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ABSTRACT 

YUNKER, C. E. 1996. Heartwater in sheep and goats : a review. Onderstepoort Journal of Veterinary 
Research, 63:159-170 

Heartwater (cowdriosis) is an important, often fatal , tick-borne disease of domestic and wild ruminants 
in sub-Saharan Africa and some Indian Ocean and Caribbean islands. The causal agent, Cowdria 
ruminantium (Cowdry 1925), is a rickettsia closely related to members of the genus Ehrlichia, and is 
probably a part of a complex of genomic species. Imported breeds of sheep and goats (especially 
Angoras) are highly susceptible, but indigenous populations of endemic areas may be resistant to in
fection . Very young stock (less than 9 d old) possess a natural resistance that is unrelated to the im
mune status of the dams. Symptoms of heartwater vary, but usually begin with fever and may involve 
neurological signs and respiratory distress. Clinical diagnosis is based on symptoms, history of tick
exposure and post-mortem findings, and is confirmed by demonstration of characteristic rickettsial 
organisms in vascular endothelial cells. Laboratory diagnosis is retrospective and includes fluorescent 
antibody and enzyme-linked immunosorbent assays. Serological tests are compromised by non-spe
cific reactions with certain Ehrlichia spp. DNA and oligonucleotide probes have been developed, but 
are thus far unavailable in many countries affected by heartwater. Treatment with tetracyclines is effec
tive if begun in the early stages of infection. Control is based on a knowledge of the disease cycle in 
nature, and is achieved through judicious tick control, vaccination or both . A virulent, blood-based vac
cine is available. Existence of a carrier state in recovered animals, including wild ruminants, compli 
cates control efforts, and eradication is feas ible only in circumscribed foci. Problem areas in fundamental 
and applied research on heartwater, as it affects sheep and goats, are discussed. 
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INTRODUCTION 

Heartwater (cowdriosis) was known as a disease of 
sheep and goats for more than six decades before it 
became recognized as a cattle disease. On 8 March 
1838, the South African pioneer, Lou is Trichardt, re
corded in his journal a fatal disease among his sheep, 
which he termed "a type of Nintas" (Preller 1938). The 
disease, characterized by nervous symptoms, was 
preceded by a massive tick infestation acquired 3 

weeks earlier upon descending into the lowveld of 
eastern Transvaal. Neurological symptoms and death 
of ruminants following tick bite is typical of heartwater. 
The eastern Transvaal is characteristically inhabited 
by the main southern African vector of the disease, 
Amblyomma hebraeum, and the hot, wet season of 
mid-February is compatible with peak activity of the 
tick. Thus, Trichardt's diarized notes have been ad
judged the first historical record of heartwater (Neitz 
1947; Camus & Barre 1982; 1988; Provost & 
Bezuidenhout 1987). 
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The disease, observed and anecdotally reported by 
South African farmers thereafter, was recorded 39 
years later by J. Webb, a livestock producer in the 
Eastern Cape Province. In testimony in 1877 to the 
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Cape of Good Hope Commission on Diseases of 
Sheep and Goats (Anonymous 1877; 1898) he noted 
that the appearance of bont ticks (A hebraeum) on 
his farm some 8 or 9 years previously, correlated with 
the onset of fatal disease in stock. On opening the 
thorax of victims, he found "the heart bag and chest 
full of water" and surmised that this was due to "in
flammation brought on by the tick." He noted that one 
farmer in the region lost 2 000-3 000 head of sheep 
and goats, and that another had witnessed the in
troduction into the Eastern Province of the bont tick 
on cattle imported from Zululand in 1837. 

By the end of the century, confirmation had replaced 
supposition. Researchers had d~monstrated that the 
disease could be transmitted by subinoculation of 
blood from sick to healthy animals (Edington 1898; 
Dixon 1898) and was therefore probably a microbial 
infection (Hutcheon 1900). Simultaneously, it was 
indisputably proven that the bont tick was a vector 
(Lounsbury 1900). These discoveries, as pointed out 
by Provost and Bezuidenhout (1987), provided the 
knowledge necessary to reproduce and study the 
disease in a laboratory situation. However, another 
quarter of a century was to pass before the causal 
agent was identified as a rickettsia (Cowdry 1925). 

ETIOLOGY 

Causal agent 

Cowdria ruminantium (Cowdry 1925), "small pleo
morphic, coccoid or ellipsoidal, occasionally rod
shaped organisms occurring intracytoplasmically but 
not intranuclearly, and characteristically localized in 
clusters inside vacuoles in the cytoplasm of vascu
lar endothelial cells of ruminants" (Ristic & Huxsoll 
1984). 

