from the infected
mesenteron into the haemocoel. The
number of infected cells in the mesenteron
of C. pipiens infected with SLE virus
increased progressively from day 6 to day
12, reaching a maximum of one infected cell
in five cells examined. Salivary glands were
initially infected 8 days after infection,
with increasing numbers of virus particles
through day 32, the end of the experiment.
This explains the observation that transmis-
sion rates increase with increasing length of
extrinsic incubation; it has been observed
that once a Culex mosquito becomes
infected after ingestion of SLE virus, it will
probably transmit virus if allowed to incu-
bate for a sufficient period of time. None
the less, there were never more than one in
20 epithelial cells infected in a particular
site of the salivary gland.

A homoeostatic situation is established
in the mosquito which causes viral replica-
tion to plateau and not increase without
limit. Comparative vector competence stud-
ies with different geographical strains of SLE
virus and geographical strains of Culex
mosquitoes demonstrated little evidence of
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variation in infectivity for females of the
same mosquito population, but did reveal
differences in transmission between dif-
ferent virus strains. These differences were
most probably a result of differences in repli-
cation of virus, because significant differ-
ences were noted in virus titres of trans-
mitting versus non-transmitting females.

Infection in the vertebrate host
St Louis encephalitis virus produces a cyto-
pathic effect in various continuous and
primary vertebrate cell lines, such as baby
hamster kidney cells (BHK-21), monkey
kidney cells (VERO and LLC-MK2), porcine
kidney, Pekin duck kidney and chick
embryo. In vertebrate cell culture, the
virus replicates at a slower rate than do
alphaviruses. There is a latent phase of
approximately 11 h, followed 12 h later by
the production of maximal titres of virus.
Infectious viral RNA is produced as early as
6 h after infection and continues at low
levels until the formation of virions begins.
Replication in arthropod cells is usually
long-term and inapparent. A wide variety of
mammals and birds can be infected experi-
mentally with SLE virus. Infections range
from asymptomatic to lethal, with the out-
come dependent on age of host, route of
infection, virulence of isolate and dose on
infection. St Louis encephalitis viraemia
usually occurs in birds within 18–48 h after
the mosquito bite and usually lasts no
longer than 3–4 days. Persistence of SLE
virus for 1–5 months in brains of mice has
been reported.

St Louis encephalitis virus strains from
different hosts and geographical locations
differ in biological characteristics, such
as virulence and the ability to replicate in
mosquito vectors. In general, virus strains
isolated from birds were highly virulent and
disseminated from the mesenteron of the
mosquito vector, whereas SLE virus isolates
from rodents and carnivores were attenuated
(as determined by mouse inoculation),
indicating that these vertebrates might be
dead-end hosts.

Epidemiology
St Louis encephalitis usually appears in the
summer, with peak incidence in August–
September. Several studies of both urban
and rural forms of St Louis encephalitis
have shown recurrence of transmission of
the virus in a single geographical area,
e.g. in Texas and California, suggesting that
the virus is maintained locally from year to
year. Phylogenetic analysis of isolates from
the San Joaquin Valley of California over a
period of more than 34 years also indicated
local persistence of virus, although the
mechanism(s) by which the virus cycle
is maintained during periods when active
transmission is not detected is not known.
The most likely hypotheses proposed to
explain the maintenance of SLE virus over
adverse seasons and years include: (i) local
maintenance in arthropod vectors, either
through vertical transmission or persistence
in diapausing adults; (ii) reactivation of
virus in chronically infected vertebrate
hosts; and/or (iii) annual reintroduction of
the virus from tropical and subtropical
areas by migratory birds.

Vertical transmission in mosquitoes
In the laboratory, SLE virus was transmitted
vertically to <1% of the progeny of peror-
ally and parenterally infected female Culex
and Ochlerotatus1 mosquitoes, including
natural vectors. The low rate of filial infec-
tion observed with SLE virus may be related
to the mechanism by which eggs become
infected – i.e. virus enters through the
micropyle  of  the  fully  formed  egg  rather
than through infected ovarian tissues. In
addition, a temperature-dependent barrier
to trans-stadial transmission has been
observed in some Ochlerotatus species, in
that higher vertical transmission rates of
SLE virus have been observed in larvae
reared at 18°C rather than 27°C. The low
rate of vertical transmission would allow
for short-term persistence of SLE virus, but
probably not long-term persistence without
significant recruitment from horizontally
infected females.
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Persistence in diapausing adult Culex species
Field studies conducted over a 5-year
period (1950–1955) in Kern County, Cali-
fornia, yielded isolates of SLE virus from
C. tarsalis collected in June to September,
with one isolate being made in March. In
the laboratory, infection persisted in and
was transmitted by experimentally infected
C. tarsalis maintained outdoors in Kern
County, for 3–8 months after peroral infec-
tion. However, the mosquitoes infected
by feeding on viraemic chicks were not in
reproductive diapause. In the field, SLE
virus was isolated from overwintering
C. pipiens in Maryland; however, the
method of infection of these adult mosqui-
toes was not known. Related experiments
indicated that this species may undergo
gonotrophic dissociation and possibly
become infected through feeding on
viraemic birds during the autumn.

Chronic infection in birds
No infectious SLE virus was isolated from
more than 3000 wild birds of 84 species col-
lected from October through February over
a 5-year period in Kern County, California,
or recovered from more than 350 experi-
mentally infected birds. Recent experi-
ments have detected possible chronic
infections in experimentally infected House
finches (Carpodacus mexicanus), using a
reverse transcriptase–polymerase chain
reaction (RT-PCR), but recrudescence of
infectious virus has not been detected.

Alternative vectors
There is no evidence that alternative arthro-
pods, such as ticks or mites, contribute
to the maintenance of SLE virus in nature.
These arthropods become incidentally
infected when feeding on viraemic nest-
lings, but they are incompetent vectors.

Alternative vertebrate hosts
Precipitin tests on more than 2000 blood-
engorged C. tarsalis collected in November
through April from an area with enzootic
SLE virus activity identified 98% of the
blood meals as avian in origin. Therefore,
it is unlikely that other vertebrates are
involved in the virus cycle.

Reintroduction – bird flyways
Although spring bird migrations are gener-
ally completed before amplification of SLE
virus is detected in the USA, avian trans-
port of SLE virus may nevertheless be
important in viral dispersal. The majority
of birds observed to move between the
Mississippi and Pacific flyways, or between
California and Texas, are species of Anseri-
formes (especially Northern pintails (Anas
acuta), Mallards (Anas platyrhynchos),
Green-winged teal (Anas crecca) and Red-
heads (Aythya americana)), largely because
they are captured during hunts, but species
of Columbiformes (especially Mourning
doves (Zenaidura macroura)) have also
been banded and recaptured in the three
flyways.

Mourning doves provide an excellent
potential means of viral transport, because
these birds have been observed to travel, at
least occasionally, between the Mississippi
and Pacific flyways, as well as between the
Rocky Mountain and Pacific flyways, and to
migrate to the Gulf states and Mexico for
the winter. Approximately equal numbers of
birds appear to travel to and from California,
except for the Northern pintail, which was
predominantly banded in California and
recaptured either in the Mississippi flyway
or in Texas. There has also been consider-
able movement of birds noted between
Texas and the Mississippi flyway. There-
fore, migratory birds may provide a means of
viral movement and reintroduction.

Treatment
There is no vaccine which protects against
SLE virus infection. Treatment of the illness
is supportive.

Control
Changes in human behaviour, such as
the use of air-conditioning and television
watching at dusk, which keeps people
indoors, may have led to decreased infec-
tion and immunity in areas where the virus
is being transmitted enzootically. None the
less, surveillance activities must be vigilant
because of the unpredictable and inter-
mittent occurrences of outbreaks.
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Prevention and control of the disease is
accomplished through proactive surveil-
lance of virus amplification within the
enzootic cycle and timely vector control.
Active surveillance is a collaboration
between state and local health departments
and mosquito control districts. National
expenditures for mosquito control activities
approach US$150 million, with SLE virus
surveillance and control activities 0–70%
of the total, but this figure varies by state.
Deterioration of inner cities and global
warming may increase vector abundance
and transmission.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Salmonella infections see Flies and Cockroaches.

San Angelo virus

Bruce F. Eldridge

San Angelo (SA) virus is a mosquito-borne
arbovirus transmitted to medium- to large-
sized mammals in the south-western USA.
The virus has been used extensively as a
model for transovarial transmission of arbo-
viruses in mosquitoes; however, it is of no
known public health importance, although,
in one instance, neutralizing antibodies
were detected in humans. Although well
studied in the laboratory, there have been
few studies of the natural ecology of this
virus.

Distribution
Virus isolations from mosquitoes have been
made from Arizona, Colorado, New Mexico
and Texas, USA (Fig. 1).

Virus
San Angelo virus is a member of the genus
Bunyavirus and the California serogroup.

Along with California encephalitis, Tahyna
and La Crosse viruses (see entries), it is clas-
sified as a subtype of the California enceph-
alitis virus division of the serogroup. San
Angelo virus was first isolated in 1958 from
a pool of Anopheles pseudopunctipennis
mosquitoes collected near San Angelo,
Tom Green County, Texas. Viral cultures
injected into mice or baby chicks cause cen-
tral nervous system impairment and death.
San Angelo virus has been used as a model
pathogen to study transovarial transmission
in various species of mosquito. It has been
shown to produce stable infections in germ
cells in Aedes albopictus. The genomic
sequence of the small segment of the SA
viral genome has been determined.

Clinical symptoms
No symptomatic infections have been
reported in humans. A rise in antibody titre
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to La Crosse viral antigen by complement
fixation test was detected in a 3-year-old
child from Texas. The antibodies were later
shown to be specific for SA virus by the
neutralization test.

Diagnosis
Confirmation of arboviral disease requires
isolation of virus from an infected patient or
a fourfold or greater increase in antibody
titre between acute and convalescent
human serum samples. Isolation of fully
typed virus from mosquitoes or detection
of antibodies in sentinel mammals may
demonstrate enzootic viral activity.

Transmission
The natural vertebrate hosts of SA virus
are unknown. Neutralizing antibody has
been detected in Coyotes (Canis latrans),
Raccoons (Procyon lotor), Opossums
(Didelphis marsupialis) and White-tailed
deer (Odoileus virginianus). In one study,
neutralizing antibody was detected in one
of 255 human serum samples tested.

San Angelo virus has been isolated
from only a few species of mosquitoes.
The original isolate was from A. pseudo-
punctipennis; other isolates have been made
from Ochlerotatus1 atlanticus (or Ochlero-
tatus infirmatus), Psorophora columbiae,

Psorophora signipennis and Psorophora
ferox. There are insufficient numbers of
reports of virus isolation from wild-caught
mosquitoes to permit an analysis of the
relative importance of these species as
vectors.

The relative importance of horizontal
transmission between mosquitoes and mam-
mals in SA virus ecology is unknown.

Control
Usually none.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Sand-flies see Phlebotomine sand-flies.
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Fig. 1. Known distribution
of San Angelo virus in the
south-western USA.
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Sandfly fever see Phlebotomus fevers.

Scrub typhus

Daniel Strickman

Scrub typhus remains the most common
English designation for symptomatic infec-
tion with the bacteria, Orientia tsutsuga-
mushi (formerly Rickettsia tsutsugamushi,
but raised to a separate genus in 1995 based
on major differences in the genome, cell
wall characteristics and antigenicity). Vari-
ous authors have attempted to popularize
other names for the disease (e.g. chigger-
borne rickettsiosis, tsutsugamushi disease,
Japanese river fever, mite-borne typhus),
because transmission is not restricted to
‘scrub’ habitats (i.e. non-forested secondary
vegetation), nor is the aetiological agent
closely related to the organisms causing
epidemic typhus (Rickettsia prowazekii)
and endemic typhus (Rickettsia typhi) (see
entries).

Good estimates of prevalence are
unavailable over most of the range of scrub
typhus because of the disease’s protean sym-
ptomatology,  formerly  difficult  laboratory
diagnosis and tendency to affect rural popu-
lations that are distant from sophisticated

medical care. The best indications of the
potential burden of human suffering from
this disease come from frightening accounts
of mortality in Japan and New Guinea during
the pre-antibiotic era, the documented high
incidence in Allied soldiers during the Sec-
ond World War (1939–1945) in certain loca-
tions (Myanmar, Australasian islands and
Pacific islands) and organized studies in
Thailand and Malaysia showing that up to
20% of all fevers in some areas was caused
by scrub typhus.

Distribution
The disease affects people in a large geo-
graphical area sometimes called the ‘scrub
typhus triangle’, with apices in Pakistan,
Primorye (south-eastern Siberia) and New
Zealand. Reports from Africa remain
unconfirmed and uncertain (Fig. 1). This
geographical range corresponds to the
distribution of the major vector species
of chigger (leptotrombiculid) mites. Bio-
geographically, O. tsutsugamushi appears

Scrub typhus456

Fig. 1. Distribution of scrub typhus, showing the major transmission areas within the
so-called ‘scrub typhus triangle’.
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to be centred in South-East Asia, which
is also the area of greatest diversity of
Leptotrombidium mites and their principal
rodent hosts in the genus Rattus.

Pathogen
Orientia are obligate intracellular bacteria
in the order Rickettsiales, family Ricket-
tsiaceae. They are Gram-negative, short
rods 0.5–0.8 µm in diameter and 1.2–3.0 µm
long. Orientia tsutsugamushi is character-
ized by a soft cell wall, which, unlike
members of the genus Rickettsia, lacks
peptidoglycan and lipopolysaccharide and
has the outer leaflet of the cell wall thicker
than the inner leaflet. The bacteria grow by
binary fission (doubling time 9–18 h) in the
cytoplasm of host cells without the forma-
tion of a distinct vacuole. In at least some
host membranes, however, naked bacterial
particles are observed in tissue culture. The
major outer membrane protein antigens are
50–62 kDa, with the major human antigenic
protein usually designated as the 56 kDa
protein.

Orientia tsutsugamushi has almost
always been characterized from mammalian
cells, but can appear as a very different elon-
gated (up to 4.0 µm long) form, with unique
microtubular structures in the cells of
chigger mites. Isolates of the rickettsia have
been classified into eight basic serotypes
(including the well-known Karp, Kato and
Gilliam types) for many years, together with
several more serotypes recently described
from Japan and Korea. Recent work with
genetic methods, however, has failed to
show any correlation between genotypes
and serotypes, raising much doubt about
the value of phylogenetic interpretation of
serotyping.

Clinical symptoms
Illness begins suddenly, an average of
12 days after an infective bite of a chigger
mite, beginning with fever, headache and
myalgia. The disease often progresses to
include lymphadenopathy and conjunctival
suffusion. Other common signs are a cough,
rash and diarrhoea. The formation of an
eschar (small, painless area of necrosis
surrounded by reddened induration) at the

site or sites of infective chigger bites is a
much more specific sign, but the eschar is
present in only about half of the cases and
may be missed during medical examina-
tion. Approximately a week after the illness
begins, a macular rash often appears on the
trunk and progresses to a papular state also
involving the extremities. Clinically, scrub
typhus could be easily confused with
Korean haemorrhagic fever (see Haemor-
rhagic fever with renal syndrome), malaria,
dengue, Japanese encephalitis (see entries)
or leptospirosis. Untreated, scrub typhus
can progress to any of a number of serious
and potentially mortal problems, including
pulmonary oedema, pneumonitis, myo-
carditis, splenomegaly, hepatomegaly, renal
dysfunction and impairment of the central
nervous system (including deafness). If
fatal, death usually occurs within 30 days;
otherwise, untreated patients may experi-
ence a prolonged convalescence. Even with
appropriate antibiotic treatment, patients
may require 2 weeks of hospitalization. All
infection-related pathology is completely
reversible in patients who survive. Appar-
ently, patients do not completely clear
the infection, since isolations of the
pathogen have been made from lymph
glands up to a year after cessation of
symptoms. The severity of illness depends
greatly on the strain of O. tsutsugamushi
and the immune status of the patient
(heterologous protection for a few months
after infection, homologous protection for
2–3 years after infection). Before the advent
of effective antibiotics, mortality ranged as
high as 50% in some outbreaks. In contrast,
some strains in Japan produce either mild
illness or asymptomatic infection.

Diagnosis
Clinical presentation

Despite the protean character of the disease,
scrub typhus is often suspected based on
initial presentation. The presence of an
eschar on a febrile patient in an endemic
area is highly suggestive. Even in the
absence of an eschar, fever with a cough and
lymphadenopathy should raise suspicion
of the disease. Unfortunately, scrub typhus
is sometimes only suspected following
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exclusion of similar diseases, such as den-
gue (when fever persists longer than 4–5
days), malaria (when antimalarials fail to
reduce fever) and salmonellosis/shigellosis
(when fluoroquinolones or sulfa drugs fail
to stop diarrhoea and fever).

Serology
Although immunoglobulin M (IgM) anti-
bodies may not be present until 5 days after
the beginning of fever, serology is still use-
ful for three reasons: first, many patients
suffer with fever for at least several days
before seeking medical care, thus present-
ing with positive serological tests; secondly,
physicians need tools to continue to find
a diagnosis after initiation of the wrong
presumptive treatment; and, thirdly, retro-
spective proof of diagnosis builds statistics
that raise the index of suspicion so that
presumptive treatment is more likely to be
successful in subsequent patients. The old
serological test, called Weil–Felix, used
Proteus antigens, which cross-react with
IgM antibody from some rickettsial infec-
tions. Historically, the Weil–Felix test
produced the first evidence that certain
South-East Asian fevers were a form of rick-
ettsial disease. Although this test is cheap
and commercially available, it is not ideally
sensitive for detection of scrub typhus. The
modern standard, indirect immuno-
fluorescence assay (IFA), is more accurate,
but it depends on the availability of non-
commercial reagents (the rickettsial anti-
gens), a fluorescence microscope and highly
trained technicians. A very similar test that
has been used extensively in South-East
Asia is the indirect immunoperoxidase (IIP)
assay. This test avoids the complications of
handling and detecting fluorogens, but the
results can be somewhat more difficult to
interpret than with IFA. A dot–blot assay is
commercially available and registered in
the USA, but involves the use of a heat-
block or water-bath and requires about 2 h.
This test is based on exposure of a nitro-
cellulose strip with spots of antigen to solu-
tions of test serum, alkaline phosphatase-
linked anti-human antibodies and a
developing agent. A positive result is a
colour change at the location of the antigen.

A newer assay, based on a medium in
which all reagents are embedded in an absor-
bent material (commonly called a wicking
assay), is also commercially available, but
not yet registered in the USA. The test con-
sists of a card with a shallow well, which
receives a small sample of the test serum.
This liquid moves by capillary action over
conditioning reagents and a band of Orientia
antigen, which is fixed in place. If specific
antibodies are present in the serum, they
bind to the antigen; other antibodies are
carried past the antigen band. Another part
of the card is folded against the antigen band,
placing gold-labelled anti-human detection
antibody against it. Human antibodies
bound to the antigen then bind to the
labelled detection antibodies, producing a
colour reaction. It is almost as accurate as
IFA, produces results in 15 min and does not
require specialized equipment other than
that necessary to produce a serum sample.
Other serological tests include complement
fixation, serum neutralization, Western blot
and enzyme-linked immunosorbent assay
(ELISA), but these assays have only been
used for research purposes.

Genetic methods
Numerous investigators have used genetic
methods to detect and analyse O. tsutsuga-
mushi. Methods have ranged from seq-
uencing of antigenic operons, comparison
of sequences of 16s ribosomal DNA (rDNA),
extensive restriction fragment length poly-
morphism (RFLP) analysis of antigenic and
heat-shock protein operons and refinements
to achieve practical detection in mamma-
lian tissues and chigger mites. The DNA of
this pathogen is easily lost during handling,
so that either huge quantities of the organ-
ism are necessary for analysis or extra-
ordinary care must be exercised during
extraction. Surprisingly, one of the best
ways of preserving Orientia DNA is to dry
the sample on filter paper. Amplification of
Orientia DNA by polymerase chain reaction
(PCR) has been used for detection of human
infection in dried blood specimens. This
technique may eventually provide better
practical diagnosis than the serological
techniques.
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Isolation and culture
Isolation of a live culture of O. tsutsuga-
mushi is a long, specialized procedure
requiring the use of biosafety level 3
facilities. The procedure usually involves
injection and passage in mice, followed by
adaptation of the culture to tissue culture.
All stages of the procedure are usually
conducted in the absence of antibiotics,
increasing the challenge of maintaining
sterility in tissue culture. Fertile chicken
eggs have also been used for culture of
Orientia, producing large quantities of very
useful IFA reagent.

Transmission
Vectors

Orientia tsutsugamushi is transmitted to
mammals during feeding by the larval stage
of some species of chigger mites in the
genus Leptotrombidium (Table 1). Other
genera of chiggers (e.g. Ascoschoengastia,
Blankaartia, Gahrliepia, Eutrombicula,
Microtrombicula and Odontocarus) com-
monly contain the pathogen and have been
suspected of having a role in transmission.
The life cycles of these mites follow the
same general pattern, with a long-lived
adult form that deposits on the ground as
many as 15 eggs per day, which hatch into
the six-legged larvae, or chiggers. The chig-
ger mite seeks reptiles, birds or mammals
as hosts, cementing itself to the outer layers

of the skin for about 4 days and engorging
on fluids extracted from cells. The chiggers
drop off to become eight-legged nymphs,
which feed on arthropod eggs in the soil
for about 2 weeks before developing into
adults. The adults also feed on arthropod
eggs. As a result of the life cycle, in which
an individual feeds on a host only once
per generation, maintenance of Orientia is
totally dependent on vertical (trans-stadial
and transovarial) transmission. Surpris-
ingly, uninfected larvae that feed on an
infected host may pass the infection trans-
stadially, but never transovarially. As a
result, vertebrates are always ‘dead-end’
hosts for O. tsutsugamushi and the patho-
gen is only maintained within infected
maternal lines of chigger mites. This situa-
tion seems unlikely from an evolutionary
standpoint, but direct experimentation and
the recent discovery of dozens of geneti-
cally distinct strains of the species lend
support to this widely held hypothesis.

Transmission foci
Vector chigger mites are consistently associ-
ated with habitats that experience ecologi-
cal disruption, favouring small mammals
(especially rodents in the genera Rattus and
Apodemus, shrews in the genus Suncus and
other tree-shrews in the genus Tupaia),
which serve as maintenance hosts. Disrup-
tion results in secondary vegetation associ-
ated with the designation ‘scrub’; hence the
common name of the disease. Disruption
is often the result of human activity,
such as clearing vegetation for cultivation,
gathering agricultural waste together (most
notably, piles of palm fronds in Malaysian
oil-palm estates), flooding rice-fields and
various construction activities. Natural
disruption, caused by erosion, large animal
activity and tree falls, can also create foci.
Despite their small size (approximately
100 µm), chigger mites are capable of crawl-
ing to favourable microhabitats, sometimes
resulting in concentrations of larvae in
so-called ‘mite islands’. People who linger
at these mite islands may acquire scrub
typhus, while those only a few metres
away remain uninfected. The distribution
of mites can sometimes, however, be much
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Leptotrombidium
species Areas where recorded as vector

L. akamushi
L. arenicola
L. chiangraiensis
L. deliense

L. fletcheri
L. pallidum
L. palpale
L. pavlovskyi
L. scutellare
L. tosa
L. umbricola

Japan
Malaysia
Northern Thailand (suspected)
Pakistan, South-East Asia, Indonesia,
Australia
Malaysia
Japan, Korea, Primorye
Suspected in Japan, Korea, Primorye
Primorye
Japan, Korea, Thailand (suspected)
Japan (suspected)
Malaysia

Table 1. Major chigger mite vectors of scrub
typhus.
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more widely dispersed, so that the mite
island phenomenon is not observed.

Occupational associations
Most people infected with O. tsutsuga-
mushi pursue various rural occupations
in endemic areas. Those who become
re-infected regularly by the same strain
from their local surroundings may remain
perfectly healthy, but maintain high titres of
antibodies. Symptomatic cases occur when
people enter new areas, for such activities
as construction, seasonal agriculture, fish-
ing and military operations, and are bitten
by infected mites. Infection of tourists visit-
ing rural areas of endemic regions occurs
regularly, sometimes with tragic mortality
due to misdiagnosis and subsequent inap-
propriate treatment. Although not typical,
urban foci of scrub typhus can result in
disease in people who have never visited a
rural area. Urban foci could include vacant
land, abandoned construction sites, drain-
age embankments and any other sites where
secondary vegetation encourages prolifera-
tion of rodents and chigger mites. The
difficulty of diagnosing scrub typhus and
the rural distribution of the disease result
in gross under-reporting by public health
authorities. Specific studies of prevalence
rates showed that 20% of all fever cases
in endemic areas of Malaysia and Thailand
and 44% of undiagnosed fevers in Korea
were due to infection with Orientia. The
recent discovery that O. tsutsugamushi sur-
vives blood-banking procedures in an infec-
tive state raises the possibility that some
scrub typhus is caused by transfusions.

Treatment
Scrub typhus was a frightening disease
prior to the development of effective anti-
biotics. Despite attempts to use supportive
therapy and para-aminobenzoic acid,
patients essentially suffered the full extent
of morbidity and mortality regardless of
treatment. The first effective antibiotic for
scrub typhus was chloramphenicol (its use
being first published in 1948), which is still
commonly used in some endemic areas
because of the drug’s low cost. Tetracycline
antibiotics came into use during the 1950s

and are now the treatment of choice,
because of their greater effectiveness and
lower toxicity. Although all tetracycline
drugs are effective, doxycycline is used
most often and generally results in elimina-
tion of fever within 36 h. There is some con-
cern over finding alternative drugs because
neither chloramphenicol nor tetracyclines
can be recommended for use by pregnant
women.  Recent  evidence  for doxycycline
resistance in northern Thailand also justi-
fies the search for alternative antibiotics.
Rifampicin (rifampin), ciprofloxacin and
azithromycin have been used successfully
in preliminary studies.

Prevention and control
Chemoprophylaxis

Although chemoprophylaxis with weekly
doses of doxycycline was shown to be
effective in a single study, it has never
been added as a registered use of the drug.
Weekly rather than daily administration
of doxycycline is important for successful
prophylaxis. Those bitten by an infected
chigger mite build their immune responses
between doses of antibiotic while suffering
minimal or no signs of infection. The anti-
biotic prevents further multiplication but
does not kill the pathogen (i.e. it is bacterio-
static), so that the immune response can
successfully and permanently control the
infection before the appearance of symp-
toms. Daily administration of doxycycline
only delays symptomatic illness until
prophylaxis ends.

Personal protection from chigger bites
TOPICAL REPELLENTS Die thy l to luamide
(DEET) is a very effective repellent of chig-
gers. If a person is wearing short trousers
when travelling through an infested area, a
DEET-based repellent can be applied to the
tops of shoes, socks and at least to the lower
legs. If long trousers are worn, it is best to
tuck their bottoms into the tops of boots or
socks so that the mites are forced to walk on
the outside of the trousers, which, together
with the socks, can be treated with DEET.
This should prevent mites from attaching to
the lower parts of the body, their favoured
sites. Direct application of DEET to the
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skin will provide further protection. The
duration of protection depends greatly on
both the concentration and the formulation
of the DEET product. Generally, increases in
concentration up to 30–50% will result in
an increase in the duration of effectiveness;
concentrations above 50% result in, at best,
marginal improvement in performance
when applied directly to the skin. Rain,
washing or sweating and abrasion (e.g.
from rubbing against objects or tools) will
decrease the effectiveness of repellents.

CLOTHING REPELLENTS Another method for
preventing bites from chigger mites is appli-
cation of a product containing permethrin
(a pyrethroid insecticide) to clothing. The
common commercial products are sprayed
directly on outer clothing (not underwear
or hats). Depending on the thoroughness of
the application, such treatments may last
through several launderings. Products are
available for military clothing which result
in longer-lasting protection. These treat-
ments would be particularly effective when
wearing long trousers tucked into boots.

AVOIDANCE OF CHIGGERS Finally, avoiding
contact with microhabitats favouring chig-
ger mites can prevent bites. Although diffi-
cult to quantitate the effectiveness of these
measures, common sense would suggest that
travellers should avoid areas with obviously
high populations of rodents, avoid areas
where tall vegetation brushes directly
against them and avoid sitting or lying
directly on the ground. Local populations
sometimes claim to know particular areas or
particular kinds of plants associated with
chigger mites. Although such local knowl-
edge may be accurate, it is usually difficult
for the traveller to put this to practical
application.

Community vector control
The presence of chigger mites can be
detected by several survey methods, includ-
ing using black plates (shiny black squares
of plastic briefly placed on the ground and
then examined for chigger mites), Tullgren
funnels (a technique for extracting organ-
isms from soil), examination of captive or

wild rodents, or a black cloth combined
with carbon dioxide as an additional attrac-
tant. Infection rates of the chigger mites can
be determined either by the direct fluores-
cence antibody assay or by PCR.

Killing chiggers over a large area is diffi-
cult. Many texts have recommended the use
of organochlorine insecticides (e.g. lindane,
dieldrin), which are now known to be
unacceptable legally, environmentally and
toxicologically. The organophosphate insec-
ticide chlorpyrifos was also once registered
for mite control, but is now also considered
unacceptable. Probably the most practical
recommendation is to spray suspected or
known mite-infested areas with insecticides
such as fenthion, propoxur or permethrin,
but their effectiveness for chigger control
is largely unknown. In the absence of insecti-
cidal measures, burning vegetation or
applying herbicides (with caution for the
applicator’s safety from toxic compounds)
can temporarily eliminate chigger mites
from infested areas, though populations
return quickly as the area is re-vegetated.
Rodent control can reduce mite populations
over the long term, though the immediate
effect could be increased biting of humans,
due to lack of suitable rodent hosts. Current
methods for community vector control
of chigger mites are entirely inadequate,
justifying further research in this area.
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Semliki Forest virus

Martin Pfeffer

Semliki Forest (SF) virus was first isolated
in 1942 from a pool of Aedes abnormalis
mosquitoes trapped in the Semliki Forest,
Bwamba, Uganda.

Distribution
Isolations of this virus have been reported
from much of sub-Saharan Africa, from
Senegal in the west eastwards to Kenya,
from central Africa to as far south as
Mozambique. In Asia, the virus has been
isolated from mosquitoes in far eastern
Russia and Vietnam.

Virus
Semliki Forest virus belongs to the genus
Alphavirus (family Togaviridae) and is the
group representative of an antigenic com-
plex within the genus, including closely
related human pathogens. Zingilamo (iso-

lated from wild birds in the Central African
Republic) and Me Tri viruses (Vietnam)
are considered to be strains of SF virus,
based on nucleotide sequence similarities,
although classical typing may justify a
distinct virus species for the latter. The
entire genomic nucleotide sequences of
mouse neurovirulent and avirulent strains
of SF virus have been determined and infec-
tious complementary DNA (cDNA) clones
have been constructed. Semliki Forest virus
is one of the most intensively studied
viruses and was used to analyse the molecu-
lar basis of age-dependent neurovirulence
(see Sindbis virus) and teratogenesis in
rodent models. In vitro experiments with SF
virus added much to our knowledge of the
cascade leading to programmed cell death
(apoptosis) and the intracellular processes
involved in virus replication, protein
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biosynthesis and maturation within the
infected host cell.

Clinical symptoms
Studies in various parts of Africa in the
1950s to 1980s demonstrated that up to half
of the human population had antibodies to
SF virus. Consequently, SF virus was not
considered to be a human pathogen until a
fatal case of human encephalitis in a Ger-
man virologist was traced to the handling of
SF virus, strain Osterrieth, as the causative
agent. Neurological signs included convul-
sions, generalized as well as focal epileptic
seizures and hemiplegia. Subsequent inte-
gration of SF virus into surveillance pro-
grammes in central Africa confirmed that
SF virus produces illness in humans. The
clinical picture always included fever,
headache, arthralgia and myalgia. Some-
times abdominal pain, with or without diar-
rhoea, was seen, and there is one report of
conjunctivitis as part of the clinical picture.
The headache is described as very severe
and long-lasting (up to 2 weeks). Sero-
surveys in Vietnam indicate that Me Tri
virus may be responsible for aseptic menin-
gitis and viral encephalitis in children.

Diagnosis
Virus isolation from diluted serum samples
of viraemic patients in tissue cultures (e.g.
VERO cells) or baby mice, with subsequent
identification using monovalent polyclonal
or monoclonal antibodies in an indirect
immunofluorescence assay is the ‘gold stan-
dard’. Sensitive alphavirus genus-specific
antigen-capture enzyme-linked immunosor-
bent assay (ELISA) and reverse transcription–
polymerase chain reaction (RT-PCR) tech-
niques have been described. Subsequent
virus identification can be achieved with an
SF virus-specific monoclonal antibody or
sequence determination of the amplicon.
Although group-reactive immunoglobulin
M (IgM) antibody-capture (MAC-) and IgG
ELISAs are available for alphaviruses, the
use of SF virus antigen has never been
described. Semliki Forest virus agglutinates
goose and chicken erythrocytes at a pH of
6.0–7.2 (optimum: 6.4–6.8) over a broad
temperature range (4–37°C). The haemag-

glutination inhibition (HI) test has been
widely used because of its low cost, but
HI antibodies are cross-reactive to other
members of the SF virus antigenic complex,
mainly chikungunya and o’nyong-nyong
viruses (see entries). Thus, there is need
for caution in the interpretation of HI test
results. Cross-neutralization assays, mostly
performed as plaque-reduction neutraliza-
tion test using the respective hyperimmune
antisera, allow a precise species identifica-
tion within the genus.

Transmission
Known vectors in Africa are mainly Aedes
mosquitoes, such as A. vittatus, A. jamoti,
A. palpalis, A. aegypti, A. africanus, A. opok,
A. abnormalis and A. argenteopunctatus.
There is one SF virus isolate each from
Culex quinquefasciatus and Eretmapodites
chrysogaster from the Central African
Republic and from Eretmapodites grahami
from Cameroon, and one from a pool of
Rhipicephalus guilhoni ticks from Senegal.

The Russian SF virus isolates are mostly
from Aedes vexans and the Culex pipiens
complex. (Me Tri viruses were isolated from
Culex tritaeniorhynchus in northern Viet-
nam.) Literally nothing is known about the
maintainence of SF virus in nature. Con-
sidering the numerous mosquito species and
ticks from which SF virus has been isolated
and the broad spectrum of antibody-positive
domesticated animals (e.g. cattle, pigs,
horses), it would appear that a transmission
cycle involving only a few vector species
and a few specific vertebrate hosts, as is
known for other alphaviruses, is unlikely.
However, based on a comprehensive study
from the Central African Republic, it was
suggested that A. africanus transmitted
SF virus in the Vervet (= Green) monkey
(Chlorocebus aethiops1) population, with a
spillover into human populations living in
proximity to the monkeys. The magnitude
of the involvement of A. aegypti in both
this spillover and/or a subsequent human-
to-human transmission is unknown.

Treatment
Since there is no specific treatment known
to combat the virus infection, medication
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has to concentrate on the patient’s symp-
toms. Pain relief of the severe headache
(e.g. paracetamol, oral dose of up to 4 g
adult−1 day−1, or ibuprofen, with up to 2.5 g
adult−1 day−1) and prevention of dehydra-
tion are of most importance. Depending
on the severity of both the arthralgia and
the myalgia, anti-inflammatory and anti-
rheumatic medication may be indicated
(e.g. diclofenac-sodium, oral dose of up to
150 mg adult−1 day−1).

Control
Efficient use of insecticides in endemic
areas is hampered by the lack of detailed
knowledge of the behaviour of the vectors
involved. However, repellents such as
N,N-diethyl-m-toluamide (DEET) can give
protection against mosquitoes for up to 6 h.
New long-acting formulations of DEET
seem to protect for up to 72 h (LIPODEET,
morpel 220). Synthetic pyrethroids (e.g.
permethrin, deltamethrin and lambdacyhal-
othrin) and organophosphates (e.g. mala-
thion, fenitrothion, pirimiphos methyl)
can be applied as ultra-low-volume (ULV)
sprays from ground-based equipment or air-
craft, to kill adult mosquitoes, especially
infected ones in outbreak situations. Organ-
ophosphate larvicides (e.g. malathion,
pirimiphos methyl, temephos), microbial
insecticides, such as Bacillus thuringiensis
subsp. israelensis and Bacillus sphaericus,
and insect growth regulators (IGRs) can
be used if the larval habitats are known
and sufficiently localized for operational
logistics. Since SF virus has been repeat-

edly isolated from A. aegypti, control
measures should be aimed at eradicating, or
at least reducing, container-type breeding
places, such as domestic water-storage pots,
and unused and discarded containers.

Note
1 This monkey was formerly in the genus
Cercopithecus.
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Sepik virus

John S. Mackenzie

Sepik (SEP) virus has been implicated as a
possible aetiological agent of febrile disease
in humans in Papua New Guinea.

Distribution
Sepik virus was first isolated in the
mid-1960s from mosquitoes collected near
Maprik in the East Sepik Province of Papua

New Guinea. A subsequent isolation was
made from mosquitoes trapped near Balimo
in Western Province of Papua New Guinea
in 1998. Seroepidemiological investigations
have suggested that SEP virus may infect
domestic animals on Lombok and possibly
on other islands of the eastern Indonesian
archipelago. A related virus, identified
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initially as Wesselsbron virus (see entry),
was isolated in Thailand, but whether it
actually represents another strain of SEP
virus remains to be determined.

Virus
Sepik virus is in the family Flaviviridae,
genus Flavivirus, and is closely related to
Wesselsbron virus (see entry). Sepik virus
has recently been classified in the yellow
fever (see entry) complex. The possible
infection of domestic animals with SEP
virus may not be unexpected, given the host
range and pathogenicity of Wesselsbron
virus.

Clinical symptoms and pathogenicity
Little is known of the clinical features
and pathogenicity of SEP virus. It was
implicated as a possible aetiological agent
of human disease on the basis of high
neutralizing antibodies in serum taken from
a New Guinea patient hospitalized with a
febrile illness.

Transmission
Four isolates of SEP virus were obtained
from mosquitoes collected near Maprik in
the East Sepik Province in the late 1960s.

The isolates came from a pool of Mansonia
septempunctata, a mixed pool of Ficalbia
flavens and other Ficalbia species, a pool of
Armigeres species and a pool of mixed
mosquito species. A further isolate was
obtained from Culex palpalis trapped in
1998 at Balimo in Western Province. The
roles of these different mosquito species in
transmission cycles and the identity of ver-
tebrate host(s) for SEP virus are unknown.
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Setaria species see Setariosis

Setariosis

W.S.S. Wijesundera

Setariosis is an infection of ungulates with
the filarial worms of the genus Setaria. In
the natural hosts (e.g. bovids), these para-
sites are considered to be non-pathogenic.
However, the transmission of the infective-
stage larvae to abnormal hosts (e.g. sheep)
causes serious neuropathological disorders.

Infections in goats, sheep and horses
(abnormal hosts)

The neurological disorders in goats and
horses caused by Setaria digitata were ear-
lier referred to as ‘lumbar paralysis’ and

‘weak back’, or ‘kumri’, respectively, by
farmers for many years. The disease occurs
seasonally during late summer and autumn
or in the tropics, during the rainy season or
soon after, when the mosquito vectors are
active. The infection, often referred to as
cerebrospinal nematodiasis (epizootic cere-
brospinal nematodiasis), causes locomotor
defects, including paralysis, leading to
secondary infections. These defects can also
severely affect the breeding and production
capability of the animal, leading to substan-
tial economic losses in animal husbandry.
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Distribution
The disease occurs mainly in Asian coun-
tries and in the Far East, such as in Japan,
Korea, China, India, Myanmar and Sri
Lanka. For example, in China, as many as
30–40% of goats and sheep are affected by
the disease.

Parasite
The parasite found in sheep, goats and
horses is the immature form of S. digitata.
The adults are commonly found in the
peritoneal cavity of cattle and Buffalo
(Bubalus bubalis), which are its natural
hosts.

The adult male worm is about 4–6 cm in
length and the female approximately double
the size of the male (6–12 cm). The female
worm produces sheathed microfilariae,
about 190 µm in length. The microfilariae
occur in the blood and do not show periodic-
ity. Further development of the microfilariae
into the infective larval stage takes place
within 10–14 days (depending on the tem-
perature) in the insect vector. The life cycle
of the parasite is completed once the infec-
tive larvae find their way into a host via a
mosquito bite and develop to the adult stage
in the appropriate parasite location, such as
the peritoneal cavity. It takes 8–10 months
for the larvae to reach sexual maturity. The
parasite lives for about 1.5 years in the natu-
ral host (bovids). However, if the infec-
tive-stage larvae enter an abnormal host,
such as sheep, goats or horses, it is unable to
complete the life cycle. The immature
worms are, however, attracted to and
migrate erratically to the central nervous
system of these abnormal hosts, causing
cerebrospinal nematodiasis. Although goats
and horses are considered to be abnormal
hosts, there are a few instances where S.
digitata adult worms have been reported in
the peritoneal cavity of these animals.

Clinical symptoms
Both young and adult animals are affected,
but there are no reports of the disease in
newborn lambs, kids or foals. The latent
period varies from 14 to 33 days for goats
and 15 to 66 days for horses, this being fol-
lowed by the appearance of neurological

signs. The onset of disease may be dramati-
cally acute in some, while at other times
it may develop gradually. The disease is
generally non-febrile; typically, animals
develop motor weakness and ataxia in the
hind or all four limbs leading to swaying,
tumbling and paralysis. Affected animals
also show visual impairment, dullness and
incoordination. Some animals die while
others recover but suffer from residual
neurological signs, such as weakness in
the limbs, impaired gait and head tilt. The
variation observed in the degree of severity
of the clinical signs is related to the
neuroanatomical location of the migrating
worm and the lesion it produces. A small
lesion located in the lower lumbar part
of the spinal cord is less serious than a
lesion at a higher level, such as in the brain
stem.