Classification and relationships 

The heartwater organism, a member of the Class 
Proteobacteria and Order Rickettsiales, is currently 
classified in Bergey's Manual as a member of the 
Family Rickettsiaceae, Tribe Ehrlichieae and Genus 
Cowdria Moshkovski 1947 (Ristic & Huxsoll 1984). 
Cowdria is a monotypic genus erected to contain as 
type-species Rickettsia ruminantium Cowdry 1925. 
Other genera in the Tribe are Ehrlichia Moshkovski 
1945 and Neorickettsia Philip eta/. 1953. This clas
sification is based on morphological, biological and 
distributional characters. Recently, analyses of 16S 
ribosomal RNA sequences from two isolates of C. ru
minantium have been reported (Dame, Mahan & Yo
well1992; Van Vliet, Jongejan & Vander Zeijst 1992). 
Comparison of these sequences with those from 
other Proteobacteria has demonstrated a closer rela
tionship than previously thought, of C. ruminantium 
with certain Ehrlichia spp. (Van Vliet eta/. 1992) and 
Anaplasma marginate (Dame et a/. 1992), and a 
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greater phylogenetic distance of Cowdria from Chla
mydia (Order Chlamydiales) than suggested by nu
merical taxonomic analysis (Scott 1987). Although 
the genotypic findings do not mandate a change in 
the formal taxonomic position of the heartwater or
ganism (Ristic & Huxsoll 1984), they do imply that 
the current organization of the Order Rickettsiales be 
reviewed as small subunit rRNA (srRNA) sequences 
for additional Proteobacteria become known (Van 
Vliet eta/. 1992). 

Allsopp & Visser (1994) have amplified and se
quenced a part of the srRNA gene of several stocks 
of heartwater obtained from infected animals, and 
found a totally unexpected degree of heterogeneity. 
Only one isolate yielded a single sequence related 
to Cowdria ruminantium, but others yielded many, 
suggesting the existence of multiple genomic spe
cies in the genus Cowdria. The possibility that heart
water might be a disease of multiple etiologies had 
already been suggested, based on phenotypic char
acteristics (Yunker 1991 ). 

DISTRIBUTION AND VECTORS 

Distribution 

Heartwater is a disease of global importance, being 
established in both hemispheres and having a poten
tial for introduction into many countries to which vec
tors may be transported or where they already oc
cur. Distribution of the disease has been reviewed by 
Camus & Barre (1982; 1988). It is widespread in 
Africa (and some adjacent islands) south of the Sahel 
Transitional Zone (White 1983), and probably occurs 
in all African countries in which the vectors, Amblyo
mma spp. excluded, are established. A single sub
Saharan country, Lesotho, is presumed to be heart
water-free by virtue of its high altitude and cold 
climate, which is inhospitable to Amblyomma ticks 
(Yunker & Allsopp 1994). Also excluded from the 
range of the disease, are large desert and semi
desert areas of Somalia, southern Angola, Botswa
na, Namibia, and western and south-central South 
Africa. Elsewhere, heartwater is known from Indian 
Ocean islands of the Comores (Bezuidenhout, 
Olivier, Kruger, Lombard & Du Plessis 1989), Mada
gascar (Poisson & Geoffroy 1925; Buck 1965) and 
the Mascarenes, Reunion and Mauritius (Perreau, 
Morel, Barre & Durand 1980), where a major vector, 
A. variegatum, is established. The latter tick, trans
ported through the activities of man to the Antillean 
islands of the New World in the last century, has 
spread to a number of eastern Caribbean islands and 
heartwater is endemic in at least three of them : 
Guadeloupe, Antigua and Marie Galante (reviewed 
by Uilenberg 1990a). The spread of this vector cor
relates with recent expansion of the range of the 
cattle egret, Bubulcus ibis, in that area, and it appears 
to be only a matter of time before vector and disease 



are transported to the continental land masses where 
the potential for damage to the livestock industry is 
inestimable. Heartwater has been reported or sus
pected in a number of countries other than the above, 
but these represent only transient introductions in 
imported livestock, or are unconfirmed (Camus & 
Barre 1982; 1988). 

Vectors 

Although Amblyomma spp. are known from many 
parts of the world, vectors of heartwater in nature are 
all of African origin (Walker & Olwage 1987). Mem
bers of this tropical and subtropical genus are all 
three-host ticks that have a wide host range, espe
cially in the immature stages. Host preferences of the 
various species influence their importance as vec
tors (Petney, Horak & Rechav 1987). Sheep and 
goats are important hosts for immatures of the two 
principal vectors, A. hebraeum (southern Africa) and 
A. variegatum (the rest of Africa and elsewhere), 
which commonly utilize cattle as adults. Other spe
cies (i.e. A. astrion, A. cohaerens, A. gemma, A.lepi
dum and A. pomposum) are secondary in importance 
because of limited distribution on or infrequent para
sitism of domestic stock. A third category, acciden
tal vectors, consists of species that do not normally 
feed on domestic stock: A. marmoreum, A. sparsum 
and A. thol/oni. In the New World, in addition to A. 
variegatum, which is thus far limited to the Lesser 
Antilles, three potential (experimentally proven) vec
tors are known: A. cajennense, A. maculatum and A. 
dissimile (Uilenberg 1982; 1983; Jongejan 1992a). 

ECONOMIC IMPORTANCE 

For most of this century, heartwater has been con
sidered one of the most important livestock diseases 
in Africa (Mare 1984 ). In regions of Africa free of East 
Coast Fever (ECF) and tsetse-borne trypanosomia
sis, it is considered the most important vector-borne 
disease of cattle (Uilenberg 1983). In western and 
southern Africa, it is at least one of the most impor
tant tick-borne diseases, not only because of its ca
pacity for causing severe losses in cattle, but be
cause here, in contrast to other major tick-borne 
diseases of cattle, such as anaplasmosis, babesio
sis and theileriosis, heartwater is of considerable eco
nomic importance in sheep and goats (Norval, An
drew, Yunker & Burridge1992). However, few factual 
estimates of the economic impact of heartwater with 
which to support such beliefs are available. Bigalke 
(1983) reported that losses from heartwater in South 
Africaduring the period 1981-82, represented 30,3% 
of 1 ,53 million head lost to the three major tick-borne 
diseases, heartwater, anaplasmosis and redwater. 
The cost incurred from losses due to heartwater was 
estimated to lie between 21 ,2 and 54,5 million Rand. 
Du Plessis, De Waal & Stoltsz (1994) surveyed the 
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incidence and importance of tick-borne diseases in 
heartwater-endemic areas of South Africa and pre
sented data that show losses in livestock from heart
water to greatly outnumber those from redwater and 
gallsickness combined. Furthermore, mortality due 
to heartwater was three times higher in sheep and 
goats than in cattle. 

HOSTS AND SUSCEPTIBILITY 

Domestic livestock 

As late as 1902, heartwater was thought to be a 
specific disease of sheep and goats, which were "the 
only animals known to naturally contract heartwater" 
(Lounsbury 1902). 

However, cattle along with sheep and goats, are clas
sical victims. [In fact LouisTrichardt's oxen became sick 
within two days of his sheep dying. Although he asso
ciated the bovine affliction with (tsetse) flies and sub
sequent authors have attributed it to nagana (Fuller 
1924), heartwater may also have been involved.) Do
mestic (Asian) buffalo (Bubalis bulbalis) are also 
receptive and can die from heartwater (Mammerickx 
1961 ). There is no conclusive evidence for suscepti
bility of the camel to heartwater (Uilenberg 1983), 
and other domestic animals are apparently insuscep
tible. 

Wild animals 

A large number and variety of African and non-Afri
can ruminants and other animals are susceptible to 
infection with heartwater (Uilenberg 1983; Oberem 
& Bezuidenhout 1987), giving rise to speculation that 
some, in heartwater-endemic areas, may serve as 
reservoirs of the disease. The controversy has been 
resolved with the finding that African buffalo ( Synce
ros caffer), which serve as excellent natural hosts for 
the vectors are, after recovery from heartwater, 
chronically infected and intermittently infective for 
ticks for many months, and perhaps permanently 
(Andrew & Norval 1989). The range of susceptible 
vertebrates and potential carriers is not limited to 
ruminants, but includes birds and reptiles as well. 
Both guinea fowl and leopard tortoises can be in
fected; they respond subclinically and transfer the 
infection to Amblyomma ticks, which feed on these 
hosts in nature (Bezuidenhout & Olivier 1986). The 
participation of wild animals in the cycle of heartwa
ter, complicates efforts at control (Uilenberg 1983) 
but may also serve to maintain a state of endemic 
stability. 

Laboratory animals 

The discovery of a unique stock of Cowdria that was 
infective for Swiss mice (Du Plessis & Kumm 1971) 
provided, for the first time, a laboratory model for 
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research in diagnosis, immunology, pathogenesis, 
epidemiology and control of the disease. Since then, 
a number of Cowdria isolates have been found to 
infect laboratory mice, whereas others are non-infec
tive (reviewed by MacKenzie & McHardy 1987). 