Diagnosis
Diagnosis is based on the clinical manifesta-
tions. There is no diagnostic method to con-
firm the disease in live animals. Serological
assays based on the enzyme-linked immuno-
sorbent assay (ELISA) technique to detect
antibodies against the parasite are still at
the laboratory stage. Pathological examina-
tion for the identification of the disease is
often laborious, as the focal process may
attack any part of the nervous system in
a haphazard manner and the microscopic
lesion itself can take a meandering path. In
certain instances, the entire nervous system
is processed to obtain sections for micro-
scopic examination. Deoxyribonucleic acid
(DNA)-based polymerase chain reaction
(PCR) assay may be useful in overcoming
this strenuous procedure of examination.

Transmission
Transmission is through a number of
mosquitoes, the species depending on geo-
graphical area. Known vectors of S. digitata
include Aedes togoi (Japan), Aedes vitattus
(India), Anopheles sinensis (Japan) and
Armigeres subalbatus1 (India, Sri Lanka).
Certain Culex species, such as C. tritaenior-
hynchus and the C. pipiens complex, have
also been reported as vectors in Japan.
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Once ingested by the mosquito, the
microfilariae shed their sheaths and pene-
trate the stomach wall to enter the thoracic
muscles, where they develop into sausage-
shaped larvae. The sausage-shaped larvae
moult twice before developing into elongate
(1.9–2.5 mm) third-stage infective larvae.
The infective stage larvae find their way
to the proboscis of the mosquito. When
the infected mosquito feeds, the infective
larvae actively pass down the proboscis to be
deposited on the host’s skin, and then enter
the host through the puncture caused by the
mosquito bite.

Experiments have shown that a large
number of infective-stage larvae are neces-
sary at a given time to produce an infection
in abnormal hosts. However, in nature this
type of infection may be produced due to
prolonged exposure of animals to large
numbers of bites from Setaria-infected
mosquitoes.

Treatment
Diethylcarbamazine citrate (Hetrazan)
(20 mg kg−1 body weight) and ivermectin
(200 µg kg−1 body weight) are the most com-
mon drugs administered. When given at the
onset of the disease, these drugs can prevent
further damage to the central nervous
system. Broad-spectrum antibiotics can be
administered to treat secondary infections.

Control
During the high-risk period susceptible
animals are given Hetrazan once or twice a
month as a prophylactic measure. Experi-
ments using vaccines produced from the
infective stage larvae have been shown to be
effective in preventing the disease. The suc-
cess of control measures will also depend
on the reduction of Setaria parasites in
cattle and buffaloes, which act as reservoir
hosts in harbouring the parasite. Treatment
of infected cattle and buffaloes with anti-
filarial drugs, especially during the rainy
season, when microfilarial production
increases, can be effective in controlling the
disease. The disease can also be controlled
by separating goats and sheep from cattle
and buffaloes, with respect to both breeding
and grazing.

Setariosis – natural hosts
There are around 43 Setaria species and
certain members have a worldwide distri-
bution, especially in cattle and horses.
Species allocation of Setaria has been some-
what confusing in the past. However, scan-
ning electron-microscopic studies, together
with other studies, have made specific
distinctions among species and hence allo-
cation of specific names is now possible.
Species commonly found in domesticated
animals are listed in Table 1.

Setaria species are mainly found in the
peritoneal cavity and, on rare occasions,
some parasites have been located in the
urinary bladder, eye, pleural cavity, scrotum
and heart of these natural hosts. Prenatal
infection of Setaria species (especially S.
marshalli) in cattle has been reported, where
adult worms were detected in the peritoneal
cavity of neonatal calves.

In endemic areas, the infection rate
may be more than 90% in cattle. However,
the infection is asymptomatic and not
considered pathogenic, but sometimes it
may cause mild fibrinous peritonitis. Setaria
digitata has been found to cause eosino-
philic granulotomatus lesions in the urinary
bladder of cattle. In some instances the
young S. digitata and Setaria equina worms
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Livestock host Setaria species Distribution

Cattle (Bos taurus,
Bos indicus)

Newborn calves

Water buffalo
(Bubalus bubalis)

Horse
(Equus caballus)

Pig
(Suis scrofa
domesticus)

Reindeer (Rangifer
tarandus)

S. digitata
S. labiatopapillosa
S. cervi

S. marshalli

S. digitata
S. labiatopapillosa
S. leichungwingi

S. equina

S. congolensis
S. thomasi
S. bernardi

S. tundrae

Asia, Far East
Cosmopolitan
Asia, Eastern
Europe

Far East

Asia, Far East
Cosmopolitan
Asia

Cosmopolitan

Afrotropical
Asia
Asia

Northern Eurasia

Table 1. Setaria species in domesticated animals.
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are found in the anterior chamber of the eye
of cattle and horses, causing inflammation
leading to eye opacity and blindness.

Transmission
The development of the microfilariae into
the infective-stage larvae has been studied
in only a few species of Setaria. The
intermediate hosts for S. equina, in western
parts of the Commonwealth of Independent
States (CIS) are Ochlerotatus2 communis
and Ochlerotatus rusticus.3 In Japan the
vectors of Setaria labiatopapillosa are Och-
lerotatus togoi, Anopheles hyrcanus and
Armigeres subalbatus. In East Africa Aedes
aegypti and Aedes pembaensis have been
found infected after feeding on an infected
donkey; Mansonia species are also consid-
ered likely vectors. In western CIS vectors
are Ochlerotatus caspius, Ochlerotatus
flavescens, Aedes cinereus, Aedes vexans
and Anopheles claviger4. The vector of
Setaria cervi in the western CIS appears
to be the stable-fly (Stomoxys calcitrans).5

Treatment
Hetrazan (20 mg kg−1 body weight) reduces
the microfilariae burden, but mass-scale
treatment is not usually carried out.

Control
No large-scale control programmes are
undertaken.

Notes
1 In some publications the vector is given as
Armigeres obturbans, but this is usually based on
misidentification.

2 Ochlerotatus was formerly a subgenus of
Aedes.
3 In some previous publications the junior
synonym, Aedes maculatus, is given.
4 In some previous publications the junior
synonym, Anopheles bifurcatus, is given.
5 In some previous publications stable-flies are
incorrectly named as Haematobia stimulans.
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Sheep keds see Hippoboscids.

Shigella infections see Flies and Cockroaches.

Siberian tick typhus see Tick-borne typhuses.

Simulium species see Black-flies.
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Sindbis virus

Diane E. Griffin

A mosquito-transmitted arbovirus belong-
ing to the Alphavirus genus of the family
Togaviridae.

Fever, rash and arthritis caused by
Sindbis (SIN) virus are known in different
regions by the local names Ockelbo disease
(Sweden), Karelian fever (western Russia)
and Pogosta disease (Finland), as well as
Sindbis. Sindbis virus infection of humans
is widespread, but clinically apparent dis-
ease occurs primarily in northern Europe
and South Africa. A mild form of the illness
has been recognized in Australia.

Distribution
Sindbis virus is the most widespread of
the alphaviruses that cause fever, rash and
arthritis (Fig. 1). It was originally isolated
in 1952 from a pool of Culex univittatus
mosquitoes collected near Sindbis, Egypt.

Seroprevalence in humans in this region
at the time was 27%, but SIN virus was
not recognized to cause human disease. The
virus has now been isolated throughout
much of Africa, Europe, the Middle East,
India, Asia, the Philippines and Australia
from a variety of mosquito and vertebrate
species.

Virus
Sindbis virus is an Old World alphavirus
within the western equine encephalitis
(WEE) (see entry) antigenic complex. Like
other alphaviruses, it has an enveloped
icosahedral virion and a genome composed
of a single strand of message-sense RNA
containing 11,700 nucleotides. The genome
is capped, polyadenylated and infectious.
There are three main structural proteins:
the E1 and E2 surface glycoproteins and a
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Fig. 1. Distribution of Sindbis virus. Darker encircled areas are regions where clinical
disease occurs most often.
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capsid protein. There are four genes for
non-structural proteins (nsPs) that encode
the components of the viral replicase.

The structural proteins and nsPs are
translated as polyproteins, which are pro-
cessed by viral and host proteases to the
individual proteins. Viral protease function
is found in nsP2 for the nsPs and in the
capsid protein for the structural proteins.
The nsPs function as polyprotein P123 and
nsP4 to synthesize a minus-strand copy of
the genomic RNA (Fig. 2). The papain-like
protease nsP2 cleaves first in cis to produce
P123 and nsP4 and later in trans to produce
the fully processed nsP1, nsP2, nsP3 and
nsP4, which synthesize plus-strand genomic
and subgenomic RNAs (Fig. 2). For this
reason, minus-strand synthesis continues
for only a few hours after infection, because,
as levels of nsP2 increase, the non-structural
polyprotein is rapidly processed and the
lack of polyprotein P123 leads to cessation
of minus-strand synthesis and continuation
of plus-strand synthesis with nsP1, nsP2 and
nsP3.

The structural polyprotein is translated
from a subgenomic RNA. The chymotrypsin-
like serine protease in the C-terminal portion
of the capsid protein (C) cleaves itself co-
translationally from the nascent chain. After
cleavage, the C terminus remains in the
active site, inactivating the protease. The
two transmembrane glycoproteins E1 and
E2 are translocated and processed in the
endoplasmic reticulum (ER). E2 is synthe-
sized as a precursor PE2, cleaved by signal
peptidase and folded with E1 as a hetero-
dimer. The small 6K protein is transported
through the Golgi to the cell surface with the
PE2–E1 heterodimers; it is important for effi-
cient budding, but only small amounts are
incorporated into the virion. PE2 is cleaved
in the trans Golgi by the cellular protease
furin to E2 and E3. The E1–E2 heterodimers
trimerize and form flower-like spikes on the
virion surface.  C,  E2  and  E1  are  present
in the virion in equimolar amounts. E3 is
shed from the cell surface. Capsid proteins
assemble around genomic RNA, which
has a packaging signal within the coding
region for nsP2, to form nucleocapsid cores,
which are transported to the cell surface for

assembly into virions. The cytoplasmic tail
of E2 interacts with the capsid to initiate
assembly, leading to virion budding from the
cell surface.

Sindbis virus can infect a wide variety
of cells in culture and enters the cell by
receptor-mediated endocytosis. The low pH
of the endosome triggers a conformational
change in the E1–E2 heterodimer, which
results in fusion of the viral membrane with
the cell membrane and delivery of the virus
nucleocapsid to the cytoplasm of the cell.
The virus replicates rapidly and infection
often induces death of the virus-infected
cell. Extensive studies in animal models,
primarily mice with encephalitis, have
shown that important determinants of viru-
lence are present in the E1 and E2 protein
sequences and in the 5′ non-translated
region of the genome.

Different genotypes of the virus have
been identified and these genotypes corre-
late with the likelihood that infection will
cause clinical illness in humans. Sindbis
viruses from Europe and Africa form one
major lineage and those from Asia and Aus-
tralia form another, suggesting that ancestral
SIN virus has diverged into at least two
distinct groups. A third lineage has recently
been identified in south-western Australia.
Sindbis virus-like viruses isolated in Azer-
baijan (Kyzyagach virus) and western China
(XJ-160) are distantly related to the African/
European genetic lineage of SIN virus. Strains
isolated in northern Europe and South
Africa, where most SIN virus-induced dis-
ease occurs, are more closely related to each
other than to strains isolated in south and
central Europe and the Middle East, where
recognized clinical disease is rare. Within
this region strain divergence is temporal
rather than geographical, consistent with
migratory birds as the major vertebrate host.

Clinical symptoms
Sindbis virus was first isolated from the
blood of febrile humans in Uganda in 1961
and recognized in South Africa as a cause
of rash and arthritis in 1963. The primary
manifestations of infection are rash, joint
pain and mild fever, which usually appear
concurrently without a significant prodrome.
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The rash is distributed diffusely over the
trunk and limbs and often involves the
palms and soles. The skin lesions begin as
macules, which become papular and prog-
ress to central vesicle formation and are
occasionally haemorrhagic. The lesions may
be irritating, but are not pruritic. Lesions
occur in crops, may last up to 10 days, are
occasionally recurrent and leave brown
stains. An enanthem is not present but the
pharynx may become mildly inflamed. Arth-
ralgias occur in large and small joints and
may be severe enough to be immobilizing.
Extremities may swell. Joint pain usually
resolves within 1–2 weeks, but moderate
pain and stiffness may persist for months to
years. Fever, when present, is generally low-
grade and may be accompanied by anorexia
and occasionally lymphadenopathy. In
Australia, SIN virus-induced arthritis and
rash are milder and less frequent than Ross
River (see entry) virus-induced arthritis and
rash and SIN virus-induced disease in
northern Europe and South Africa.

Diagnosis
Although the virus can occasionally be
isolated from the skin lesions, and can
be detected by reverse transcription–
polymerase chain reaction (RT-PCR), SIN
virus-induced disease is usually a serolog-
ical diagnosis. Anti-SIN virus immunoglob-
ulin M (IgM) antibody is usually present at
the time of clinical presentation and can be
detected using a virus-specific IgM capture
enzyme immunoassay. Immunoglobulin M
decreases slowly over 3–4 years, independ-
ent of persistent symptoms.

The major differential diagnosis is with
other causes of rash and arthritis, such as
infections with other alphaviruses in the
region (e.g. chikungunya, o’nyong-nyong,
Barmah Forest and Ross River viruses (see
entries)), and with parvovirus B19 and
rubella virus.

Transmission
Sindbis virus is maintained in a natural
cycle between mosquitoes (Culex and
Culiseta species) and wild birds. In Sweden
the enzootic cycle involves Culex torren-
tium, Culiseta morsitans and passerine

birds. In Australia isolates are primarily
from Culex annulirostris. Spread of SIN
virus from its enzootic cycle between birds
and ornithophagic mosquitoes to humans
involves introduction of the virus into
Aedes mosquitoes with less specialized
feeding habits and which serve as ‘bridge’
vectors. In northern Europe the primary
bridge vector is Aedes cinereus, and the
availability of this species may determine
the frequency of human infection, which
is greatest in zones between the 60th and
64th parallels. Human cases of disease
in this region usually begin to appear in
late July and continue into the autumn. The
mechanism of overwintering in temperate
climates is not clear, but evidence of
vertical transmission has been obtained.

Treatment
There is no recognized specific treatment
for SIN virus-induced disease. Symptom-
atic treatments may be beneficial.

Control
As with most alphaviruses, prevention of
infection relies primarily on efforts to con-
trol mosquito populations by insecticidal
spraying and reducing breeding sites.
The need for mosquito abatement can be
assessed by monitoring mosquito popula-
tion densities and the presence of SIN virus
in populations of mosquitoes capable of
transmitting the virus to humans. Use by
individuals of protective measures, such as
applying mosquito repellents and wearing
protective clothing, preferably impregnated
with insect repellents or pyrethroids, such
as permethrin, is important. There is no
vaccine.

Selected bibliography
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and virological data from the 1982 outbreak.
American Journal of Tropical Medicine and
Hygiene 33, 1203–1211.

Francy, D.B., Jaenson, T.G.T., Lundström, J.O.,
Schildt, E.-B., Espmark, Å., Henrickson, B.
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mosquitoes and birds as hosts of Ockelbo
virus in Sweden and isolation of Inkoo and
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Sleeping sickness see African trypanosomiasis, human.

South African tick typhus see Tick-borne typhuses.

Spirochaetes

C.A. Hart

Spirochaetes (family Spirochaetaceae) are
slender, winding or helically coiled Gram-
negative bacteria. They are from 0.1 to
0.75 µm in diameter and 2 to 250 µm long.
Wrapped longitudinally around the surface
of the bacteria are endoflagella, by which
the bacteria are motile. Within the spiro-
chaetes there are five genera (Spirochaeta,
Christispira, Treponema, Borrelia and
Leptospira). Of these only the latter three
are pathogenic for humans and only Bor-
relia species are transmitted by arthropods.
The important species are those causing
Lyme disease (B. burgdorferi, B. afzelli and

B. garinii: transmitted by ticks), louse-borne
relapsing fever (B. recurrentis) and tick-
borne relapsing fevers (B. duttonii, B.
hermsii, B. parkeri and B. turicatae).

Selected bibliography
Nordstrand, A., Barbour, A.G. and Bergstrom, S.

(2000) Borrelia pathogenesis research in the
post-genomic and post-vaccine era. Current
Opinion in Microbiology 3, 86–92.

Dattwyler, R.J. and Luft, B.J. (1997) Borrelia
burgdorferi. In: Emmerson, A.M., Hawkey,
P.M. and Gillespie, S.H. (eds) Principles and
Practice of Clinical Bacteriology. John Wiley
& Sons, Chichester, UK, pp. 691–707.

Splendidofilaria fallisensis see Splendidofilariasis.
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Splendidofilariasis

R.C. Anderson

Infections of birds with filarial worms of the
genus Splendidofilaria. Vectors are ornitho-
phagic simuliid black-flies or ceratopo-
gonids (i.e. Culicoides species), depending
on the filarial species.

Distribution
Reported in domestic ducks in eastern
North American, where black-fly vectors
and wild duck reservoir hosts occur.

Parasite
Splendidofilaria fallisenisis (syn. Ornitho-
filaria fallisensis) are delicate, rather trans-
parent nematodes found in the subcutane-
ous tissues of wild American black ducks
(Anas rubripes) and Domestic (Mallard)
ducks (Anas platyrhynchos domesticus).
Males are 9–15 mm and females 24–40 mm
in length. Microfilariae occur in the blood,
are 90–121 mm in length, are without
obvious sheaths and have blunt tails.

Clinical signs
None reported, probably absent.

Diagnosis
Microscopic examination of fresh blood
or films of blood stained with Giemsa’s
stain.

Transmission
Vectors are nettaphagic (duck-loving)
and chenophagic (goose-loving) simuliids,
which attack birds in the spring. In Ontario,
Canada, adults of Simulium anatinum
emerge during the early part of May and
persist for about 2 weeks. Simulium
rugglesi emerges at the end of May and
adults persists to the middle of July in
diminishing numbers. Both species feed
only during the day and will range widely
in search of ducks, being attracted by
secretions of their preen gland (uropygial

gland) and carbon dioxide. Flies invade
the feathers of the birds at the water-line
and then crawl to various places on the
body to feed; they do not attack birds that
are on land or are elevated above the water
level.

In the vector, microfilariae develop in
the haemocoel (unique among filarial para-
sites transmitted by black-flies), and attain
the infective stage in 7–14 days, depending
on ambient temperatures (about 8 days at
17.1°C). Infective larvae from the mouth-
parts of flies are 389–486 µm in length. The
tail of the infective larva has two prominent
lateroterminal swellings and the oesophagus
is short, narrow and undivided.

In ducklings the pre-patent period is
30–36 days and microfilariae persist for
perhaps 2 years. In experiments birds could
not be reinfected by later exposure to black-
flies or by the subcutaneous inoculation of
infective larvae.

Control
Avoid raising ducks and geese in enzootic
areas or keep birds in fly-proof pens
during May, June and the first 2 weeks of
July (applicable to conditions in Ontario,
Canada).

Selected bibliography
Anderson, R.C. (1954) Ornithofilaria fallisensis n.
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waterfowl. Canadian Journal of Zoology 32,
125–137.

Anderson, R.C. (1956) The life cycle and seasonal
transmission of Ornithofilaria fallisensis,
a parasite of domestic and wild ducks.
Canadian Journal of Zoology 34, 485–525.

Anderson, R.C. (2000) Nematode Parasites of
Vertebrates, their Development and Trans-
mission, 2nd edn. CAB International,
Wallingford, UK, 650 pp.
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Spondweni virus

Oyewale Tomori

Distribution
Spondweni (SPO) virus, a flavivirus, was
first isolated in 1955 from a pool of
Mansonia uniformis mosquitoes collected
at Lake Simbu, in Natal, South Africa. The
virus has been subsequently recovered from
several species of mosquitoes from Natal.
Isolations of the virus have also been made
from mosquitoes in Mozambique, Côte
d’Ivoire and Cameroon. Spondweni virus
has been isolated from cases of natural and
laboratory-acquired human infections in
various African countries. The virus was
isolated from the blood of an anicteric
child with fever and headache. Spondweni
virus was originally identified as Zika virus
(see entry). However, a recent analysis of
the isolate using monoclonal antibodies
suggests that the virus was a mixture of
yellow fever and another flavivirus most
closely resembling SPO virus. Two persons
acquired SPO virus infections in the labora-
tory in South Africa. Serological evidence
for other natural infections have been found
in expatriates who resided in Burkina Faso,
Cameroon and Gabon, indicating that the
virus might be a cause of acute febrile infec-
tions throughout West Africa. Neutralizing
antibodies have been found in humans
in South Africa, Mozambique, Angola, Bot-
swana, Ethiopia and Namibia and in cattle,
sheep and goats in South Africa.

Virus
Spondweni virus is in the genus Flavivirus
of the Togaviridae family, most closely
related to Zika virus.

Clinical symptoms, pathogenesis and
pathology

The virus is pathogenic for suckling and
weanling baby mice inoculated intracere-
brally (i.c.), but not intraperitoneally (i.p.),
with the development of high virus titres
(109.4 ml−1) in the brain. Only 3–4-week-old
mice succumb to intracerebral infection

with SPO virus. Histopathology in mice
inoculated by the i.c. route show peri-
vascular round-cell infiltration and cerebral
nerve cell necrosis. The virus produces
plaques (1–3 mm in size) in Vervet monkey
(VERO), pig kidney (PS), African green
monkey (BS-C-1), human heteroploid (MA
104) and Rhesus monkey (LLC-MK2) cells.
Spondweni virus infection of guinea-pigs,
rabbits and Vervet (= African green)
monkeys (Chlorocebus aethiops1) by the i.c.
route and of day-old chicks by the intrave-
nous (i.v.) route results in the development
of antibodies. Wild rodents experimentally
infected with SPO virus do not develop
viraemia or antibody.

Human clinical disease following SPO
virus infections varies from mild febrile
illnesses with headache (disease resulting
from acquired laboratory infection) to fever,
chills, aches and pains, nausea, dizziness
and epistaxis.

Other reported symptoms include
myalgia, photophobia and maculopapular
pruritic rash.

Diagnosis
Diagnosis is by virus isolation from blood or
by serology.

Transmission
Spondweni virus has been recovered from
Mansonia africana, M. uniformis, Aedes
circumluteolus, Aedes cumminsii, Eretma-
podites silvestris and Culex neavei from
Natal, South Africa, from a pool of
Ochlerotatus2 fryeri and Aedes fowleri
collected in Mozambique, from Aedes
abnormalis group and Aedes cumminsii
in Côte d’Ivoire and from Eretpmapodites
species in Cameroon.

Although SPO virus has been success-
fully transmitted by A. circumluteolus and
antibodies have been detected in domesti-
cated animals, the vertebrate hosts involved
in natural transmission are unknown.
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Treatment
Treatment is symptomatic.

Control
There are no specific control measures.

Notes
1 This monkey was formerly in the genus
Cercopithecus.
2 Ochlerotatus was formerly a subgenus of
Aedes.
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Stable-flies (Muscidae)

M.W. Service

Stable-flies (biting house-flies, dog-flies)
have a worldwide distribution. They belong,
like Haematobia species (see Horn-flies), to
the subfamily Stomoxyinae. There are four
species, all in the genus Stomoxys, the most
common species being Stomoxys calcitrans
(Fig. 1).

Biology
Both sexes take blood meals from wild and
domesticated animals, especially horses,
cattle, dogs and pigs; they also feed on
people if their preferred hosts are scarce or
absent. Most biting is on the legs and bites
can be quite painful. In hot weather flies
digest their blood meal within 12–24 h, but
in cooler areas digestion can take as long as
2–4 days. Feeding is repeated every 2–10
days, depending on temperature, and is
restricted to the daytime. Most biting occurs
out of doors, but stable-flies sometimes
enter houses to feed. Adult flies are more
common in rural areas, being especially
common around farms and horse stables.

Eggs are usually laid in horse manure,
but also among rotting vegetable material,
cut grass, weeds or hay, or in compost
pits. They hatch within 1–5 days and the
resultant larvae are typically maggot-shaped
and closely resemble larvae of house-flies.
Larvae are mainly found in wet mixtures of
manure and straw and in vegetable matter

476 Stable-flies (Muscidae)

Fig. 1. An adult stable-fly (Stomoxys calcitrans).
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in advanced stages of decay. There are
three larval instars and development may
take only 6–10 days, but under unfavourable
conditions can be prolonged to 4–5 weeks or
even longer. The puparium is barrel-shaped
(like that of house-flies) and in warm areas
this stage lasts 5–7 days. The life cycle
is basically similar to that depicted in the
figure accompanying the biology of house-
flies (see entry on Flies). The time from ovi-
position to adult emergence is 12–42 days,
duration depending mostly on temperature.

Diseases
In addition to inflicting painful bites and
causing distress to horses and cattle, stable-
flies can mechanically transmit sleeping
sickness in Africa, although there is no
evidence that they play any part in its epi-
demiology. In contrast, they are probably
involved in the transmission of trypano-
somes that cause the disease surra in horses
and camels. Stable-flies are also intermedi-
ate hosts of Setaria cervi, a filarial parasite
of cattle, and several species of Habronema
that infect horses (see entries on these
infections).

Control
Control measures advocated for house-flies
are generally applicable, with some minor
modifications, for stable-flies – for example,
preventing piles of rotting vegetation and
horse manure from accumulating and
providing breeding sites. Larval habitats
that cannot be removed can be sprayed
with insecticides, but large volumes may
be needed to penetrate deep into piles
of manure, where most larvae are found.
Insecticidal spraying of horse stables and
other animal shelters, or hanging insecti-
cide- impregnated cords in these shelters,
may help reduce the numbers of stable-flies.

Selected bibliography
Greenberg, B. (1973) Flies and Disease, Vol. 2,

Biology and Disease Transmission. Princeton
University Press, Princeton, New Jersey,
447 pp.

Skidmore, P. (1985) The Biology of the Muscidae
of the World. W. Junk Publishers, Dordrecht,
550 pp.

Zumpt, F. (1973) The Stomoxyine Biting Flies of
the World. Diptera: Muscidae. Taxonomy,
Biology, Economic Importance and Control
Measures. Gustav Fischer, Stuttgart, 175 pp.

Steam bugs see Cockroaches.

Stephanofilariasis

R.C. Anderson

Infection of ungulates with nematodes of
the genus Stephanofilaria, which live in the
dermis and create a skin lesion attractive to
muscid flies, which serve as intermediate
hosts. Microfilariae occur in the dermal
papillae.

Parasites
Stephanofilaria assamensis

Small nematodes with a circle of 16–24
cephalic spines (Fig. 1) and 14–18 peri-
buccal spines. Males are 2.5–6.0 mm and
females 7.0–12.7 mm in length. Eggs are
thin-shelled and 38–42 µm × 25–36 µm in
size. Microfilariae are 93–148 µm in length.

DISTRIBUTION Mainly in cattle in India,
Bangladesh, Pakistan and southern Russia.
Also reported in Buffaloes (Bubalus bubalis;
Murrah breed), goats and the Indian
elephant (Elephas maximus).

CLINICAL SIGNS Early lesions are probably
usually  raw  and  bloody  or  covered  with
serous exudate, as reported in infections
with Stephanofilaria stilesi in the USA.
Lesions of some duration are described
as circumscribed, raised, dry, alopecic–
hyperkeratotic or scab-encrusted. In an
active state the surface may be raw or
cracked, with haemorrhage and serum
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exudation. Lesions in cattle are commonly
on the hump (‘hump-sore’) but lesions have
been reported in the medial canthus of the
eye and on the neck, poll, base of the horns,
ears, muzzle, back, base of the tail, abdomen
and feet. In buffaloes, lesions are reported on
the navel flap and in Indian elephants the
lesions may occur on the feet and flanks.

DIAGNOSIS Scrapings of the lesions soaked
in saline should reveal the typical eggs and
the coiled microfilariae within them. Eggs
and microfilariae occur in the superficial
region of the lesions. Biopsy may reveal the
adult worms as well.

TRANSMISSION A suitable intermediate host
attracted to the lesions in India was reported
to be Musca conducens. A pre-existing
lesion may be necessary to initiate transmis-
sion, since the mouthparts of Musca species
cannot penetrate the skin (cf. horn-flies,
such as Haematobia species). In the fly the
first moult occurred in 5–6 days and the
second 13–14 days post-infection. Third-
stage infective larvae appeared after 23–25
days at 25.5°C. Infective larvae were of
two sizes, 0.75–0.97 mm and 1.08–1.26 mm;
these are presumably sexual differences.
Infected M. conducens were allowed to feed
on two minor surgical lesions on the hump
of calves. One lesion became infected and
a circular lesion appeared about 6 weeks
post-infection. In Uzbekistan the vector of
S. assamensis is the horn-fly Haematobia
titillans. Microfilariae reached the infective
stages in thoracic muscles in 21–24 days
in this fly, in which greatest activity is in
June and July. Larvae were not found in

Musca species or in stable-flies (Stomoxys
calcitrans) collected while feeding on sores.

CONTROL Control of horn-flies in the envi-
ronment may be feasible by the proper hand-
ling of manure and the use of insecticides.

A single treatment of cattle with iver-
mectin given subcutaneously at 200 mg kg−1

body weight is effective. In endemic areas
it is recommended that the treatment is
repeated every 28 days. Intramuscular
or subcutaneous injection of levamisole at
9.1–12.1 mg kg−1 body weight and daily
topical application of zinc oxide ointment
on lesions has proved to be effective, but
topical application of zinc oxide on its
own was not effective. Application of 98%
trichlorfon (Neguron) to lesions repeated
24 and 48 h later resulted in wound-healing
within 21 days.

Stephanofilaria stilesi
Small nematodes with only four or five
cephalic spines (cf. S. assamensis) and
18–19 peribuccal spines (Fig. 2). Males are
2.6–3.7 mm and females 3.7–6.9 mm in
length. Thin-shelled eggs are 58–72 µm ×
42–55 µm in size. Microfilaria are 45–60 µm
in length.

DISTRIBUTION In cattle in North America,
Hawaii, Japan and the Commonwealth of
Independent States (CIS).

CLINICAL SIGNS Lesions are probably initi-
ated by the bites of horn-flies. Active lesions
are raw, bloody and covered with serous
exudate. In chronic conditions the infected
area becomes smooth, dry and thickened,
usually in older animals. Lesions are most
common along the midventral line between
the brisket and the navel, especially in
young cattle. Lesions are also reported on
the udder, scrotum, flanks and ears. Adult
nematodes occur in the dermis 1–2 mm
below the epidermis. Microfilariae within
shells are found in dermal papillae of lesions
and not in adjacent healthy tissue.

DIAGNOSIS Deep skin scrapings macerated
in saline will release microfilariae and adult
worms for microscopical study. Biopsy
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Fig. 1.
Cephalic end of
Stephanofilaria
assamensis.

478
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
05 September 2001 09:46:25

Color profile: Disabled
Composite  Default screen



sections will readily reveal microfilaria and
adults.

TRANSMISSION Vectors of S. stilesi are the
horn-flies, Haematobia irritans and H. titil-
lans, which develop in cattle manure.
(The genus name Lyperosia is a synonym of
Haematobia.) The flies feed predominantly
along the midventral line of the host
and their bites create lesions that permit
infective larvae to invade the skin. Obvious
lesions appear about 2 weeks after flies have
fed on the skin. These mature lesions are
attractive to both species of horn-flies, as
well as to non-biting muscids (e.g. Musca
species). Microfilariae ingested by the vector
develop in the abdominal haemocoel.
At room temperature, the first moult occurs
after 8–10 days and the second in
14–16 days. Infective larvae (Fig. 3)
(695–900 µm in length) migrated to the head
and proboscis 2–5 days after the final moult.
The larva is characterized by a peribuccal
elevation with a single spine and a short and
rounded tail.

CONTROL Much as for S. assamensis.
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Fig. 3. Infective larva of
Stephanofilaria stilesi.

Fig. 2.
Cephalic end of
Stephanofilaria
stilesi.
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Stephanofilaria species see Stephanofilariasis.

Stercorarian trypanosomes see Animal trypanosomiasis.

Stomoxys species see Stable-flies.

Stratford virus

John S. Mackenzie

Stratford (STR) virus is a mosquito-borne
flavivirus enzootic in Australia and possi-
bly in Papua New Guinea. It was first iso-
lated from Ochlerotatus1 vigilax mosquitoes
collected in Cairns in north Queensland
in 1961. Subsequent seroepidemiological
studies carried out in New South Wales
suggested that occasional human infections
occurred, but there has been no reported
association with human disease.

Distribution
Stratford virus has been isolated from mos-
quitoes trapped at various localities in
Queensland and New South Wales, ranging
from south coastal New South Wales to
northern Queensland.

Virus
Stratford virus is in the genus Flavivirus
and is closely related to Kokobera virus
(see entry). Both viruses were classified
as members of the Japanese encephalitis
(see entry) serological complex of flavi-
viruses. However, the recent Seventh
Report from the International Committee for
the Taxonomy of Viruses (in Sydney, 1999)
has reclassified Stratford and Kokobera
viruses into a separate complex of their
own.

Clinical symptoms and pathogenesis
Although seroepidemiological studies car-
ried out in New South Wales suggested that

occasional human infections have occurred,
there has been no reported association with
human disease.

Transmission
Stratford virus has been isolated from sev-
eral mosquito species, including O. vigilax
in Queensland and New South Wales, and
Culex annulirostris, Ochlerotatus procax
and Ochlerotatus notoscriptus in New
South Wales. However, the role of each of
these in transmission is unknown.

Ecology
The vertebrate hosts of Stratford virus are
thought to be marsupials. Birds are not
believed to play a role in transmission
cycles.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.

Selected bibliography
Mackenzie, J.S., Lindsay, M.D., Coelen, R.J.,

Broom, A.K., Hall, R.A. and Smith, D.W.
(1994) Arboviruses causing human disease in
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Surra see Animal trypanosomiasis.

Swamp fever see Equine infectious anaemia.
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Tabanids see Horseflies.

Tahyna virus

Milan Labuda

Distribution
Tahyna (TAH) virus was first isolated from
mosquitoes (Aedes vexans, Ochlerotatus1

caspius) in Slovakia (Tahyna and Krizany
villages, East Slovakia) in 1958. It became
one of the first recognized mosquito-borne
viruses isolated in Europe. Later isolates
were obtained from the Czech Republic,
Austria, Hungary, Slovenia, Serbia, Romania,
France, Italy, Germany, Norway, Estonia,
Moldavia, Ukraine and Russia. Anti-TAH
virus antibodies were detected in all the
above-mentioned countries and also in most
other European countries, as well as in Asia
and Africa. In fact the virus occurs through-
out Europe, depending on the abundance of
local Aedes mosquito populations. In Cen-
tral Europe in flood-plain forest ecosystems,
following summer floods, which result in
large populations of mosquitoes, there are
local periodic outbreaks of TAH virus.

The closely related Inkoo virus is
known from Finland, Norway, Sweden,
Estonia and Russia. Snowshoe hare (SSH)
virus, another closely related virus, has been
isolated from Ochlerotatus communis
mosquitoes in northern Russia. A virus
antigenically indistinguishable from TAH
virus, Lumbo virus, was isolated from
mosquitoes in Mozambique.

Virus
Tahyna virus (family Bunyaviridae, genus
Bunyavirus) is a member of the California
serogroup, the California encephalitis com-
plex, together with Inkoo virus and the
North American California encephalitis, La
Crosse (see entry), SSH and other viruses.

The spherical TAH virus virions are
90–120 nm in diameter. An envelope
composed of a lipid bilayer containing
glycoprotein spikes (G1 and G2) surrounds
a core consisting of the genome and its

associated proteins (nucleocapsid protein,
viral polymerase). The genome is single-
stranded RNA of negative polarity divided
into three segments – large (coding for large
polymerase protein), medium (coding for G1
and G2 glycoproteins) and small (coding for
nucleocapsid protein). A number of non-
structural proteins have also been described
and assigned to specific segments. Each viral
particle contains three internal nucleocap-
sids, composed of three genomic segments,
many copies of nucleocapsid protein and a
few copies of viral polymerase. Each nucleo-
capsid is arranged in a non-covalently
closed circle. Reassortment of genomic
segments of closely related viruses can
occur when cells are co-infected with two
California serogroup viruses.

Clinical symptoms
Many infections with TAH virus are
inapparent, but the antibody prevalence
among inhabitants of endemic foci can be as
high as 60–80%. When symptomatic, the
infection produces an acute influenza-like
disease, mainly in children, with sudden
onset  of  fever  lasting  for  3–5  days,  with
headache, malaise, conjunctivitis, pharyn-
gitis, myalgia, nausea, gastrointestinal dis-
orders, anorexia and occasional arthralgia.
Meningitis or other signs of central nervous
system (CNS) involvement have been
observed. In contrast to La Crosse virus, no
fatalities have been attributed to TAH virus.
In the endemic region of southern Moravia
(Czech Republic), the disease is known
as ‘Valtice fever’. Several hundred docu-
mented Tahyna virus human cases have
been recorded.

Diagnosis
Methods used for TAH virus diagnosis
are in principle the same as for other
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arboviruses. Direct virus isolation from
mosquitoes or host tissues is still the main
proof of TAH virus presence and infection.
Further methods of choice are immuno-
fluorescence or polymerase chain reaction
(PCR); however, the lack of circulating virus
for subsequent virological studies is a dis-
advantage of PCR. A variety of cell cultures
can be used for virus isolation. Alterna-
tively, intracranial inoculation of suckling
laboratory mice can be used. Several stan-
dard methods for determining the presence
of antibody to TAH virus, such as virus neu-
tralization, haemagglutination inhibition,
complement fixation and enzyme-linked
immunosorbent assay, are well established.

Transmission
Transmission in an endemic focus is
perpetuated via infected mosquito bites.
During the long-term ecological studies of
TAH virus in southern Moravia (Czech
Republic), 45 TAH virus isolates were
obtained from seven mosquito species (A.
vexans, Ochlerotatus cantans, O. caspius,
Ochlerotatus sticticus, Aedes cinereus,
Culiseta annulata and Culex modestus).
The most important TAH virus vector was
shown to be A. vexans (58% of all isolates
resulted from this species) and these obser-
vations are in accord with results obtained
elsewhere in Europe. It seems that the pres-
ence of A. vexans is a prerequisite for the
maintainance of TAH virus transmission
cycles in an area. Nevertheless, other
Aedes and Ochlerotatus species contribute
to transmission and Culiseta and Culex
mosquitoes may be important in the
overwintering of TAH virus.

The most important vertebrate hosts of
TAH virus in Central Europe appear to be
Brown hares (Lepus europaeus) and Rabbits
(Oryctolagus cuniculus). They are highly
susceptible to TAH virus, develop suffi-
ciently high and long-lasting viraemias to
infect vectors and are also abundant and
attractive hosts for mosquitoes. In addition,
certain species of rodents and insectivores,
as well as several species of domestic ani-
mals can serve occasionally and locally as
TAH virus hosts. It has been suggested that
direct transmission from human to human

may occur during periods when there are
very large mosquito populations in urban
areas.

Treatment
The disease is self-curable. No specific
treatment is known or required.

Control
Because the treatment of TAH virus infec-
tions is only symptomatic, control measures
in endemic foci of infection are important.
Among them the most important is the
control of mosquitoes through application
of insecticides to and/or drainage of their
breeding places. Personal protection against
mosquito bites by wearing protective
clothes or using insect repellents can give
some degree of protection from the vectors.
Because of the mild influenza-like clinical
picture of most human illnesses caused by
TAH virus, vaccine preparation is not a
priority.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Tataguine virus

Oyewale Tomori

Distribution
Tataguine (TAT) virus was originally iso-
lated in 1962 from a pool of adult unidenti-
fied female Anopheles and Culex mosqui-
toes aspirated from dwelling places in
M’Betit Gouye, near Tataguine in Senegal.
The virus was subsequently isolated from
various species of mosquitoes in other coun-
tries. Tataguine virus has also been isolated
from febrile (human) patients in Nigeria,
Senegal, Central African Republic and Cam-
eroon. Serological studies revealed wide-
spread prevalence of neutralizing antibodies
to TAT virus in humans in Senegal and
Nigeria. None of the domestic animals, mon-
keys, rodents, bats and birds tested for TAT
neutralizing antibody has been positive.

Virus
Tataguine virus is classified as an
ungrouped member of the Bunyavirus
genus in the Bunyaviridae family. It is mod-
erately sensitive to treatment with sodium
deoxycholate, with a 2-log10 decrease in
virus titre following treatment. Virus-
infected suckling mouse brains contain
haemagglutinin activity for goose and
chick erythrocytes.