Susceptibility and resistance 

Animals exposed to heartwater respond in a variety 
of ways, depending on a number of factors, includ
ing species, breed, age, immune status and stock ~f 
Cowdria. Exotic breeds of sheep and goats are of Uni
formly high susceptibility and mortalities of 50% or 
greater due to heartwater have been see~ in s~eep 
and cattle imported into sub-Saharan Afnca (UIIen
berg 1983; 1989). Merino sheep are highly suscepti
ble (Lounsbury and Robertson 1904; Alexander 193_1 ). 
Goats, particularly Angoras, are the most recept1ve 
to heartwater of all domestic ruminants (Spreull 
1922), with mortalities surpassing 90% in import~d 
stock (Uilenberg 1989). In contrast, annual mortal1ty 
in indigenous goats of an endemic area (Guade
loupe) has been estimated at around 10% (Camus 
1987). Wild ruminants may either be refractory or re
ceptive to infection, but of 11 spec~es of _non-~fric~n. ru
minants tested, all responded to 1nfect1on w1th clinical 
signs and/or death (Oberem and Bezuidenhout 1987). 

The innate resistance of indigenous breeds in en
demic areas has not been fully examined and, in 
many instances, it is not possible to judge wh~ther 
resistance is a charaCteristic of the breed, or 1f the 
resistant state has been acquired through natural 
selection that favours survival of the least suscepti
ble animals upon prolonged exposure (Uilenberg 
1983). It was recognized very early that sheep in 
South Africa presumed to be Persian were markedly 
resistant to infection (reviewed by Lounsbury and 
Robertson 1904). [The identity of the breed is ques
tionable and it may have originated within the en
demic area of heartwater (Uilenberg 1981 ). Louns
bury and Robertson (1904) state that the breed w~s 
first introduced into South Africa in 1872 from a ship
ment originating in the "Mediterranean", and a sub
sequent introduction (1884) originated in "Arabia." 
However, the first "Persians" imported into South 
Africa were either Somali desert sheep or Hedjaz fat
tailed sheep from Saudi Arabia (Anon 1965). Regard
less, the term: Persian, as applied to South African 
sheep, is a misnomer, the breed being i~troduced 
from various Red Sea ports.] Numerous mstances 
of these "Persians" remaining healthy while grazing 
in tick-infested veld, along with highly susceptible 
Merino sheep, and Boer and Angora goats that were 
seriously affected, are recorded (Lounsbury and Ro
bertson 1904). Likewise, natural resistance to heart
water is a pronounced feature of the indigenous Afri
kander sheep (Alexander 1931). 

lin South Africa, Donkin, Stewart, Macgregor, Els & 
Boyazoglu (1992), compared resistance to heartwa-
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ter of Saanen goats with that of indigenous and 
Saanen :indigenous (50:50) crosses. After infection, 
all of eight Saanen goats died, but seven of eight indi
genous and six of eight crossbred goats survived. In 
addition, the severity of clinical signs recorded was 
greater in the Saanens than in the indigenous goats 
and crosses. These results indicate that indigenous 
goats possess a resistance to heartwater that can 
be transmitted to crossbred offspring . It had previ
ously been shown that Creole goats on Guadeloupe 
are resistant to severe (but not mild) heartwater mani
festations (Matheron, Barre, Camus & Gogue 1987). 
The resistance varied from flock to flock, depending 
on its history of exposure to heartwater. The rate de
clined progressively when animals had been reared 
in disease-free areas. Male goats were significantly 
more resistant than females, and paternity influenced 
the resistant status of the kids. This resistance, ap
parently under control of a sex-linked recessive gene, 
suggests that selection for the trait is feasible. Efforts 
are in progress to determine the genetic basis for this 
resistance (Ruff, Maillard, Camus, Depres & Mathe
ron 1993; Pepin, Camus, Matheron & Bensaid 1993). 

Newborn and very young stock possess an innate 
resistance to heartwater that diminishes with age 
(Neitz & Alexander 1941 ). This particular type of re
sistance, which is independent of the susceptibility 
or immune status of the dam, is short-lived in lambs 
(7-9 d), longer in calves (3-4 weeks) and, although 
present in kids, its duration is not established (Tho
mas & Mansvelt 1957; Uilenberg 1983). 

SYMPTOMS AND COURSE OF INFECTION 

The incubation period in sheep and goats is variable 
and may range from five to 35 d (Alexander 1931) 
but in most cases symptoms first appear between 
seven and 14 d post-inoculation, commencing on 
average on the ninth day. In naturally acquired infec
tions, symptoms are seen after between nine and 28 
d and the average incubation period is 12 d (Neitz 
1968). Fever and inappetence, or fever alone, usu
ally occurs first, followed by a variety of symptoms, 
depending on the course of the disease. Mortality 
rates are high in sheep and goats, and both average 
incubation period and virulence vary with the strain 
of Cowdria (Uilenberg 1983). 