Clinical symptoms, pathogenesis and
pathogenicity

Tataguine virus is pathogenic for suckling
mice only when inoculated intracerebrally,
resulting in the development of high virus
titres and death within 5 days after inocula-
tion. Adult mice do not succumb to TAT
virus infection by either the intracerebral
or the intraperitoneal routes. Intracerebral
inoculation of suckling hamsters with TAT
virus results in 100% mortality; however,
by the intraperitoneal route, less than 50%
die. Histopathological lesions in mice and
hamsters dying from TAT virus infections,
irrespective of route of infection, are limited
to the brain. These lesions include intersti-
tial and perivascular oedema of the cerebral
cortex and the spinal cord and cuffing of the

blood-vessels, with small foci of neuronal
degeneration and necrosis in the anterior
horns, mid-brain and pons. There is evi-
dence of lymphocytic meningitis, but no
inclusion bodies are seen. Bunyavirus-like
particles are seen within cytoplasmic vacu-
oles of neurons in thin-section electron
microscopy of infected mouse brains.
Guinea-pigs are refractory to TAT virus
infection. Tataguine virus replicates but
does not cause cytopathic effects (CPE) in
Vervet monkey (VERO) cells, baby hamster
kidney (BHK-21) cells and Aedes albopictus
monolayers. The virus produces plaques
(1–1.5 mm in diameter) in VERO cells and
virus antigen can be detected in the cyto-
plasm of VERO cells by the immunofluores-
cence test. Rhesus monkey kidney (LLC-
MK2) and porcine kidney (PK-15) cells do
not support the replication of TAT virus.

The clinical manifestations of TAT
virus are mild and characterized by fever
and a rash, and are similar to those of malaria
and pyrexias of unknown origin in West
Africa. However, during the period
1966–1975, when active surveillance for
arbovirus infections was in place in West
Africa, TAT virus was one of the five viruses
most frequently isolated from human blood
in Nigeria and Senegal.

Diagnosis
Diagnosis is by virus isolation from blood or
by serology. Tataguine virus presents a spe-
cial diagnostic problem, because serological
response to infection, as measured by
complement fixation, is generally low or
without serological conversion. Therefore
detection of neutralizing or immunoglobu-
lin M (IgM) antibodies may prove useful
and essential for diagnosis.

Transmission
The virus has been isolated from Anopheles
funestus in Nigeria and the Central African
Republic, from Anopheles gambiae in
Burkina Faso, the Central African Republic,
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Cameroon and Senegal, from Anopheles nili
in Senegal and from Mansonia aurites in
Cameroon.

Although TAT virus has been success-
fully transmitted by Aedes circumluteolus
mosquitoes and antibodies detected in
domesticated animals, the vertebrate hosts
involved in the natural cycle of transmission
are unknown.

Treatment
Treatment is symptomatic.

Control
No control measures are applicable.
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Tensaw virus

Bruce F. Eldridge

Tensaw (TEN) virus is a mosquito-borne
arbovirus that occurs in the south-eastern
USA. It is transmitted by many species
of mosquitoes, especially members of the
genus Anopheles. It occurs in the south-
eastern USA from Texas to Georgia. Its
public health importance is unknown, but
evidence of infection has been demon-
strated by the presence of haemaggluti-
nation inhibition (HI) antibodies in human
serum samples. A single case of encep-
halitis associated with TEN virus has been
reported from Indiana, but this is outside
the known geographical distribution of the
virus. Tensaw virus is classified in the
genus Bunyavirus, Bunyamwera serogroup.

Distribution
Virus isolations from mosquitoes have been
made from the states of Alabama, Florida,
Georgia, Mississippi, Louisiana and Texas
in the USA (Fig. 1).

Virus
Tensaw virus is a member of the family
Bunyaviridae, genus Bunyavirus, and the
Bunyamwera serogroup. The prototype for
this genus and serogroup is Bunyamwera
virus. Other members of the serogroup
include Northway virus and Cache Valley
(see entry) viruses. Tensaw virus was first
isolated in 1960 from a pool of Anopheles
crucians collected in Baldwin County,
Alabama, at Stream Mill Landing. The
collection was made at the edge of a
swamp close to the Tensaw River.

Clinical symptoms
Human cases of illness are unknown except
for a single case of encephalitis reported
from Indiana. Because no isolations of TEN
virus have ever been reported from Indiana,
this case may represent infection by some
other bunyavirus. However, surveys con-
ducted in Alabama have shown that about
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9% of the human serum samples tested
were seropositive by HI test.

Diagnosis
Confirmation of arboviral disease requires
isolation of virus from an infected patient or
a fourfold or greater increase in antibody
titre between acute and convalescent
human serum samples. Isolation of fully
typed virus from mosquitoes or detection
of antibodies in sentinel mammals may
demonstrate enzootic viral activity.

Transmission
Based on the presence of HI antibodies and
isolation of virus from blood, the natural
vertebrate hosts of TEN virus appear to
be a variety of small- to medium-sized
mammals. Virus has been isolated from the
blood of domestic cats, Hispid cotton rats
(Sigmodon hispidus), Swamp-rabbits (Syl-
vilagus aquaticus), Cotton mouse (Peromys-
cus gossypinus) and Gray foxes ((Vulpes

(= Urocyon) cinereoargenteus)). In addition,
HI antibody has been detected in domestic
dogs and Raccoons (Procyon lotor).

Tensaw virus has been isolated from
many species of mosquitoes. The original
isolate was from a pool of Anopheles
crucians, a species common in or near fresh-
water swamps in the eastern USA. Since
then, many isolations have been made from
this species (Table 1). A few isolates have
been made from Anopheles punctipennis,
Anopheles quadrimaculatus and Ochlero-
tatus1 mitchellae, but at high rates. Psoro-
phora columbiae, Ochlerotatus atlanticus/
tormentor, Ochlerotatus infirmatus, Och-
lerotatus taeniorhynchus, Coquillettidia
perturbans, Culex nigripalpus and Culex
salinarius have yielded some isolates. Isola-
tions from most of these species have been at
very low frequencies, and they are probably
relatively unimportant in the ecology of TEN
virus. The greatest number of isolates has
been from A. crucians, with an overall

486 Tensaw virus

Fig. 1. Distribution of Tensaw virus
in the south-eastern USA.

Species No. tested No. positive MIR*

Anopheles punctipennis
Ochlerotatus† mitchellae
Anopheles crucians
Anopheles quadrimaculatus
Psorophora columbiae
Ochlerotatus atlanticus/tormentor
Ochlerotatus infirmatus
Ochlerotatus taeniorhynchus
Coquillettidia perturbans
Culex nigripalpus

,874
1,249

221,314
9,560

89,459
48,021

105,865
34,127
43,594

754,793

6
3

293
5

36
8

17
3
2
3

,146
,416
,755

1,912
2,485
6,003
6,227

11,376
21,797

251,598

*Number tested positive/total isolations made.
†Ochlerotatus was formerly in the subgenus Aedes.

Table 1. Minimum infection rates (MIR) for TEN virus reported in the literature (two or more isolations).

486
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
05 September 2001 09:48:10

Color profile: Disabled
Composite  Default screen



minimum infection rate (MIR, i.e. the num-
ber of mosquitoes tested positive divided by
the total number isolations made) of 755.
The only other significant species from the
standpoint of numbers of isolations are
P. columbiae (36 isolations) and O. infirm-
atus (17 isolations). However, for both of
these species, the MIR is more than threefold
higher than for A. crucians. This suggests
that A. crucians is the primary vector of TEN
virus, with the other species being of either
secondary importance or serving as local
vectors. Thus, TEN virus is one of the relativ-
ely few Anopheles-transmitted arboviruses.

Transmission of TEN virus has been
demonstrated in the laboratory in
A. quadrimaculatus mosquitoes.

Treatment
There are no specific treatments.

Control
Usually none. Mosquito abatement may be
indicated in specific situations, such as the
close proximity of high-density housing
to freshwater swamps and other sources of

potential vector mosquitoes. In such cases,
control would probably be limited to
destruction of adult female mosquitoes by
ground application of insecticidal fogs.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Texas cattle fever see Babesiosis.

Theileria species see Theilerioses.

Theilerioses

Patricia M. Preston

Infections of ruminants, equids and felids
with tick-borne protozoan parasites of the
genus Theileria.

The malignant theilerioses of cattle
and sheep cause morbidity and loss of
productivity in indigenous breeds and
severe, often lethal, disease in imported
animals and cross-bred, high-grade stock
throughout Africa and Asia (Tables 1–3).
Apathogenic/benign Theileria species also
cause economically significant infections,
especially in imported, immunocom-
promised or stressed animals. The recent
recognition of the parasites formerly known

as Babesia equi and Cytauxzoon felis as
species of Theileria extended the known
host range of the genus Theileria and the
diseases considered as theilerioses.

Distribution
The distribution and occurrence of the
Theileria species and the diseases they
cause are determined by the distribution
and seasonal activity of their particular
tick vectors (Tables 1–3). Basically infec-
tions occur in Europe, Asia, Africa,
North, Central and South America and
Australasia.

Theilerioses 487

487
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
05 September 2001 09:48:10

Color profile: Disabled
Composite  Default screen



488 Theilerioses

Parasites Diseases Tick vectors Mammalian hosts Distribution

Theileria annulata

Theileria orientalis
orientalis (synonym
Theileria sergenti)

Theileria orientalis
sergenti (synonym
Theileria sergenti)

Theileria new species
detected by molecular
systematics

Theileria buffeli

Theileria equi

Tropical theileriosis,
Mediterranean Coast
fever (severe disease
uncommon in southern
Europe)

Benign cosmopolitan
theileriosis: pathogenic
strains
Apathogenic strains

Oriental theileriosis

Apathogenic

Apathogenic

Equine biliary fever

Hyalomma species

Haemaphysalis species

Haemaphysalis
species, except N.
America: vector unknown

Haemaphysalis species

Unknown

Haemaphysalis species

Dermacentor species
Hyalomma species
Rhipicephalus species

Cattle, Asian
buffalo (Bubalus
bubalis)

Cattle, Asian
buffalo (Bubalus
bubalis)
Cattle

Cattle

Cattle

Asian buffalo
(Bubalus bubalis)

Horses, donkeys,
mules, Zebra
(Equus burchelli),
humans

Southern Europe, northern
Africa, Middle East, Russian
Federation (Transcaucasian
regions), Central Asian
republics, China (north of
R. Chang Jiang)

Russian Federation (Far
Eastern maritime regions),
China, Korea, Japan
Europe, Africa, Asia, Australia,
New Zealand, North America

Japan (Ikeda stock)

China, North America,
Thailand

South-East Asia

Southern Europe, Africa,
Asia, Australia, USA (Florida),
S. and C. America

Table 1. The family Theileridae. Cosmopolitan species of cattle, buffalo and equids: species, diseases, tick
vectors, mammalian hosts and distribution.

Parasites Diseases Tick vectors Mammalian hosts Distribution

Theileria
parva

Theileria
mutans

Theileria
taurotragi

Theileria
velifera

East Coast fever
Corridor (buffalo)
disease
January disease

Benign African
theileriosis I
Usually benign but may be
pathogenic

Benign African
theileriosis II
Usually benign, may cause
cerebral theileriosis

Apathogenic

Rhipicephalus appendiculatus*
Rhipicephalus duttoni*
Rhipicephalus zambeziensis*

Amblyomma species

Rhipicephalus appendiculatus*

Amblyomma species

Cattle, Waterbuck (Kobus
ellipsiprymnus), African
buffalo (Syncerus caffer),
Asian buffalo (Bubalus bubalis)

Cattle, some strains of African
buffalo (S. caffer)

Eland (Taurotragus oryx),
cattle, sheep, goats and wide
range of wild ungulates

Cattle, African buffalo
(S. caffer)

Eastern, Central and
Southern Africa

Sub-Saharan Africa,
Madagascar, Islands of
Réunion and Mauritius,
Lesser Antilles

Eastern, Central and
Southern Africa

Africa

*Main field vectors.

Table 2. The family Theileridae. Parasites of cattle and wild ruminants in sub-Saharan Africa: species,
diseases, tick vectors, mammalian hosts and distribution.
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The genus Theileria
The distinguishing features of the genus are
given in Table 4; its characteristic life cycle
is illustrated in Figs 1–3. Current taxonomic
research recognizes at least 17 species of
Theileria, of which six cause important
diseases of domestic stock (Tables 1–3).
Four of these six species are geographically
cosmopolitan parasites: T. annulata and
T. orientalis in cattle, T. lestoquardi in
sheep and T. equi in horses. The fifth, the
most pathogenic species in cattle, T. parva,

is confined to sub-Saharan Africa, along
with three apathogenic/benign species
(T. mutans, T. taurotragi and T. velifera).
The sixth, a newly recognized pathogenic
parasite of sheep in China, is still unnamed.

The apathogenic/benign cosmopolitan
parasites of domestic and wild ruminants
are assigned to five species: T. buffeli, T.
cervi, T. orientalis, T. ovis and T. recondita.
Another (unnamed) cosmopolitan apatho-
genic parasite of cattle has recently been
described as occurring in China, North
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Parasites Diseases Tick vectors Mammalian hosts Distribution

Theileria lestoquardi
(synonym Theileria hirci)

Theileria new species?

Theileria ovis
(possibly several species)

Theileria recondita

Theileria separata

Theileria cervi
(possibly several species)

Malignant ovine
and caprine
theileriosis

Pathogenic

Benign ovine
theileriosis

Apathogenic

Apathogenic

Apathogenic

Hyalomma species

Haemaphysalis
quinghaiensis

Rhipicephalus species

Haemaphysalis
species (UK)

Rhipicephalus evertsi

Unknown

Sheep, goats

Sheep

Sheep, goats

Sheep, goats, deer, Moufflon
(i.e. wild sheep)

Sheep, goats

Fallow deer (Dama dama),
Red deer (Cervus elaphus),
Sika deer (Sika nippon),
Canadian Elk (Cervus elaphus
canadiensis), White-tailed deer
(Odocoileus virginianus)

South-East Europe,
North Africa, Middle
East, India

China

South-east Europe,
Asia, Africa and
Madagascar

Western Europe:
Germany, UK

Sub-Saharan Africa

Europe, Japan,
North America

Table 3. The family Theileridae. Parasites of sheep, goats and cervids : species, disease, tick vectors,
mammalian hosts and distribution.

Kingdom
Phylum
Class
Subclass
Order

Family
Genus

Family
Genus

Protozoa
Apicomplexa
Haematozea
Piroplasmia
Piroplasmida

Theileridae
Theileria

Babesidae
Babesia

Single-celled eukaryotes
Apical complex present in some stages; syngamy
Sporogonic stages producing sporozoites
Pyriform, rod-shaped or amoeboid parasites of erythrocytes
Asexual and sexual reproduction; transmitted by ticks

Exoerythrocytic schizogony in lymphocytes, macrophages or ‘reticuloendothelial’ cells
Parasites of ruminants, equids or wild and domestic North American felids
Trans-stadial transmission by ticks

No schizogonic stages
Widespread parasites of warm-blooded vertebrates
Transovarial transmission by ticks

Table 4. Distinguishing features of the families Theileridae and Babesidae.
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Theilerioses490

Fig. 1. The life cycle of a typical Theileria species, as illustrated by those of T. annulata and
T. parva, comprises a cycle of clonal replication of schizonts in mononuclear cells in lymphoid
and reticuloendothelial tissues, followed by the appearance of 'piroplasms' – small (<3 µm) and
pleomorphic organisms – in erythrocytes. Theileria parva proliferates as schizonts; its piroplasms
do not multiply. Schizonts are the major proliferating stage of T. annulata, T. lestoquardi and
T. felis. In infections of T. annulata, at least, elevated parasitaemias arise when erythrocytes
are invaded by massive numbers of merozoites produced by large populations of schizonts.
Theileria orientalis, T. mutans and T. equi proliferate mainly as piroplasms. In every species,
piroplasms include parasites undergoing gametogony and producing the gametocytes which are
infective for ticks. Differentiation into gametes and sexual recombination occurs in the tick gut.
Kinetes developing from zygotes in the gut cells appear to migrate directly to the tick’s salivary
gland, where they undergo sporogony and differentiate into sporozoites, which are injected into
the next host by the tick. The different clinical manifestations of the theilerioses are broadly due
to the relative pathogenic effects of schizonts and piroplasms. Both schizonts and piroplasms
of T. annulata, T. lestoquardi and T. felis are pathogenic; the schizonts of T. parva cause East
Coast fever; piroplasms cause the diseases induced by T. equi and T. orientalis. The identity
of the schizont-infected mononuclear cells is only known so far for T. annulata, T. parva and
T. lestoquardi, the latter living mainly in macrophages. (Figure reprinted from Preston, P.M. and
Jongejan, F. (1999), Protective immune mechanisms in ticks and tick-borne diseases,
Parasitology Today 15, with permission from Elsevier Science.)
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America and Thailand. Three other species
have been linked to disease, namely
Theileria felis in North American wild and
domestic cats; T. tarandi rangeriferis in
Reindeer, Rangifer tarandus; and T. tachy-
glossis in the monotreme, the Short-nosed
echidna, Tachyglossus aculeatus. So far
schizonts have been found in all species
except for apathogenic strains of T. orien-
talis orientalis, which occur in Africa, Asia,
Europe and North America, T. buffeli and
T. cervi. Molecular systematics indicate that
most Theileria species form a monophyletic
taxon derived from a paraphyletic group
that includes T. equi, T. felis and Babesia
rodhaini. The genus Theileria comprises

two monophyletic clades: one includes
T. annulata, T. lestoquardi and T. parva; the
other includes T. orientalis and the ‘new’
pathogenic parasite of sheep in China. Bab-
esia species sensu stricto are a sister taxon,
which diverged from the paraphylectic group
before most species of Theileria and lost the
capacity to inhabit mononuclear cells.

Transmission
Transmission is trans-stadial, depending
on gametocytes in the blood of infected
animals being ingested by the larvae or
nymphs of the particular species of two- or
three-host ixodid (hard) ticks, in which a
parasite can undergo sexual recombination
and sporogony, and the sporozoites being
inoculated into an appropriate mammalian
host by the next stage of the tick, nymph or
adult (Fig. 1). The identity of specific vector
ticks helps to distinguish different Theileria
species and subspecies (Tables 1–3).

Hosts and parasite factors influencing the
outcome of infection

Theileria species are generally well adapted
to their indigenous ruminant hosts, whether
domesticated or wild animals. Disease
occurs when potentially pathogenic organ-
isms infect ‘susceptible’ stock, susceptibil-
ity being due to genetic or breed factors,
loss of immunocompetence or stress due to
lactation, parturition, management changes
or concomitant infections. ‘Pathogenic’
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Fig. 2. Schizonts and parasites differentiat-
ing into merozoites as seen in an impression
smear of the spleen of a calf undergoing
tropical theileriosis. (Photograph by L.M.G.
Forsyth. Reprinted from Preston, P.M. and
Jongejan, F.  (1999)  Protective immune
mechanisms in ticks and tick-borne diseases,
Parasitology Today 15, with permission from
Elsevier Science.)

Fig. 3. Intraerythrocytic piroplasms as seen in a
smear made from the blood of a calf undergoing
tropical theileriosis. (Photograph by L.M.G.
Forsyth.)
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species show strain variation, with virulent
and mild strains coexisting in one region
and cosmopolitan ‘benign’ species varying
in pathogenicity from region to region. The
different clinical manifestations of the
theilerioses can be broadly attributed to the
relative pathogenic effects of the different
parasite stages (Fig. 1) and, in certain cases,
to the nature of the schizont-infected
mononuclear cells. Parasite dose also influ-
ences the outcome of infection – whether
subclinical or clinical, self-limiting or lethal;
the time to appearance and population size
of different parasite stages; and the nature
and extent of haematological responses.
Cytokine production appears to determine
many of the typical clinical features and
pathological responses of the theilerioses.

Tropical theileriosis (T. annulata)
Although T. annulata exhibits extensive
strain variation in virulence and molecular
diversity in all endemic areas (Table 1),
it causes similar disease symptoms across
most of its range (from North Africa to
China). Infection may cause severe, often
lethal, disease in susceptible taurine or
cross-bred cattle and significant morbidity
and loss of productivity in local stock.
Animals may survive disease but recovery
and convalescence may be prolonged and
incomplete, leading to permanent debilita-
tion, loss of productivity and a prolonged
carrier state. The parasite is maintained
by cattle-tick transmission. In the Asian
buffalo, Bubalus bubalis, which is probably
its original host, T. annulata causes only
subclinical or very mild infections. Cattle
become infected when at pasture and under
conditions of ‘zero grazing’, because the
hyalommid tick vectors of T. annulata live
in animal housing. Theileria annulata
differs markedly from T. parva in that
its schizonts inhabit macrophages, which
undergo clonal replication, and it does not
induce lymphocytic hyperplasia.

Clinical features of tropical theileriosis
Theileria annulata causes acute, mild,
subacute, peracute and chronic disease,
according to strain virulence and host
susceptibility. The initial stages of disease

accompany the metastasis of schizont-
infected cells throughout the lymphoid
system and reticuloendothelial tissues; later
stages accompany the invasion of erythro-
cytes by merozoites and proliferation of
piroplasms. In acute lethal disease, cattle
exhibit increasingly pronounced symptoms
(Table 5) from 5–7 days after infection,
when schizonts become detectable in the
lymph node draining the site of infection.
Death may occur within 2–3 weeks follow-
ing the proliferation of schizont-infected
cells or the haemolytic anaemia resulting
from intraerythrocytic piroplasms. Parasit-
aemias may reach 60% during the terminal
stages of disease. Peracute disease is fairly
common: onset is sudden, animals exhibit
the symptoms of acute disease but death,
preceded by hypothermia, occurs within
a few days. Mild strains may cause sub-
clinical infections, mild symptoms lasting a
few days or subacute disease, with an irreg-
ularly intermittent fever lasting for up to
2 weeks and less marked symptoms than in
acute infections. Animals usually recover,
but pregnant animals may abort. In chronic
disease, intermittent fever, inappetence,
marked emaciation, anaemia and icterus
may persist for a month or more, with
animals taking more than 2 months to
return to normal.

Pathology
The major pathological features are listed in
Table 6. Damage to lymphoid tissues and
reticuloendothelial tissues progresses as
schizont-infected cells metastasise, often
accompanied by lymphocytic infiltrations.
Lymph nodes, including the paracortical
areas, are dominated by schizont-infected
cells and uninfected macrophages. Haemor-
rhagic lesions in the paracortex begin with
extravasation of erthryocytes and macroph-
ages and loss of integrity of the high endo-
thelial venules. By the late stages of disease,
schizonts throughout the body have differ-
entiated into merozoites to form a vast pool
of merozoites infective for erythrocytes.
Anaemia has been linked to parasitaemia
exacerbated by the proliferation of intraery-
throcytic stages, autoimmune mechanisms
and erythrophagocytosis by macrophages.
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The production of cytokines, in particular
tumour necrosis factor alpha (TNF-α), by
both schizont-infected cells and uninfected
host cells appears to underlie many of the
symptoms (fever, inappetence, weight loss,
emaciation) and pathological reactions (haem-
orrhagic necrosis). The presence of parasites
in the pituitary glands and in badly dama-
ged adrenal glands may underlie the disrup-
tion of the endocrine and immune systems.

Immunity
Theileria annulata clearly induces very
effective immune responses in the verte-
brate host, because recovered cattle are
solidly immune to challenge. Isolates from
widely separated regions (Morocco/India)
are cross-protective, indicating that stocks
across the parasite’s range share the same
protective antigens. Innate and adaptive
responses appear to cooperate in protection.
During primary infection, schizonts are
eliminated by macrophage-derived nitric
oxide (NO); schizont-infected cells are

lysed by CD8+ T cells and natural killer
(NK) cells, piroplasms are killed by antibod-
ies and piroplasm-infected cells are phago-
cytosed by macrophages. After challenge,
antibodies may kill sporozoites and mero-
zoites, but protection appears to be largely
due to the rapid onset of innate immune
responses and recall of memory CD4+ T
cells, which enhance macrophage activity.
Nitric oxide and gamma-interferon (IFN-γ)
produced by NK cells, CD4+ T and CD8+ T
cells kill trophozoite-infected cells; CD8+ T
and NK cells lyse schizont-infected cells
arising from parasites that evade the initial
immune responses.

East Coast fever, Corridor disease and
January disease (T. parva)

Theileria parva is a parasite of the African
buffalo (Syncerus caffer); it is highly patho-
genic to cattle causing the lymphoprolifer-
ative diseases known as East Coast fever,
Corridor disease and January disease (Table
2). The parasites isolated from the different

493 Theilerioses

Tropical theileriosis
Early clinical signs

As disease progresses

During later stages

East Coast fever
Early clinical signs

As disease progresses

During later stages

In the terminal stages

Pyrexia coinciding with the appearance of schizonts in the lymph node draining the site of
inoculation; leucopenia; enlarged superficial lymph nodes; inappetence; drooling; serous nasal
discharge; swelling of the eyelids; drooping ears; lowered head; sluggish gait; lacrimation;
accelerated pulse; general weakness; decreased milk production; sometimes nervous symptoms
Cachexia followed by wasting; marked anaemia with bilirubinaemia and bilirubinuria; superficial
lymph nodes greatly enlarged; thrombocytopenia; conjunctiva icteric with petechial haemorrhages;
diarrhoea
Faeces are often mixed with blood and mucus; the skin may bear petechiae and, more rarely,
raised nodules containing schizont-infected cells; marked emaciation; recumbency. If erythrocytes
do not regenerate, anaemia becomes so severe and dyspnoea so pronounced that death ensues
8–15 days after the onset of the disease

Pyrexia; leucopenia; listlessness; appetite wanes; bodily condition and milk production deteriorate;
lymph nodes draining the site of inoculation of the parasite enlarge; other external nodes become
palpably enlarged and hot
Appetite and rumination cease; bodily condition degenerates rapidly; wasting follows cachexia;
lethargy, weakness and recumbency increase; animals are reluctant to move, are tucked up and
hang their heads; constipation; lacrimation and photophobia; mucous membranes unaffected,
slightly hyperaemic or even anaemic; petechial haemorrhages common under the tongue and on
the vulva
If disease is prolonged, diarrhoea and dysentery may develop, blood may appear in the faeces;
anaemia and icterus may occur; nodular skin lesions may develop
Severe respiratory distress with a watery cough due to pulmonary oedema; as oedema increases,
watery frothy fluid runs from the mouth and nostrils; recumbency; copious quantities of fluid may
pour from the nostrils; death is normally due to asphyxiation following pulmonary oedema

Table 5. Clinical features of acute fatal disease.
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Tropical theilerosis
Carcasses
Blood
Subcutaneous tissues
Mucous membranes (pharynx, larynx,

trachea, bronchi)
Serous membranes
Lymph nodes
Thymus
Heart

Lungs
Spleen
Liver
Gall-bladder
Kidneys
Adrenal glands
Abomasum, small and large intestines
Nervous system

East Coast fever
Carcasses

Lymph nodes

Thymus
Heart

Trachea and bronchi
Lungs
Pleural cavity
Spleen
Liver
Gall-bladder
Kidneys

Bladder
Peritoneum and viscera
Abomasum

Small and large intestines
Peyer’s patches
Nervous system

Malignant ovine and caprine theileriosis
Carcasses
Blood
Lymph nodes
Heart
Lungs
Spleen
Liver
Gall-bladder
Kidneys

Emaciated; anaemic; icteric; yellowish and gelatinous connective tissues
Watery
Numerous petechial or larger haemorrhages
Pale; numerous petechial or larger haemorrhages

Numerous petechial or larger haemorrhages
Markedly enlarged; oedematous; varying degrees of haemorrhage
Mildly congested
Myocardial muscular degeneration; petechial and ecchymotic haemorrhages on the
epi- and endocardium
Frequently oedematous; congested
Splenomegaly due to lymphoid hyperplasia; soft; prominent Malpighian corpuscles
Hepatomegaly; pale brown or yellow; friable; evident parenchymatous degeneration
Often markedly distended; dark green viscid bile
Pale; congested; infarcts
Cortical haemorrhages
Characteristic ulcers surrounded by a haemorrhagic zone
Occasionally cerebral haemorrhages

Often a frothy exudate around the nostrils; emaciation, dehydration in protracted
cases
In acute cases, oedematous, hyperaemic, may be greatly enlarged; in protracted
cases, shrunken, necrotic
Atrophy, necrosis common in young animals
Petechial and ecchymotic haemorrhages common on the epicardium and
endocardium; serous fluid in pericardium
May be full of white, frothy exudate
Interlobular oedema, emphysema and hyperaemia
Petechial and ecchymotic haemorrhages on serosal surfaces; serous fluid
Mushy or dry, swollen or shrunken; subcapsular ecchymotic haemorrhages common
Usually normal although may be enlarged and mottled
Usually normal
Petechial haemorrhages common on surface; greyish white ‘pseudoinfarcts’ of
lymphoid tissue; cortex may be congested
Small haemorrhagic lesions on the mucosal and serosal surface
Petechial and ecchymotic haemorrhages common on serosal surfaces
Ecchymotic and larger haemorrhages (up to 1 cm) with ulceration common on
mucosa
Petechial haemorrhages on mucosal surfaces throughout
May be swollen
Changes rarely obvious; some hyperaemia

Emaciated; icteric; intramuscular and subcutaneous tissues gelatinous
Changes characteristic of anaemia, being thin, watery, clear red
Markedly and generally enlarged, reddish and oedematous
Hydropericardium; muscles pale, flabby; no petechial haemorrhages
Oedematous, congested
Splenomegaly, pulp soft
Hepatomegaly, brownish-yellow or yellow, very friable
Distended, full of viscid bile
Pale due to anaemia, infarcts

Continued

Table 6. Gross pathology of acute fatal disease.

494
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
05 September 2001 09:48:16

Color profile: Disabled
Composite  Default screen



diseases are genetically identical and the
variations in morphology, pathogenicity,
and incidence seen in T. parva in different
geographical areas reflect its extreme anti-
genic diversity, and variations in host and
vector relationships. Immunity to one stock
of parasites may not protect against another.
Distribution of T. parva reflects that of its
three main vectors (Table 2). Assigning the
agents of the three diseases to three sub-
species (T. parva parva, T. p. lawrencei, and
T. p. bovis respectively) is a controversial
issue, as the use of the trinomial system
is biologically invalid, but there is no zoo-
logical objection to calling them the parva-
type, lawrencei-type and bovis-type for
the time being. Theileria parva differs from
T. annulata in living mostly in αβ CD4+ T
lymphocytes and in producing piroplasms
of low pathogenicity.

East Coast fever
The parasites causing East Coast fever are
mostly maintained by cattle-tick trans-
mission. Infection is subclinical or mild in
the African buffalo (Syncerus caffer), which
serves as a maintenance host in some areas.
In the Asian buffalo (B. bubalis), the disease
resembles that seen in oxen. East Coast
fever is fatal in cattle of European origin
(Bos taurus). African zebu or Sanga cattle
(predominantly Bos indicus) respond vari-
ably to infection. Mortality among indige-
nous cattle may be negligible, but the
disease significantly reduces growth and
productivity. Significant numbers of clini-
cal cases occur in endemic areas only where
susceptible cattle, particularly improved
dairy or cattle breeds, are introduced and
become infested with ticks.

Clinical features
East Coast fever is caused by the invasion of
lymphoid and non-lymphoid tissues with

schizont-infected lymphoblasts; disease may
occur as a mild, peracute, acute or subacute
form. In susceptible cattle, acute lethal dis-
ease normally lasts about 3 weeks, with a
pre-patent period of 5–10 days after infec-
tion with sporozoites. Pronounced clinical
symptoms (Table 5) develop as the schizont-
infected cells rapidly disseminate. Death may
follow within a week; more commonly the
clinical phase lasts about 2 weeks. In pera-
cute cases, animals may die before marked
respiratory symptoms arise. Pregnant ani-
mals may abort during the pyrexic stage of
recovery. Animals that develop severe resp-
iratory or nervous symptoms rarely recover;
those which survive often fail to regain nor-
mal levels of productivity. Sublethal acute
disease may be followed by complete recov-
ery or may persist for months, leading to
chronic, often irreversible, wasting.

Pathology
The most dramatic pathological changes are
seen in the respiratory organs (Table 6). The
failure of animals undergoing primary infec-
tion to mobilize protective cytotoxic CD8+

T cells and to control infection has been
attributed to the down-regulation of type 1
T-cell responses by interleukin-10 (IL-10)
produced by the schizont-infected lympho-
cytes. Schizont-infected cells activate auto-
logous lymphocytes non-specifically in vitro;
if such activation occurs in vivo, it could
cause a cascade of detrimental cytokine-rel-
ated effects. The extensive lymphocytolysis
and leucopenia seen in the late stages of dis-
ease may be caused by the marked non-
specific lytic activity observed in the peri-
pheral blood mononuclear cells at this time.

Immunity
Recovery from infection with T. parva
and protection against challenge appear to
be mediated primarily by parasite-specific
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Abomasum

Intestines

Generally empty; mucous membranes slight to severe congestion; haemorrhages
rare, if present, small
Congested with petechial haemorrhages; mucous membranes, particularly caecum
and colon, severely congested; sometimes haemorrhages and haemorrhagic
patches; contents enlarged, reddish

Table 6. Continued.
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CD8+, major histocompatibility complex
class I restricted and cytotoxic T lympho-
cytes. Gamma-delta (γδ) T-cell responses
occur during infection and are linked to the
generation of parasite inhibitory cytokines
and lytic activity. Strong CD4+ T-cell
responses occur in immune cattle and may
directly inhibit infection through cytokine
production and cytolysis. Innate immune
mechanisms may also protect against
infection.

Corridor disease or buffalo disease
Corridor disease is an acute, usually fatal,
disease of cattle, which occurs sporadically
wherever ticks transmit T. parva from
infected African buffaloes to cattle. It is a
major constraint to accepting the presence
of buffaloes in cattle-raising areas. The para-
sites causing this disease are usually non-
pathogenic to African buffaloes, in which
both schizonts and piroplasms persist
indefinitely. They are not well adapted to
cattle; the schizonts are fewer and smaller
than in East Coast fever and usually fail
to develop into piroplasms. These parasites
also cause fatal infections in Asian buffa-
loes. Corridor disease has the same clinical
signs as East Coast fever but its course
is shorter – lasting only 3–4 days after the
first signs. Emaciation and diarrhoea do
not occur, nor do the lymph nodes regress.
Severe pulmonary oedema precedes death,
which occurs before piroplasms can
develop.

January disease, Zimbabwe theileriosis or
Fortuna disease

January disease is an acute, frequently fatal,
disease of cattle caused by T. parva in the
high and low veld of Zimbabwe. Its strictly
seasonal occurrence (December to May)
coincides with the seasonal distribution of
adult Rhipicephalus appendiculatus ticks.
Primary outbreaks are associated with new
additions to the herd. January disease has
the same clinical features as East Coast
fever, but its course is often shorter – lasting
for only a few days after first onset of signs –
and emaciation and diarrhoea are not seen.
Schizonts and piroplasms, when present,
are scanty.

Malignant ovine and caprine theileriosis
(T. lestoquardi)

Theileria lestoquardi causes highly fatal,
acute or subacute diseases, with heavy
losses, in many tropical and subtropical
regions (Table 3). Unusually for a Theileria
species, it causes high morbidity and
mortality in indigenous sheep and goats, as
well as exotic (imported) breeds. Animals
that recover from the disease are immune to
challenge. In some areas, young kids and
lambs are more resistant to infection than
adult animals.

Clinical features
Tick transmission studies suggest an incu-
bation period of about 12 days, with disease
lasting from 5 to 40 days. Acute, subacute
and chronic forms occur, the acute form
being most usual. Schizont proliferation is
accompanied by lymph node enlargement,
pyrexia, leucopenia, listlessness, nasal dis-
charge, atony of the rumen and weakness.
Piroplasm parasitaemia is accompanied by
anaemia, often icterus. In experimental,
sporozoite-induced, acute infections in
European sheep, fever was first noted
around day 12 and lasted for 1–2 weeks.
Schizonts were first detected from days
7–9 and piroplasms from days 10–12. Peak
parasitaemias in animals that died ranged
from 10 to 32% and in those that survived
from 5 to 10%.

Pathology
Pathological changes (Table 6) resemble
those of T. annulata infections and are
associated with schizont proliferation and
dissemination and piroplasm parasitaemia.
Schizonts are most numerous in the liver,
present in the petechiae of the intestines
and absent from the spleen. While relatively
few infected erythrocytes may occur in the
circulation, virtually all the erythrocytes in
the capillaries of the kidney, liver and heart
may be parasitized.

New species of Theileria in small ruminants
in China

A   newly   recognized,   as   yet   unnamed,
pathogenic Theileria parasite of small rumi-
nants from north-western China (Table 3) is
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distinguished from other species in sheep
and goats by its tick vector (Haemaphysalis
quinghaiensis), the failure to establish
schizont-infected cells in culture and its
close relationship to T. orientalis (see
p. 490). The parasite is most pathogenic
in lambs and imported animals: morbidity
may reach 65% and mortality 76%, accord-
ing to geographical locality. Infected
animals show typical signs of theileriosis:
fever, inappetence, cessation of rumination,
rapid heartbeat, dyspnoea, weakness,
listlessness, swelling of superficial lymph
nodes, marked anaemia and icterus.

Benign cosmopolitan bovine theileriosis and
oriental theileriosis (T. orientalis)

Knowledge of the benign parasites of cattle
is scanty but there is sound evidence that
many cause disease. Attempts to establish
their taxonomic relationships have been
hindered by the extensive molecular diver-
sity displayed across their distribution and
within stocks isolated from individual hosts
and by the occurrence of mixed infections
within individual hosts. Molecular sys-
tematics indicate that members of the
T. orientalis/buffeli group represent four
different types (Table 1), which resemble
previous groupings based on morphologi-
cal, serological and biochemical features. In
the scheme adopted here (Table 1), marked
differences between the Japanese Ikeda
stock and other benign parasites led to
the tentative creation of two separate sub-
species of T. orientalis. Differences between
the benign parasites of the Asian buffalo
(B. bubalis) and cattle suggest that the name
T. buffeli should be kept for the parasites of
the buffalo. The fourth, as yet unidentified,
parasite occurs in Thailand, China and
America. An alternative, more recent,
scheme designates all four types as
T. buffeli, on the grounds that they probably
all arose from a group of buffalo-derived
parasites that adapted to cattle and there
is, as yet, insufficient evidence to recognize
separate species within the group.

Theileria orientalis orientalis is a very
widespread complex of pathogenic and
apathogenic strains (Table 1). Pathogenic
strains usually occur as subclinical

infections in the Far Eastern maritime region
of the Russian Federation, northern China,
Korea and Japan, but often cause the eco-
nomically significant disease, benign cos-
mopolitan theileriosis. Schizonts are readily
detected in infections with Korean, Chinese
or Russian stocks. Apathogenic strains in
Europe, Africa, America and Australia very
rarely cause disease, except in stressed
animals; schizonts have only been reliably
described for Australian strains. A distinct
but closely related pathogen in Japan, tenta-
tively named Theileria orientalis sergenti,
causes oriental theileriosis; it produces
schizonts, but they do not appear to
contribute to disease.

Overall, outbreaks of disease appear to
be related to the behaviour of particular
geographical strains of T. orientalis and the
breed, origin, age and physiological condi-
tion of the cattle. Increased levels of stress
and decreased immunocompetency appear
to convert subclinical infections to overt
disease. In China, where almost all cattle are
infected with T. o. orientalis, the incidence
rates and numbers of fatalities vary widely
between areas and cattle breeds. The para-
site is normally avirulent in indigenous
cattle, but dairy, exotic and hybrid cattle
are highly susceptible; outbreaks involving
100% of exotic cattle, with 40% mortalities,
have occurred. In this context, ‘exotic’
includes indigenous breeds moved between
different regions, as well as animals
imported into China. In Korea and Japan,
T. o. orientalis and T. o. sergenti usually
cause little harm in healthy and immuno-
competent animals, but subclinically
infected animals may develop severe anae-
mia if stressed by pregnancy, parturition
or sudden environmental changes. Exotic
imported cattle are more prone to infection
than indigenous cattle; exotic dairy cattle
have died from infection within several
weeks of being imported into Korea. Mortal-
ity is low, but the cost of controlling and
treating the disease is high.

The major clinical symptoms are
pyrexia, superficial lymph node enlarge-
ment, inappetence, weakness, listlessness,
haemorrhages in the visible mucosa,
hyperaemic or haemorrhagic conjunctiva,
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thinning of the blood, haemolytic anaemia
and icterus, related to the proliferation of
piroplasms. Parasitaemia may reach 30%,
accompanied by a 70% reduction in haema-
tocrit, but haemoglobinuria is not seen.
Pathological changes, as described for
Chinese and Russian stocks, include: pale
mucosa; lymph node enlargement; haemor-
rhages in subcutaneous tissues, serosa,
abomasal and intestinal mucosa and mesen-
teric lymph nodes; hepatomegaly; tawny-
coloured bile; splenomegaly; and enlarged
heart, with haemorrhagic foci in the auricle.

Benign African theilerioses (T. mutans,
T. taurotragi, T. velifera)

Theileria mutans is a parasite of the
African buffalo (S. caffer) that is infective
for cattle and may cause latent infection in
sheep (Table 2). It is widespread through-
out the range of its vectors; almost 100%
of calves may be infected by the age of
6 months. Schizonts are scanty and
transient; parasites mainly multiply as
piroplasms. Severity of infection is pro-
portional to intensity of piroplasm para-
sitaemia. Infection usually results in a mild
febrile reaction lasting for 2–5 days, but
pathogenic strains in East Africa cause
anaemia, icterus and sometimes death.
Theileria taurotragi is widely distributed
throughout eastern and southern Africa
(Table 2). It is infective to Eland (Tauro-
tragus oryx), ox, sheep and goats. In cattle,
subclinical or mild febrile infections last
1–14 days; the superficial lymph nodes
draining the site of inoculation of sporozo-
ites are slightly enlarged, but there are
no other signs of clinical disturbance.
Theileria taurotragi is benign in sheep, but
sometimes causes severe or fatal disease
in Eland. Turning sickness of cattle is an
aberrant form of infection, characterized
by the sudden onset of nervous signs,
caused by an accumulation of parasitized
lymphoblasts in the cerebral blood-vessels,
leading to thrombosis and infarction. In
East Africa it is usually caused by T. parva
and in South Africa by T. taurotragi.
Theileria velifera is apathogenic and of no
practical significance, except for differen-
tial diagnosis.