Subclinical infections 

Mild or latent infections, evinced by a marked pyrexia 
and followed within 2-3 d by complete recovery, are 
known (Alexander 1931 ). The incidence of this form 
is unknown owing to the inapparent symptoms (Van 
de Pypekamp & Prozesky 1987), but should be sub
stantial. This course is seen in some indigenous pop
ulations in endemic areas, very young animals, im
mune or partially immune animals and treated stock 



(Yunker 1991 ). Recovered sheep, goats and cattle, 
as well as African buffalo, become long-term carri
ers (Andrew & Norval 1989; Camus 1992). 

Per-acute infections 

This form of infection is characterized by sudden 
death some 36 h after clinical symptoms first appear 
(Alexander 1931 ). Symptoms are of a fulminating 
temperature in an animal with otherwise normal ap
pearance and behaviour, followed by paroxysmal 
convulsions, respiratory distress and sudden col
lapse. Both goats and sheep are vulnerable, but per
acute cases are more common in the former (Uilen
berg 1983). 

Acute infections 

This is the classical, most common form of infection 
in susceptible animals (Alexander 1931 ). Pyrexia of 
several days duration, subsiding when death ap
proaches, is followed by listlessness, rapid pulse and 
tachypnoea, and a disturbed expression in the eyes 
(Neitz 1968). Nervous symptoms ensue, such as a 
twitching of facial muscles and high stepping gait 
(Alexander, Neitz & Adelaar 1946). Sheep and goats 
show a progressive incoordination and stand in an 
attitude with head down, ears drooping, and thorax 
heaving. Hydrothorax (but seldom hydropericardium) 
may be established by percussion. Following this, the 
animal often collapses and lies on its side with its 
head thrown back, while showing strabismus, gallop
ing movements of the legs, masticatory and licking 
movements of the mouth, and frothing from the nos
trils. Feeding frequently continues until shortly before 
collapse. The temperature shows an abrupt tal~ to 
subnormal , prior to death. Clinical signs may last 3-
5 d and, in animals that go down, recovery is rare. 
Recovered sheep may shed part or all of the fleece. 

Subacute infections 

Symptoms here resemble those seen in acute cases, 
but are less pronounced (Alexander 1931; Neitz 
1968). Fever may persist for 10-15 d, and pregnant 
animals are prone to abort. Animals may collapse 
and die, with death often due to complications, such 
as pneumonia or sequelae resulting from atony of the 
fore stomachs, otherwise a gradual subsidence of 
symptoms followed by recovery may occur. 

PATHOLOGY 

The post-mortem lesions and histopathology of nu
merous cases of heartwater in sheep, goats and 
cattle were reported in detail by Steck (1928) and 
Alexander (1931 ). These findings were reviewed and 
augmented by Uilenberg (1983) and Prozesky 
(1987). Most lesions are restricted to acute and su-
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bacute forms of infection, and may vary according 
to the stock of Cowdria involved. 

Post-mortem pathology 

Lesions among domestic ruminants are similar, with 
some exceptions. Effusion of body cavities, espe
cially thoracic cavities, is commonly seen in fatal 
cases, amounting to 0,5 Q or more in sheep, but 
barely more than 20 mQ in goats. Hydropericardium 
(from which the disease gets its name) is a regular 
finding, and is more pronounced in sheep and goats 
than in cattle. The lungs, mediastinum and associ
ated lymph nodes are oedematous and a serous, 
frothy fluid oozes from cut surfaces of the lungs. In 
peracute cases, marked oedema of the lungs, and 
froth in the trachea and bronchi are striking enough 
to explain death by asphyxia (Uilenberg 1981 ). 

Splenomegaly occurs in over 90% sheep and goats 
(Steck 1928), but enlargement may not be marked. 
Other workers have not frequently observed spleno
megaly in small ruminants (Uilenberg 1971 b; Prozes
ky 1987). The lymph nodes are swollen and the kid
neys somewhat pale. The liver is congested, often 
showing fatty degeneration (Neitz 1968), but hepatic 
lesions are not striking (Prozesky 1987). Enteritis is 
seen less often in small stock than in cattle. Except 
for congestion of meningeal vessels or occasional 
meningeal oedema, macroscopic brain lesions are 
seldom seen. 

Histopathology 

Lesions of most organs are not remarkable (Steck 
1928) and particular attention has been paid to the 
brain. Here, swollen axis cylinders, multifocal micro
cavitations and haemorrhages affecting mainly the 
midbrain, cerebral white matter and peduncles, are 
seen (Pienaar, Sasson & Vander Merwe 1966; Pro
zesky 1987). Often, leucostasis of small vessels and, 
sometimes, mononuclear perivascular infiltration is 
noted. 

Swollen, often necrotic, astrocytes frequently seen 
in cattle, are seldom observed in sheep and goats. 
Leucostasis is also pronounced in kidneys, liver, 
lungs and adrenals. Nephrosis is seen in over 50% 
of ruminants examined (Steck 1928), but multifocal, 
lymphocytic, interstitial nephritis seen by Steck was 
not confirmed by subsequent investigators (Prozesky 
1987). In lungs, an alveolar and interstitial oedema 
frequently occurs, but this may be obliterated during 
tissue processing (Prozesky 1987). 

CLINICAL DIAGNOSIS 

Presumptive diagnosis is based on clinical signs, 
history of tick exposure, and post-mortem findings. 
Heartwater must be differentiated from certain plant 
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and mineral poisonings, as well as a number of in
fectious viral, bacterial and parasitic diseases (Uilen
berg 1983). It is confirmed by the finding of charac
teristic colonies of the causal agent in capillary 
endothelial cells, particularly of brain smears (Pur
chase 1945), or by subinoculating blood of sick ani
mals into susceptible ruminants. Brain smears are 
usually done at autopsy, but can be made from the 
living animal by needle biopsy (Synge 1978); how
ever, this is impractical on a routine basis for a 
number of reasons (Uilenberg 1994). Confirmation 
by subinoculation is slow and expensive, and ulti
mately depends on demonstration of rickettsial or
ganisms in endothelial cells. 

LABORATORY DIAGNOSIS 

Diagnostics for cowdriosis have been the subject of 
a number of recent reviews (Camus 1994; Du Ples
sis, Bezuidenhout, Brett, Camus, Jongejan, Mahan 
& Martinez 1993; Jongejan 1992b; Uilenberg 1994; 
Yunker 1991; Yunker and Allsopp 1994). Most diag
nostics are retrospective and none have been devel
oped in kit form for use in the field or provincial labo
ratory situation. The most promising of these (DNA 
and oligonucleotide probes, PCR amplification tech
niques) are sufficiently high tech as to preclude their 
use in the laboratories of many countries affected by 
heartwater. 

Soerological tests 

These include indirect fluorescent antibody (IFA), 
enzyme-linked immunosorbent assay (ELISA) and 
Western Blots. However, all serological tests devel
oped to date show non-specific reactions with one 
or more Ehrlichia spp., hence are of limited value. 

IFA tests may be performed with antigens produced 
either in vivo in mouse macrophages (Du Plessis & 
Malan 1987a) or in caprine neutrophils (Logan, Hol
land, Mebus & Ristic 1986; Logan, Whyard, Quintero 
& Mebus 1987), or in vitro (see below). In South Af
rica, the mouse macrophage IFA test is used both 
as a research tool and a confirmatory diagnostic for 
sera found negative in the ELISA test for heartwa
ter. Its sensitivity for heartwater is higher than that 
of other I FA tests, and it has a greater capacity to 
reduce non-specific background fluorescence (Du 
Plessis et at. 1993). Thus it is capable of detecting 
lower levels of antibody, hence useful for epidemio
logical studies. Because of the need to maintain 
mouse colonies, it is usually suitable only for central
ized laboratories or research institutions. Conse
quently, it has not been widely used. The caprine 
neutrophil IFA test, which is not suitable for all stocks 
of Cowdria (Jongejan 1992a/b), is expensive as well 
as difficult to reproduce; hence it is not employed as 
a routine diagnostic. 
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The advent of an in vitro system for the growth of 
Cowdria ruminantium in endothelial cells (Bezuiden
hout et a/. 1985) permitted the production of large 
quantities of relatively pure antigen which could be 
used in the IFA test (Yunker, Byrom & Semu 1988; 
Martinez, Swinkels, Camus & Jongejan 1990; Semu, 
Mahan, Yunker & Burridge 1992). This test is appro
priate for most diagnostic laboratories,as long as one 
keeps in mind its inability to discriminate between 
Cowdria and Ehrlichia antibodies. It has been used 
in an epidemiological study of heartwater reactors 
among goats and cattle of Mozambique (Asselbergs, 
Jongejan, Langa, Neves & Afonso 1993), and also 
to confirm the immune status of vaccinated calves 
in Malawi (Lawrence, Whiteland, Malika, Kafuwa & 
Jongejan 1993). 