Benign ovine, caprine and cervine
theilerioses (T. ovis, T. separata,

T. recondita, T. cervi)
The interrelationships of the four apatho-
genic/benign species of Theileria described
in sheep, goats and cervids (Table 3) are
unclear. Morphological, serological and
biological features suggest that the parasites
found in sheep in the Mediterranean basin
and Asia may be T. ovis, a species first
described in Central Africa. In T. ovis
infections, schizonts and piroplasms are
relatively scarce and distinct clinical signs
are rare. The second benign parasite of
sheep, T. separata, is confined to sub-
Saharan Africa; its piroplasms have a dis-
tinctive morphology (Fig. 4). The morph-
ology, distribution and tick vectors of the
parasite known as T. recondita distinguish
it from T. ovis, but it could be the parasite
first described in Fallow deer (Dama dama)
as T. cervi by A. Bettencourt, C. Franca and
I. Borges in 1907. Clinical signs following
T. recondita infection in normal sheep last
only a few days in the field; many infections
are subclinical and recovered animals are
carriers. Experimentally infected sheep
underwent a transient, low parasitaemia
accompanied by slight fever, depression,
anorexia, listlessness, loss of condition,
transient macrocytic hypochromic anaemia,
neutrophilia and lymphocytopenia. The
parasites identified as T. cervi are very
widely distributed. Their infectivity for
ovids and caprids make it difficult to know
whether parasites in sheep and goats are
parasites of domesticated stock or of wild
ruminants. Both T. cervi and T. ovis may
prove to be more than one species.

Equine piroplasmosis/equine biliary fever
(T. equi)

Although schizonts have rarely been recor-
ded in natural field infections, experimen-
tal sporozoite-induced infections showed
that the causative agent of equine biliary
fever undergoes exoerythrocytic schizogony
and merogony in mononuclear cells. The
parasite is therefore now generally accepted
as T. equi (Table 1), a very widely distrib-
uted species with different geographical
strains varying in virulence. In endemic
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areas, most horses are symptomless carriers;
overt infection only occurs if host immunity
wanes or is reduced by stress due to racing,
transportation or pregnancy or if suscepti-
ble animals are imported. The clinical signs
and pathological changes resemble those

attributed to piroplasms in bovine and
ovine theilerioses. Neonatal infections have
serious consequences. Theileria equi sporo-
zoites infect and transform equine lympho-
cytes into lymphoblastoid cell lines in vitro.
Theileria equi is unique in that it is not just

Theilerioses 499

Fig. 4. Diagrammatic representation of the intraerythrocytic stages of members of the genus Theileria.
Some forms of piroplasms predominate in certain species: round and oval forms in T. annulata, T. felis,
T. lestoquardi, T. ovis, T. recondita, T. separata, T. taurotragi and the new species in Chinese sheep; rods
in T. parva; rods and elongate forms in T. orientalis; and round forms and typical tetrads (Maltese crosses)
in T. equi. Piroplasm morphology cannot be used to identify Theileria species reliably as piroplasms are
polymorphic and vary in size and shape during infection, but the presence or absence of a rectangular
veil-like body and a bar-like structure in the cytoplasm of infected erythrocytes is useful. Veils consist of a
haemoglobin-derived crystalline substance; bars are connected with the parasite and the outside of the cell.
Both structures are thought to be of parasite origin. Theileria parva only produces a veil in Syncerus caffer.
Bars occur in all strains of T. orientalis; veils are absent in North American strains and not yet recorded for
Chinese and African strains. The arrow points to reduced bar structure of T. separata. Theileria recondita
resembles T. ovis in lacking a bar, and its veil protrudes from the surface of the erythrocyte. To date, it is not
known whether T. buffeli, T. cervi, T. equi, T. felis, T. lestoquardi, and the new Chinese parasite of sheep
produce bars and/or veils. (Figure reprinted from, Norval, R.A.I., Perry, B.D. and Young, A.S. (eds) (1992)
The Epidemiology of Theileriosis in Africa, 1st edn, p. 90, with permission from Academic Press Ltd.)
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the only Theileria species known to infect
equids but also the only Theileria species
known to have infected humans.

Clinical features
Acute disease lasts 8–10 days and is charac-
terized by pyrexia, coinciding with the first
piroplasms in the blood, icterus and anae-
mia. Fever is often accompanied by sweat-
ing, congestion of mucous membranes,
tachycardia and palpitating cardiac sounds.
Faecal balls are yellowish-green, small and
dry. Parasitaemia may be low in adult ani-
mals that die. Peracute disease, in which
animals die 1–2 days after the onset of
signs, is rare. Subacute infections develop
slowly and are prolonged; recovery may
take many weeks. Such cases undergo
anorexia, malaise, weight loss, fever and
increased pulse and respiratory rates.
Mucous membranes vary from pale pink to
pale yellow to bright yellow, with petechial
or ecchymotic haemorrhages. Anaemia is
accompanied by thrombocytopenia, hypo-
phosphataemia, hypoferronaemia, and bili-
rubinaemia. Normal bowel movements may
be slightly depressed: animals may show
signs of colic pawing, looking at the flank or
lying down. Faecal balls are small and may
be covered in mucus. Constipation may be
followed by diarrhoea. Urine is often dark
yellow, orange or even brown, and some-
times reddish-brown, due to haemoglobin
and bile pigments. Moderate supraorbital
oedema is common; peripheral and depend-
ent oedema of the limbs and ventral
abdomen occurs during terminal stages.
Untreated or neglected horses may become
severely anaemic and show signs of general
weakness. Chronic cases show non-specific
clinical signs, including mild inappetence,
poor performance, a drop in body mass,
pale pink mucous membranes, mild tachy-
cardia and splenomegaly. Animals that
recover become carriers and are immune.

Gross pathological changes
Changes include: emaciation; anaemia;
icterus; oedema of subcutaneous and sub-
serosal tissues; enlarged lymph nodes; pale,
flabby heart; epi- and endocardial haemor-
rhages; pulmonary congestion and oedema;

splenomegaly; hepatomegaly; enlarged pale
or, in haemoglobinuric cases, red-brown
kidneys with subcapsular and cortical
haemorrhages; and ascites, hydrothorax and
hydropericardium.

Abortions and neonatal infections
Mares may abort at any stage of gestation,
due to systemic disease and pyrexia, but
most commonly in the last 3 months after
intrauterine infection. Fetal foals may
be infected and born with overwhelming
parasitaemia. Neonatal infections are char-
acterized by weakness, pyrexia, listlessness,
anaemia, icterus and malaise; mucous
membranes may exhibit petechial haemor-
rhages. Foals are progressively lethargic
and finally unable to stand or suck. Some
appear normal at birth but rapidly develop
clinical signs. Mortality is particularly high.
Aborted fetuses are usually moderately
autolysed, anaemic and icteric. Fetuses
and neonatal foals show hydrothorax,
congestion and oedema of the lungs,
splenomegaly, hepatomegaly and para-
sitaemias higher than 50%.

Feline theileriosis (T. felis)
Theileria felis causes a relatively common
acute disease in cats that roam in wooded
areas in the southern states of North
America (south-western Missouri, Georgia,
Arkansas, Texas). The Lynx (Bobcat), Lynx
rufus, is presumed to be the primary host,
with ticks acting as vectors. In fatally ill
cats, massive accumulations of schizonts
occur in cells in lymph nodes and in
‘reticuloendothelial’ cells attached to or
close to the endothelial lining of blood-
vessels in a number of organs; the exact
identity of these cells is unknown. Round
piroplasms occur in erythrocytes. The
clinical signs – fever, anorexia, listlessness,
anaemia, icterus, dehydration and death –
are reminiscent of other theilerioses.
Schizonts partially or completely occlude
the major venous channels of the lungs,
liver and spleen, appearing to cause severe
circulatory impairment; haemolytic anae-
mia may be linked to the piroplasms.
Pathological changes resemble those
caused by other Theileria species: marked
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dehydration; paleness; icterus; numerous
petechial and ecchymotic haemorrhages of
the epicardium, beneath the visceral pleura
of the lungs, in the serosal membranes of
the abdominal organs and in the mucosa of
the urinary bladder; icteric fluid in peri-
cardial sacs; enlarged, congested or haemor-
rhagic, oedematous lymph nodes; spleno-
megaly; orange-brown livers; and swollen
and congested parenchymatous organs.

Diagnosis of Theileria infections
Diagnosis is based on characteristic haema-
tological, clinical and post-mortem findings
(Tables 5 and 6), the detection of intraery-
throcytic stages (Fig. 3) in thin blood films
and the presence of vector ticks (Tables
1–3). Where suspected parasites are known
to produce detectable levels of schizont-
infected cells (e.g. T. annulata, T. parva and
T. lestoquardi), these should be looked
for in thin smears prepared from biopsy
material of lymph nodes or the liver (Fig. 2).
In fatal cases, schizonts and merozoites can
be detected in impression smears of affected
organs – notably, liver, spleen and lymph
nodes. Theileria species cannot be identi-
fied reliably from the structure of their
schizonts or piroplasms, although some
may be distinguished by ‘bars’ and ‘veils’ in
infected erythrocytes (Fig. 4). The indirect
fluorescent antibody (IFA) and enzyme-
linked immunosorbent assay (ELISA) tests
are useful for identifying infected animals
and herds that contain carriers of infection
and, more recently, polymerase chain
reaction (PCR)-based tests are being used
for species-specific identification.

Treatment
Tetracyclines have prophylactic and thera-
peutic activity against T. annulata and
T. parva. The naphthoquinone, parva-
quone, has high therapeutic activity against
T. annulata and T. parva; buparvaquone
has been shown to cure clinical infections
of T. annulata, T. lawrencei, T. parva and
T. orientalis.

Control of Theileria infections
Control of theilerioses depends upon an
integrated approach against the parasite and

its vectors; the exact methods depend upon
the Theileria species involved, the epidemi-
ology of the disease and the behaviour of
the vectors.

Vector control
Tick control is based on the treatment of
animals with acaricides. Livestock animals
can be periodically sprayed or dipped in
solutions or emulsions of acaricides such
as the organophosphates, carbamates or
pyrethroids. The problem is that ticks are
notorious for rapidly becoming resistant to
a broad spectrum of chemicals, resistance to
different classes of acaricides is often devel-
oped in a single species. Another constraint
is the increasing sensitivity to the possible
contamination of meat with chemical
residues.

The development of methods for stimu-
lating immunity to ticks, to be used in
conjunction with acaricides, is considered
to be a rational approach for improving
methods for controlling ticks.

Parasite control
Control of the parasite depends upon
immunization and therapeutic compounds.
Attenuated schizont-infected cell line
vaccines are used very effectively against
T. annulata and T. lestoquardi in endemic
areas; these vaccines succeed because the
schizonts of the two species can establish
and multiply sufficiently in the recipients’
macrophages to induce protection against
challenge. Theileria parva schizont-
infected cell lines cannot be used as
vaccines because only the administration
of extremely high numbers of cells will
result in sufficient schizonts transferring
to the recipients’ lymphocytes to induce
protection. The most successful form of
immunization for East Coast fever so far is
the ‘infection and treatment’ method, which
involves injection of virulent cryopreserved
sporozoites and concurrent treatment with
a long-acting oxytetracycline. Strategies
for   vaccine   development   are   aimed   at
multicomponent subunit vaccines capable
of targeting more than one stage of the
parasite.
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Thelaziasis

E.T. Lyons

Thelazia species are spirurid nematodes
of the orbital, nasal and oral cavities of
birds and mammals. Some of their features,
such as parenteral location and life cycle
requiring an intermediate host, are similar
to those of filariids. Typically, infections

are benign, but these parasites may
cause varying degrees of eye problems,
including impairment of vision. Thelazids
associated with the eyes of mammals,
especially cattle and horses, will be stressed
here.
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Distribution
Thelazids are found worldwide. Geograph-
ical distribution is related to the presence of
appropriate intermediate hosts for success-
ful completion of the life cycle.

Parasite
Over a dozen species of Thelazia have been
described from mammals. In domestic
animals, some of the species are T. gulosa,
T. rhodesii and T. skrjabini in cattle and
T. lacrymalis in horses. Thelazia californ-
iensis is unusual in being found in several
different types of hosts, such as the Black
bear (Ursus americanus), Black-tailed deer1

(Odocoileus hemionus), Californian or
Black-tailed jack rabbit (Lepus californicus),
cat, Coyote (Canis latrans), dog, sheep
and humans. Thelazia callipaeda is a
parasite of canids, humans and other
mammals.

Adult worms are small – lengths vary
with species and sex of the worms. Measure-
ments for the type species, T. rhodesii, are
8–12 mm for males and 12–18 mm for
females. Location of Thelazia species in
the eye orbit varies somewhat with species.
They do not invade the eyeball but are
associated with its adnexa, including the
lachrymal gland and its ducts, nictitating
membrane gland and its ducts, conjunctival
sac and nasolachrymal ducts and under the
eyelids. Eye-worms are not usually visible in
live animals. They do move around more
during general anaesthesia and also after the
death of the host. In these situations, they
may be seen on the cornea or conjunctiva
and on the eyelashes and hair of the
periorbital area.

Clinical symptoms
The most pathogenic species of eye-worms
(T. rhodesii in cattle) is found in many
countries but not in North America.
Thelazia rhodesii have a pronounced
serrated cuticle, which may irritate con-
junctiva and cornea, resulting in inflamma-
tion. Clinical signs of thelaziasis, especially
in cattle, are most evident in summer
months during the fly season. There is some
indication that the condition is an immuno-
logical response to immature stages,

including first-instar larvae (L1). Pathologi-
cal conditions, especially with T. rhodesii,
consist initially of slight conjunctivitis and
lachrymation. With progressive severity,
there is keratitis, blockage, irritation of
lachrymal and nictitating membrane ducts,
with collections of pus and cellular debris,
and ulceration, with perforation and/or
permanent fibrosis of the cornea. Except
for T. rhodesii, thelaziasis is usually devoid
of clinical signs. The eye-worm of horses,
T. lacrymalis, generally causes only slight
irritation and inflammation.

Diagnosis
Ante-mortem diagnosis of thelaziasis is
difficult. Two possibilities are: (i) detection
of adult or larval stages during inspection of
the eye; and (ii) clinical signs. Gross exami-
nation may reveal adult worms, especially
T. rhodesii, which are more commonly
present in the conjunctival sac than some
of the other species, e.g. T. lacrymalis.
Administration of a local anaesthetic may
be a diagnostic aid. It causes the adults to
become active initially and move across the
eyeball, where they are visible; later, they
become inactive. Flushing the eyes with
saline and a collection of washings may
reveal immature stages, such as L1 by micro-
scopic examination. Clinical signs may be
an aid in diagnosis of thelaziasis, because
this disease is characterized by chronic
conjunctivitis.

Transmission
Species of Thelazia, where the life cycle is
known, utilize an insect (dipteran) as an
intermediate host. Female eye-worms are
viviparous and release numerous embryos
into the lachrymal fluid. The larvae (L1)
gravitate to the eye secretions around and
under the lower eyelids. These L1 are in
a thin, tight-fitting eggshell, with a slight
knob-like swelling at the anterior end of at
least some species. Research with one spe-
cies (T. callipaeda) revealed that placing L1

in a container of saline resulted in the
swelling of the eggshell, producing a bal-
looning effect and the flotation of the L1.
This led to a theory that flotation of the L1 in
the secretions in the lower eyelid of the host
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would favour chances of ingestion by the
intermediate host.

Intermediate hosts are flies, such as
Musca autumnalis (face-fly) for T. lacryma-
lis and several other Thelazia species; they
ingest L1 as they feed, usually around the
medial canthus of the eye. Development of
the L1 to the infective third stage (L3) occurs
in the haemocoel and head of the fly in about
2–4 weeks. The L3 are mechanically trans-
ferred to the definitive host through the pro-
boscis of the fly as it feeds around the eyes.
Prepatent periods (time for development of
the L3 to the mature adult worm) are approxi-
mately 2–4 weeks for T. rhodesii, 6 weeks for
T. gulosa and 10–11 weeks for T. lacrymalis.
Infections are present throughout the year;
these parasites can overwinter in the eyes of
the host. With T. lacrymalis and at least
some other species, young animals present a
higher infection prevalence than older ones.

Treatment and control
Adult eye-worms can be removed with
forceps following instillation of a local
anaesthetic. Irrigation of the eyes with vari-
ous solutions, including 50–75 ml aqueous
solution of 0.5% iodine and 0.75% potas-
sium iodide, has been recommended for
T. gulosa and T. skrjabini and might be use-
ful in infections of T. lacrymalis. Topical
application of 0.03% echothiophate iodide
or 0.02% isofluorophate has been recom-
mended for controlling T. lacrymalis. Sys-
temically, certain antiparasitic compounds

(e.g. levamisole and ivermectin) have been
reported as effective against T. gulosa,
T. rhodesii and T. skrjabini. Ivermectin and
probably other macrocyclic lactones are not
effective on T. lacrymalis; this may be the
result of the horse metabolizing this group
of compounds differently from some other
mammalian species.

Control of the intermediate hosts,
such as M. autumnalis, aids in controlling
thelaziasis in cattle and horses. This can
be by chemical usage, usually insecticides,
against adult flies and larvae in cattle faeces,
which is the breeding material for the
face-fly and other fly species.

Note
1 Black-tailed deer and Mule deer are usually
considered to be the same species.
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Thogoto virus

Jack Woodall

This causes a viral infection of humans and
other mammals.

Thogoto virus infection, human
Viral disease of livestock, occasionally
transmitted to humans. Thogoto (THO)
virus was first isolated from two pools of
ticks, one being of mixed ixodid species, the
other of Boophilus decoloratus, collected

in September 1960 from cattle set out as
disease sentinels in the Thogoto forest
near Nairobi, Kenya. It was subsequently
found to be the cause of abortion storms
in sheep and of a fatal human case of
meningitis in Nigeria. Although the virus
belongs to the same family as the influenza
viruses, it is transmitted by ticks, not by
aerosol.
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Distribution
Africa north of the equator, Portugal, Italy
(Sicily) and Iran. Virus isolates from Kenya,
Portugal, Italy, Iran, Nigeria, the Central
African Republic and Cameroon were
cross-tested by haemagglutination inhibi-
tion and serum dilution plaque reduction
neutralization tests, and shown to differ
only slightly. This suggests that the virus is
repeatedly introduced into those countries
from a common source, possibly tick-
infected domesticated animals and/or
migrating birds. Human cases are rare,
with only two recorded, from Nigeria.
Two humans with plaque-reduction neu-
tralizing antibody were found in southern
Portugal.

Virus
Family Orthomyxoviridae, enveloped,
negative-sense RNA virus budding from the
outer plasma membranes of infected cells,
with six size classes of single-stranded
RNA, sensitive to actinomycin D and alpha-
amanitin. The genome is transcribed and
replicated in the cell nucleus by a unique
cap-stealing mechanism involving the
cleavage of only the m(7)GpppAm structure
from cellular heterogeneous nuclear RNAs
(hnRNAs). The envelope glycoprotein has a
highly significant homology with the gp64
glycoprotein of two DNA-containing insect
baculoviruses, but not with the envelope
glycoproteins of the influenza viruses.
Thogoto virus is thus sufficiently different
from the other orthomyxoviruses to be
placed in a separate genus, Thogotovirus,
as the prototype, along with Batken and
Dhori viruses. Reassortment, just as with
influenza viruses, has been shown to occur
between temperature-sensitive mutants of
THO virus and wild-type virus, in both
hamsters and ticks.

Clinical symptoms
Only two cases are recorded in the litera-
ture, both from Ibadan, Nigeria, in July
1966. Case 1, an adult male, had an onset of
generalized tension, joint cramps, bilateral
optic neuritis and papilloedema, followed
by pyramidal signs in the limbs. He made a
complete recovery without sequelae. Case 2

was a 14-year-old male, with fever and pos-
sible neck stiffness, followed by anorexia,
dysphagia, hepatosplenomegaly and
lymphadenitis. He died on the sixth day in
sickle-cell crisis. Post-mortem findings
were leptomeningitis, hepatic haemorrhage
and extensive necrosis, splenic haemor-
rhage with sickled erythrocytes, lung haem-
orrhage and congestion, gross renal conges-
tion and necrosis.

Diagnosis
By virus isolation. Case 1 had virus in the
cebrospinal fluid (CSF) but not in the blood;
case 2 had the reverse.

Transmission
This is by ticks of numerous species in
the genera Amblyomma, Boophilus, Hya-
lomma, and Rhipicephalus. Ticks can
become infected and transmit at any stage of
their life cycle, and they carry the virus
trans-stadially. Laboratory transmission
between infected and uninfected hamsters
by feeding ticks has been demonstrated for
Rhipicephalus appendiculatus and Ambly-
omma variegatum. Direct transmission
between virus-positive and virus-negative
ticks feeding on uninfected guinea-pigs has
been demonstrated, but this was markedly
reduced if the guinea-pigs were allowed to
develop resistance to tick infestation. The
virus is suspected of being transported
between Africa and Eurasia by ticks on
migrating birds. The virus has been isolated
from a Banded mongoose (Mongos mungo)
(Herpestidae) in Uganda, where 2/7 other
mongooses were found to be seropositive,
suggesting that they could be possible
reservoir hosts. Transmission to humans is
infrequent; 48 sera from humans living in
the Rift Valley of Kenya in close contact
with immune livestock were negative for
neutralizing antibodies to THO virus. In
Africa, transmission takes place mainly in
the dry season, which is when ticks are
most abundant.

Treatment
There is no specific treatment. The case
which survived was treated with steroids
and vitamin B complex.
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Control
No specific measures except avoidance of
tick bites.

Thogoto virus, animal
Bovine, ovine, caprine, camelid

Thogoto virus has been responsible for
abortion storms in sheep, without the
maternal mortality associated with Nairobi
sheep disease (see entry). It also infects
cattle and goats, and has been isolated from
a Camel (Camelus dromedarius) in north-
ern Nigeria. In one flock of 600 ewes in
Kenya in 1983, more than 500 aborted over
a 2-month period. Rhipicephalus and
Hyalomma ticks, species from which THO
virus has been isolated elsewhere, were
found on the sheep, but the rapid spread led
to suspicions that the virus was not entirely
tick-transmitted. Experimental inoculation
of sheep produces a fever of 1–3 days’
duration, a raised respiratory rate and slight
malaise.

Treatment
There is no specific treatment for infected
animals.

Control
There are no specific control measures,
except trying to prevent tick infestations of
animals.
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Three-day fever see Phlebotomus fevers.

Tick-borne encephalitis

Franz X. Heinz and Heidemarie Holzmann

Disease caused by tick-borne encephalitis
(TBE) virus, a member of the genus
Flavivirus within the family Flaviviridae.
Other closely related important human-
pathogenic flaviviruses are yellow fever
virus, Japanese encephalitis virus, the
dengue viruses and West Nile virus (see
entries). More distantly related are the hep-
atitis C viruses and the animal-pathogenic
pestiviruses, which form independent
genera in the family Flaviviridae.

Tick-borne encephalitis virus is the
most important tick-transmitted human-
pathogenic flavivirus. It is endemic in many
European countries as well as in Asia,
and about 10,000 hospitalized tick-borne
encephalitis cases are officially registered
each year. However, due to under-reporting
in certain countries, the actual number of
cases is higher. A number of synonyms for
tick-borne encephalitis can be found in the
literature, e.g. Central European encep-
halitis, Kumlinge disease, Russian spring–
summer encephalitis and biphasic milk
fever, which are related to its geographical
occurrence, seasonal distribution or poten-
tial transmissibility by raw milk (see below).

Distribution and molecular epidemiology
Tick-borne encephalitis virus is endemic
in natural foci (see below) that exist in all
European countries, with the exception of
Great Britain, the Benelux countries and the
Iberian Peninsula (Fig. 1). It also occurs in
large areas of the former Soviet Union, as
well as in northern China and northern
Japan (Hokkaido). Based on nucleotide and
amino acid sequence homologies, at least
three different TBE virus subtypes can be
distinguished. They are designated Euro-
pean, Central Siberian and Far Eastern
subtypes, corresponding to their principal
region of distribution. However, the extent
of the differences between the subtypes is

relatively low and does not exceed the
differences between different isolates of
mosquito-borne flaviviruses, such as yellow
fever or the dengue viruses. Infection or
immunization with one TBE virus subtype
therefore confers immunity against the
other subtypes. No cross-protection, how-
ever, exists between TBE virus and the
mosquito-borne flaviviruses. Under natural
ecological conditions the virus is geneti-
cally quite stable within the subtypes and
does not exhibit a significant degree of
antigenic variation.

Virus
Like all flaviviruses, TBE virus is a lipid-
enveloped RNA virus, with a diameter of
approximately 50 nm, consisting of only
three structural proteins, designated C
(capsid), E (envelope) and M (membrane)
(Fig. 2). Virus assembly occurs in the endo-
plasmic reticulum and first leads to the
formation of immature particles, which
contain a precursor form of the M protein
(prM). During exocytosis the prM protein is
cleaved by a cellular protease (presumably
furin) and mature and fully infectious
virions are released from infected cells. The
E protein is the viral haemagglutinin and
mediates important viral functions during
early virus–cell interactions, such as recep-
tor binding and fusion of the viral mem-
brane with the membrane of the endosome
after uptake by receptor-mediated endo-
cytosis. The E protein is also the major viral
antigen, which induces a protective immu-
nity by eliciting neutralizing antibodies.
The isometric nucleocapsid encloses the
genomic RNA, which is single-stranded and
has a positive orientation and a length of
about 11,000 nucleotides. In addition to
the structural proteins, the genomic RNA
encodes a series of non-structural proteins
(NS1, NS2A, NS2B, NS3, NS4A, NS4B,

Tick-borne encephalitis 507

507
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
05 September 2001 09:48:18

Color profile: Disabled
Composite  Default screen



NS5), which are essential for viral replica-
tion. They include the viral protease
(NS3 + NS2B) and the helicase (also NS3),
as well as the RNA-dependent RNA poly-
merase (NS5).

Clinical symptoms
A significant proportion of infections
are clinically inapparent, and a clinically

manifest disease of the central nervous
system (CNS) occurs in only about 10–30%
of those infected. In these cases, tick-borne
encephalitis normally takes a biphasic
course, but in some cases one of the two
phases may be missing. In typical cases, the
first phase (viraemic state) starts after an
incubation period of about 1 week (3–14
days) as an uncharacteristic flu-like illness,

508 Tick-borne encephalitis

Fig. 1. Distribution of tick-borne encephalitis in Europe. The map shows areas with
tick-borne encephalitis cases according to data from the individual countries and
the World Health Organization (WHO). ?, no data available. (Modified from a map
published by Baxter, Vienna, Austria, issued January 1999.)

Fig. 2. Model of a TBE virus particle
showing the immature (intracellular)
and mature form of a virus particle.
Mature virions consist of the structural
proteins C (capsid), E (envelope) and
M (membrane), whereas immature
particles contain a precursor of the M
protein (prM).
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with fever (rarely exceeding 38°C) and
non-specific symptoms, such as malaise,
headache, myalgia, catarrhal or sometimes
gastrointestinal symptoms. This stage lasts
for only a few days and is followed by
an asymptomatic interval of about 1 week
(6–10 days). Ten to thirty per cent of
cases (less frequent in children) develop
a second phase of the disease with the
recurrence of fever (>38°C), a strong feeling
of illness and the occurrence of neuro-
logical symptoms.

The infection of the CNS may become
manifest as aseptic meningitis (~50%),
meningoencephalitis (~40%), meningo-
encephalomyelitis or -radiculitis (~10%). In
rare cases an accompanying hepatitis or
myocarditis is observed. The case-fatality
rate of the encephalitic course of the disease
is 0.5–2% in Europe, whereas 20–30% has
been reported in the Far East. It is not clear
at present whether this reflects a higher
virulence of Far Eastern virus strains or
differences in the hospitalization of milder
forms and/or the treatment of acute cases.
The acute meningitis lasts for about 3–5
days and usually resolves completely. The
more severe encephalitic forms may be
accompanied by the following symptoms:
disturbances of speech and consciousness,
ataxia, convulsions, failure of the cranial
nerves, breathing insufficiency and hemi-
and tetraparesis. Paralysis most often affects
the neck, the shoulder girdle and the upper
extremities, because the cells of the frontal
spinal cord are especially susceptible to
the infection. Ten to twenty per cent of the
patients have long-lasting or permanent
neuropsychiatric sequelae, such as head-
ache, reduced physical capability and
depression, but also flaccid paralyses may
persist. To a certain degree, the severity of
the disease is also affected by the age of the
patient. Whereas the majority of children
develop meningitis only, the encephalitic
forms predominate in individuals >40 years
of age. Natural infection results in a lifelong
immunity, regardless of whether the course
of the infection was clinically manifest
or inapparent. Chronic infections have not
been reported in Europe.

Diagnosis
Because of the uncharacteristic clinical
picture of a TBE virus infection, the actual
diagnosis must be established in the labora-
tory. In principle, it is possible to isolate the
virus from the blood or to detect the viral
nucleic acid using reverse transcription–
polymerase chain reaction (RT-PCR) during
the first viraemic phase. However, in prac-
tice this is of minor importance, since
admission to the hospital usually takes
place in the second phase of the disease,
when the neurological symptoms become
manifest. At this time point, the virus has
already been cleared from the blood (and
the cerebrospinal fluid), and specific immu-
noglobulin M (IgM) and IgG antibodies are
formed, which rapidly rise to high titres
(Fig. 3). Since these antibodies are detect-
able in practically every case at the time
of hospitalization, the demonstration of
specific IgM and IgG serum antibodies
by enzyme-linked immunosorbent assay
(ELISA) is the method of choice for the spe-
cific diagnosis of tick-borne encephalitis.
Immunoglobulin M (IgM) antibodies may
be detectable for several months after infec-
tion, whereas IgG antibodies persist for life
and mediate an immunity that prevents
reinfection. In the cerebrospinal fluid,
shortly after onset of the disease, specific
antibodies can be found in only 50% of the
patients, but by the tenth day of illness they
almost invariably become detectable. If
an infection occurs after and despite the
post-exposure administration of a specific
immunoglobulin, the seroconversion can be
delayed and may cause diagnostic prob-
lems. In cases with fatal outcome, the virus
can be isolated or detected by RT-PCR from
the brain and other organs.

Transmission
Tick-borne encephalitis virus occurs in
foci characterized by ecological habitats
favourable for ticks, especially in wooded
areas within the 7°C isotherm. The main
vectors of the European virus subtype are
ticks of the species Ixodes ricinus, whereas
the Central Siberian and Far Eastern sub-
types are primarily transmitted by Ixodes
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persulcatus. In its natural foci TBE virus
circulates between ticks and small mam-
mals. The latter support virus replication
but are asymptomatic (Fig. 4). In particular,
small rodents and insectivores, such as
Shrews (Sorex species), European moles
(Talpa europaea) and European hedgehogs
(Erinaceus europaeus), serve as amplifying
hosts and act as important virus reservoir
hosts. Ixodid (hard) ticks undergo three
developmental stages (larva, nymph, adult),
which need to engorge blood at each stage
for further development. The virus multi-
plies in several organs, including the sali-
vary glands, and is transmitted via saliva.
In ticks the virus can replicate persistently
in all developmental stages and also
overwinter. Additionally, transovarial virus
transmission within the tick population is
known to occur. Large domestic animals,
such as goats, sheep and cattle, are impor-
tant hosts for adult ixodid ticks, but have
only low viraemias and therefore are not
considered to be important sources of tick
infection. However, the virus is excreted in
the milk of infected animals and can cause
local epidemics of milk-borne tick-borne
encephalitis (see below). The virus is
apathogenic for its natural hosts but in rare
cases clinically apparent infections of dogs,

horses or Chamois (Rupicapra rupicapra)
have been observed.

Humans do not form part of the natural
virus transmission cycle and are only acci-
dentally infected by tick bites when they
enter a natural focus. It is important to note
that about half of the tick bites go unnoticed.
Infection of humans, however, can also
occur by the consumption of unpasteurized
milk from infected animals (especially goats)
and milk products, such as cheese. This
route of transmission regularly causes small
epidemics in the Baltic countries and in
Eastern Europe, but does not seem to be an
important source of infection in the rest of
Europe. Some decades ago most of the cases
occurred in people with an occupational risk
of infection, such as farmers and forest work-
ers. Today more than 90% of the infections
are acquired during leisure activities.

Treatment
Currently no specific antiviral therapy is
available and patients can therefore only be
treated symptomatically.

Control and prevention
Immunization

The method of choice for the control and
prevention of tick-borne encephalitis is

Tick-borne encephalitis510

Fig. 3. Biphasic course of a TBE virus infection: detection of the virus or viral nucleic
acids and development of specific antibodies (ab) in serum and cerebrospinal fluid. VIS,
virus isolation; PCR, polymerase chain reaction.
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vaccination. Highly purified inactivated
whole virus vaccines are available that are
well tolerated and mediate a high degree
of protection. The immunization schedule
consists of two immunizations 1–3 months
apart, followed by a third vaccination after
1 year. For maintaining long-term immunity,
booster immunizations should be given
every 3 years. After the series of three vacci-
nations seroconversion rates are 98–99%
and in children almost 100%. Austria has

the highest vaccination coverage of all
countries where tick-borne encep- halitis is
endemic. About 85% of the total population
(in some endemic areas more than 90%) has
been protected by vaccination and this has
resulted in a dramatic decline of the num-
ber of hospitalized cases to about 10% of
those recorded in the pre-vaccination era
(several hundred per year). The protection
rate of the vaccine has been calculated as
being approximately 98%. Vaccination is

Tick-borne encephalitis 511

Fig. 4. Transmis-
sion cycle of TBE
virus showing the
natural hosts for
larvae, nymphs and
adult ticks. The
virus can replicate
persistently in the
ticks in all develop-
mental stages; also
transovarial trans-
mission within the
tick population is
possible. Humans
are only acciden-
tally infected.
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recommended for persons living in or going
to endemic arreas – for instance, during
holidays or for leisure activities.

In some European countries a TBE
hyperimmunoglobulin is available for post-
exposure prophylaxis by passive immuniza-
tion. It should be given as early as possible,
but not later than 4 days (96 h) after
exposure. The dose depends on the patient’s
body weight and the length of time elapsed
(0.1 ml kg−1 body weight within the first
2 days, 0.2 ml kg−1 body weight on the third
and fourth days). This procedure does not,
however, reliably prevent the disease. The
extent of the protective efficacy of immuno-
globulin has not been definitely clarified.
There is a certain concern that the late
application of a specific immunoglobulin
not only may not prevent the disease but
may even lead to an aggravated course of
the disease. Therefore passive immuniza-
tion after the fifth day post-exposure is con-
traindicated. Based on isolated observations
of unusually severe courses of tick-borne
encephalitis in children after post-expo-
sure prophylaxis by immunoglobulin, the
approval of this procedure has been sus-
pended for children under the age of 14 years
in Germany and Austria.

Vector control
The control of the disease by the eradication
of tick vectors has sometimes been attemp-
ted locally but cannot be successfully app-
lied to all endemic areas. Also the wearing
of protective clothing and the use of chemi-
cal repellents are not nearly as effective in
preventing disease as is vaccination.

Determination of immunity after vaccination
Successful vaccination can easily be
monitored by the demonstration of IgG

antibodies in the serum by ELISA. How-
ever, there is a potential for misleading
results, because all flaviviruses are serologi-
cally related and infections or vaccinations
with one flavivirus will give rise to anti-
bodies that also react with all other flavi-
viruses in IgG ELISAs. Vaccinations against
yellow fever or Japanese encephalitis or
infections with dengue viruses will thus
result in cross-reactive but non-neutralizing
antibodies, yielding a positive result in TBE
ELISAs. In such cases specific immunity
against TBE virus can only be assessed in a
virus neutralization assay.
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Tick-borne relapsing fever

Philip J. McCall

Tick-borne relapsing fever (TBRF) is a
human disease caused by infection with
spirochaetes of Borrelia and contracted
from the bite or coxal fluid of soft ticks
(Argasidae) of the genus Ornithodoros. The
disease is characterized by episodes of
febrile illness, separated by afebrile periods,
giving rise to its name.

Distribution
Tick-borne relapsing fever has a wide distri-
bution in both the Old and New Worlds,
occurring in Africa, Asia and the Americas,
with different Borrelia–tick vector com-
plexes in each area. It is absent from Austra-
lia and New Zealand. With the exception
of Borrelia duttonii in Africa, TBRF is a
zoonosis and can be pathogenic for both
human and rodent hosts. Lyme disease (see
entry) is also caused by tick-borne borreliae,
but does not cause a relapsing fever.

Parasite
Bacteria of the genus Borrelia are spiro-
chaetes within the order Spirochaetales,
which also includes the genera Treponema
and Leptospira. Borreliae are motile spiro-
chaetes (5–25 µm long and 0.2–0.5 µm
wide), with up to ten loose regular waves
in shape and periplasmic flagella enclosed
within an outer membrane. Spirochaetes

enter the skin and subcutaneous tissues
without causing a lesion and invade both
the systemic and lymphatic circulation,
where they multiply by transverse fission.
During fever, spirochaetes appear in the
peripheral blood.

Historically, borreliae were identified
taxonomically (and named) according to
their geographical distribution and their tick
vectors; however, this specificity may not
be exact and the taxonomy of the group
is likely to be more complex. Nevertheless,
11 different Borrelia species are recognized
as being responsible for TBRF in humans,
and they have been classified with their tick
vectors, as shown in Table 1.

The most important of these is
B. duttonii, which occurs throughout east,
central and southern Africa, from Somalia
to South Africa and from Tanzania to
Angola, where it is transmitted by ticks
of the Ornithodoros moubata complex. The
other African species, Borrelia crocidurae, is
found in a range of small mammals in West
Africa, occasionally infecting humans.

Immunology
Relapsing fever borreliae undergo anti-
genic variation within the host, similar to
that seen in African trypanosomes. Anti-
genic variation enables the population of
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Species of Borrelia Ornithodoros vectors Distribution

B. duttonii
B. crocidurae
B. hispanica
B. caucasica
B. latyschewii
B. persica
B. hermsi
B. parkerii
B. turicata
B. mazzotti
B. venezuelensis

O. moubata complex
O. sonrai (= O. erraticus small form)
O. erraticus
O. verrucosus
O. tartakowski
O. tholozani (= O. papillipes)
O. hermsi
O. parkeri
O. turicata
O. talaje
O. rudis (= O. venezuelensis)

East, Central and southern Africa
North Africa, Senegal, Kenya, Turkey, Iran
North Africa, Iberian Peninsula
Caucasus to Iraq
Iran, Central Asia
Middle East, Iran to Kashmir, former USSR and western China
Central and western USA, Mexico
Central and western USA, Mexico
Central and western USA, Mexico
Southern USA, Mexico, Central and South America
Central and South America, southwards to northern Argentina

Table 1. Geographical distribution of the main species of Borrelia associated with relapsing fever in
humans and their respective Ornithodoros vectors.
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parasites to overcome the host’s specific
humoral response, and gives rise to a suc-
cession of antigenic types, which are in turn
responsible for the series of relapses. On
entering the host’s bloodstream, those
borreliae that are not killed via immuno-
globulin M (IgM) antibody mechanisms are
antigenically unstable and generate new
outer membrane antigen types, called vari-
able membrane proteins (Vmps), and con-
tinue to proliferate. Fresh specific antibod-
ies produced in response will eventually
remove these types, leading to successive
waves of Vmps, each resulting in a fever
relapse.

Tick-borne relapsing fever is more seri-
ous in newcomers to an endemic area than in
the indigenous people, indicating that some
level of immunity exists in persons under
continuous challenge. Neurological compli-
cations are also far more common in visitors
than in the local population.

Clinical symptoms
The incubation period of TBRF varies from
2 to 18 days, with a sudden onset of rapidly
rising fever, headache, chills and muscle
and joint pain, accompanied by nausea,
dizziness and vomiting. The fever is caused
by the large number of borreliae, which do
not produce a toxin but whose outer enve-
lope stimulates the expression of leucocyte
pyrogens by host mononuclear phagocytes.
Approximately ten times more organisms
are found in the peripheral blood during
the initial attack than in the subsequent
relapses. Untreated, the symptoms intensify
over a 4–6 day period ending in a character-
istic pathophysiologic crisis, during which
spirochaetes rapidly disappear from the cir-
culating blood. Tick-borne relapsing fever
may range from a subclinical mild infect-
ion to a severe disease with a mortality of
1–8%. Pregnant women and children are
most susceptible. Locally the infection can
be very important, with TBRF incidences of
up to 38% recorded in 1-year-olds and 16%
in 1–5-year-olds. Borrelia duttonii preva-
lence rates of 7.5% in pregnant women
and 3% in under-5-year-olds have been
recorded in Tanzania. Risk of pregnancy
interruption can be as high as 30%.