With the availability of cultured organisms, a number 
of ELISA tests have been developed that employ as 
antigens purified, whole or sonicated elementary 
bodies of Cowdria or proteins solubilized from the 
elementary bodies (Jongejan, Thiele mans, Van Koo
ten, De Groot & Van der Zeijst 1991 b; Jongejan 
1992b; Soldan, Norman, Masaka, Paxton, Edelsten 
& Sumption 1993). A competitive ELISA (cELISA), 
employing monoclonal antibodies directed against t 
immunodominant 32-kiloDalton protein of Cowdria, 
which is conserved in all stocks tested to date, has 
been used to investigate the distribution of heartwa
ter on 19 islands of the Caribbean (Muller Kobold, 
Martinez, Camus & Jongejan 1992). The gene en
coding this protein has been cloned and expressed 
in Escherichia colifor use as antigen in cELISA tests 
(Jongejan, Van Vliet & Van der Zeist 1994). Mean
while, epitope mapping of this recombinant antigen 
is being carried out in attempts to exclude epitopes 
that give false positive reactions. 

Western-blot assays have been used to identify an
tibodies to Cowdria in field-collected specimens 
(Muller Kobold, Martinez, Camus & Jongejan 1992: 
Barbet, Tebele, Semu, Peter, Wassink & Mahan 1993; 
Mahan, Tebele, Mukwedeya, Semu, Nyathi, Wassink, 
Kelley, Peter & Barbet 1993b), but are used mainly 
in experimental work and for validating results of 
other diagnostic studies (reviewed by Yunker & 
Allsopp 1994). 

Repetitive DNA probe 

A DNA probe, pCS20, has been made from total 
DNA of Cowdria-infected bovine endothelial-cell cul
tures and used to identify Cowdria DNA in ticks 
(Waghela, Rurangirwa, Mahan, Yunker, Crawford, 
Barbet, Burridge 1991; Yunker, Mahan, Wagheia, 
McGuire, Rurangirwa, Barbet & Wassink 1993) and 
sheep plasma (Mahan, Waghela, McGuire, Rurangir
wa, Wassink & Barbet 1992a). The probe hybridizes 
with all Cowdria stocks thus far tested, including one 
from the Caribbean, and it was possible to detect the 



organism in infected sheep before the onset of fe
ver, which is the first clinical sign . The pCS20 probe 
was highly specific, failing to hybridize with DNA from 
22 other pro- or eukaryotic species : cattle, ticks (two) , 
protoz?a (three) , rickettsiae (four) , and bacteria (12) , 
mcludmg . Anaplasma marginate, Rickettsia spp. , 
Chlamydia spp. , and Ehrlichia risticii. However, it 
remains to be tested for cross-reactivity with certain 
Ehrlichiaspp. that give false positive reactions in se
rological tests. It also requires conversion to a non
rad ioactive method of detection of hybridization for 
use in field situations or provincial laboratories. 

Oligionucleotide probes 

Recently, srRNA partial gene sequence analyses of 
several African isolates obtained from heartwater 
cases has revealed considerable genotypic hetero
geneity within the species nominally known as C. 
ruminantium (Allsopp & Visser 1994). While some 
isolates yielded on ly a single sequence, others com
prised several different ones. Work is underway at the 
Onders~epoort Veterinary Institute to design oligio
nucleotlde probes capable of identifying individual 
genotypes among this multipl icity of new organisms. 
Further studies into this aspect of heartwater etiology 
will und?ubtedly affect nomenclature and concepts 
of the d1sease, as well as improve diagnostics and . 
vaccine strategies. 

PCR amplification 

Although sensitive enough to detect 1 ng of Cowdria 
DNA, sensitivity of the PCS20 DNA probe can be 
improved by polymerase-chain-reaction (PCR) am
plification of Cowdria-specific sequences, which may 
be necessary to detect animals having a low rickett
semia, such as heartwater carriers (Mahan, Waghe
la, Rurangirwa, Yunker, Crawford , Barbet, Burridge 
& McGuire 1992b). 

TREATMENT 

Various formulations of the tetracyclines are almost 
invariably used for treatment of heartwater (Purnell 
1984; Van Amstel & Oberem 1987). These are admin
istered at the rate of 8-10 mg/kg or, in the case of 
dox~cycli~e , at 2 mg/kg (lmmelman & Dreyer 1982). 
Two InJections on consecutive days, or on the first and 
third day after onset of fever, are advisable (Uilenberg 
1983) . Intravenous, intramuscular and oral routes of 
administration are effective. Treatment of small stock 
showing clinical signs, has resulted in a 48% recov
ery rate (Du Plessis et at. 1994) . Uleron , the first 
agent found to be effective in treating heartwater in 
sheep (Neitz 1940), is one of many sulphonamides 
used with good results. However, repeated doses 
may be necessary, and it is believed that tetracyclines 
are more effective (Van Amstel & Oberem 1987). 