Tick-borne relapsing fever borreliae are
neurotropic and can be detected in cere-
brospinal fluid. Neurological complications
are not uncommon, particularly the involve-
ment of the seventh cranial nerve. Neurolog-
ical syndromes can appear at the end of the
first bout of fever or during relapses. Involve-
ment of other cranial nerves can result in
ophthalmoplegia or deafness. Acute adult
complications include jaundice, hepatome-
galy, pneumonia and mental confusion.

Diagnosis
Relapsing fever can be difficult to distin-
guish from many other fevers before a
remission-relapse cycle has occurred. It
can easily be confused with malaria, typhus
fevers, typhoid, leptospirosis and arboviral
fevers.

Spirochaetes can be visualized in
blood films between the red blood cells,
although they are usually less numerous
than in louse-borne relapsing fever (see
entry) caused by Borrelia recurrentis. The
spirochaetes can be observed by dark-field
microscopy and with Giemsa-, Wright-,
acridine orange- or Leishman-stained prepa-
rations of thin or dehaemoglobinized thick
smears of peripheral blood, or in stained
buffy-coat preparations. Spirochaetes in
mild infections may be more readily detec-
ted by microhaematocrit concentration than
by microscopy. Detection during afebrile
periods can be difficult. Borreliae can be
cultured in vitro, by inoculation of blood
into Barbour–Stoenner–Kelly II (BSK II)
medium, or in vivo, by intraperitoneal
inoculation into immature laboratory mice.

The variety of borreliae causing relaps-
ing fever and the existence of antigenic
variation limit the use of serological tests.
Immunoblotting can indicate a negative
result with some degree of safety, but
positive diagnoses are not reliable, as
cross-reactions with other spirochaetes can
occur. A detection method based upon the
polymerase chain reaction has not yet been
developed.

Transmission
The tick vectors of Borrelia species are
all members of the Ornithodoros genus
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(Table 1). Although the spirochaetes can
survive in lice (Pediculus species) and
bed bugs (Cimex species), these insects are
not involved in transmission.

Ticks feed rapidly, engorge in 10–45
min and spend the remainder of the life
cycle off the host. Larval Ornithodoros is
unusual in being inactive and not feeding.
Ingested spirochaetes multiply in the mid-
gut of the tick, penetrate the gut wall
and enter the haemocoel within 24 h of
ingestion. They then disperse to the tick’s
organs and can be found in the salivary
glands, ovaries and coxal organs after about
3 days. Spirochaetes are not found in tick
faeces. On subsequent feeds, the host can be
infected by inoculation with spirochaetes
from the infected saliva, or through infected
coxal fluid contaminating the relatively
large bite wound. Typically, transmission
occurs primarily through the saliva, since
most tick species leave the host before
excreting coxal fluid. However, O. moubata
excretes coxal fluid while still on the host
and this can be an important route of
transmission by adult ticks of this species
complex.

There is a high rate of transovarial
and trans-stadial transmission of borreliae in
ticks, permitting maintenance of the parasite
in the tick population for generations,
without the need for an individual tick to
feed on an infected vertebrate at any stage in
its life. In combination with the ability of
ticks to starve for long periods, this permits
natural foci to survive in the absence of any
vertebrate hosts.

Epidemiology
Tick-borne relapsing fever is a zoonotic
disease in all cases, with the exception of
B. duttonii in Africa, where humans are the
only known host. The reservoir animals are
usually rodents, though certain insectivores
can also be reservoir hosts for B. crocidurae.
The diversity of hosts infected with any one
species of relapsing fever borrelia is low
compared with Borrelia burgdorferi, proba-
bly a result of the more host-specific feeding
preferences of the tick vectors rather than
host specificity of the borreliae. Because
Ornithodoros life cycles are spent in close

association with the microhabitats where
their hosts nest or rest, they are unlikely to
come into contact with any species other
than their normal host. Humans become
infected when they come into contact
with ticks, either by camping in wilderness
areas, by sleeping in remote rodent-infested
houses or caves or if the rodent hosts dis-
appear due an epizootic disease (such as
plague) and the ticks are driven to search for
new hosts.

Due to the sporadic nature of most
TBRFs, reliable estimates for the prevalence
or incidence of disease worldwide are rare.
Tick-borne relapsing fever cases are typi-
cally isolated, often in small family clusters
and rarely involving more than a few
persons. Most patients are unaware of the
tick bite and, if a history of camping or
wilderness activity is not suspected, it
can easily be misdiagnosed. The disease is
sustained in endemic areas by both tick and
rodent reservoir hosts, but ticks appear to be
the main reservoirs.

Where there is no animal reservoir
host, B. duttonii persists as a low-prevalence
disease in humans in communities within
endemic areas Transmission occurs in tradi-
tional houses, where the vectors, ticks spe-
cies of the O. moubata complex, live within
the home in cracks and depressions in the
loose earth floors and walls. Wide variations
in feeding behaviour are seen within the
O. moubata complex, influencing tick vecto-
rial capacity. Prevalence of TBRF is higher
where a human feeding habit predominates
and where certain types of local housing
promote the proliferation of indoor tick
populations. Ticks probably colonize a new
house by being carried unknowingly in the
possessions of travellers moving between
homes. They are nocturnal and emerge a few
hours after dark to feed upon the sleeping
occupants. House infestation rates can be as
high as 88% in some areas, and biting rates
can be so high that the occupants are driven
to sleeping outdoors. Ticks may then be
found outside the house beneath these
sleeping places. In poor rural communities
TBRF remains undiagnosed or is often
misdiagnosed as malaria or another non-
specific fever. It is likely that prevalences of
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B. duttonii are much higher than has been
recorded.

Treatment
Relapsing fever spirochaetes can be treated
effectively with antibiotics. Some TBRF
cases can be treated with a single dose of
tetracycline (500 mg) or procaine penicillin
(300 mg), but in certain areas relapses are
common and a 5–10 day treatment with
500 mg at 6-hourly intervals is needed.
The Jarisch–Herxheimer reaction, which
commonly follows treatment of louse-borne
relapsing fever, is less likely to occur in the
treatment of TBRF.

Control
Some degree of personal protection against
tick bites may be achieved by applying
chemical repellents to the skin or clothing,
but the effects are short-lived; more lasting
protection is achieved by wearing repellent-
or insecticide-impregnated clothes.

Where the dwelling is the source of
infection, prevention of tick infestation will
reduce exposure. In the zoonotic relapsing
fevers, prevention of rodent access to
house foundations and attics will prevent
tick infestation. In houses infested with
B. duttonii, construction of solid floors and
walls with concrete or mortar will obviate
tick breeding and resting sites and eliminate
infestations. Sleeping on a bed raised from
the floor instead of a sleeping mat can greatly
reduce or even prevent biting.

Spraying the interior surfaces of walls,
ceilings/roofs with a range of residual
insecticides, including pyrethroids, carba-
mates and organophosphates, is the most

effective method of controlling indoor
tick populations. Such treatments will
reduce tick infestation and can eliminate
borrelia transmission. Bed nets impregnated
with insecticides, such as permethrin or
other pyrethroids, may reduce transmis-
sion of TBRF by reducing biting rates
and killing ticks, but their effect upon
domestic tick populations remains to be
determined.
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Tick-borne typhuses

Philippe Parola and Didier Raoult

Tick-borne typhuses are caused by obligate
intracellular bacteria belonging to the genus
Rickettsia and are among the oldest known
arthropod-borne diseases. At the beginning
of the 20th century, H.T. Ricketts demon-
strated the role of the Rocky Mountain

wood tick, Dermacentor andersoni, in the
transmission of Rickettsia rickettsii, the
agent of Rocky Mountain spotted fever (see
entry). In 1910, A. Conor and A. Bruch
reported the first case of Mediterranean
spotted fever (‘boutonneuse fever’). In the
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1930s, the role of the brown dog tick, Rhipi-
cephalus sanguineus, and the causative
agent (Rickettsia conorii) were described.
However, tick-borne typhuses have to be
considered as emerging diseases. Prior to
1974, four tick-borne rickettsioses were
recognized: R. rickettsii in  the  Americas,
R. conorii in Eurasia and Africa, Rickettsia
sibirica in Siberia and Russia and Rickettsia
australis in Australia. In subsequent years,
a further nine pathogenic rickettsiae have
been described throughout the world, seven
since 1991 (Table 1). These newly described
diseases were discovered not only in coun-
tries with poor laboratory facilities (e.g.
Rickettsia africae in sub-Saharan Africa),
but also in well-developed countries (e.g.
Japanese spotted fever due to Rickettsia
japonica in Japan). Some emerging tick-
borne typhuses were found in areas where
rickettsiae were not previously known to
occur (Japan, Tasmania and Astrakhan in
Russia), or where R. conorii was thought to
be the only pathogenic rickettsia, such as
the mainly African tick-bite fever, due to

R. africae, and infection with Rickettsia
slovaca and Rickettsia mongolotimonae
in southern France.

Distribution
The tick-borne typhuses have an almost
worldwide distribution, occurring in many
European countries, in Asia, Africa, Austra-
lia and the Americas. The distribution and
species of rickettsia depends much on the
distribution of different tick species, (for
more details see under named rickettsiae).

Bacteria
Bacteria of the genus Rickettsia are
intracellular, short (0.8–2 µm long and
0.3–0.5 µm in diameter), Gram-negative
rods, which retain basic fuchsin when
stained by the method of Gimenez. The
agents of the tick-borne typhuses belong to
the spotted fever group of rickettsiae. Their
growth in the laboratory requires living
organisms (animals, embryonated eggs) or
cell cultures such as African green monkey
kidney (VERO), mouse fibroblasts (L929),
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Location by
continent

Rickettsia (year of the first documented
human case) Principal tick vector(s)

Americas

Europe

Asia

Africa

Australia

Rickettsia rickettsii
Rickettsia africae (West Indies) (1998)

Rickettsia conorii
Rickettsia conorii Astrakhan (1991)
Rickettsia mongolotimonae (1996)
Rickettsia slovaca (1997)
Rickettsia helvetica (1999)
Rickettsia conorii Israel (1999)

Rickettsia conorii
Rickettsia sibirica
Rickettsia conorii Israel (1974)
Rickettsia mongolotimonae
Rickettsia japonica (1984)

Rickettsia conorii
Rickettsia africae (1992)
Rickettsia mongolotimonae

Rickettsia australis
Rickettsia honei (1992)

Dermacentor andersoni, Dermacentor variabilis
Amblyomma variegatum

Rhipicephalus sanguineus
Rhipicephalus pumillio
?
Dermacentor marginatus, Dermacentor reticulatus
Ixodes ricinus
Rhipicephalus sanguineus

Rhipicephalus sanguineus
Dermacentor nuttalli, Haemaphysalis concinna
Rhipicephalus sanguineus
Hyalomma asiaticum
Ixodes ovatus, Dermacentor taiwanensis, Haemaphysalis
longicornis, Haemaphysalis flava

Rhipicephalus sanguineus
Amblyomma variegatum, Amblyomma hebraeum
Hyalomma truncatum

Ixodes holocyclus
?

Table 1. The tick-borne rickettsiae pathogenic to humans and their vectors. Bold-typed rickettsiae were
recognized as human pathogens in 1974 or later.
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human embryonic lung (HEL) or human
diploid lung (MRC5). In the cytoplasm,
rickettsiae are not enclosed by a vacuole
and can rarely be observed in the nuclei of
the host cells. In the organism, the target
cells of the pathogenic rickettsiae are the
endothelial cells, and multiplication of the
bacteria in these cells results in vasculitis.
Among the rickettsial protein antigens,
two high-molecular-mass surface proteins
(rOmpA and rOmpB) contain species-
specific epitopes. They provide the basis
for rickettsial serotyping, using comparative
micro-immunofluorescence, which remains
the reference method for identification of
rickettsiae. However, although protein
analyses using sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-
PAGE) or species-specific monoclonal
antibodies have also been used to identify
rickettsial species, sequence analysis of
polymerase chain reaction (PCR) product is
currently the most rapid, convenient and
sensitive technique for the identification
of rickettsiae. Several rickettsial genes have
been used for the study of their phylogeny
and the identification of new strains, as
well as the description of emerging
diseases.

Clinical symptoms
Generally tick-borne typhus clinical symp-
toms begin 6–10 days after a tick bite and
typically include fever, headache, muscle
pain, rash, local lymphadenopathy and
a characteristic inoculation eschar (‘tache
noire’) at the site of the tick bite. How-
ever, the main clinical signs vary depend-
ing on the rickettsial species involved
(Table 2). Unspecific biological findings
include thrombocytopenia, leucocyte count
abnormalities and elevated hepatic enzyme
levels.

A study of atypical cases in endemic
areas has also led to the description of new
clinical syndromes caused by organisms
previously considered as ‘rickettsiae of
unknown pathogenicity’, including Rickett-
sia slovaca and Rickettsia helvetica in
Europe. Moreover, new rickettsial strains of
unknown pathogenicity have been isolated
or detected in ticks in recent years. Their role

in human disease has yet to be determined,
but, to date, all of them must be considered
potential pathogens.

Diagnosis
In recent years, the advent of novel diag-
nostic tools has improved the specific
diagnosis of rickettsioses and allowed
the description of new rickettsial species
as well as the recognition of emerging
tick-borne typhuses.

Serology is the most valuable test to
perform. The Weil–Felix test, the oldest
serological assay for rickettsioses, was based
on the detection of antibodies to various
Proteus antigens that cross-react with
rickettsiae (P. vulgaris, OX2 with spotted
fever rickettsiae P. vulgaris OX19 with
typhus-group rickettsiae and P. mirabilis
OXK with Orientia tsutsugamushi). To
date, immunofluorescence is the reference
method. Acute and convalescent serum
testing allows any rise in antibody titres
to be detected. A major limitation is cross-
reactivity, and frequently it is not possible to
differentiate among spotted fever rickettsiae.
Western blot immunoassay, particularly
when associated with cross-adsorption stud-
ies, can be used to determined the rickettsia
species involved, but it is time-consuming
and expensive to perform.

Rickettsiae are most commonly isolated
using cell culture systems and the centri-
fugation shell-vial technique, using HEL
fibroblasts, is the reference method. Numer-
ous rickettsiae have been isolated from
blood, skin biopsy samples, tissues and
ticks. Immunodetection methods have been
widely used to detect rickettsiae in biopsy
specimens and arthropods. The advent of
molecular methods based on PCR gene
amplification has enabled the development
of useful, sensitive and rapid methods to
detect and identify rickettsiae from blood
and skin biopsy specimens (the ‘tache noire’
being the most useful specimen). Primers
obtained from the sequences within the
rOmpA and the rOmpB gene, the citrate
synthase gene, the 17 kDa protein gene, and
the 16 S ribosomal RNA (rRNA) gene of
rickettsiae are all used. Sequencing the PCR
amplification products is reproducible and
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any laboratory with facilities for molecular
methods and access to sequence databases is
able to identify known rickettsiae or even
describe new strains.

Transmission
The tick-borne typhuses are transmitted by
ixodid (hard) ticks. Rickettsiae infect and
multiply in almost all the organs of ticks,
in particular the salivary glands, which
enables the rickettsiae to be transmitted to
vertebrate hosts during feeding. Moreover,
rickettsiae are maintained in ticks through
trans-stadial (from larva to nymphs to
adults) and transovarial (from one genera-
tion to another through the ovaries) trans-
missions. Thus, ticks act as the main reser-
voirs of the spotted fever group rickettsiae
and tick-borne typhuses are geographical
diseases determined by the distribution of
ticks. Ecological characteristics of the tick
vector influence the epidemiology of the
transmission of typhus. For example,
Rhipicephalus sanguineus ticks wait for
passing hosts (essentially dogs) and have a
low affinity for people. Cases of Mediterra-
nean spotted fever are sporadic in endemic
areas. In contrast, Amblyomma hebraeum
in southern Africa emerge from their habi-
tats and actively attack and run towards
their hosts when these animals appear
nearby. They also feed readily on humans
that enter their biotopes and numerous ticks
can attack a host at the same time. Thus,
cases of African tick-bite fever often occur
as grouped cases among subjects entering
the bush and people can suffer several tick
bites simultaneously.

Although many animals (mammals
and birds) may present rickettsaemia and
clinical signs after tick bites, the role of
vertebrates as reservoir hosts in maintaining
zoonotic foci has yet to be determined.
People do not appear to be reservoir hosts
for tick-borne rickettsiae, because they are
only occasionally parasitized by ticks and
are rickettsaemic for only short periods.

Treatment
Empirical treatment is usually started
before laboratory confirmation of the diag-
nosis, with the treatment of choice being

200 mg doxycycline day−1 for 1–7 days,
depending on the severity of the disease.

Control and prevention
Reducing and controlling tick populations
is difficult. Methods include vegetation
management, ground or aerial applications
of acaricides, regular dipping of wild or
domesticated animal hosts in acaricidal
baths or spraying them with acaricides, as
well as biological control methods. How-
ever, in practice there are usually no vector
control measures aimed at reducing typhus
transmission, and tick-borne typhuses are
best prevented by people avoiding tick
bites in infested areas. Tick bites may be
prevented by wearing long trousers which
are tucked into boots. Currently, the best
method of avoiding tick bites comprises
two components: a topical N,N-diethyl-m-
toluamide (DEET) repellent applied to
exposed skin, and treatment of clothing
with permethrin (a pyrethroid acaricide
killing ticks on contact). These products are
commercially available in a wide variety
of formulas (e.g. lotions, sprays). Finally,
people should check their clothes and their
entire body when staying in infested area
and after leaving them, and any ticks found
should be removed immediately.

The tick-borne typhuses
The following account describes the various
tick-borne typhuses throughout the world,
with the exception of Rocky Mountain
spotted fever (see entry), which is described
in a separate encyclopedia entry.

Mediterranean spotted fever
The disease, due to R. conorii, was first
described in 1909 and thereafter referred to
as ‘boutonneuse fever’, because of a papular
rather than macular rash. It is transmitted
by the brown dog tick, R. sanguineus,
which is well adapted to a human urban
environment but is relatively host-specific
and rarely feeds on people. Although about
5% (up to 12%) of these ticks are infected
with R. conorii in southern France, the inci-
dence of the disease and the prevalence of
seropositive people are relatively low. The
disease occurs in late spring and summer,
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particularly in August, during the activity
of immature forms of the ticks (smaller than
adults and usually not observed). The onset
of signs is abrupt and typical cases have
high fever, rash and a unique eschar (the
‘tache noire’) at the tick bite site (Table 2).
Although it produces a less severe disease
than R. rickettsii, the agent of Rocky Moun-
tain spotted fever in the Americas, the mor-
tality rate may reach 2.5% and malignant
forms include neurological, renal and car-
diac or vascular complications. The disease
is present all around the Mediterranean Sea,
in sub-Saharan Africa, in India, around the
Black Sea and in eastern Russia. However,
no case has been reported to date in
the USA, although R. sanguineus ticks
(which are also a reservoir of R. conorii)
are prevalent there.

African tick-bite fever
Although African tick-bite fever has been
recognized since the beginning of the cen-
tury, it has been considered for a long time
as a milder form of Mediterranean spotted
fever. However, it is usually contracted in
rural areas following contact with cattle and
ticks of wild animals, particularly Ambly-
omma species. In the 1930s, A. Pijper con-
sidered African tick-bite fever to be distinct
from Mediterranean spotted fever and
suggested that the two diseases were caused
by different rickettsiae. His work was not
confirmed and R. conorii became consid-
ered to be the aetiological agent of all cases
of tick-bite fever in Africa, until the first
case that could reliably be attributed to
infection with a new rickettsia was reported
from Zimbawe in 1992 by P.J. Kelly and
colleagues. The strain was demonstrated
to be distinct from R. conorii and indistin-
guishable from an isolate obtained from
Amblyomma variegatum ticks in Ethiopia
and A. hebraeum in Zimbabwe (Fig. 1). The
strain was subsequently characterized as a
distinct species of the spotted fever group
rickettsiae and named R. africae. In sub-
Saharan Africa, this rickettsia is highly
prevalent in Amblyomma species (e.g. 65%
in A. hebraeum in Zimbabwe), and these
ticks frequently bite people. The seropre-
valence of the rickettsioses in sub-Saharan

African people is as high as 30–80% and
correlated with the geographical distri-
bution of Amblyomma species. Moreover,
these ticks are aggressive and actively seek
out hosts, which explains grouped cases of
infection and multiple inoculation eschars
in patients (Fig. 2). More than 100 cases of
African tick-bite fever have been diagnosed
in our laboratory in patients returning from
Africa (particularly after safari through
southern Africa). Specific features of the
disease include an incubation period of 6
days, occurrence as grouped cases, multiple
inoculation eschars in 53% of the cases (the
main difference from other spotted fever
rickettsioses), regional lymphadenopathy,
an infrequent rash, which may be vesicular,
and the absence of severe forms (Table 2).
The disease also occurs in the West Indies
where A. variegatum ticks were introduced
during the 18th or 19th century on cattle
shipped from Senegal to Guadeloupe.

Infection due to Rickettsia slovaca
In 1997, the first documented case of infec-
tion due to R. slovaca was reported in a
woman bitten by Dermacentor marginatus.
She had presented with a fever, a necrotic
eschar at the site of tick attachment on the
head surrounded by a large Lyme-like ery-
thema, enlarged cervical lymph nodes and
she suffered fatigue. Similar undocumented
cases had been previously reported in
France and Hungary where this clinical
syndrome was known as ‘Tibola’ – for tick-
borne lymphadenopathy. Rickettsia slovaca
was first isolated in 1968 from Dermacentor
marginatus ticks in Czechoslovakia. Subse-
quently, it has been detected or isolated
from ticks in all European countries where
D. marginatus was screened for rickettsial
infections, including France, Switzerland,
Slovakia,   Ukraine,   Yugoslavia,   Armenia
and Portugal. Prevalence in ticks varies
from 1 to 17%. To date, 25 cases have been
documented in patients from France and
Hungary presenting with tick bites on the
scalp and lymphadenopathy (unpublished
data). The median incubation period was
6 days, general symptoms were rare and
sequelae included localized alopecia at the
bite site and chronic fatigue (Table 2). Two
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ticks removed from the scalp were identi-
fied as D. marginatus and one as Dermacen-
tor reticulatus. Both species are prevalent
throughout Europe to central Asia (except
that D. marginatus is absent in northern
Europe). Adult ticks inhabit forests and pas-
tures and feed on large mammals, including
humans. They frequently bite the scalp of
young people. They are active during early
spring (March and April) and again in

autumn (September and October). In Spain,
bites on humans are frequently reported
between December and March.

Japanese or Oriental spotted fever
The first cases of this rickettsiosis were
reported in Japan by F. Mahara during the
summer of 1984, when three patients pre-
sented with high fever and a rash. They
lived in the countryside and had collected
shoots from bamboo plantations on the
same mountain. In two patients an eschar
was observed. The Weil–Felix test and
immunofluorescence serology suggested a
spotted fever group rickettsiosis. In 1986,
the causative agent was isolated from
patients, characterized and named R. japon-
ica. It has been detected in several species
of ticks in Japan. Of these, Haemaphysalis
flava, Haemaphysalis longicornis and
Ixodes ovatus commonly feed on humans
and may act as vectors. Since 1984, more
than 175 cases have been reported, mainly
along the coast of south-western and central
Japan, where the climate is warm. The dis-
ease occurs from April to October. It has
an abrupt onset, with headache, high fever
(39–40°C) and chills. A macular rash appears
after 2–3 days, all over the body, including
the palms and soles. It becomes petechial
after 3–4 days and disappears in 2 weeks.
An inoculation eschar is frequently obser-
ved. No fatal cases have been reported.

Infection due to Rickettsia mongolotimonae
In 1991, a spotted fever group rickettsia was
isolated from a Hyalomma asiaticum tick
collected in Inner Mongolia (Nei Monggol),
China. It was subsequently characterized
and described as a distinct species of the
spotted fever group rickettsiae (Ha-91). Its
pathogenicity was demonstrated when it
was obtained from the blood and skin of
a 63-year-old woman from Marseilles in
March 1996, who presented with fever, a
discrete rash and an eschar in her left groin.
She had no previous travel history in
Mongolia or contact with individuals from
Mongolia. March is not a typical month
for Mediterranean spotted fever, which
is endemic in southern France. She had col-
lected compost from a garden where

522 Tick-borne typhuses

Fig. 1. Amblyomma hebraeum, the vector of
African tick-bite fever caused by Rickettsia africae
in southern Africa.

Fig. 2. Multiple inoculation eschar in a patient with
African tick-bite fever (courtesy of Dr. G. Caruso).
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migratory birds were resting. Such birds
are known to carry ticks, in particular
Hyalomma species, and to travel from the
Arctic to Africa via Mongolia and France.
Thus birds were hypothesized as trans-
porting tick vectors that were capable of
transmitting diseases.

The name R. mongolotimonae was pro-
posed to acknowledge the sites (Mongolia
and La Timone Hospital, Marseilles) where
the organism has been isolated. A second
case was described in May 1998 in a human
immunodeficiency virus (HIV) patient liv-
ing in a rural area 40 km from Marseilles
who presented with fever, headache, an
eschar, lymphangitis and painful satellite
lymphadenopathy. Since then, two other
cases have been documented (unpublished
data). More recently, we detected R. mongo-
lotimonae in Hyalomma truncatum col-
lected on cattle in the Republic of Niger,
sub-Saharan Africa (unpublished data).
Although this discovery does not exclude
the possible role of migratory birds in the
epidemiology, it may be that R. mongoloti-
monae is associated with Hyalomma ticks
throughout the world. In southern France,
the vector remains to be described, but auto-
chthonous Hyalomma species are known to
parasitize birds and mammals in the area.

Other tick-borne typhuses
Siberian tick typhus

This has been well described in the former
USSR since the 1930s and has been docu-
mented in Pakistan and China. This typical
spotted fever rickettsiosis is mild and sel-
dom associated with severe complication.

Astrakhan fever
In Astrakhan on the Caspian Sea, this
is a summer disease reported since 1983.
Dog ticks, Rhipicephalus pumilio, are the
suspected vectors. The agent is closely
related to, but distinct from, R. conorii.

Israeli spotted fever
This is also due to a rickettsia closely rel-
ated to R. conorii. The inoculation eschar is
lacking. The disease seems to be increasing
and may be severe. It has recently been
identified in Sicily and Portugal.

Queensland tick typhus
This is due to R. australis and has been
recognized since 1946, when the first cases
were observed among Australian troops
training in the bush of northern Queens-
land. The rash is frequently vesicular.
Although the disease is usually mild, a
single fatal case has been reported.

Flinders Island spotted fever
This was described in 1991 by R.S. Stewart,
the only physician on Flinders Island of
Tasmania. He reported 26 cases, over
12 years, of a febrile eruptive disease, which
occurred in the summer. The causative
agent, Rickettsia honei, was isolated in
1992. The vector has yet to be identified.

Rickettsia helvetica
This infection was implicated in fatal peri-
myocarditis in young patients in Sweden.
Furthermore, we recently reported the case
of a French patient who seroconverted
against R. helvetica 4 weeks after the onset
of an unexplained febrile illness. The vector
is Ixodes ricinus, the vector of Lyme borrel-
iosis (see entry) in Europe, which is distrib-
uted throughout Europe. People engaged in
outdoor activities in forests are particularly
exposed to this emerging rickettsiosis.

Conclusions
Numerous factors may explain the increas-
ing number of emerging tick-borne typhuses
throughout the world or their increasing
incidence. People are undertaking more
outdoor activities, which result in increased
contact with ticks. Awareness of tick-borne
diseases among primary physicians,
increased studies on potential pathogenic
bacteria found in ticks and the use of new
molecular methods have all greatly facili-
tated studies of the epidemiology of emerg-
ing human tick-borne diseases throughout
the world. However, some tick-borne
disease syndromes remain unexplained and
there are a number of Rickettsia species that
have been found only in ticks. Although
their pathogenicity in people is yet to be
determined, we anticipate that the number
of known tick-borne typhuses will probably
increase in the future.
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Ticks (Ixodida)

M.W. Service

There are almost 900 species of ticks in
31 genera in the order Ixodida. They have
a worldwide distribution. Based on their
morphology and life cycle they are placed
in two main families, namely the Argasidae
(soft ticks) and the Ixodidae (hard ticks).
Ticks are the most important vectors of
infections to animals and are almost as
important as mosquitoes in transmitting
infections to humans.

Identification
The two principal families of ticks can be
distinguished as follows.

Argasidae
Adults are more or less oval or roundish in
outline and have a leathery and wrinkled
integument, which is usually covered in
fine tubercles. They lack a scutum (dorsal
shield). Their mouthparts (capitulum,
gnathosoma or ‘false head’) are not visible
when viewed dorsally. (In the larval stage
the capitulum projects in front of the body.)

Ixodidae
Adults are usually oval in shape and have
a relatively smooth integument. All hard
ticks have a dorsal plate (scutum, shield) on
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the body; often this has so-called enamelled
coloured patterns and such species are
described as ornate. In the females the
scutum is relatively small, being confined
to the anterior part of the body, but in males
it is very large, covering almost the entire
body. (In all immature stages the scutum is
small.) The capitulum visibly projects from
the front of the body in both sexes and all
stages of the life cycle.

Biology
All ticks have a life cycle consisting of the
egg, larva and nymphal stages. However,
there are considerable differences in the
biology of argasid and ixodid ticks and their
biologies are best described separately.

Argasidae (soft ticks)
There are about 180 species belonging to
11 genera. The most important species
involved in transmission of infections
belong to the genera Ornithodoros and
Argas.

Female ticks ingest about 12 times their
weight in blood and consequently enlarge
considerably in size. After each blood meal
the tick generally lays four to six batches of
eggs, amounting to several hundred eggs,
and, as females can live for many years,
thousands of eggs are laid in her lifetime.
Eggs are deposited in cracks and crevices of
the ground, the walls and floors of houses or
rodent burrows and hatch within 1–3 weeks.
The resultant larva superficially resembles
the adult but has only three pairs of legs.
(The capitulum projects forward and is
visible from above.) It climbs on to a suitable
host, feeds for 10–20 min and drops to the
ground. After a few days it changes into
an eight-legged nymph, which seeks out a
blood meal, feeds for 20–30 min and then
drops off the host. Argasid ticks usually have
four or five nymphal instars (Fig. 1). The
same or different species of hosts may be fed
upon by the different stages in the tick’s
development. These ticks are often called
‘multi-host’ or ‘many-host’ ticks.

Larvae of the tick Ornithodoros mou-
bata differ from most other argasid ticks in
remaining in the eggshells after hatching
and not taking a blood meal, but moulting to

produce a first-instar nymph, which crawls
from the eggshell and blood feeds.

The life cycle from egg laying to adult
typically lasts 6–12 months. Adult ticks can
live for 12–20 years, and can survive for
many years without feeding. Argasid ticks
are usually found in or near the homes, nests
or resting places of their hosts, such as live-
stock shelters, chicken sheds and animal
burrows. Species that commonly feed on
people, such as O. moubata in Africa, are
often found in houses. These ticks do not
disperse very far from their breeding places.

Ixodidae (hard ticks)
There are some 690 species in 20 genera.
Species of major veterinary and medical
importance are found in the genera
Ixodes, Hyalomma, Rhipicephalus, Derma-
centor, Amblyomma, Haemaphysalis and
Boophilus.

Adult ticks remain on their hosts blood-
feeding for 1–4 weeks. The enormously
engorged female tick, sometimes increasing
200 times her size, drops to the ground
and after about 3–6 days starts laying eggs.
Sometimes, however, several weeks or even
occasionally months elapse before the blood
meal is digested and oviposition starts.
Thousands of eggs are laid in a gelatinous
mass that covers part of the tick (Fig. 2).
Oviposition can extend over 10 days into
5 weeks, after which the female tick dies.
Thus only a single large batch of eggs is
laid during her lifetime. After 10–20 days,
or sometimes several months, six-legged
larvae emerge from the eggs and climb up
vegetation and attach themselves to passing
hosts, on which they remain blood-feeding
for 3–7 days. This process of climbing up
vegetation in preparation to attaching to
a host is called questing. After feeding, the
larvae drop to the ground and about 3–6 days
later moult to the eight-legged nymphal
stage (Fig. 2), which then ascends vegetation
and attaches to a host. After 5–10 days, the
engorged nymph drops to the ground and,
after a further 3–4 weeks, becomes an adult
tick. There is only one nymphal stage in
the life cycle of hard ticks. Adult ticks can
withstand starvation for 1–2 years and
can occasionally live for up to 7 years.
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The larva, nymph and adult of most
ticks feed on a different host, which can be of
the same species or a different species, and
the tick is referred to as a three-host species.
With two-host ticks, such as some species of
Rhipicephalus and Hyalomma, the larva and
nymph remain attached to and feed on the
same individual host, but the adult feeds on
a different individual. In a few ticks, such as
Boophilus species, all three life stages feed
on the same individual host, with the female
dropping off to lay her eggs. Because all
stages remain attached to hosts for several
days, ixodid ticks tend to get dispersed long
distances.

Diseases
Ticks are very important vectors of
disease pathogens to both humans and

domesticated animals. For example, ticks
transmit spirochaetes causing tick-borne
relapsing fever and Lyme disease and
rickettsiae causing tick-borne typhuses, as
well as a variety of arboviruses, such as
Colorado tick fever and Crimean–Congo
haemorrhagic fever. Ticks are even more
important as vectors of infections to ani-
mals, such as avian borelliosis, babesiosis,
theileriosis and numerous arboviruses,
including those responsible for African
swine fever, bluetongue and Nairobi sheep
disease. (See entries on these infections.)

Control
Personal protection against tick bites can
be obtained by applying chemical repel-
lents to the skin or wearing repellent- or
insecticide-impregnated clothing. Houses

Tick-borne typhuses526

Fig. 1. Life cycle of a soft (argasid) tick (Ornithodoros species) showing many nymphal
stages (from M.W. Service (2000) Medical Entomology for Students, Cambridge University
Press, Cambridge).
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infested with ticks, such as O. moubata,
can be sprayed with residual insecticides.
Ixodid ticks can be controlled to a limited
extent by spraying gardens, yards, nearby
vegetation or even pastures with residual
insecticides, using either ground-based
equipment or aircraft applying ultra-low-
volume (ULV) techniques. Regular dipping
of cattle, sheep and other livestock is prac-
tised in many parts of the world. Alterna-
tively livestock can be sprayed or supplied
with insecticide-impregnated ear tags or
collars.  Unfortunately,  however,  in  many
areas ticks have developed resistance to some
of the more commonly used insecticides.

For the control of Boophilus species
infecting cattle, ‘pasture spelling’ is some-
times practised. This involves leaving pas-
tures free of cattle for several months, which
results in newly hatched tick larvae dying
of starvation. Occasionally habitats can
be modified, such as by drainage or scrub
clearance, to make them unfavourable for
tick survival. Selecting and breeding cattle
for resistance to tick infections is also
sometimes practised.
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Fig. 2. Life cycle of a hard (ixodid) tick showing a single nymphal stage (from M.W.
Service (2000) Medical Entomology for Students, Cambridge University Press, Cambridge).
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Toxoplasma gondii see Cockroaches.

Trachoma see Flies.

Trench fever see Bartonella quintana and Bartonella henselae.

Triatomine bugs (Triatominae)

C.J. Schofield

There are 130 species of triatomine bugs
in 17 genera, ranging from the tiny Alber-
prosenia, with adults just 5 mm long, to
the giant Dipetalogaster, whose adults can
reach 5 cm in length. They occur through-
out the Americas, approximately from the
Great Lakes of North America (about 42°N)
to southern Argentina (about 46°S), where
they are important vectors of Trypanosoma
cruzi (see Chagas disease). Exceptions are
the genus Linshcosteus of the Indian sub-
continent and Triatoma rubrofasciata,
which appears to have been exported from
the Americas (probably on sailing-ships)
and is recorded from port areas throughout
the tropics and subtropics. Seven closely
related species derived from T. rubro-
fasciata are recorded from various parts
of South-East Asia, north-eastern Australia
and southern China, although these species
are generally rare and without epidemio-
logical significance.

In the Americas, triatomine bugs have
many local names, including kissing-bugs
(USA), pitos (Colombia), chipos (Venezuela),
chinchorros (Ecuador), chirimachas (Peru),
barbeiros (Brazil), chichá guazu (Paraguay)
and vinchuca (Southern Cone countries).

Biology
Eggs may be laid loose or attached to the
substrate. They usually hatch within 10–25
days, and the first-instar nymph emerges.
After feeding, the nymph moults to the
next instar. There are five nymphal stages,
followed by adult males and females
(Fig. 1). The nymphal stages differ from the
adults by being smaller and without wings
or external genitalia, but adults and nymphs
have similar habits and behaviour. Both

sexes and all nymphal stages feed on verte-
brate blood (although some sylvatic species
may also feed from invertebrates). Their
bites can cause severe allergic reactions,
although those species that have adapted to
living in human dwellings generally have
almost imperceptible bites, which rarely
provoke a reaction by the hosts.

Most species are active at night, feeding
from sleeping hosts. The life cycle from
egg to adult is typically about 6 months,
although this can extend to 12 months
in cool conditions (such as southern
Argentina). Some species of Rhodnius can
complete their life cycle in 3–4 months,
but several of the larger species of Triatoma
may require more than 12 months for their
development. Females of most species are
able to lay around 200 eggs during their adult
life, although the number of eggs depends
largely on the amount of blood ingested.

Most species of Triatominae are of
sylvatic habit, generally associated with
nests or refuges of certain birds and small
mammals – especially opossums (Didelphis
species), armadillos (Dasypus species) and
small rodents. Species of Rhodnius are
frequently found in palm-tree crowns, while
species of Triatoma are more usually associ-
ated with terrestrial habitats. Several species
have adapted to living in rural houses
in Latin America, being found in the cracks
and crevices of walls, roofs and floors, and
frequently colonizing peridomestic habitats,
such as chicken coops and goat corrals.
Many sylvatic species seem to be adapting
to domestic or peridomestic habitats; they
may be brought to houses by being carried
by small mammals, or adult bugs may fly
to houses at night. Adaptation to domestic
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habitats seems to be a function of changing
land use causing loss of the original sylvatic
habitats of the bugs.

Diseases
All species of Triatominae are probably
capable of transmitting T. cruzi, causative
agent of Chagas disease (see entry). Impor-
tant vectors are those that have adapted to
living in human dwellings and can transmit
T. cruzi to humans and domestic animals –
especially Triatoma infestans in the South-
ern Cone countries, Triatoma brasiliensis
and Panstrongylus megistus in north-
eastern Brazil and Rhodnius prolixus and
Triatoma dimidiata in parts of the Andean
Pact countries and Central America. Triat-
oma pallidipennis and other members of
the Triatoma phyllosoma complex and
Triatoma barberi are important vectors in
Mexico. The domestic species of Triatomi-
nae are also important for the nuisance that
they can cause, and for the chronic blood
loss associated with their feeding. Adults of
some species can take up to 300–400 mg of

blood at each feed and may feed every 4–9
days. Heavy domestic infestations number-
ing several thousand bugs are not uncom-
mon in some rural areas of Latin America,
and chronic blood loss due to these bugs is
typically around 2 ml person−1 day−1 (some-
times considerably higher).

Species of Rhodnius are also vectors of
Trypanosoma rangeli (see entry), although
this parasite does not seem to be pathogenic
to humans. Triatomine bugs can be infected
with viruses, including those causing hepa-
titis, equine encephalitis and human immu-
nodeficiency virus (HIV), but there is no evi-
dence to suggest that they can transmit them.

Control
Domestic bugs are controlled by spraying
infested premises with residual formulations
of pyrethroid insecticides (mainly delta-
methrin, cyfluthrin, lambdacyhalothrin or
cypermethrin). A single application cover-
ing all internal wall and roof surfaces and
furniture is usually sufficient to eliminate
the domestic bug population. However,
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Fig. 1. Panstrongylus megistus. A, eggs; B–F, first to fifth nymphal stages; G, adult bug.
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vigilance must be maintained to report any
reinfestations so that these can also be
sprayed. Reinfestation is generally due to
bugs being carried in from untreated foci,
for example, among the clothes or baggage
of visitors.

Large-scale control programmes are cur-
rently in progress against the main domestic
vectors of Chagas disease in the Southern
Cone countries (Argentina, Bolivia, Brazil,
Chile, Paraguay, Peru and Uruguay) and in
the Andean Pact (Colombia, Venezuela and
Ecuador) and Central American regions
(Guatemala, El Salvador, Honduras and
Nicaragua) (see Chagas disease).
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Trichomonas infections see Cockroaches.

Tropical theileriosis see Theilerioses.

Trubanaman virus

John S. Mackenzie

Trubanaman (TRU) virus is a mosquito-
borne infection that is an unassigned
member of the family Bunyaviridae. It is
enzootic in Australia. It was first isolated
from Anopheles annulipes mosquitoes
trapped in Kowanyama (Mitchell River
Mission) in 1965.

Distribution
Trubanaman virus has been isolated from
mosquitoes collected in Queensland, New
South Wales and Western Australia.

Virus
Trubanaman virus has been grouped with
three other antigenically related viruses in
the Mapputta antigenic group. This group
comprises two other Australian viruses,
Gan Gan virus (see entry) and Mapputta
virus, and a virus from Papua New Guinea,
Maprik virus.

Clinical symptoms
Trubanaman virus has not been associated
with human disease, but seroepidemio-
logical studies in New South Wales and
Queensland have suggested that occasional
subclinical human infections may occur.

Transmission
Trubanaman virus has been isolated from
A. annulipes in Queensland, New South
Wales and the south-west of Western
Australia and from Culex annulirostris
mosquitoes in northern Western Australia
and New South Wales. The role of these
mosquito species in transmission, however,
remains to be elucidated.

Ecology
The vertebrate hosts of TRU virus are
unknown, but believed to be terrestrial
animals.

Trubanaman virus530
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Trypanosoma cruzi see Chagas disease.

Trypanosoma evansi (surra) see Animal trypanosomiasis.

Trypanosoma melophagium see Animal trypanosomiasis.

Trypanosoma rangeli

C.J. Schofield

Trypanosoma rangeli is an enigmatic try-
panosome parasite related to Trypanosoma
cruzi (see Chagas disease) which is also
transmitted by triatomine bugs in some
parts of South America (see Triatomine
bugs). It is rarely (if ever) pathological to
humans or other mammals, but can cause
high mortality in some strains of the insect
vectors. Interest in this parasite is mainly
due to sympatry with T. cruzi and the need
for differential diagnosis between the two.

Distribution
Confined to Latin America, from Mexico to
Brazil. There are no confirmed reports of
T. rangeli from Argentina, Chile, Paraguay
or Uruguay. The natural distribution of
T. rangeli closely matches that of species
of Rhodnius, which are the main insect
vectors, and reports of T. rangeli from coun-
tries where Rhodnius species do not occur
(such as Chile and Argentina) have been
discounted.

Parasite
Trypanosoma rangeli is a large flagellated
protozoan, typically up to 30 µm long, with
a small subterminal kinetoplast. Although
genetically related to T. cruzi, its biology is
quite different. There is no conclusive evi-
dence for a tissue phase in the vertebrate
hosts, and it may be that the parasite only
rarely multiplies in vertebrates – generally

only during the first few days after entering
the bloodstream. In the insect vectors, how-
ever, the parasites frequently invade and
multiply in the insect haemocoel and sali-
vary glands.

Clinical symptoms
Although early observations suggested that
T. rangeli could produce clinical symp-
toms, it is now generally agreed that it
is non-pathogenic to humans and other
mammals. Infection in humans seems to
be self-limiting, generally lasting only 2–3
weeks but sometimes persisting for up to
18 months. Parasitaemia is usually low and
rarely reaches patent levels. Cases of tran-
sient muscle ache and fatigue have been
reported in some infections (but these may
not necessarily be due to the parasite).

Diagnosis
Demonstration of bloodstream trypoma-
stigotes in thin or thick blood smears,
stained with Giemsa, has been widely used,
although bloodstream parasites are gener-
ally sparse. They can generally be distin-
guished from T. cruzi by their larger size
and smaller kinetoplast. Xenodiagnosis
using laboratory-reared species of Rhodnius
can also be used, examining the bug’s
haemolymph and/or salivary glands as
well as its rectal contents. Some serological
tests for T. cruzi may cross-react with

Trypanosoma rangeli 531

531
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
05 September 2001 09:48:41

Color profile: Disabled
Composite  Default screen



T. rangeli, although specific non-cross-
reactive enzyme-linked immunosorbent
assay (ELISA) tests have recently been
developed. Polymerase chain reaction
(PCR) of mini-exon gene and kinetoplast
DNA targets has also been used for differen-
tial diagnosis.

Transmission
Bloodstream forms ingested by a triatomine
bug transform and multiply in the mid-gut
and rectum, with subsequent discharge of
distinct flagellate forms in the bug’s faeces.
Unlike the case with T. cruzi, however,
it is generally held that transmission of
T. rangeli in the bug faeces is of minor
importance. Some parasites may escape
from the mid-gut into the haemocoel,
where multiple division as well as binary
fission may occur. In addition, some of
the haemolymph parasites may enter and
divide in haemocytes. Parasites in the
haemolymph can migrate to form a layer
around the salivary glands, with some pene-
trating the glands to be inoculated with the
insect’s saliva when it next feeds. This is
the main route of transmission. A wide
variety of mammalian species has been
reported naturally infected with T. rangeli,
including several primate species.

Although a wide variety of triatomine
bugs can be experimentally infected with
T. rangeli (as can some species of Cimex –
bed bugs), natural infections have almost
invariably been reported only from species
of Rhodnius. The tribe Rhodniini (including
Rhodnius and Psammolestes) are unusual in
having salivary nitrophorins, which give a
characteristic red colour to their salivary
glands, and it has been observed that this red
colour is depleted in bugs with heavy infec-
tions of T. rangeli. It may be that the parasite
makes use of the nitrophorins, which could

account for its relative specificity for
Rhodnius species as vectors, as well as the
high mortality often caused in infected
Rhodnius.

Treatment
There is no evidence that specific treatment
is required, since the infection is non-
pathogenic and probably self-limiting.

Control
There is no case for control directed
specifically against T. rangeli, although
some of its insect vectors are targeted for
control of Chagas disease.
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Trypanosoma theileri see Animal trypanosomiasis.

Trypanosomiasis see African trypanosomiasis, human, Animal
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Tsetse-flies (Glossinidae)

M.W. Service

There are just 21 species of tsetse-flies, all
belonging to the genus Glossina. Apart from
two localities in the Arabian peninsula,
tsetse-flies are found only in sub-Saharan
Africa, between about 10°N and 20°S, but
extending to 30°S on the coastal side of
eastern Africa.

Biology
Tsetse-flies are unusual insects in that the
female does not lay eggs. Instead an egg
hatches within the fly and the resultant
larva grows within her ‘uterus’. After about
9 days the mature larva is deposited by
the female on sandy soil or humus, often
underneath bushes, trees or logs, but also
in sandy, dried-up river-beds or in animal
burrows. As soon as the larva is deposited,
it buries itself under a few centimetres of
soil and, within 15 min the whitish larva
darkens to a reddish-brown and becomes
a barrel-shaped puparium (Fig. 1). The
puparium remains hidden under the soil for
usually about 4–5 weeks before an adult

tsetse-fly wriggles out and breaks through
the surface of the soil.

Adults of both sexes take blood meals.
Hosts range from humans to wild and
domesticated mammals, including cattle,
pigs and horses, and some species feed on
reptiles and birds. Biting takes place out of
doors and during the daytime. Tsetse-flies
are attracted to dark colours and movements;
on Caucasians, they often prefer to bite
through dark clothing than exposed white
skin. They often follow vehicles moving
slowly through scrub vegetation, frequently
settling on the dark tyres before finding a
suitable host on which to feed. A blood meal
is taken about every 2–3 days, and several
are required for the complete development
of a larva, one of which is deposited by the
female about every 9–12 days. Breeding
usually continues throughout the year, but
largest populations occur at the end of the
rainy season. When not host-seeking, adult
flies rest on tree trunks or the undersurface
of leaves or branches and twigs; at night they
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Fig. 1. Life cycle of a tsetse-fly (Glossina species) (modified from M.W. Service (2000)
Medical Entomology for Students, Cambridge University Press, Cambridge).
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may prefer to rest on the upper surfaces of
vegetation. Knowledge of the precise resting
sites helps determine the type of vegetation
needing to be sprayed with insecticides to
kill the flies.

Based on their morphology, ecology and
behaviour, tsetse-flies can be separated into
three main groups of species. The Glossina
fusca group, or forest flies, comprises 15
species, such as G. fusca. Flies in this group
are restricted to equatorial forests. They
contain a few species that transmit nagana
(animal trypanosomiasis) to livestock, but
no important vectors of sleeping sickness
(human trypanosomiasis). The Glossina
morsitans group, or savannah flies, contains
about seven species and, as the name sug-
gests are mainly found in thicket or scrub
vegetation in semi-arid areas or in wooded
vegetation at the edges of forests. This group
contains important vectors of both sleeping
sickness and nagana, such as G. morsitans
and Glossina pallidipes. Finally, the Glos-
sina palpalis group, or riverine and forest
flies, contains about nine species. Essen-
tially these flies inhabit wetter types of habi-
tats, such as luxuriant scrub and vegetation
growing along river-banks and lake shores,
and sometimes forests. Important vectors
of sleeping sickness and nagana include
G. palpalis and Glossina tachinoides.

Diseases
Tsetse-flies are important in sub-Saharan
Africa as vectors of the trypanosome
parasites causing both human trypano-
somiasis (sleeping sickness) and animal
trypanosomiasis (nagana) (see African
trypanosomiasis, human, and Animal
trypanosomiasis).

Control
Because the immature stages are well
protected by the soil, all control measures

are directed against the adults. Most control
involves using insecticides – for example,
the use of strategically placed dark blue
and/or black cloth screens (targets) impreg-
nated with residual insecticides, such as
the pyrethroids, to kill flies attracted to
and resting on them. Visually attractive
biconical or monoconical traps made of
dark blue material are also used to attract
and trap flies; sometimes they are treated
with insecticide to kill flies settling on the
traps, but probably not entering them (see
Fig. 3, p. 22). Such screens and traps need
only be retreated with insecticides every
3–4 months. Alternatively vegetation on
which the tsetse-flies rest can be sprayed,
either from the ground or from fixed-wing
aircraft and helicopters, with insecticides
such as endosulfan, permethrin, delta-
methrin, lambdacyhalothin or cypermeth-
rin. Spraying is often done in the dry
season, so that residual deposits are not
washed from vegetation by rainfall. Fortu-
nately there are no recorded cases of tsetse
flies developing insecticide resistance.
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Tsutsugamushi disease see Scrub typhus.
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Tularaemia

Karim E. Hechemy

Tularaemia is a zoonotic bacterial infection
associated with both animals and humans
and is transmitted by insect vectors, such as
ixodid (hard) ticks and deer-flies (Chrysops
species). It is caused by the bacterium
Francisella tularensis. The genus Franci-
sella was named for Edward Francis, who
extensively studied the aetiological agent
and its pathogenesis. The infection’s name,
tularemia (American spelling) or tularaemia
(British spelling) is derived from Tulare
County in South Central California. Tula-
raemia has been referred to in the popular
literature as rabbit fever and deer-fly fever.

Two species of the genus Francisella are
at present recognized, Francisella tular-
ensis, with its three biogroups tularensis,
novicida and palaearctica, and Francisella
philomiragia. Francisella philomiragia was
first isolated from a dying Muskrat (Ondatra
zibethica). This bacterium appears to be
associated with human disease, especially
in immunocompromised patients with
underlying diseases.

Distribution
Francisella tularensis is widely distributed
in nature and occurs throughout the north-
ern hemisphere. The two main regions of
the world where tularaemia is most
reported are the USA and southern regions
of the former Soviet Union. In March 1999,
it was reported in ProMed that 19–25 peo-
ple in Serbia became ill with tularaemia,
which had not been reported previously in
humans in that country. It was also reported
that the number of people exposed to the
infection had risen to 1431. Such numbers
indicate that, when conditions are favour-
able, tularaemia can arise in geographical
areas in which it was not previously known
to occur.

Bacterium
Francisella tularensis is a non-motile, non-
piliated and non-spore-forming pleomor-
phic coccobacillus, 0.2 µm by 0.2–0.7 µm in

size. It is Gram-negative; staining with poly-
chrome stains, e.g. Giemsa’s stain, reveals
a bipolar structure. The bacterium has a
capsule, composed largely of lipids, that
has been associated with the virulence of
this bacterium. The mole% G + C of DNA is
33–36. The cellular fatty acid composition
of Francisella is unique to this genus and is
different from other Gram-negative bacteria.
It is characterized by the presence of long-
chain saturated and monounsaturated C18 to
C26 fatty acids; relatively large amounts of
even-chain saturated fatty acids, C10, C14

and C16; and two long-chain C16 and C18

hydroxy-acids. The fatty acid content of its
cell wall is higher than that of other Gram-
negative bacteria. The bacterium is rela-
tively stable in nature, is viable for weeks in
water, mud and soil or animal carcasses and
remains viable for years in frozen meat.

Culture
Because it is highly infectious, a minimum
biosafety level 2 is recommended for clini-
cal laboratory work with suspected mate-
rial. The bacterium is an obligate aerobe and
grows in culture over a temperature range of
24–39°C. The bacterium is killed after expo-
sure for 10 min at 56°C, but freezing does
not inactivate it. The medium of choice is
cystine–glucose blood agar, chocolate agar
enriched with iso-VitaleX and modified
charcoal–yeast agar. It is a slow-growing
organism that requires 2–4 days for
optimum colony formation.

Clinical symptoms
Clinical presentation takes various forms,
depending on the site of entry of the
bacterium into the host. Regardless of portal
of entry, the onset and general features of
tularaemia tend to be the same. The usual
incubation period is 3–5 days. There is an
abrupt onset, with fever, chills, headache,
cough, myalgias and vomiting. The initial
symptoms usually disappear in 1–4 days,
followed by remission for 1–3 days, and
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then recurrence of the disease for 2–3
weeks.

The clinical picture of tularaemia is:
ulceroglandular, most common form,
characterized by the formation of an ulcer
and lymphadenopathy; glandular, with
lymphadenopathy; oculoglandular, with
conjunctivitis and lymphadenopathy;
oropharyngeal, with ulceration in the
oropharynx; systemic/typhoidal tularaemia,
with septicaemia, no ulcer and no lympha-
denopathy; intestinal tularaemia, with
intestinal pain, vomiting and diarrhoea;
and pneumonic tularaemia, contracted
by inhalation of infected aerosol or by
dissemination from blood. Death may occur
in 35% of untreated cases of septicaemic
tularaemia and 5% in untreated cases of
ulceroglandular tularaemia. Death occurs as
a result of septicaemia or a lower nephron
syndrome, manifested by uraemia, oliguria
and acidosis. Septicaemic tularaemia
accounts for 10–15% of tularaemia infec-
tion. It occurs after inhalation exposure of,
for example, contaminated dust or ingestion
of contaminated food. It is difficult to
diagnose because the signs and symptoms
are non-specific. The overall clinical
manifestation is fever, prostration, weight
loss, pharyngitis and pneumonia. A non-
productive cough may occur. Evidence of
pneumonia may be seen on radiographs.
About half the patients with septicaemic
tularaemia have pulmonary infiltrates,
which may be misdiagnosed as legionel-
losis. No adenopathy is observed in
septicaemic tularaemia.

Ulceroglandular tularaemia accounts
for most tularaemia cases, ~80%. It is
acquired through inoculation of skin and
mucous membrane or through the bites of
infected ixodid ticks or deer-flies (Chrysops
species). Adenopathy is common in ulcero-
glandular tularaemia. The bacterium
invades the regional lymphatics and
produces a necrotizing inflammation and
enlargement of lymph glands. These lesions
are called buboes.

Pathology
This bacterium is extremely invasive. It is
one of the very few microorganisms that can

penetrate intact skin. The infective dose in
humans can be as low as 50 bacteria. Due to
the capsule, the bacterium avoids destruc-
tion by polymorphonuclear neutrophils
upon entry. Francisella tularensis is a
facultative intracellular organism that
survives in the reticuloendothelial system.
Macrophages and epithelioid cells afford
the bacterium more protection from the
host immune system. After infection with
F. tularensis, through cuts or arthropod
bites, a lesion appears at the site and
progressively ulcerates. Lymph nodes next
to the sites of inoculation become enlarged
and progress to necrosis. The early acute
inflammatory response to infection induces
the migration of neutrophils and macro-
phages into clusters of degenerating and
necrotic inflammatory cells. Later, these
clusters are surrounded by lymphocytes
and epithelioid cells. The bacteria, although
concentrated in areas of necrosis and
inflammation, are difficult to detect in
tissue sections. Once the bacterium enters
the bloodstream, the patient becomes sys-
temically ill. Thrombosis and necrosis of
veins and arteries are frequent and necrotic
areas may resemble infarcts. In the lung
there may be extensive necrosis and cavita-
tion. Lasting lesions of pulmonary tularae-
mia include areas of caseation, calcification
and fibrosis. In the kidney, acute interstitial
nephritis has been described.

Diagnosis, laboratory
Because it is highly infectious, a minimum
biosafety level 2 is recommended for
clinical laboratory work with suspected
material. The specimens of choice are
lymph node aspirate, sputum, throat swab,
bronchial washing and biopsies from edge
of the lesion, not the central necrotic area.
If it is necessary to hold specimens for
more than a few hours, specimens must be
kept moist with sterile broth or saline and
frozen. Frozen specimen must be shipped to
the reference laboratory. All specimens are
to be placed in approved UN 10 double-
mailing containers and then packed in
UNC1177 cartons labelled and shipped
according to the International Airline
Transport Association (IATA) regulations

536 Tularaemia
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or the Centers for Disease Control and
Prevention (CDC) Federal Regulation 42
CFR part 72. Inoculation of selective media
is best done with aspirates, using a syringe
or small pipette, of the suppurative material
from a necrotizing lesion or a bubo. A pre-
sumptive identification can be made upon
observation on the cysteine–blood–dextrose
agar of 1–2 mm, clear, drop-like colonies,
which are visible within 48–72 h after
inoculation, with slight greening of the
agar immediately beneath the colony due to
alpha haemolysis of the blood, particularly
after prolonged incubation. Confirmatory
differential characteristics include the
formation of acid but no gas from glucose,
maltose and mannose.

Francisella tularensis is weakly
catalase-positive and oxidase-negative. Also,
F. tularensis grown on a culture medium
enriched with cysteine in a flask will release
H2S, as indicated by the blackening of a
moistened lead acetate filter-paper exposed
to the atmosphere in the flask. Isolates of
the bacterium should be further identified
serologically by slide or tube agglutination,
using an affinity-purified polyclonal anti-
body, or by direct fluorescent antibody,
using a monoclonal antibody specific to
F. tularensis. A fourfold increase in titre
to ≥80 is indicative of active infection
on paired or multiple serum specimens
collected at time intervals of at least 1 week.
A single titre by slide/tube agglutination
of ≥160 is presumptive evidence of infection
at an unknown time period. Titres ≤80 are
indicative of past infection or of cross-
reactivity due to the presence of cross-
reacting antibodies.

Transmission and epidemiology
Wild animals, especially Rabbits (Orycto-
lagus cuniculus) and hares (Lepus species),
but also beavers (Castor species), Wood-
chucks (Marmota monax), Opossums
(Didelphis marsupialis), Mule deer1

(Odocoileus hemionus) and foxes (Vulpes
species) are the reservoir hosts of F. tular-
ensis. Humans become infected by hand-
ling rabbit carcasses, eating undercooked
infected wild rabbit meat or being bitten
by ixodid ticks or tabanids, especially by

Chrysops species, such as C. discalis in
North America. In ticks the infection is
long-lasting and the bacterium multiplies in
the gut and haemolymph and is transmitted
by biting. Transovarial transmission occurs.
With other vectors, such as tabanids and
mosquitoes, transmission is mechanical,
not cyclical.

Infection also occurs through contami-
nation of the skin, mucous membrane or
lining of the eyes, nose or mouth with
contaminated fluids from infected animals.
Other methods of transmission include
drinking contaminated water, breathing
in dust particles or handling contaminated
pelts of infected animals.

Treatment
Tularaemia is fatal, especially in the typhoi-
dal form, if there is delayed treatment or
inappropriate treatment. There is no stan-
dardized antimicrobial susceptibility test
for F. tularensis. The aminoglycoside anti-
biotic streptomycin, when begun promptly,
cures the patient with low probability
of relapse. Dramatic improvement is seen
within 3 days when 7.5 mg kg−1 body
weight is given intramuscularly every 12 h
for 10 days. Erythromycin, tetracycline,
gentamycin and chloramphenicol are also
effective; however, patients may relapse.
Doxycycline has been used successfully
intravenously in patients with renal
impairment.

Prevention and control
Vector control

The golden rule for preventing infection
is to minimize arthropod bites by wearing
protective clothing and by using protective
gloves when carefully handling carcasses.
Use of insect repellents will also reduce the
likelihood of being bitten by potential
vectors.

Vaccines
An investigative, live, attenuated vaccine
is available and appears to protect against
exposure to aerosolized F. tularensis. A
whole-cell killed vaccine was found to
be ineffective against exposure to aero-
solized bacterium. The live vaccine is
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recommended for persons working with the
agent in a laboratory. Laboratory infections
have been known to occur, due, for
example, to aerosolized F. tularensis, which
is highly infectious. The live vaccine is
also recommended for persons working
with infected animals or carcasses.

Tularaemia in farm and domesticated animals
Tularaemia is a highly contagious disease,
which may spread from rodents to domestic
animals, inducing a severe septicaemia and
a high mortality rate. Infection in farm and
domesticated animals can occur, especially
in sheep, piglets and cats. Tularaemia is
rarely seen in dogs. Domestic fowl can act
as reservoir hosts of infection. There is a
sharp seasonal incidence, with most cases
occurring in the spring months. Trans-
mission occurs mainly by the bites of the
wood tick, Dermacentor andersoni, but
other ixodid ticks, such as Amblyomma
americanum, Dermacentor variabilis and
Haemaphysalis leporispalustris, are also
vectors. Ticks become infected in the early
part of their life cycle when they feed
on rodents; there is both trans-stadial and
transovarial transmission.

After infection a bacteraemia develops,
with localization and granuloma formation
in parenchymatous organs and lymph
nodes. The characteristic gross lesions seen

in rabbits and other wild animals are small
necrotic granulomatous foci in the spleen,
liver and lymph nodes.

Note
1 Mule deer and Black-tailed deer are usually
considered to be the same species.
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Typhoid see Flies.

Typhus see Endemic typhus, Epidemic typhus, Rocky Mountain spotted fever,
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Valtice fever see Tahyna virus.

Venezuelan equine encephalitis

Scott C. Weaver

Venezuelan equine encephalitis is the most
important New World alphaviral disease,
affecting both humans and equines.
Because equines remain important in Latin
America for agriculture and transportation,
Venezuelan equine encephalitis outbreaks
have had profound social and economic
effects, in addition to direct effects on
human health. Several recent outbreaks in
northern South America and Mexico under-
score the continued threat of Venezuelan
equine encephalitis.

Distribution and history
Equine epizootics consistent with Venezue-
lan equine encephalitis were first recog-
nized in Venezuela during 1936, and Vene-
zuelan equine encephalitis (VEE) virus
was first isolated and characterized in 1938.
However, retrospective examination of epi-
demiological data suggests that equine out-
breaks consistent with Venezuelan equine
encephalitis had occurred at least since
the 1920s. Venezuelan equine encephalitis
activity continued periodically and sporad-
ically for much of the 20th century. Epizoot-
ics and epidemics occurred primarily in
northern South America, with northern
Colombia and Venezuela being the site of
many major outbreaks (Fig. 1). The Guajira
Peninsula has been subject to a dispropor-
tionate amount of disease, probably owing
to its large population of feral donkeys,
which serve as excellent amplification
hosts and are difficult to control or vacci-
nate. Other major outbreaks have occurred
in the Colombian valleys of the Andes
mountains, as well as on the Pacific coasts
of Ecuador and Peru. The most geographi-
cally widespread Venezuelan equine
encephalitis outbreak on record began on
the Pacific coast of El Salvador and Guate-
mala in 1969 and spread southward to Costa

Rica in 1972 and northward to Texas, USA,
in 1971. This outbreak may very well have
been an extension of one that began in
coastal Peru and Ecuador earlier in 1969.

Equine avirulent, enzootic viruses in
the VEE antigenic complex occur through-
out much of the tropical and subtropical
New World, extending from Florida and
Colorado in the USA to northern Argentina
(Fig. 2). The distribution of these viruses is
mostly non-overlapping, with the exception
of certain regions in the Amazon basin,
where multiple subtypes or varieties circu-
late. Typical enzootic habitats include pri-
mary lowland forest and swamp habitats.
The distribution of enzootic viruses can
change over time, as evidenced by the appar-
ent introduction of a lineage of subtype
ID virus into the Amazon basin of Peru
between 1970 and 1994. This lineage of
enzootic viruses had previously been
isolated only in Panama.

VEE virus
Venezuelan equine encephalitis virus, as
are other alphaviruses in the family
Togaviridae,  is  an  enveloped  RNA  virus,
c. 70 nm in diameter, with a plus or
messenger-sense RNA genome of c. 11,400
nucleotides (Fig. 3). The genome encodes
four non-structural proteins (nsP1–4) and
three structural proteins (capsid, E1 and E2
glycoproteins). A cytoplasmic, subgenomic
26S messenger RNA (mRNA), identical
to the 3′ one-third of the genome, encodes
only the structural proteins. Like other
alphaviruses, VEE virus is believed to enter
the cytoplasm of vertebrate cells via recep-
tor-mediated endocytosis. The high-affinity
laminin receptor serves as a mosquito cell
receptor in vitro, although the mechanism
of entry into mosquito cells in vivo has
not been identified. The highly specific
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infectivity patterns of some VEE viruses for
their mosquito vectors suggests the use of
a less conserved protein receptor or the
involvement of co-receptors during initial
mid-gut infection.

Genomic VEE viral RNA is translated
by cellular components to produce a non-
structural polyprotein, and is the template
for minus-strand RNA synthesis involving
non-structural proteins. The 26S mRNA is
also translated as a polyprotein; the capsid
protein is cleaved in the cytoplasm and
the remaining polyprotein is processed and

cleaved in the secretory pathway to yield the
E1 and E2 glycoproteins, which are inserted
into the plasma membrane as a heterodimer.
Following encapsidation of genomic RNA
in the cytoplasm, enveloped virions mature
when nucleocapsids bud through the
plasma membrane. Venezuelan equine
encephalitis virus replicates in and causes
extensive cytopathic effects (CPE) in many
different vertebrate cells in vitro. In contrast,
infection of mosquito cells in vitro leads
to persistent infection that is usually
not accompanied by CPE. Alphavirus

Venezuelan equine encephalitis540

Fig. 1. Map of the Americas showing the locations, years and subtypes of major Venezuelan equine
encephalitis epizootics and epidemics.
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maturation in mosquito cell cultures occurs
within cytoplasmic membrane-bound ‘virus
factories’, which are extruded from the cell
to release progeny virus. These ‘virus facto-
ries’ have not been observed in mosquitoes
in vivo, where maturation occurs via plasma
membrane budding.

Classification of VEE viruses
Venezuelan equine encephalitis virus is a
member of the VEE antigenic complex, one
of three major serogroups of New World

alphaviruses (Table 1). The first systematic
study of VEE-like viruses in the 1960s deter-
mined that all isolates from major outbreaks
belong to specific serotypes, which were
designated antigenic subtype I, varieties A,
B and C. Recent serological tests and genetic
analyses fail to distinguish varieties IA and
IB, which are now grouped into variety IAB.
The IAB and IC viruses are designated
‘epidemic’ or ‘epizootic’, because they have
been isolated only during equine and
human outbreaks; they are distinct from

Venezuelan equine encephalitis 541

Fig. 2. Map of the Americas showing the distribution of the enzootic VEE complex viruses.
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enzootic strains (subtypes/varieties ID–F,
II–VI), which circulate in sylvatic or swamp
habitats and only occasionally cause overt
disease in humans or domestic animals.
Additional, serologically distinct, enzootic
VEE viruses have been identified, which
now comprise six subtypes and multiple
varieties within subtypes I and III (Table 1).
Transmission cycles have been described
for five of the enzootic VEE subtypes/variet-
ies (ID, IE, II, IIIA and IIIB (Bijou Bridge));
all except one are transmitted among
rodents by Culex mosquitoes in the sub-
genus Melanoconion, the exception being
Bijou Bridge, which is transmitted among
birds in western North America by the cliff
swallow bug, Oeciacus vicarius (family
Cimicidae). Interestingly, all mosquito
vectors are members of the spissipes section
of the Melanoconion subgenus, suggesting
the possibility of coevolution of VEE com-
plex viruses with their vectors. However,
phylogenetic studies (Fig. 4) of the viruses
do not show concordant relationships
with the known vectors, discounting this
cospeciation hypothesis.

Clinical symptoms
In equines and humans, VEE viruses, in
addition to causing inapparent infections,
cause a spectrum of disease, ranging from
fever to acute encephalitis. Most enzootic
VEE strains in subtypes ID, IE, II, III and IV
are avirulent for equines, producing little or
no viraemia or illness. The lack of viraemia
during equine infections results in their
inability to exploit equines as amplification
hosts and to cause extensive human
outbreaks. However, at least some of the
enzootic viruses can be pathogenic for
humans, and have caused fatal disease
when people become infected in enzootic

transmission foci. In contrast, epizootic IAB
and IC viruses are virulent for both humans
and equines. Equine mortality rates during
epizootics have been estimated at 19–83%,
while human fatalities occur infrequently,
with neurological disease appearing in only
4–14% of cases. Venezuelan equine encep-
halitis occurs in all human age groups, with
no preference between the sexes. However,
children are more likely to develop neuro-
logical disease and fatal encephalitis than
are adults.

The incubation period in humans is
usually 2–3 days, although some cases have
had an onset as few as 12 h after laboratory
exposure. Human infection with either
enzootic or epizootic VEE viruses is usually
accompanied by an abrupt onset, with
moderate fever, chills, severe headache and
myalgia. Prostration and vomiting are also
common, along with diarrhoea, inflamma-
tion of the throat and lymphadenitis. Neuro-
logical signs occur most often in children
and the elderly, and typically include con-
vulsions, dizziness, disorientation, drowsi-
ness and mental depression. Motor weak-
ness and paralysis, meningismus and cranial
nerve palsy occur in 5–10% of hospitalized
cases, with stupor and coma occurring at
lower rates.

Laboratory findings of Venezuelan
equine encephalitis include leucopenia,
with early lymphopenia and a later decline
in neutrophil counts. Pleocytosis in the
cerebral spinal fluid is predominantly
lymphocytic, and is sometimes accompa-
nied by elevated glucose. Mortality rates
during epizootic outbreaks are generally
about 0.2–1.7%, with a case fatality rate of
10–25% among encephalitis cases.

Teratogenic effects have also been
attributed to maternal infection with VEE

Venezuelan equine encephalitis542

Fig. 3. Organization of the VEE virus genome.
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virus, and the virus has been recovered from
stillborn foetuses during outbreaks. Among
survivors of encephalitis, neurological
sequelae often include recurrent seizures,
motor impairment, forgetfulness, nervous-
ness, asthenia and headache. Behavioural
disorders are seen in some children.

Diagnosis
Clinical diagnosis of Venezuelan equine
encephalitis is unreliable for two reasons:
(i) human signs and symptoms of Venezue-
lan equine encephalitis are often indistin-
guishable from those of other viral diseases
common in the tropics and subtropics, such
as dengue (see entry). In fact, some recent
Venezuelan equine encephalitis outbreaks
were initially characterized as dengue, due
to its prevalence in the affected regions; and
(ii) equine disease caused by VEE virus can
also be confused with encephalitis caused

by other viruses, such as eastern equine
encephalitis (see entry), which have an
overlapping distribution in the New World,
or even with toxicological diseases. The
absence of a rash is somewhat useful in
ruling out dengue and Mayaro fevers (see
entries). Definitive diagnosis of human
infection generally relies on virus isolation
from the serum or by pharygeal swabs, most
easily accomplished during the first 3 days
of illness. Detection of VEE virus-specific
immunoglobulin M (IgM) antibodies or
demonstration of seroconversion is also
diagnostic. Detection of viral RNA has also
been described, using reverse transcription–
polymerase chain reaction (RT-PCR)-based
approaches. Virus isolation can be accom-
plished using a variety of cell cultures or
by inoculation of newborn mice. Virus
isolation from equines is more problematic,
because mortality rates sometimes exceed

544 Venezuelan equine encephalitis

Fig. 4. Phylogenetic tree, generated using maximum parsimony and E2 envelope glycoprotein gene
nucleotide sequences, showing the evolution of the epizootic subtypes IAB and IC VEE viruses from
enzootic, subtype ID progenitors. Virus strains are listed by subtype, country of isolation and strain
name. Grey branches represent the enzootic phenotype and black branches represent epizootic, based
on minimizing phenotypic change in the tree. Numbers indicate bootstrap value for monophyletic
groups to the right, and the scale shows genetic distance.
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50% and viraemia has often waned by the
time signs of encephalitis first appear. At
this time and soon after death, VEE virus
can sometimes be isolated from the equine
brain and occasionally from other tissues,
such as spleen and blood. A highly specific
and sensitive IgM capture enzyme-linked
immunosorbent-assay (ELISA) is available
for detecting early antibodies in human
or equine serum and has proved useful in
recent outbreaks. Seroconversion is gener-
ally demonstrated by detecting a fourfold or
greater rise in IgG antibody titres between
acute and convalescent serum samples.
Plaque reduction neutralization is com-
monly used for IgG detection, because it
is highly specific, although ELISA may also
be used provided that antigens to related
alphaviruses, such as eastern equine encep-
halitis (EEE) virus, are included in the
assay. Identification of VEE virus antigenic
subtypes can be accomplished, using an
indirect immunofluorescence assay with a
battery of specific and cross-reactive mono-
clonal antibodies. Subtyping of isolates is
critical in determining the potential for a
widespread epidemic, as the IAB and IC
subtypes are the only ones known to be
capable of amplification in equids.

Transmission
Enzootic transmission

Transmission cycles have been character-
ized for five of the enzootic VEE complex
serotypes. These viruses generally circulate
almost continuously in discrete, wet
tropical forest or shaded swamp habitats.
Transmission can be remarkably focal,
varying dramatically within distances of
only metres. Rodents in the genera
Sigmodon, Oryzomys, Zygodontomys,
Heteromys, Peromyscus and Proechimys
are believed to be the principal vertebrate
amplifying hosts of enzootic VEE viruses,
because they are frequently infected in
nature, have high rates of antibody and
develop high-titre viraemia after experi-
mental infection. Other mammals, such
as Opossums (Didelphis marsupialis) and
other marsupials, are also frequently
involved, and bats and shore birds may be
involved in dispersal of enzootic viruses.

Natural hosts usually show little adverse
effect from enzootic VEE virus infection.
Human infections occur sporadically when
people enter enzootic transmission foci,
but outbreaks involving hundreds of people
have also been described. Enzootic mos-
quito vectors have been identified for four
enzootic VEE serotypes: (i) Culex (Melano-
conion) portesi transmits Mucambo virus
(VEE subtype IIIA) in Trinidad; (ii) Culex
(Melanoconion) cedecei transmits Ever-
glades virus (VEE subtype II) in southern
Florida; (iii) Culex (Melanoconion) ocossa
and Culex (Melanoconion) panocossa trans-
mit variety ID VEE viruses in Panama
(formerly the name Culex aikenii was given
as the vector, but this is a nomen nudum);
and (iv) Culex (Melanoconion) taeniopus is
the primary enzootic vector of variety IE
viruses in Guatemala. Over 70% of enzootic
VEE virus field isolations have come from
the subgenus Melanoconion, suggesting
that these mosquitoes are the principal
vectors of most or all enzootic strains.

Epizootic/epidemic transmission
Epizootic/epidemic transmission relies on
equines as the principal amplification
hosts. Horses, donkeys and mules produce
high-titre viraemias following infection,
allowing mosquitoes that engorge to
become infected and transmit after an
extrinsic incubation of about 1 week or
possibly less. A wide variety of mammalo-
phagic mosquitoes in the genera Aedes,
Ochlerotatus,1 Mansonia, Psorophora and
Deinocerites are believed to transmit
epidemic/epizootic viruses during epi-
zootics. Enzootic vectors (see above) have
not been implicated in epizootic/epidemic
transmission. Only Psorophora confinnis
and Ochlerotatus taeniorhynchus are con-
firmed vectors of epizootic viruses accord-
ing to established criteria, including experi-
mental susceptibility to oral infection and
appropriate host contacts. Because infected
equines develop high-titre viraemias of up
to 10

8
infectious units ml−1 serum and are

extremely attractive to many mosquito spe-
cies, many different species of mosquitoes,
some only marginally susceptible, can prob-
ably become infected by biting equines.
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Mosquito vectorial capacity probably
depends more on mosquito abundance,
longevity and host preferences than on
intrinsic differences in susceptibility.

Mechanical transmission (infection via
contaminated vector mouthparts, without
viral replication) by black-flies (Simuliidae)
has been implicated in at least one out-
break, and the chicken mite, Dermanyssus
gallinae, is also capable of mechanical
transmission. Experimental studies have
also shown that larvae of Amblyomma
cajennense ticks can be infected orally and
transmit trans-stadially to nymphs, which
can transmit horizontally to a vertebrate.
The significance of these findings with
regard to natural VEE virus transmission is
unknown. The swallow bug, O. vicarius, is a
vector of Bijou Bridge subtype among birds
(see p. 541).

During extrinsic incubation, VEE virus
replicates in the mid-gut of mosquitoes,
disseminates via the haemolymph and
replicates in the salivary glands. Transmis-
sion occurs during salivation accompanying
a subsequent blood meal from a naïve host.
Epidemic/epizootic Venezuelan equine
encephalitis usually occurs following heavy
rainfall and the production of large numbers
of floodwater or salt-marsh mosquitoes,
which serve as vectors. A large supply of
susceptible equines is also a prerequisite for
major outbreaks, and people who live in
agricultural areas appear to be tangentially
infected. Infected people develop viraemia
titres similar to those of equines and can
potentially serve as amplification hosts
in the absence of equines. However, epi-
demiological data indicate that humans
play a lesser role in amplification, proba-
bly due to their more limited attraction and
exposure to mosquito vectors. Aedes aegypti
can transmit VEE virus from naturally
infected people to experimental animals,
suggesting the possibility of urban
transmission.

Direct human-to-human transmission
without vector involvement has long
been suspected during Venezuelan equine
encephalitis epidemics, because the virus
can be isolated from pharyngeal swabs of
many infected people. However, household

studies and rates of infection in health-care
workers have failed to provide evidence for
this mode of transmission.

Venezuelan equine encephalitis out-
breaks spread rapidly, often in an irregular
wave-like manner over large distances. This
might be explained by the movement of
infected equines or humans from epizootic
locations into, as yet, disease-free regions
or by the great dispersal potential of some
epizootic vector mosquitoes. Flying ‘trans-
port hosts’, such as birds or bats, are another
possibility.

Because Venezuelan equine encephali-
tis epizootics have historically been inter-
rupted by many years without any evidence
of the circulation of the IAB and IC viruses,
their source remained an enigma for much
of the 20th century. Recent genetic studies
indicate that the epizootic IAB and IC sero-
types have evolved recently from enzootic
subtype ID viruses, which circulate in north-
ern South America. At least three different
genotypes of these epizootic viruses have
emerged from one particular enzootic ID
lineage, which is known to circulate in west-
ern Venezuela, central and eastern Colombia
and northern Peru (Fig. 3). The IAB viruses
probably arose early in the 20th century and
caused all known outbreaks until 1962. Sev-
eral outbreaks during the 1960s to 1973 were
probably caused by the use of inadequately
inactivated equine vaccine preparations
made from early, virulent IAB isolates
in several countries. These vaccines were
eventually replaced by the live, attenuated
TC-83 vaccine, which is still used for equine
vaccination. The other epizootic subtype, IC,
emerged in 1962 and caused a major out-
break in northern Colombia and Venezuela.
This same genotype of IC virus re-emerged
in 1995 to cause a major epizootic and epi-
demic in the same locations of Colombia and
Venezuela. However, a small 1992–1993
epizootic and epidemic in western Vene-
zuela was caused by a different genotype of
IC viruses, which apparently emerged very
recently via mutation of sympatric, enzootic
ID viruses. Some of these ID strains from the
Catatumbo region of western Venezuela dif-
fer from the 1992–1993 IC epizootic/epi-
demic isolates by only 12 amino acids in the
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entire deduced sequence of the viral pro-
teins. Because these enzootic strains are
avirulent for equines, as are other enzootic
strains, and produce little or no viraemia, the
1992 emergence has provided a useful model
system for determining the mutations that
can generate epizootic strains from enzootic
progenitors. Preliminary results indicate that
mutations in the E2 envelope protein are at
least partly responsible for the equine vira-
emia phenotype and epizootic emergence.

Treatment
Like that of most arboviral infections, treat-
ment of Venezuelan equine encephalitis is
largely supportive and palliative in nature,
typically relying on analgesics and bedrest.
Anticonvulsive therapy is important in
reducing morbidity and mortality. Second-
ary pneumonia should be treated aggres-
sively, and antibacterial treatment should
be considered because lymphoid depletion
may predispose patients to gastrointestinal
infections. Experimental work with mice
has shown that the immunomodulators,
ridotin and reaferon, can decrease mortality
when administered soon after infection.
Melatonin also reduces the death rate and
evolution of the disease in mice. Prophylac-
tic administration of ribamydil (an analogue
of ribavirin) has also been shown to reduce
disease manifestation in baboons.

Control
Control of Venezuelan equine encephalitis
relies largely on vaccination of equines and
control of mosquito vector populations.

Vaccines
Early VEE virus isolates were used to
produce formalin-inactivated vaccines in
several South American countries, as well
as the USA. However, because virulent
IAB viruses were used for these vaccines,
incomplete inactivation may have initiated
some outbreaks; sequencing studies support
this hypothesis. Beginning in the 1960s,
a live, attenuated vaccine, TC-83, was used
to vaccinate equines, and also people at
risk from laboratory exposure. The TC-83
vaccine has proved safe and effective for
equines, although its efficacy in humans is

limited; the vaccine is reactogenic in 23%
of vaccinees and 18% do not seroconvert. A
formalin-inactivated version, C-84, induces
neutralizing antibodies in 76% of persons
who do not respond to TC-83, but does
not protect well against aerosol challenge.
Another concern related to vaccination is
that protection against heterologous VEE
subtypes may be lower than against IAB
strains. A newer live, attenuated vaccine
with attenuating mutations, generated by
the genetic engineering of an infectious
complementary DNA (cDNA) clone, is now
under testing and appears to be superior to
TC-83. Because it induces mucosal immu-
nity, VEE virus is also being used as a vac-
cine vector to express other viral proteins.

Continuous vaccination of equines
in neotropical regions subject to frequent
Venezuelan equine encephalitis outbreaks
could probably eliminate the occurrence
of outbreaks. However, vaccination is often
reduced or discontinued when epizootic
activity has not occurred for several years,
resulting in the re-establishment of suscepti-
ble equine amplification populations. This
temporal pattern repeated itself many
times during the 20th century, resulting in
periodic outbreaks.

During epizootics, control is difficult
and often ineffective. Vaccination efforts
usually begin several weeks after equine
and/or human cases are documented, when
the outbreak may already be widespread.
The ability of epizootics to bypass some
geographical regions and sequentially affect
locations over 100 km apart makes effective
vaccination barriers difficult to establish.
Owners of equines in affected regions often
attempt to transport their animals to unaf-
fected regions, undoubtedly contributing
to dissemination when some transported
animals are at an early stage of infection
preceding signs of disease.

Vector control
Control of mosquito vector populations is
difficult because of the large geographical
regions affected and the large mosquito
populations usually present. However,
aerial ultra-low-volume (ULV) adulticiding
in the early mornings with insecticides
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such as malathion may help interrupt
epidemics. Such spraying during the 1971
Texas outbreak may have reduced the
spread of the virus.

As with many arthropod-borne dis-
eases, personal protection against mosquito
bites is often the most effective means of
disease prevention. This is especially impor-
tant for individuals who reside or work near
equine herds during epizootics, or those
who contact tropical forest or swamp
habitats where enzootic VEE viruses circu-
late continuously. N,N-diethyl-m-toluamide
(DEET) (≤35% formulations recommended,
≤10% for children) is the most effective
mosquito repellent generally approved for
use on the skin. Pyrethroid insecticides,
such as permethrin, or insect repellents can
be applied to clothing and camping gear to
enhance protection.

Note
1 Ochlerotatus was formerly in the subgenus
Aedes.
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Vesicular stomatitis

James A. Comer

Vesicular stomatitis is a viral disease
caused by vesicular stomatitis (VS) virus
that primarily affects domestic livestock,
although humans and many species of
wildlife may also be infected. Vesicular
stomatitis takes its name from the vesicles

(blisters) that are formed at any of various
locations during the acute phase of the
disease. Vesicular stomatitis is a zoonosis;
veterinarians, dairymen, others who handle
animals with clinical disease and people
who are exposed to arthropod vectors are all
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at risk for infection. Laboratory infections,
primarily due to inhalation of aerosols, are
well documented.

The first recognized outbreak of vesicu-
lar stomatitis occurred in the USA in 1916
among cavalry horses in the Denver, Colo-
rado, stockyards. The Indiana (VSI) and the
New Jersey (VSNJ) serotypes are the most
widely distributed and important causes of
disease. They were first isolated in 1925 and
1926, respectively.

Distribution
Vesicular stomatitis is known only in the
western hemisphere. Vesicular stomatitis
in animals occurs in both enzootic and
epizootic forms. The VSNJ and VSI viruses
are enzootic in eastern Mexico, Venezuela,
Colombia, Panama and Costa Rica, mostly
in lowland tropical areas. In the USA, a
band of enzootic VSNJ virus formerly
affected animals in the coastal plains of
South Carolina, Georgia and Florida in the
1950s, but only one well-documented focus
of vesicular stomatitis remains in this
region; VSNJ virus is enzootic on Ossabaw
Island, Georgia.

In more temperate areas, vesicular
stomatitis occurs as epizootics. Large-scale
epizootics of vesicular stomatitis have been
reported from Argentina to Canada and have
occurred numerous times in the USA. As a
general rule, outbreaks tend to occur with
decreasing frequency and increasing magni-
tude as latitude increases in both North
and South America. These outbreaks have
been spectacular in appearance. In the USA,
major epizootics of VSI virus were recorded
in 1942, 1956, 1964 and 1965; VSNJ virus
epizootics were observed in 1944, 1949,
1957, 1959, 1963, 1982–1983, 1985 and
1995. Most outbreaks have occurred in west-
ern states; both serotypes were identified
there in 1997. Subclinical infections with
these viruses also occur during epizootics.
An enzootic cycle in the western USA has
been suggested, based on the presence of
antibodies in wildlife during periods when
no  outbreaks  were  occurring,  but  such  a
cycle has never been demonstrated.

Two outbreaks of vesicular stomatitis
may have occurred in the Old World, but

their aetiology was never confirmed and
vesicular stomatitis did not persist in either
locale. One of these was apparently intro-
duced into France by transport of infected
army horses during the First World War
(1914–1918). An earlier report of a disease
resembling vesicular stomatitis in South
Africa in the late 1800s was not supported by
a history of recent importation of livestock
from enzootic or epizootic areas, and more-
over the aetiology was never determined.

Aetiological agents
Vesicular stomatitis is caused by any of four
RNA viruses in the family Rhabdoviridae,
genus Vesiculovirus. The viruses are sensi-
tive to ether and other organic solvents and
are not stable in the environment outside
living hosts. They are inactivated at 58°C
for 30 min but survive for years at ultralow
temperatures (−70°C).

In addition to VSI and VSNJ viruses, two
additional serotypes, VS Alagoas and Cocal,
occur only in South America. Antigenically,
VSI, VS Alagoas and Cocal viruses are
closely related; the original Indiana isolate is
sometimes referred to as Indiana subtype 1,
and Cocal is sometimes referred to as
Indiana subtype 2 and Alagoas as Indiana
subtype 3. They are distinct viruses, how-
ever, and, although their natural cycles are
incompletely known, they are likely to be
substantively different and involve different
vector species. Cocal virus has been associ-
ated with vesicular disease in horses in
Argentina, whereas VS Alagoas virus has
been associated with vesicular disease in
horses, mules and plantation workers in
Brazil. Seven other members of the genus
Vesiculovirus have not yet been associated
with vesicular disease.

Clinical symptoms
As a zoonosis, vesicular stomatitis has
an undefined health impact. Vesicular
stomatitis in humans results from contami-
nation of mucous membranes or abrasions
in the skin, from inhalation of aerosols or
from the bite of an infected vector. Disease
in humans presents as an acute, self-
limiting, influenza-like illness, character-
ized by fever, headache, myalgia and
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malaise. Vesiculation can occur but nor-
mally does not. Natural human infections
are common in rural areas throughout much
of tropical America. Serosurveys indicate
that prevalence of infection increases with
age, and as many as 90% of the inhabitants
in certain areas have neutralizing anti-
bodies to VS viruses. Because symptoms are
non-specific and the duration of the illness
is short and because most infections tend
to occur in tropical areas with decreased
access to health care, most human cases are
mild and go unrecognized.

Vesicular stomatitis is of great economic
importance in veterinary regulatory medi-
cine, because it is clinically indistinguish-
able from foot-and-mouth disease in cattle,
sheep, goats, other ruminants and pigs.
Vesicular stomatitis complicates eradication
programmes in areas where foot-and-mouth
disease occurs. Horses are susceptible to
vesicular stomatitis but are resistant to foot-
and-mouth disease. In addition, vesicular
stomatitis lesions in pigs are clinically
indistinguishable from lesions of vesicular
exanthema and pig vesicular disease.

Vesicular stomatitis is a disease of
high morbidity but low mortality. Following
infection, vesicles are formed in the oral
cavity, on the muzzle and snout, on the
udder, around the coronary band and in
interdigital areas. Lesions in the oral cavity
result in decreased feed consumption and
loss of weight. Milk production is decreased
dramatically, which may result in early
weaning and calves of low weight. Fever is of
short duration and thus usually not detected
in horses and cattle. Viraemia is low-level
and ephemeral. As vesicles rupture, exces-
sive salivation (drooling) is a common sign,
and cattle make a characteristic smacking
sound.

Economic losses associated with vesic-
ular stomatitis in dairy cattle can occur
because of bacterial mastitis secondary to
infected teat lesions. Lameness can develop
in horses and swine. Complete recovery
normally occurs in about 2 weeks in uncom-
plicated cases. Lesions of the oral cavity can
take as long as a month to heal; lesions on the
hooves and teats take longer to heal if they
become secondarily infected. Immunity to

the infecting serotype is incompletely
protective, and reinfection with the same
serotype can occur. Infection with one
serotype confers no protection against
infection with other serotypes.

Diagnosis
As detected by serosurveys, enzootic areas
are characterized by predominantly sub-
clinical infection in domestic livestock,
wildlife and humans. Characteristic but
non-pathognomonic lesions occur in cattle
and pigs, for which a diagnosis of foot-and-
mouth disease must be excluded.

Virus is readily isolated from throat
swabs, vesicle fluid, or the epithelium of
vesicles by inoculation of VERO, BHK-21,
chick fibroblast or pig kidney cell cultures.
Vesicular fluid especially contains large
concentrations of virus. Virus can also be
isolated in suckling or weanling mice and in
embryonated chicken eggs.

The complement fixation test, con-
firmed by virus isolation in tissue culture, is
the current method of diagnosis. The serum
dilution plaque-reduction neutralization
test and the indirect immunofluorescence
antibody test, with paired acute- and conva-
lescent-phase serum samples demonstrating
a fourfold increase in titre, are also used for
serological diagnosis.

An immunoglobulin M (IgM) capture
enzyme-linked immunosorbent assay
(ELISA) has been developed to detect recent
infections with these viruses. Polymerase
chain reaction (PCR) assays of clinical mate-
rial have been developed and offer sensitive
and rapid diagnosis. These assays will prob-
ably be used increasingly in the future.

Transmission
Both VSI and VSNJ viruses have been iso-
lated from a wide variety of biting and non-
biting insects, including house-flies (Musca
species), face-flies (Musca autumnalis),
eye-gnats or eye-flies (Hippelates species),
mosquitoes (e.g. Aedes, Culex, Mansonia
species), ceratopogonid midges (Culicoides
species), simuliid black-flies (Simulium
species) and phlebotomine sand-flies
(Lutzomyia species). In only a few instances
has viral load been quantified, and few
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transmission studies have been done.
Despite intensive studies, vertebrate
amplifying hosts (those that have sufficient
viraemia to infect subsequently feeding
vectors) have never been identified. How
vectors become infected in nature in suffi-
cient quantities to initiate and maintain
epizootics is not yet known.

In the USA, major outbreaks have the
following features: (i) they tend to occur
at sporadic intervals; (ii) they begin in late
spring or early summer; (iii) clinical cases
occur along natural drainages, but can
spread rapidly to distant areas and yet
exclude large populations of susceptible
animals; and (iv) outbreaks cease with the
onset of frosts. These characteristics are
suggestive of arthropod transmission.

The origin of epizootics is not under-
stood. It is not known whether silent
enzootic foci exist (foci that occasionally
cause outbreaks) or whether these viruses
are periodically reintroduced into areas
from which they have been absent for long
periods. Serological evidence of infection
of these viruses in wildlife in the USA and
Panama suggests that there are separate,
sylvatic maintenance cycles for each virus.
Wind-borne carriage of infected biting flies
or movement of infected cattle northward
from Mexico has been postulated as a means
whereby the viruses gain entry into areas
in the USA. Molecular studies reveal that
the strains of virus circulating in Mexico
are similar to the strains isolated in
western states, supporting the view that
viruses causing these outbreaks originate
in Mexico.

Field and laboratory investigations have
shown that phlebotomine sand-flies of the
genus Lutzomyia may serve as reservoir
hosts, as well as vectors, for VSI virus in
Panama, VSNJ virus on Ossabaw Island,
Georgia, and VS Alagoas virus in Colombia.
Sand-flies have been shown to transmit
these viruses transovarially in the labora-
tory. Isolates of VSNJ virus of high titre
have been made from wild-caught male
sand-flies, which has been interpreted
as evidence of transovarial transmission,
because males do not feed on vertebrate
blood. Together, these observations suggest

that sand-flies may be reservoir hosts of the
viruses and may serve as vectors.

A high titre of VSNJ virus has been
isolated from pools of Simulium species
(black-flies) collected in Colorado in 1982,
suggesting that black-flies may also be
involved as biological vectors. Recent exper-
imental studies with black-flies indicated
that uninfected black-flies could become
infected by co-feeding beside an infected
black-fly on a non-viraemic mouse. Infection
by co-feeding is more likely to be involved
with epizootic spread of these viruses, rather
than with their enzootic maintenance.

Other forms of transmission of VS
viruses are likely to be important under cer-
tain conditions. A large number of isolations
of VSNJ virus from muscoid flies (Musca
autumnalis, Musca domestica) in Colorado
in 1982 suggests that mechanical trans-
mission by non-biting flies may occur.
Virus-laden flies may be transported from
infected to uninfected premises in the
interiors of vehicles. Contact transmission
from infected to uninfected vertebrates has
been demonstrated experimentally, but the
importance of this type of spread under
natural conditions has not been determined.
Vesicular stomatitis viruses can be spread
by fomites, especially among dairy cattle,
where outbreaks have been associated with
the transfer of virus through the use of
contaminated milking machines or milkers’
hands.

The epizootiology of VS viruses has
been difficult to elucidate, because of
the inability to identify viraemic vertebrate
hosts and because transovarial transmission
alone does not seem to be sufficient to
maintain infection in vector populations.
The recognition that infection of arthropods
may occur by co-feeding is recent. This
mechanism of infection obviates the need
for a viraemic vertebrate host; however, this
possibility has not been evaluated fully in
the laboratory and not at all in the field.
There has been speculation that VS viruses
are plant viruses, but no convincing evi-
dence has been presented to support this
hypothesis. Another hypothesis suggests
that VS viruses are stabilized in their insect
vectors (100% efficiency in transovarial
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transmission) and thus the insects represent
the only reservoir. If this were the case,
vertebrates would merely represent dead-
end hosts for the viruses; most epidemio-
logical studies support this view. Clearly,
much additional fieldwork will be required
to effectively understand how the viruses
are maintained in enzootic conditions,
how viruses from enzootic areas spread to
initiate epizootics and how epizootics are
maintained.

Treatment
No specific treatment is available for
vesicular stomatitis. Infections are usually
self-limiting and generally mild, and most
affected animals recover fully within
2 weeks. Lost weight is regained following
recovery. Soft feeds make it easier for
affected animals to eat. Mastitis can be
treated with antibiotics.

Control
Because enzootic and epizootic mainte-
nance cycles are not well understood, there
is no practical, effective control for vesicu-
lar stomatitis. Experimental inactivated and
attenuated vaccines have been tried with
variable success, but are not commercially
available. In enzootic areas, protection of
humans and livestock from arthropod
vectors is usually not possible. In epizootic
areas, interest in the disease wanes because
the interepizootic intervals are often long
and outbreaks are unpredictable. Because of
contact transmission between infected and
uninfected animals, restrictions in animal
movements is helpful in limiting spread,
although it leads to economic hardship.
Workers who have to handle infected
animals should wear protective gloves
and clothing. Disinfection of fomites and
decontamination of vehicles help minimize
spread. A 1% solution of formalin is an
effective disinfectant. Avoiding the produc-
tion of aerosols is important in preventing
laboratory infections.
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Vibrios

C.A. Hart

The genus Vibrio is one member of the
family Vibrionaceae, which also includes
the genera Photobacterium, Aeromonas and
Plesiomonas. Vibrio cholerae is the aetio-
logical agent of cholera. It is a Gram-
negative, curved or straight rod (0.5 µm ×
3 µm) that is motile by means of a polar
flagellum. It is part of the autochthonous
flora of brackish water and is able to persist
and grow in a variety of aquatic environ-
ments in association with aquatic plants,
zooplankton and blue-green algae. There
have been eight pandemics of cholera. The
first seven have been due to V. cholerae O1
serotype (biotypes classical and El Tor). The
most recent pandemic is due to the newly

emerged V. cholerae O139 serotype. It
causes acute, frequently fatal, secretory
diarrhoea mediated by three enterotoxins.
Infection is predominantly spread by faeco-
oral transmission person to person or via
food and water. However, house-flies and
other Muscidae can be mechanical vectors
(see Flies).

Selected bibliography
Drasar, B. (1997) Vibrios. In: Emmerson, M.A.,

Hawkey, P.M. and Gillespie, S.H. (eds) Prin-
ciples and Practice of Clinical Bacteriology.
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Viruses

C.A. Hart

Viruses are obligate intracellular pathogens,
ranging in size from 20 to 350 nm. They are
classified by the composition and organiza-
tion of their genomes, the symmetry of their
nucleocapsid, the presence of a lipid enve-
lope and size; they are further subdivided
by biological properties and antigenic
make-up. Viruses have genomes of either
RNA or DNA. The genomes can be single- or
double-stranded and looped or linear, and
the linear genome can be one long chain or
present as a number of segments. For
viruses with single-stranded RNA genomes,
their sense can be positive (i.e. directly
translated to produce protein) or negative
(must be transcribed to messenger RNA
(mRNA)  before  serving  as  a  template  for
protein production). Viral nucleocapsid can
be helical (one plane of symmetry) or cuboi-
dal (usually an icosahedron, 20 facets with
three planes of symmetry). Some viruses
have a lipid envelope (derived from the host
cell membrane for flaviviruses, togaviruses
and bunyaviruses, but from the nuclear

membrane for herpesviruses), while others
are unenveloped (e.g. reoviruses, enterovir-
uses, parvoviruses and papillomaviruses).

These characteristics serve to place
viruses into families, subfamilies and
genera. Individual viruses within a family
are usually defined by biological character-
istics, antigenic structure or genome
sequence. Arthropod-borne viruses, or arbo-
viruses (see entry), do not comprise a taxon
but are a collection of viruses belonging to
many families, all of which are maintained
by biological transmission between haema-
tophagous arthropods and vertebrates,
including humans and livestock.
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Weak back see Setariosis.

Wesselsbron virus

Jack Woodall

Wesselsbron (WSL) virus causes an infec-
tion of humans and other mammals.

Wesselsbron virus disease, human
Distribution

Sub-Saharan Africa, Madagascar and
Thailand. The virus has been isolated in the
Republic of South Africa, Zimbabwe, Sene-
gal, Nigeria, Kenya, Guinea, Cameroon, the
Central African Republic, Botswana and
Madagascar. Antibody evidence suggests it
may also be present in Angola, Mozam-
bique, Namibia and possibly Ethiopia. It is
prevalent in lowland, humid areas where
there are many mosquitoes. The virus has
also been isolated from mosquitoes in Thai-
land, and a subtype, Sepik virus (see entry),
has been isolated in Australia and Papua
New Guinea.

Virus
Isolated from the liver of an 8-day-old
Merino lamb in the Republic of South
Africa in March 1955, during an outbreak
of abortion in ewes and mortality in lambs.
It is an enveloped RNA virus, diameter
45 nm, in the genus Flavivirus, family
Flaviviridae, and related to yellow fever
(see entry) but distinct from it and from
more than 60 other known flaviviruses.

Clinical symptoms
The high prevalence of neutralizing anti-
bodies in endemic areas suggests that the
infection is usually mild or subclinical. After
an incubation period of 2–4 days, there
is biphasic fever for 2–3 days, headache,
eye pain, body pains, anorexia, insomnia,
hepatomegaly, splenomegaly, disturbances
in speech, hearing and vision and a rise
in serum transaminases. Occasionally, there
is cutaneous hyperaesthesia and a mild
rash. Myalgia may persist. Infections in

laboratory and field workers have occurred;
masks and other precautions against aerosol
infection should be taken when performing
animal autopsies or laboratory tests.

Diagnosis
By virus isolation in newborn mice or a
variety of tissue cultures (PS, VERO, LLC-
MK2, MA-104, PS-C1, BHK-21), from acute
blood, serum or throat washings. The virus
cross-reacts widely in the haemagglutination
inhibition (HI) test with other flaviviruses
common in Africa; therefore serosurveys
using only HI are not definitive. Neverthe-
less, one recent (1997) report comparing tests
claimed that in sheep sera the specificity of
the HI test was 100% versus only 95.7% for
the indirect enzyme-linked immunosorbent
assay (ELISA), compared with sensitivities
of 87.5% and 97.9%, respectively.

Transmission
The virus has been isolated from many
species of mosquitoes. These include Aedes
mcintoshi/luridus and Ochlerotatus1 juppi/
caballus in South Africa, Aedes circumlut-
eolus in Madagascar, Aedes lineatopennis
in Zimbabwe, Aedes dentatus in Kenya,
Aedes dalzieli in Senegal, Aedes tarsalis
and five other species in Cameroon, and
Aedes abnormalis and two other species in
the Central African Republic. Laboratory
transmission has been obtained with
O. juppi/caballus, A. circumluteolus and
Culex zombaensis. In Thailand the virus
was isolated from Aedes mediolineatus and
Aedes lineatopennis, and in Papua New
Guinea the Sepik strain was isolated from
Mansonia septempunctata, Ficalbia flavens
and other Ficalbia and also Armigeres spe-
cies. The virus has been isolated from an
African rodent and produces viraemia in
birds (see below under Wesselsbron disease
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in wildlife), so those may be the natural
hosts.

Treatment
Symptomatic. There are no reports of the
effects of antivirals on this disease.

Control
There is no vaccine for human use. Given
the wide variety of mosquito vectors and
virus circulation in livestock, no control
measures seem practicable.

Wesselsbron virus disease, animal
A mosquito-borne disease causing abortions
and death in livestock, with possibly a
rodent and/or avian reservoir host.

For information on distribution, viral
morphology, diagnosis and transmission,
see under human infections of Wesselsbron.

Bovine Wesselsbron disease
Of 15 pregnant cows inoculated during ges-
tation with the wild-type WSL virus there
was a brief rise in temperature reaction in
some, but no other clinical symptoms were
recorded. Abortion occurred in three ani-
mals. A viraemia was not always present in
these cows and, when detected, was of low
magnitude and short duration. One cow, in
which the fetus was inoculated at 115 days
of gestation, aborted at 231 days. The fetus
showed marked porencephaly and cerebel-
lar hypoplasia.

Caprine Wesselsbron disease
In red Sokoto goats experimentally infected
with the Nigerian strain of WSL virus, vir-
aemia commenced 24–72 h after infection
and lasted for 3–4 days. A mainly biphasic
febrile reaction accompanied viraemia, and
the mortality rate was 50%. The virus was
isolated from liver, spleen, lungs, brain,
kidney, adrenal glands, lymph node and
heart tissues. Complement-fixing (CF) anti-
gens were detected in the tissues of dead
goats, the titre of which correlated posi-
tively with the infectivity titre. All infected
animals developed CF and HI antibodies to
WSL virus. However, neutralizing antibody
was detected only in goats that survived the
infection.

In experimentally infected West African
dwarf goats, viraemia was detected 2 days
after infection and lasted for 1 day. All the
animals died; the virus was isolated from
almost every tissue in mice. In addition, the
infected goats developed CF and HI anti-
bodies to WSL virus.

Ovine Wesselsbron disease
In early March 1996, WSL virus caused
mortality among lambs on a farm near Bult-
fontein in the northern Free State Province,
South Africa. Among a sample of 44 sheep
bled on 4–5 September, 59% were antibody-
positive by the HI test against WSL virus. In
South Africa, autopsy of 13 lambs revealed
mild to severe icterus and a slight to moder-
ate hepatomegaly, with discoloration of the
liver. Except for petechial and ecchymotic
haemorrhages in the mucosa of the abo-
masum and generalized lymphadenopathy,
no obvious macroscopic lesions were seen.
There was mild to extensive necrosis of
the liver parenchyma, with degenerated
and necrotic hepatocytes diffusely scattered
throughout. Mitotic figures and hepatocytes
with large nuclei indicated that active regen-
eration of parenchymal cells had occurred
in some of the livers. Kupffer cell prolifera-
tion, sinusoidal leucostasis, bile-duct pro-
liferation and infiltration of mononuclear
cells in the portal triads were frequently
encountered. Moderate to severe cholestasis
was a feature in 66% of the livers examined,
while intranuclear inclusions and intra-
cytoplasmic acidophilic or Councilman-
like bodies were frequently observed.

In laboratory experiments, WSL
viraemia in lambs commenced approxi-
mately 27 h after infection and lasted on the
average for 50 h. A febrile reaction, which
was mostly biphasic, commenced several
hours after the viraemia and continued for
another 50 h. The viraemia in adult animals
began about 50 h after infection and lasted
for 30 h. The fever usually commenced
several hours after the viraemia and, in three
cases out of four, it outlasted the viraemia
by at least 30 h. The virus was isolated in
mice from every tissue examined, but patho-
logical lesions are restricted to the liver and
lymphatic tissues.
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During the 1974–1975 lambing season
numerous reports were received from vari-
ous parts of South Africa and South West
Africa (now Namibia) of severe abdominal
distension in ewes after vaccination with
attenuated Wesselsbron disease vaccine.
The ewes were vaccinated at different stages
of gestation, in spite of recommendations to
the contrary, the syndrome being especially
obvious in ewes immunized during the first
trimester of pregnancy. In some of the flocks,
Hydrops amnii was recorded in as many
as 15% of the ewes. Many of the ewes so
affected showed a prolonged gestation of
up to 6–7 months and, towards the end of
gestation, were unable to rise or walk. They
eventually died of ketosis, hypostatic pneu-
monia and complications due to dystocia.
The fetuses examined were malformed and
larger than normal. They usually showed
arthrogryposis, brachygnathy inferior,
hydranencephaly, hypoplasia or segmental
aplasia of the spinal cord and neurogenic
muscular atrophy. No definite conclusions
as to the aetiology of the syndrome could be
drawn from serological tests performed on
the ewes, lambs or fetuses. Preliminary
experimental work confirmed previous
observations that the attenuated Wessels-
bron disease vaccine virus is responsible for
this syndrome and that the wild-type virus is
also implicated.

Wesselsbron disease in other domestic
animals

Isolations have been reported from a camel
in Nigeria and from a fatal case in a dog in
South Africa. Experimental inoculation of
pigs produces fever without any other
symptoms. In the late 1980s, 62 horse sera
collected from two stables at Lagos, Nigeria,
were tested for CF antibody to eight arbo-
virus antigens, including the flaviviruses
yellow fever, Wesselsbron, West Nile and
Uganda S. Ten per cent of the sera
contained CF antibody to one or more of
those antigens; reactions with the flavivirus
antigens were the commonest, and the high-
est antibody titres were for WSL and yellow
fever viruses. Since yellow fever virus
was not circulating in Lagos at that time,

it is likely that the antibodies indicated
infection with WSL virus.

Wesselsbron disease in wildlife
The virus was isolated from Ostriches
(Struthio camelus) and the Cape short-eared
or Namaqua gerbil (Desmodillus auri-
cularis) in South Africa, and this rodent
species has produced a viraemia lasting
1 week in the laboratory, indicating that
it could infect mosquitoes. In a survey
of South African wild animals, antibodies
against WSL virus were present in 16
species, including zebras (Equus species),
but no disease was associated with these.
Antibodies have been found in lemurs
(Lemuridae) in Madagascar and in several
species of wild birds; experimentally
infected birds have shown viraemia.

Treatment of animal Wesselsbron disease
There is no specific treatment.

Control of animal Wesselsbron disease
There are no specific control measures
other than vaccination. The attenuated, live
virus vaccine should be given 3 weeks
before breeding to avoid the problems listed
under Ovine Wesselsbron disease above.
Lambs can acquire maternal antibody
through the colostrum, but should be
vaccinated after 6 months of age.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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Western equine encephalitis

William K. Reisen

Neurological complications resulting from
an infection of humans, equines and other
vertebrates with western equine encephali-
tis (WEE) virus, an arbovirus in the family
Togaviridae.

Distribution
Western equine encephalitis virus was
isolated originally in 1930 from Merced
County, California, from the brain of an
encephalitic horse collected during a large
equine epizootic in the Central Valley of
California. Human involvement was docu-
mented for the first time in 1938, when
WEE virus was isolated from the brain of a
fatal human case in Bakersfield, California.
Western equine encephalitis virus was
subsequently discovered to be one of the
contributing aetiological agents responsible
for the large number of polioencephalitis
cases diagnosed during summer in western
North America.

Historically, WEE virus was thought
to be distributed throughout the western
hemisphere, from the Arctic Circle to Argen-
tina and from the Pacific to the Atlantic

coasts. However, this virus now is recog-
nized as a complex of at least six closely
related viruses, with WEE virus found in
North America west of the Mississippi River
and in Central and South America, wherever
detailed investigations have been con-
ducted. Western equine encephalitis virus
isolates previously reported from mosqui-
toes and birds in eastern North America have
now been shown to be the closely related
Highlands J virus, whereas some infections
in western birds (especially swallows;
Hirundinidae) may have been due to infec-
tion with Fort Morgan virus. Other viruses
in this complex include Sindbis (see entry),
which is distributed widely throughout
Europe, Africa and Asia, and Aura from
South America.

Virus
Western equine encephalitis virus is
classified in the genus Alphavirus of the
family Togaviridae. Recent sequence stud-
ies indicate that WEE virus may be a genetic
construct of eastern equine encephalitis
(EEE) (see entry) and Sindbis viruses. The
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genome consists of a single-stranded,
plus-sense RNA containing over 11,000
nucleotides, which serve as a messenger
RNA for the translation of three or four
non-structural polypeptides. A subgenomic
message identical in sequence to the 3′
one-third of the viral genome codes for
the three structural proteins, C, E1 and
E2. Virus particles are typically spherical
(60–65 nm in diameter) and contain a
35–39 nm capsid, surrounded by a lipo-
protein envelope with 6–10 nm surface
projections.

Clinical symptoms
Humans

The onset of illness is rapid and follows a
7–10-day incubation period. Clinical pre-
sentation is vague, ranging from inapparent
to flu-like to meningitis, encephalitis and,
occasionally, death. Because cases occur
infrequently in time and space and present
with varying symptoms, this disease is
probably underdiagnosed and under-
reported. Despite the dramatic increase in
the human population in the western USA
in the past few decades, the number of
clinical western equine encephalitis cases
reported to the US Centers for Disease
Control have decreased progressively and
few are currently reported annually (Fig. 1).
Cases typically appear in summer and
disappear in the autumn, in conjunction
with the onset of diapause in the primary

mosquito vector, Culex tarsalis. The ratio
of apparent to inapparent infection varies
widely, depending upon strain virulence
and endemicity, but is in the order of 1 : 100
to 1 : 500. The severity of illness appears
to decrease with age, with >50% of the
reported cases in patients <10 years of age.
About 30% of infants <1 year of age develop
debilitating neurological sequelae and
require institutional care due to seizure
disorders, spastic paresis and mental retar-
dation. In older patients, recovery is the
rule, with case fatality rates ranging from
3 to 4%. The economic burden of encepha-
litis case management is great and has been
estimated to be >US$3 million per case for
eastern equine encephalitis.

Equines
Onset of illness in horses and mules occurs
1–3 weeks post-infection. Symptoms paral-
lel other neurological equine disease
and include fever, restlessness, irritability
and ataxia. Other symptoms include head
drooping and pressing, blindness, excessive
salivation, involuntary movements and
paralysis. During the terminal stages, ani-
mals frequently lie on their side, are unable
to stand and exhibit ‘paddling’ movements.
Case fatality rates have historically ranged
from 10 to 50%; however, comparably
severe disease has been difficult to repro-
duce experimentally in horses, ponies and
burros (i.e. donkeys). Early epizootics in
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Fig. 1. Number of
human cases of western
equine encephalitis in
the USA detected by
passive case detection.
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the Central Valley of California reportedly
decimated the equine population, having
a severe impact on agricultural production
and the economics of rural communities.

Other vertebrates
Other domestic animals show little illness.
Experimentally infected pigs developed a
mild viraemia, but did not show clinical
symptoms. Inoculated cattle failed to show
symptoms and did not produce a viraemia,
but developed detectable antibody. Poultry
frequently are infected and show antibody,
but illness seems minimal, especially in
mature birds. Adult Leghorn chickens (>22
weeks of age) do not develop a detectable
viraemia following experimental infection.
However, neurological illness has been
reported in turkeys and mortality in Ring-
necked pheasants (Phasianus colchicus),
Chukar partridges (Alectoris chukar) and
Emus (Dromaius novaehollandiae). White-
crowned sparrows (Zonotrichia leuco-
phrys), Golden-crowned sparrows (Zono-
trichia atricapilla) and, to a lesser extent,
Tricolored blackbirds (Agelaius tricolor)
and Red-winged blackbirds (Agelaius pho-
eniceus) frequently succumb to experimen-
tal infection. Mortality has been reported in
sentinel Pigeons (Columba livia), but could
not be repeated experimentally.

Diagnosis
Clinical symptoms are vague and diagnosis
must be based on sound virology or serol-
ogy. Virus isolation from human or equine
clinical material is rare, because samples
typically are taken late in the course of
infection. Western equine encephalitis
virus can be isolated readily from infected
mosquitoes and vertebrates during the
acute phase of infection, which in wild
birds occurs 1–2 days post-infection. West-
ern equine encephalitis virus is lethal for
suckling or weanling mice inoculated intra-
cranially and newly hatched chickens, both
of which are useful in isolation attempts.
Western equine encephalitis virus also
grows readily on monkey, hamster or por-
cine kidney cell cultures and produces large
plaques and other cytopathic effects within
3–4 days after inoculation. Virus also grows

well in insect cell lines, such as C6/36 from
Aedes albopictus. Reverse transcription–
polymerase chain reaction (RT-PCR) and
genetic sequencing provide a useful alterna-
tive or adjunct to isolation in diagnosis,
especially for clinical or autopsy samples.

Clinical diagnosis is most frequently
confirmed by serology and is either pre-
sumptive, based on the demonstration of
elevated immunoglobulin M (IgM) antibody
titre in cerebrospinal or serum samples,
or confirmed, based on a > fourfold rise in
IgG titre between acute and convalescent
(4–6 weeks post-infection) serum samples.
Serological diagnosis in horses is usually
confounded, because equines in endemic
areas are vaccinated annually against WEE
and EEE viruses. Serology using enzyme
immunoassays (EIA) or complement fixa-
tion (CF) tests may also be confounded when
more than one alphavirus is circulating con-
currently in an area. An immunofluorescent
antibody test using monoclonal antibodies
or end-point cross-neutralization assays are
useful for confirmation of positive screening
assay results.

Transmission
In western North America, WEE virus is
maintained and amplified during summer
in an enzootic cycle involving wild bird
reservoir hosts and the primary mosquito
vector, C. tarsalis (Fig. 2). During spring and
early summer C. tarsalis females feed most
frequently on perching birds, especially
House finches (Carpodacus mexicanus)
and House sparrows (Passer domesticus).
However, as summer progresses, C. tarsalis
expands its host range to include progres-
sively more bird species, including chick-
ens, as well as mammals, including rodents,
rabbits, horses and humans. Avian host
competence varies markedly, with species
such as chickens and quail (Callipepla
species) producing low-titre viraemias as
adults, columbiforms producing a moderate
but varied response and passeriforms pro-
ducing elevated viraemias, which some-
times result in fatal infections. Most imma-
ture birds produce an elevated viraemia and
may be important in virus amplification.
Mammals, such as rodents, equines and
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Fig. 2. Transmission cycles of WEE virus in western North America.

humans, appear to be dead-end hosts for
WEE virus, because they produce low-titre
viraemias, whereas lagomorphs, especially
Lepus californicus (Black-tailed jackrabbits),
produce moderate viraemias of sufficient
titre to infect competent Ochlerotatus1 mos-
quitoes of the O. dorsalis complex. In the
Central Valley of California, a secondary
rabbit–Ochlerotatus melanimon cycle has
been documented and the isolation rate in
Ochlerotatus populations has exceeded that
in C. tarsalis in some years in the Sacra-
mento Valley. Ochlerotatus mosquitoes may
be very important in transmitting WEE virus
to equines and humans, because they feed
predominantly on mammals during the day,
as well as during the crepuscular periods.
Western equine encephalitis virus has been
isolated from a total of 27 North American
mosquito species, but most of these infec-
tions are considered to be incidental to the
transmission cycles described above.

Vector competence of C. tarsalis has
been related genetically to a mesenteronal
infection barrier. Population susceptibility
to infection varies spatially and temporally.
Females are most susceptible to infection
when reared under cool conditions

during spring, after which their susceptibil-
ity decreases by as much as 1000 times
during the course of summer. Interestingly,
populations are least susceptible during
midsummer, when WEE virus is most
active, emphasizing the importance of
temperature-driven viral replication rates
in the vector in the dynamics of virus
amplification.

Transmission cycles of WEE virus in
South America are less well understood. In
the tropical Amazon rain forest and sub-
tropical northern Argentina, Culex
(Melanoconion) species transmit a subtype
of WEE virus not involved in outbreaks
among equines, whereas in the temperate
regions of Argentina Ochlerotatus albi-
fasciatus may be important in transmitting
a virulent strain to hares and horses.

Mechanisms to explain WEE virus
persistence in temperate ecosystems have
remained cryptic, despite over 50 years of
intensive investigation. Sequencing studies
have recently compared the genomic com-
position of a large number of strains in time
and space. In California, strains isolated
from Culex tarsalis collected in the Cen-
tral Valley remained identical from 1938
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through 1961, implying local persistence,
but then changed during 1968–1971 and
1993–1998, implying regional extinction
and subsequent replacement by newly
established strains. Recent research on
persistence mechanisms has focused on
transgenerational transmission among
Ochlerotatus mosquitoes, alternative verte-
brate–Ochlerotatus transmission cycles and
chronic infections in wild birds. To date,
data supporting all three persistence mecha-
nisms are limited. Vertical transmission was
reported in coastal California by the isola-
tion of WEE virus from O. dorsalis collected
as larvae, but this finding could not be
confirmed by subsequent field studies at
the same locality or by vertical transmis-
sion attempts using the same sympatric
virus–mosquito combination. Rabbit–
Ochlerotatus and reptile–mosquito cycles
have been reported or inferred in the absence
of Culex–bird transmission, implying main-
tenance by other cycles. However, these
reports have not been well substantiated by
subsequent research, and the primary vector
feeds primarily upon avian hosts during the
spring amplification period. Chronic infec-
tions have been detected at a low rate in
experimentally infected passeriform birds;
however, attempts to infect mosquitoes by
xenodiagnostic feeds on these birds were
not successful and natural relapses have yet
to be detected by infectious assays or
RT-PCR. Chronic infections in birds appear
to be the most likely mechanism for long-
range WEE virus dispersal and the introduc-
tion of new virus strains after regional
extinctions; however, this must occur
infrequently in migratory species, because
southern hemisphere WEE virus isolates
appear to be genetically distinct from north-
ern hemisphere strains and antibodies are
rarely detected in migrant species during
serosurveys. If genetic exchange occurred
frequently, genetic similarity would be
expected.

Treatment
Therapeutic agents are not currently avail-
able for any of the encephalitides, including
western equine encephalitis.

Control
Prevention and control are limited to mos-
quito abatement, implemented using sound
integrated pest management practices. In
western North America, surveillance pro-
grammes have been established, which
integrate information on weather, vector
abundance, virus enzootic amplification
and human and equine cases. In California,
the water content of snow-pack in the Sierra
Nevadas is highly predictive of vernal
runoff, as well as the availability of water
for agriculture, which creates surface-water
habitats for mosquito production. Increased
spring vector population size is directly
related to area receptivity for WEE virus
amplification and the risk of horse and
human infections.

In recent years, extensive water manage-
ment, improved irrigation methodology,
expanded mosquito control and widespread
vaccination of equines have combined to
limit human infection. For example, in the
late 1940s serological surveys showed that
30% of rural residents >20 years of age in the
southern Central Valley of California had
naturally acquired neutralizing immunity
to WEE virus, whereas by the mid-1990s
populations sampled in the Coachella and
Sacramento Valleys were <1% antibody-
positive. These data indicated that the
decrease in the number of reported human
cases has probably paralleled a decline in
the human infection rate. This decline has
been related to changes in human behaviour,
associated with increased ownership of
television and air-conditioning, which has
essentially moved the human population
from outdoors, where they were historically
exposed to mosquitoes during the evening,
to the screened house, where they are now
protected from mosquitoes and therefore
from virus infection.

Note
1 Ochlerotatus was formerly a subgenus of
Aedes.
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West Nile virus

Vincent Deubel and Hervé Zeller

West Nile (WN) virus is a member of the
Japanese encephalitis (JE) serogroup (see
entry) in the genus Flavivirus, family
Flaviviridae.

Distribution
West Nile virus has a wide distribution,
which includes Africa and Madagascar,
south-western Europe to Russia, Asia and
the Middle East (Fig. 1). In 1999 WN virus
was identified for the first time in the Amer-
icas, in the USA. Table 1 shows the distri-
bution of WN virus in emerging areas in
1999–2000. West Nile virus can infect a
wide variety of species of mosquitoes and
ticks, as well as vertebrates, as determined
by virus isolation and detection of anti-
bodies, and by experimental infection. The
virus is endemic in Africa and Asia, where
it is transmitted in natural cycles between
bird-feeding mosquitoes and wild animals,
mainly birds (Fig. 2). Human disease associ-
ated with WN virus was first recognized in
the West Nile district of Uganda in 1937,
with a virus isolate from a febrile woman.
The virus was subsequently isolated from
febrile children and from birds during the
first recognized West Nile virus epidemic,
in Egypt in 1950. Large epidemics involving
hundreds of cases and several human deaths
were recorded in Israel in the 1950s, South
Africa in 1974, Algeria in 1994, Romania in
1996, Tunisia in 1997, the USA in 1999 and
southern Russia in 1999 (Table 1). Sporadic
human cases, with apparently lower case/
fatality rates, occurred in many countries of

Europe, Africa and Asia. West Nile enceph-
alitis in equines is a rare occurrence and has
been reported only in Egypt in the early
1950s, France in the early 1960s and 2000,
Morocco in 1996, Italy in 1998 and the USA
in 1999 and 2000. In the USA WN virus has
been recorded from New York, New Jersey,
Connecticut, Pennsylvania, Maryland, New
Hampshire and Massachussetts. Several
human cases of West Nile encephalitis were
recorded concomitantly in horses in Egypt,
France and the USA, but not in Italy. West
Nile virus was isolated in a sick pigeon
(Columba livia) in Egypt in 1950 and has
recently been isolated in Israel from a
sick stork (Ciconiidae) and from dead geese
(Anatidae), in 1998, and from dead crows
(Corvidae), from other endemic bird species
and from several exotic birds in New York
City, in 1999 and 2000. High levels of
mortality were also observed in crows dur-
ing the outbreak in Astrakhan in southern
Russia in 1999.

Virus
Virion structure and replication

The virus is a small (50–60 nm in diameter)
enveloped virus, which contains a single
plus-strand 11-kilobase RNA genome.
The genomic RNA has a type 1 cap at
the 5′ end, and the 3′ terminus lacks a
poly-(A) tract. The 5′ and 3′ extremities,
of about 96 and 630 nucleotides in
length, respectively, are not translated
and contain cis-acting signals and stem–
loop structures, which are involved in the
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564 West Nile virus

Fig. 1. Tree
presenting the
extent of nucleo-
tide sequence
divergence among
WN virus isolates
using the clustal V
program. The geo-
graphical origin,
year of isolation
and primary
source of isolation
(B, bird; Ho, horse;
Hu, human; M,
mosquito; R,
rodent) are given
for each isolate.

Fig. 2. Model of WN virus transmission cycle.
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initiation of translation and transcription.
The genome encodes a single polyprotein
of about 3400 amino acid residues in
the gene order 5′-C-prM-E-NS2A-NS2B-
NS3-NS4A-NS4B-NS5-3′, which is co- and
post-translationally processed by cellular
and virus-encoded proteases, in strong

association with the endoplasmic reticulum
membranes. Upon infection, the plus-
strand genomic RNA is transcribed into
a complementary minus-strand RNA,
which in turn serves as the template for
the transcription of plus-strand genomic
RNA.

West Nile virus 565

Species infected

Country Year Animals* Horses Birds Arthropods† Human

Albania
Algeria
Austria
Belanus

Bulgaria

Czech Republic

Egypt

France

Greece
Hungary
India
Israel

Italy

Moldavia
Morocco
Poland
Portugal
Romania

Russia

Slovakia
South Africa
Tunisia
Ukraine

USA

1958
1994

1964–1977
1972–1973

1977
1960–1970

1978
1978

1980–1990
1997
1951
1959
1963

1962–1965
2000

1970–1978
1970
1955

1950–1954
1997–2000
1965–1969

1981
1998
1970
1997
1996

1967–1970
1966–1970

1980
1996–1998
1963–1968

1999
1970–1973

1974
1997
1970
1985

1999–2000

D

D, W

D

D, W
W

D
R‡, C

P‡

D, R, P
R

C

W, D

W, D

W‡

+‡

+
+‡

+‡

+‡

+‡

+‡

+

+

+
+

+

+

+‡

+‡

+

+‡

+

+
+

+
+‡

+‡

+‡

+
+‡

+‡

M

M‡

M

M‡

T, M‡

M‡

M‡

T‡, M‡

M‡

M‡

M‡

M‡

+
+
+

+
+

+‡

+‡

+‡

+
+
+‡

+‡

+‡

+

+
+

+

+
+‡

+‡

+‡

+
+‡

+
+‡

+
+‡

*C, cattle; D, domestic animal; P, poultry; R, rodent; W, wild animal.
†M, mosquito; T, tick.
‡Virus isolation.

Table 1. West Nile virus in emerging areas (1960–2000)
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The mature virion contains three
structural proteins. The core protein C is
associated with the genomic RNA to form
the nucleocapsid. The membrane protein M
and the envelope protein E, which may or
may not be glycosylated, are both associated
with the lipid envelope by means of hydro-
phobic membrane anchors. The E protein is
layered on the surface of the virus particle as
a head-to-tail dimer. It contains important
antigenic determinants involved in haemag-
glutination inhibition and neutralization
activities and elicits immunological
responses in the infected host. Structural
sequences in the E protein are involved in
cell receptor recognition and intraendo-
somal fusion at acidic pH.

Some functions have been recognized
in the non-structural proteins. The intra-
cellular homodimeric form of the glyco-
protein NS1 is maintained in an early cell
compartment of secretion, where it is
presumably recruited for viral replication.
A secreted form of NS1 is associated in
hexamers during its transport within mam-
malian cells. The role of the secreted form
of NS1 remains unknown. The NS3 protein
is the viral protease and contains protease
and NTPase (nucleotide triphosphatase)
activities. Protein NS5 is the RNA-
dependent RNA polymerase and may have
methyl-transferase activities for the capping
of the 5′ extremity.

Genetic variability
Genetic analysis of strains of WN virus from
different parts of Africa, Europe, Asia, the
Middle East, Australia and the USA showed
close relationships between WN viruses
from Africa, northern and western hemi-
spheres and the Australian virus Kunjin
(see entry). A genetically distinct cluster
of viruses, showing more than 30% nucleo-
tide divergence, is also circulating in a
mosquito–bird wild cycle in Africa, includ-
ing Madagascar, but has never been isolated
outside Africa (Fig. 1).

West Nile/Kunjin viruses are classified
by antigenic variation of the envelope E
protein, using standard serological tests
and monoclonal antibodies. Amino acid
differences among WN virus strains are as

great as 25%. The most notable differences
are observed on the N153-glycosylation site,
which may not be occupied after sub-
stitution or deletion of amino acids in the
154–157 positions.

Clinical symptoms
Infection with WN virus is asymptomatic
in most human infections. When symptom-
atic, West Nile fever is characterized by
sudden onset and mild to high fever in
humans for 3–5 days. Frontal headache,
malaise, myalgia, arthralgia, abdominal
pain, gastrointestinal disturbance, nausea,
sore throat, conjunctivitis, lymphadeno-
pathy and a maculopapular rash have been
observed to occur. Meningoencephalitis
may occur in less than 10% of the cases; it is
associated with neck stiffness, confusion,
convulsions, impaired consciousness and
coma. In some cases, anterior myelitis,
hepatosplenomegaly, hepatitis, pancreatitis
and myocarditis might also occur. Neuro-
logical disorders usually occur in young
children and elderly patients. Recovery
is complete without permanent sequelae,
although a long-term weakness may occur.

Horses with encephalitis show ataxia,
weakness, tremor, paraparesis, tetraplegia
and muscle rigidity. Specific neurological
symptoms in birds consist of ataxia, tremors,
abnormal head posture, circling or convul-
sions. Non-specific signs include weakness
or sternal recumbency.

Pathology
General observations in autopsy materials
from humans and animals show focal
necrotic areas, with predominantly poly-
morphonuclear leucocytes and mononu-
clear macrophages, in the central nervous
system. Grey and white matters are usually
involved in the brain and in the spinal cord.
Haemorrhagic manifestations may be seen
in the lumbar and thoracic regions of horses
and in the gastrointestinal tract of dead
birds. Laboratory tests show a slight eleva-
tion of the sedimentation rate and a mild
leucocytosis. The cerebrospinal fluid is
clear, with moderate pleocystosis and
elevated protein. Experimental infection
of laboratory mice shows susceptibility of
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adults inoculated by the intracerebral route
(neurovirulence). West Nile virus strains
show variations in virulence when inocu-
lated into adult mice by peripheral routes
(neuroinvasiveness). Death occurs between
2 and 5 days in baby mice and 6 and 9 days
in adult mice. Fatal disease is observed in
hamsters inoculated intracerebrally and
intraperitoneally. West Nile virus replicates
in rabbits, adult albino rats and guinea-pigs,
but does not induce disease. Monkeys
develop various symptoms according to the
route of inoculation and species of monkey.
West Nile virus persistence in the brain of
monkeys has been observed, resulting in
subacute central nervous system (CNS)
disease at a later date. West Nile virus pro-
duces lethal infection in chicken embryos.
Several species of birds are susceptible
to WN virus encephalitis and show fatal
disease or long-term virus persistence.
Horses experimentally infected experience
fever and/or diffuse encephalomyelitis.

Pathogenesis
Experimental rodent models of West Nile
encephalitis have provided data that are
important in understanding the infectious
process. Injected virus is carried by den-
dritic cells to the regional lymph node,
where initial replication occurs; other
extraneural tissues can also become
infected. Released virus enters the vascular
compartment via lymphatic channels. Sites
of virus replication outside lymph nodes
may depend on the virus and on the
viraemia. The mode of entry of virus into

the neuroparenchyma remains unknown.
Infection of the olfactory endothelium
may be important in neuroinvasion. Alter-
natively, if the virus does not replicate in
vascular endothelium, it may be passively
transported across the capillary endothe-
lium within pinocytotic vesicles. Damage
to the blood–brain barrier may increase its
permeability, thus allowing virus access
to the CNS. In susceptible rodents, a large
proportion of neurons are infected (Fig. 3),
while, in resistant murine models, less than
1% of cells are involved. West Nile enceph-
alitis consists mainly of necrosis of neurons
and inflammatory changes. Lymphocytes
and mononuclear cells appear as peri-
vascular cuffs in the space between the
endothelium and basement membrane,
with diffuse infiltrates into the neuronal
parenchyma.

The humoral immune response to WN
virus infection is detectable 4–6 days follow-
ing infection. Detection of neutralizing and
haemagglutination–inhibiting antibodies is
associated with termination of viraemia.
Immunoglobulin M (IgM) antibodies appear
1 day earlier than IgG antibodies. Treatment
of mice with cyclophosphamide 24 h after
infection converted inapparent infection
into lethal encephalitis, supporting the con-
cept that humoral responses represent an
important part of the host defence system
in WN virus infection. However, sub-
neutralizing levels of antibody or antibody
from both close and distantly related
flaviviruses may enhance WN virus
infection in the monocyte–macrophage

West Nile virus 567

Fig. 3. Experimental encephalitis in
susceptible adult mice inoculated
intraperitoneally with a neuroinvasive
strain of WN virus. Immunolabelling
reveals WN virus antigens in the cyto-
plasm of neurons.
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lineage by the so-called antibody-dependent
enhancement.

Cytotoxic T-cell response is elicited by
WN virus infection 4 days post-infection,
peaking on days 5 and 6. Flavivirus infect-
ion up-regulates major histocompatibility
complex (MHC) I and II surface expression
of various cell types, and MHC II primarily
recognizes epitopes in the NS3 protein.
However, suppression of cytotoxic cells by
anti-lymphocytes does not potentiate viral
infection. Indeed, WN virus encephalitis in
mice is associated with an inflammatory
response consisting primarily of T cells,
which may play a role in the pathogenesis.

Diagnosis
Several assay systems can be used to isolate
WN virus from the blood of febrile patients
and sick animals or from the CNS taken
at autopsy. Suckling mice inoculated intra-
cerebrally or intraperitoneally are highly
susceptible to WN virus. Several mamma-
lian (Vervet monkey kidney (VERO), baby
hamster kidney (BHK-21) or pig kidney (PS))
and mosquito (Aedes albopictus C6/36 or
Aedes pseudoscutellaris AP61) cell lines
show cytopathic effects 4–6 days after infec-
tion with WN virus. Due to the considerable
cross-reactivity among viruses of the JE
complex, to which this virus belongs, WN
virus identification should be performed by
indirect fluorescent antibody (IFA) or other
assays, using WN virus-specific monoclonal
antibodies. West Nile viruses have been
identified directly in biological specimens,
using either WN virus-specific oligonucleo-
tides or flavivirus-specific primers to prime
reverse transcription–polymerase chain
reaction (RT-PCR), followed by direct
sequencing of the amplified products.

Neutralization, complement fixation,
haemagglutination inhibition and indirect
enzyme-linked immunosorbent assays have
been successfully employed to diagnose
WN virus infections. Although antibodies
cross-react with other flaviviruses and can
be detected by these methods, the titres are
substantially lower than are titres to anti-
body to WN virus in primary flavivirus-
infected patients. High levels of hetero-
logous antibody titres may be noticed in

secondary-infected as well as yellow fever-
or JE-vaccinated individuals (see entries on
yellow fever and Japanese encephalitis).
Immunoglobulin M detection by capture
enzyme-linked immunosorbent assays of
serum and cerebrospinal fluid of WN virus-
infected patients have been detected 4 days
after the onset of the disease and showed
specificity to WN virus.

Transmission
The virus has been isolated from 43
mosquito species, predominantly from the
genus Culex. In addition, species of Ano-
pheles, Aedeomyia, Aedes, Coquillettidia,
Mansonia and Mimomyia have been found
infected. Bird-feeding ticks (e.g. Argas
hermanni and Hyalomma asiaticum) may
serve as substitute vectors for virus mainte-
nance and a bird–tick cycle in some areas.
West Nile virus replicates to high levels in
wild birds and has been hypothesized
to persist for months, but the infection is
usually inapparent and rarely lethal. Thus,
migratory birds may be instrumental in
introducing the virus into temperate regions
crossed by their migratory routes. Only
rarely has WN virus been isolated from
mammals, but horses and camels (Camelus
species) show moderate viraemia and may
support WN virus circulation locally. West
Nile virus has been isolated from bats
(Chiroptera) in India. In Israel antibodies
against WN virus have been detected in
some rodents, in cattle and in dogs, but
the role of these animals in the virus cycle
remains unknown.

Humans acquire WN virus from infected
mosquitoes, including Culex univittatus,
Culex antennatus, Culex pipiens, Culex
modestus and the Culex vishnui group,
which feed on both birds and humans. The
principal cycle is rural, but the urban cycle
predominated during the 1996–1997 out-
break in Bucharest and in the 1999–2000
outbreak in New York. The reason so many
countries have experienced outbreaks with
severe meningoencephalitis in humans,
horses and birds in the past few years is
unknown. Environmental and climatic fac-
tors have not been investigated and further
monitoring of ecological factors related to
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mosquito and bird populations should be
carried out. The unusual pathogenicity for
animals and humans observed during recent
outbreaks may also be attributed to the intro-
duction of new virus strains with increased
virulence or to infection of evolutionarily
näive local vertebrates.

West Nile virus may be transmitted by
aerosol, as demonstrated experimentally
with adult mice and through laboratory
infections in humans. This viral agent
requires efficient safety conditions, includ-
ing a level 3 laboratory, for its manipulation.

Treatment and prophylaxis
Treatment is supportive and consists of
good general management and nursing care,
especially during the comatose period.
Anticonvulsants may be required. No
vaccine against WN virus is available.

Surveillance and control
When a West Nile virus epidemic is recog-
nized, a mosquito surveillance and control
programme should be part of the emergency
response. Control efforts are focused on
larval source reduction, when applicable,
and, more importantly, especially in
epidemic situations, insecticidal space-
spraying, such as aerial ultra-low-volume
applications of malathion or pyrethroids,
such as permethrin, to kill adult mosqui-
toes. These efforts must be accompanied by
an intensive public outreach programme to
educate the public about the disease and
how to protect themselves against infection
with WN virus.

A surveillance system can employ virus
isolation from, or virus detection in humans,
horses and birds using RT-PCR assays. Senti-
nel flocks of pigeons and chickens placed
on the route of migratory birds and bled at
frequent intervals have been used to detect
seroconversions (evidence of virus infec-
tion). Such sentinels may provide a sensitive
indicator of WN virus activity and help to
predict impending human epidemics.

Individual protection against mosquito
bites by using insect repellents on exposed
skin and wearing protective clothes treated
with repellents or insecticides, such as

permethrin, may reduce exposure to mos-
quito bites. However, the value of such
protection may be limited.
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Wuchereria bancrofti see Bancroftian filariasis.
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Yellow fever

Thomas P. Monath

Infection of humans and non-human
primates with yellow fever (YF) virus, the
prototype of the genus Flavivirus, family
Flaviviridae.

Yellow fever is the original ‘viral haem-
orrhagic fever’, a systemic illness character-
ized by hepatic, renal and myocardial injury,
haemorrhage and high lethality. The virus
causing the disease is transmitted by mos-
quitoes. Yellow fever is endemic and epi-
demic in tropical regions of Africa and South
America, where approximately 200,000
cases occur annually, of which only about
1% are officially reported. Between 1986
and 1995, 23,543 cases and 6421 deaths
were reported. Africa accounted for 21,541
cases (91%), with an annual incidence of
200–5000 reported cases. Between 1996 and

1999, four unvaccinated persons from the
USA and Europe developed fatal infections
after travel to South America or Africa.

Distribution
Transmission of YF virus occurs throughout
tropical regions of Africa, with the highest
intensity in West Africa (Fig. 1). In South
America, transmission is limited to the
tropical rain forest and grasslands in the
Amazon  and  Orinoco  river  basins.  Areas
infested with the urban vector, Aedes
aegypti, are receptive to introduction and
spread of the virus by viraemic travellers.
Yellow fever virus does not occur in Asia,
although this region is receptive to intro-
duction. The precise geography of virus
activity is important for application of YF

571

Fig. 1. Number of yellow fever cases reported to the World Health Organization (WHO),
by country, 1986–1995. Regions endemic for yellow fever are shaded. (Figure reproduced
from Monath (1999), with permission.)
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vaccine in residents and travellers; yellow
fever is a quarantinable disease subject to
International Health Regulations. Current
YF viral activity is published in the World
Health Organization (WHO) Weekly Epi-
demiological Record and by the Centers for
Disease Control and Prevention. Current
information can also be found in the
Centers for Disease Control and Prevention
home page (http://www.cdc.gov/travel/
travel.html).

Virus
Yellow fever virus is a small (40–60 nm)
positive-sense, enveloped, single-stranded
RNA virus. The viral envelope is comprised
of a lipid bilayer derived from the host
cell, with dimers of the flavivirus envelope
(E) protein on the surface. The virus is inac-
tivated by organic solvents and detergents.
The E protein plays a central role in cell tro-
pism, virulence and immunity. The E pro-
tein mediates attachment to cell receptors
and internalization by membrane fusion,
and antibodies interfere with these func-
tions, neutralizing the virus. Yellow fever
virus replicates intracellularly, with assem-
bly of virus particles in close association
with endoplasmic reticulum. Cellular func-
tions are maintained until late in the virus
replication phase. The virus principally
targets monocytes/macrophages, hepato-
cytes and neurons. Differences in genome
sequence distinguish geographical strains
of YF virus. Five virus genotypes have been
recognized, three in Africa and two in
South America.

Yellow fever is a zoonotic disease. The
natural transmission cycle involves tree
hole-breeding aedine mosquitoes and a wide
array of monkeys, apes and marmosets.
Some Neotropical monkeys, e.g. howler
monkeys (Alouatta species), develop fatal
infections similar to the human disease.

Clinical symptoms
The clinical spectrum includes subclinical
infection, abortive infection, with non-
specific influenza-like illness, and lethal
systemic disease, with fever, jaundice, renal
failure and haemorrhage. As for many
other infections, the variability in disease

expression is due to intrinsic and acquired
host resistance factors, and probably to dif-
ferences in the virulence of virus strains.
The illness : infection ratio is 3.8–7.4 : 1.
After an incubation period of 3–6 days, the
onset is abrupt, with chills and headache.

The disease is characterized by three
stages. The first ‘period of infection’, lasting
3–4 days, is characterized by fever, malaise,
prostration, headache, photophobia, lumbo-
sacral pain, generalized myalgia, nausea,
vomiting, restlessness, irritability and
dizziness. On physical examination the
patient appears toxic, with congestion of
the conjunctivae, gums and face, epigastric
tenderness, and tenderness and enlargement
of the liver. The tongue is characteristically
bright red at the tip and sides, with a white
coating in the centre. The pulse rate is slow
relative to fever (Faget’s sign). The average
fever is 38.9–39.4°C and lasts 3.3 days, but
temperature may rise as high as 40.6°C, a bad
prognostic sign. Laboratory abnormalities
include leucopenia (1.5–2.5 × 109 l−1) with
a relative neutropenia. Elevation of serum
transaminases may precede the appearance
of jaundice, the levels often predicting the
severity of hepatic dysfunction later in
the illness. Virus is present in the blood
and the patient is infectious for mosquito
vectors. Peak viraemia occurs on days 2–3 of
illness, with titres of up to 5.6 log10 mouse
intracerebral (i.c.) lethal dose (LD50) ml−1

(approximately equivalent to 7 log10 plaque-
forming units ml−1).

The second phase or ‘period of
remission’ is characterized by resolution
of fever and symptoms lasting up to 48 h.
In abortive infections, the patient simply
recovers at this stage. Approximately 15% of
infected persons progress to the third stage
of the disease, the ‘period of intoxication’
on the third to sixth days after onset. Fever
reappears, accompanied by nausea, vomit-
ing, epigastric pain, jaundice, oliguria,
albuminuria and a haemorrhagic diathesis.
Virus disappears from blood and antibodies
appear. The clinical course reflects the
dysfunction and failure of multiple organ
systems, including the liver, kidneys and
cardiovascular system. The clinical picture
is characterized by fulminating hepatitis,

572 Yellow fever
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acute renal failure and a haemorrhagic
diathesis (typically manifested as coffee-
grounds haematemesis), hypotension, shock
and metabolic acidosis. Central nervous
system signs include delirium, agitation,
convulsions, stupor and coma, reflecting
metabolic encephalopathy rather than viral
encephalitis. The critical phase of the illness
occurs between the fifth and tenth day, at
which point the patient either dies or rapidly
recovers. The case–fatality rate in patients
with jaundice approximates 20%. Recovery
is usually complete, but convalescence
may be prolonged for several weeks, with
increased fatiguability. Some patients who
survive the acute phase may require dialysis
for a brief period. Complications of yellow
fever include superimposed bacterial pneu-
monia, parotitis and sepsis. Late deaths
during convalescence have been ascribed to
myocarditis, arrhythmia or heart failure, but
documentation is poor.

Diagnosis
Mild yellow fever infections may resemble
many other arboviral infections and influ-
enza characterized by fever, headache, mal-
aise and myalgia. The differential diagnosis
of the individual case with severe yellow
fever includes leptospirosis (Weil’s disease),
louse-borne relapsing fever (Borrelia recur-
rentis) (see entry), viral hepatitis (especially
hepatitis E in pregnancy and delta hep-
atitis), Q fever, West Nile virus hepatitis,
Rift Valley fever (see entries), typhoid and
severe malaria (see Malaria, human).
Malaria (blackwater fever) may be distin-
guished by the absence of proteinuria. Den-
gue haemorrhagic fever (see dengue), Lassa,
Marburg and Ebola virus diseases, Bolivian
haemorrhagic fever and Crimean–Congo
haemorrhagic fever (see entry) are not
usually associated with jaundice.

Specific laboratory diagnosis is by
detection of virus or viral antigen in blood or
by serology. Virus is readily isolated from
blood during the first 4 days after onset, but
isolations as late as 12 days or longer are
possible. The virus may also be recovered
from post-mortem liver, heart or kidney
tissue. Virus isolation methods include
intracerebral inoculation of suckling mice,

intrathoracic inoculation of Toxorhynchites
mosquitoes or inoculation of mosquito cell
cultures, of which Aedes pseudoscutellaris
(AP61) cells are the most sensitive cell line.
Virus is identified by immunofluorescence
or other serological methods. The polymer-
ase chain reaction (PCR) is likely to replace
more cumbersome methods in the future,
and is applicable to the rapid detection/
identification of virus in blood or in cell
cultures inoculated with clinical samples.

Post-mortem examination of liver
reveals a unique and diagnostic pattern
characterized by midzonal necrosis (sparing
of the portal areas and cells surrounding the
central vein), eosinophilic degeneration of
hepatocytes (Councilman bodies), micro-
vesicular fatty change, and absence of
inflammation. Liver biopsy during the
illness should never be performed, as fatal
haemorrhage may occur. Immunohisto-
chemical staining for YF antigen in liver,
heart or kidney or detection by PCR provides
a definitive diagnosis.

Serological diagnosis is accomplished
by classical methods (haemagglutination
inhibition, complement fixation or neutral-
ization tests) or, most efficiently, by immu-
noglobulin M (IgM)-capture enzyme-linked
immunosorbent assay (ELISA). Immuno-
globulin M antibody in a single sample
provides a presumptive diagnosis, and a rise
in titre between paired acute and convales-
cent samples or a fall between early and
late convalescent samples is confirmatory.
Cross-reactions complicate the serological
diagnosis of YF virus in patients who have
sustained prior infections with other
flaviviruses.

Transmission
The basic enzootic transmission cycle
involves non-human primates and diurnal
tree hole-breeding mosquitoes (Haema-
gogus janthinomys, other Haemagogus
species and Sabethes chloropterus in South
America; Aedes africanus in Africa) (Figs
2 and 3). Infection of mosquitoes begins
after ingestion of blood containing a thresh-
old concentration of virus (~3.5 log10 ml−1),
resulting in infection of the mid-gut epithe-
lium. The virus is released from the mid-gut
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into the haemolymph and spreads to other
tissues, notably the reproductive tract
and salivary glands. Seven to 10 days are
required between ingestion of virus and
virus secretion in saliva (the so-called
‘extrinsic incubation period’), at which
point the female mosquito is capable of

transmitting virus to a susceptible host.
Vertical (transovarial) transmission of virus
occurs from the female mosquito to her
progeny and from congenitally infected
males to females during copulation (i.e.
venereal transmission). The presence and
stability of virus in the egg stage provide a

574 Yellow fever

Fig. 2. Transmission cycles of yellow fever virus in South America.

Fig. 3. Transmission cycles of yellow fever virus in Africa.
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mechanism for survival across the long
dry season, when adult mosquito activity
and horizontal virus transmission subside.
Ticks (Amblyomma variegatum) may play
a secondary role in virus transmission
between monkeys in Africa.

In South America and in the rain-forest
zone of Africa, humans develop ‘jungle
yellow fever’ when exposed to infected
mosquitoes in forested areas. Occupations
associated with exposure include hunting,
clearing forest for agricultural purposes
and logging. Consequently, the disease
incidence is highest in adult males. The
ecology of YF virus differs in the ecotone
bordering the rain-forest block in Africa and
in the Guinea savannah zones, where a wide
variety of tree hole-breeding mosquito vec-
tors are involved in transmission between
monkeys, from monkeys to humans and
sometimes between humans. In West Africa,
the principal vectors are Aedes furcifer
and Aedes luteocephalus, as well as Aedes
africanus, and less important are Aedes
taylori and Aedes metallicus. In East Africa,
the vectors are A. africanus and anthropo-
phagic populations of what was formerly
regarded as Aedes simpsoni but is now
known as Aedes bromeliae, a species that
breeds in leaf axils of bananas, plantains and
other plants, such as coco-yams (Colocasia)
and pineapples. As might be expected adults
of A. bromeliae are active in plantation
areas in proximity to human dwellings and
even occasionally indoors. During the
wet and early dry seasons, vector density

reaches a high level. In certain areas, such as
Sudan, Aedes vittatus, a rock pool-breeding
mosquito, has been incriminated in trans-
mission. The disease incidence is highest
in children <15 years, and there is no
significant gender difference in incidence.
The savannah–forest ecotone and Guinea
savannah are dubbed the ‘zone of emer-
gence’ of yellow fever, and are the regions
principally affected by epidemics.

In both South America and Africa, a
distinct transmission cycle, the urban cycle,
involves A. aegypti, breeding principally
in artificial containers used to store water
(Fig. 4). Aedes aegypti transmits YF virus
between humans. The vector occurs in dry
areas and heavily settled areas, but may also
be widely dispersed in settlements in rural
areas. Urban outbreaks have followed virus
introductions by viraemic persons from
areas of jungle/forest YF virus activity. In
the Americas, urban yellow fever was
common through the 1930s. The risk of
future re-emergence of the urban disease
has increased due to reinfestation of much
of South America by A. aegypti in the
last 30 years. For example, a small urban
outbreak occurred in Santa Cruz, Bolivia,
in 1997–1998. In contrast, Africa suffers
many A. aegypti-borne epidemics. Aedes
aegypti-borne epidemics in the past 40 years
include those in Senegal in 1965; Angola
in 1971; Ghana in 1969, 1977–1980 and
1983; Côte d’Ivoire in 1982; and multiple
outbreaks in Nigeria between 1987 and
1994.

Yellow fever 575

Fig. 4. Village water-storage
pots in eastern Nigeria, typical
peridomestic larval habitat
of Aedes aegypti (courtesy of
M.W. Service).
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The introduction and spread of Aedes
albopictus from its native Asia to the Ameri-
cas and West Africa initially raised concerns
that it could become involved in YF (and
dengue) virus transmission. Aedes albo-
pictus has become a prevalent pest species
in many areas. Although the host and habitat
preferences and the biting habits of this
mosquito suggest that field studies of its role
in virus transmission should be undertaken,
experimental studies indicate that it is not
an efficient vector of YF virus.

There is justified concern over the
future re-emergence of A. aegypti-borne epi-
demics in heavily populated coastal regions
of South America and the spread of YF virus
to other A. aegypti-infested areas (e.g. the
Caribbean, North America, the Middle East,
coastal East Africa, the Indian subcontinent,
Asia and Australia). Factors increasing this
risk include: the recent upsurge of YF virus
activity; the reinfestation by A. aegypti of
South American countries from which the
vector had been eliminated or its population
greatly reduced; expanding human popula-
tions in urban centres; the opening up of
remote rural areas to commerce within
countries in the endemic zone; the marked
increase in air travel; poor enforcement of
vaccination certification for travellers; and
global warming.

Treatment
There is no specific treatment. Intensive
care of patients has not been optimized,
because the disease occurs in remote areas.
Supportive care includes: maintenance of
nutrition and prevention of hypoglycaemia;
nasogastric suction to prevent gastric
distension and aspiration; treatment of
hypotension by fluid replacement and, if
necessary, vasoactive drugs; administration
of oxygen; correction of metabolic acidosis;
treatment of bleeding with fresh-frozen
plasma; dialysis, if indicated by renal fail-
ure; and treatment of secondary infections
with antibiotics.

Administration of antibody to YF virus
or interferon is ineffective after appearance
of symptoms. Although no antiviral drugs
have been clinically tested, molecular tar-
gets have been defined and in vitro activity

demonstrated for a number of compounds.
It is likely that antiviral therapy would be
effective only during the early phase of
infection. Future therapeutic interventions
in yellow fever will probably involve drugs
that inhibit cytokine mediators of shock.

Control
Vectors

Epidemics of A. aegypti-borne YF virus may
be prevented by control or elimination of
breeding sites. It is generally accepted that
reduction of A. aegypti to a Breteau index
(no. containers with larvae per 100 house-
holds) below 5.0 will prevent yellow fever
epidemics. Control of A. aegypti is increas-
ingly difficult, due to poor sanitation in
expanding human urban environments and
generally poor community participation in
reducing larval breeding in water-storage
pots. Furthermore, such environmental
control measures are not usually sustain-
able, although there are a few reported suc-
cesses. In the event of an urban epidemic,
adulticiding with organophosphate (e.g.
malathion, bendiocarb, pirimiphos-methyl)
or pyrethroid (e.g. permerthrin, deltameth-
rin, lambdacyhalothrin) insecticides deliv-
ered by thermal fogging or ultra-low-
volume applications, especially from air-
craft, may be effective. Adulticiding has
also been investigated for the control of
sylvatic yellow fever, but the large areas
affected and dense vegetation represent sig-
nificant obstacles.

Vaccines
Since yellow fever is a zoonosis with a natu-
ral reservoir host that cannot be eliminated,
the most efficient control method is
preventive immunization of the human
population. Current recommendations are
for routine immunization of all inhabitants
at age 9 months of countries, or in areas
within countries endemic for yellow fever.
The live, attenuated 17D vaccine produced
in embryonated chicken eggs is an
extremely effective and safe product, which
has been in use for over 60 years. Yellow
fever virus vaccine is given by the sub-
cutaneous route in a volume of 0.5 ml. The
minimum dose requirement is 1000 mouse

576 Yellow fever
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i.c. LD50 ml−1, or the equivalent in plaque-
forming units.

The vaccine is distributed as a
lyophilized product, which requires a cold
chain and must be stored at point of use at
2–8°C. After reconstitution with a diluent, it
must be discarded within 1 h (longer times
may be allowed under field conditions).
The vaccine is highly immunogenic. In
controlled trials, 99% of subjects develop
immunity, and under field conditions
seroconversion rates exceed 90%. Following
inoculation, neutralizing antibodies appear
rapidly and the majority of subjects are
immune by days 8–9. The International
Health Regulations (IHR) stipulate that the
vaccination certificate for yellow fever is
valid 10 days after administration of 17D
vaccine. Immunity is extremely durable, and
probably persists for life. However, the IHR
specify that the yellow fever immunization
certificate for international travel is valid
for 10 years, whereupon revaccination is
required. Revaccination is associated with
a boost in antibody titres. Malnutrition,
pregnancy and human immunodeficiency
virus (HIV) infection reduce the effective-
ness of immunization.

Yellow fever 17D is widely acknowl-
edged as one of the safest vaccines in use.
Over 300 million persons have been immu-
nized, with an excellent record of toler-
ability and safety. Local reactions, headache
and feverishness occur in up to 20% of
subjects, but are typically mild and do not
interfere with normal activities. Contra-
indications include young age (<9 months),
known egg allergy, immunosuppression and
(on theoretical grounds) pregnancy. Rare
serious adverse events include post-vaccinal
encephalitis, generalized allergic reactions
and multisystemic illness resembling
yellow fever. Post-vaccinal encephalitis has
occurred almost exclusively in very young
infants, leading to the recommendation that
vaccination should not be given to infants <9
months of age. The risk of encephalitis in
persons over 9 months of age is extremely
low, probably 1 in 8 million. Since the

vaccine is made in eggs, allergy to eggs
is a contraindication. Generalized hyper-
sensitivity reactions are uncommon and
have been reported at an incidence of 1 in
131,000. Fatal, multisystem disease tempo-
rally associated with vaccination and resem-
bling wild-type YF virus has been extremely
rare, with only six such cases reported. In
a recent analysis, severe adverse reactions
were found to be more frequent in elderly
subjects (>65 years) than in young persons.
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Zika virus

Oyewale Tomori

Distribution
Zika (ZIKA) virus was first isolated in 1947
from the blood of a sentinel Rhesus monkey
(Macaca mulatta) in Zika forest, near
Entebbe in Uganda. Subsequently, the
virus was recovered from humans and
mosquitoes in Uganda, Senegal, Nigeria,
Côte d’Ivoire, the Central African Republic
and Malaysia.

Serological surveys have confirmed
the geographical distribution of Zika virus
infection in Uganda, Tanzania, Ethiopia,
Mozambique, Nigeria, Senegal, Ghana, Côte
d’Ivoire, Liberia, Cameroon, Democratic
Republic of Congo (Zaire), Egypt, India,
Malaysia, Borneo, Philippines, Vietnam and
Thailand. This suggests the likelihood that
the ecology of Zika virus is considerably
more complex than originally thought, and
is not as yet fully understood.

Virus
Zika virus, a single-stranded RNA virus,
is an unassigned member of the Flavivirus
genus of the Flaviviridae family. It is most
closely related to Spondweni (see entry),
Uganda S and yellow fever (see entry)
viruses. It is an enveloped spherical virus,
measuring 18–45 nm in diameter. Zika
virus is stable for up to 6 months at 4°C in
glycerol, but is easily inactivated by chloro-
form, ether and sodium deoxycholate. The
virus is also inactivated by p-chloromer-
curibenzoate. The brains of virus-infected
suckling mice contain haemagglutinin
activity with goose and chick erythrocytes.
The haemagglutinin activity is inactivated
by trypsin, chymotrypsin and papain.

Clinical symptoms, pathogenesis and
pathogenicity

The response of laboratory and experi-
mental animals to infection with Zika virus
depends on the strain, passage level and
route of inoculation. Intracerebral inocula-
tion of suckling mice with mouse-brain

passage level 4 of Lunyo V strain of Zika
virus results in paralysis and death, with
the development of a high virus titre (>108.0

0.1 ml−1) in the brain. Mice up to 5 weeks
old are paralysed and die from intracerebral
inoculation with high passage level 10 of
Zika virus, but with an extended average
survival time of 11–12 days and a lower
virus titre (105.9 0.1 ml−1) in the brain.

The E/1 strain of Zika virus at high (>50)
mouse-brain passages is pathogenic for
suckling and adult mice inoculated by the
intracerebral or intraperitoneal route. Cellu-
lar degeneration and the presence of Cowdry
type A inclusion bodies in the central
nervous system (CNS) are characteristic
histopathological lesions in mice dying from
Zika virus infection. Other lesions include
myocarditis and skeletal myositis. Rhesus
(M. mulatta) and wild monkeys develop
viraemia and antibodies when inoculated
by either the intracerebral or subcutaneous
route with Zika virus. Guinea-pigs died from
intracerebral inoculation with the third
passage level of Zika virus, but no virus was
recovered from the animals that succumbed
to infection. Rabbits and guinea-pigs inocu-
lated by peripheral routes develop antibody,
but do not die. Experimentally infected don-
keys developed viraemia and antibodies, but
no clinical disease. There is virus multi-
plication in 6–12-day-old chick embryos
inoculated with Zika virus. Cotton rats
(Sigmodon hispidus) are resistant to
experimental infections with Zika virus.
Zika virus replicates and causes cytopathic
effects in human (HeLa) and primary duck
embryo cell cultures. Plaques develop in
rhesus kidney and primary duck and chick
embryo cells inoculated with Zika virus.

Adult Aedes aegypti mosquitoes,
exposed to Zika virus by feeding, success-
fully transmitted the virus to mice and
monkeys. Zika virus was serially passaged in
A. aegypti, Anopheles quadrimaculatus and
Culex quinquefasciatus inoculated by the
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intrahaemocoelic route. Five human ill-
nesses with Zika virus have been reported.
These include three natural infections in
Nigeria, a laboratory-acquired infection in
Senegal and an infection in a male collecting
mosquitoes for laboratory studies. The
symptoms of Zika virus infection are fever,
malaise, headache, stomach-ache, dizziness,
anorexia and maculopapular rash. Consider-
ing the high prevalence of antibody Zika
virus in Africa, South-East Asia and India, it
would appear that most Zika virus infections
in humans are febrile benign illnesses of
short duration.

Diagnosis
Diagnosis is by virus isolation from blood or
by serology. However, cross-reactions may
confuse interpretation of serological results,
especially in persons with previous expo-
sures to other flaviviruses.

Transmission
In addition to the isolation of Zika virus
from naturally infected humans in Nigeria
and Senegal, the virus has been isolated
from sentinel monkeys in Uganda and from
mosquitoes of various species, such as from
Aedes africanus in Uganda and the Central
African Republic, Aedes luteocephalus in
Nigeria and A. aegypti in Malaysia, as well
as from other Aedes species in Côte d’Ivoire
and Senegal. Explosive epizootics (without
recognized disease) have been reported in
monkey populations in East and West

Africa. In addition, an isolate of Zika virus
was recovered from a gerbil (Taterillus
species) in Senegal.

Control
There is currently no specific control
measure available.

Selected bibliography
Dick, G.W.A., Kitchen, S.F. and Haddow, A.J.

(1952) Zika virus. I. Isolation and serological
specificity. Transactions of Royal Society of
Tropical Medicine and Hygiene 46, 509–520.

Karabatsos, N. (ed.) (1985) International Cata-
logue of Arboviruses Including Certain Other
Viruses of Vertebrates, 3rd edn. American
Society of Tropical Medicine and Hygiene,
San Antonio, Texas, 1147 pp.

Marchette, N.J., Garcia, R. and Rudnick, A. (1969)
Isolation of Zika virus from Aedes aegypti
mosquitoes in Malaysia. American Journal of
Tropical Medicine and Hygiene 18, 411–415.

Monath, T.P. and Heinz, F.X. (1996) Flaviviruses.
In: Fields, B.N., Knipe, D.M., Howle, P.M.,
Chanock, R.M., Melnick, J.L., Monath, T.P.,
Roizman, B. and Straus, S.E. (eds) Fields
Virology, Vol. 1, 3rd edn. Lippincott-Raven,
Philadelphia, pp. 961–1034.

Moore, D.L., Causey, O.R., Causey, D.E., Reddy, S.,
Cooke, A.R., Akinkugbe, F.M., David-West,
T.S. and Kemp, G.E. (1975) Arthropod-borne
viral infection of man in Nigeria (1964–1970).
Annals of Tropical Medicine and Parasitol-
ogy 69, 49–64.

Simpson, D.I.H. (1964) Zika virus infection in
man. Transactions of the Royal Society for
Tropical Medicine and Hygiene 58, 335–338.

Zimbabwe theileriosis see Theilerioses.

Zika virus 579

579
Z:\Customer\CABI\A4048 - Encyclopedia\A4048 - Encyclopedia-A-Z (AMA) #8.vp
05 September 2001 09:51:09

Color profile: Disabled
Composite  Default screen


	Encyclopedia of Arthropod-transmitted Infections of Man and Domesticated Animals
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	V
	W
	Y
	Z