C. E. YUNKER 

EPIDEMIOLOGY AND CONTROL 

Control is based on a knowledge of the disease cy
cle. In the field , heartwater is seen some weeks af
ter_susceptible stock are subjected to tick-challenge. 
Th1s occurs when they are introduced into an en
demic area for the first time (particularly just prior to 
or during the rainy season) , when vectors encroach 
into new areas, or ~fter an intensive tick-control pro
gramme has been Interrupted and ticks are reintro
duced through movements of wild game or undipped 
~tack. Yo_ung anim~ls t~at have not been exposed to 
t1cks ~nt1l after the1r bnef period of innate immunity 
has disappeared, are particularly vulnerable. On the 
other ha~d , their_ expos_ure to ticks during the first 
week of l1fe may msure Immunity. 

Preventative measures 

Control is usually ach ieved through tick control or 
vaccination. The decision as to which approach to 
~se , r~~ui~es that the question of endemic stability/ 
mst~b1l1ty f1rst _be ~esolved. Eradication is, at present, 
feasible only 1n Circumscribed foci such as certain 
islands, e~de_mic~lly unstable or climatically marginal 
areas, or 1n s1tuat1ons where heartwater carriers and 
hosts for vectors are excluded. The use of indig
enous, resistant breeds is recommended for areas 
lacking adequate tick control and veterinary care 
(Uilenberg 1990b). 

In endemically stable areas where tick control is not 
practised , a. high _level of immunity in stock, particu
larly cattle, 1s typ1cally seen. Here, if acaricidal pro
wammes are instituted and rigidly enforced (inten
SIVe control) , the level of herd immunity that results 
from ~xposure to ticks, will decline (Howell , DeVos, 
B~zu1denhout ~ Potgieter & Barrowman 1981 ). Stock 
w1ll then be highly susceptible and at risk, should 
control break down for any reason. Hence, intensive 
control may actually increase losses due to heartwa
ter. Selective con_trol (i.e_., acaricidal application only 
when the level of mfestat1on causes tick-worry or hide 
damage) tends to reinforce endemic stability, and 
~erds_ may develop a high degree of immunity. High 
mfect1on rates of vectors, such as reported for A. 
hebraeum in Zimbabwe (Norval , Andrew & Yunker 
! 990) , ~auld tend to insure exposure, hence induce 
1mmun1ty, particularly of young stock temporarily 
protected by age-related resistance. However, there 
IS some doubt as to whether the concept of endemic 
stability is as valid for management of heartwater in 
small ruminants as it is in cattle (H.R. Andrew, per
sonal communication 1992). This may reflect the host 
preferences of adult Amblyomma ticks which are 
less likely to be found on small stock th~n on cattle. 

I~ unstable o~ transitional areas, where tick popula
tions are subject to climatological extremes where 
intensive control has been practised, or wh~re wild 
hosts are excluded, tick numbers may be insufficient 
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to maintain immunity in livestock. Also, areas where 
vector populations [e.g. , A. variegatum (Uilenberg 
1971 a ; Camus & Barre 1987)] are permanently es
tablished, but not highly infected may be endemically 
unstable. In such cases, intensive tick control (Ho
well , eta/. 1981 ; Bezuidenhout & Bigalke 1987) or 
immunization (Norval eta/. 1992) are recommended . 

Immunization is accompl ished by infecting animals 
with a virulent preparation of C. ruminantium in sheep 
blood (Neitz & Alexander 1941 ; 1945) and treating 
the infection with anti-rickettsial drugs such as tetra
cyclines (reviewed by Uilenberg 1983; Oberem & Be
zuidenhout 1987). Choice of the vaccine stock is an 
important consideration because of significant anti
genic and immunogenic differences among stocks 
(Logan, Birnie & Mebus 1987b; Du Plassis, Van Gas, 
Olivier & Bezuidenhot 1989; Jongejan , Thielemans, 
Briere & Uilenberg 1991 a) . In addition , susceptible 
breeds of goats, in particular, may suffer significant 
mortalities after immunization and treatment (Du 
Plessis, Jansen & Prozesky 1983; Gruss 1983; Ui
lenberg 1989). From an environmental standpoint, 
the wisdom of· introducing a standard vaccine strain 
into an area where it is not known to exist, is ques
tionable, and it might be safer to prepare vaccines 
by using locally prevalent isolates (J.A. Lawrence, 
personal communication 1990). 

The vaccine is administered intravenously to sheep 
and goats in 5-ml amounts and the an imals are 
monitored for onset of fever, after which they are 
treated. With Ball-3 vaccine stock, sheep may be 
safely treated on the 2nd or 3rd day after onset of 
fever, thus insuring an adequate immune response 
(J .L. du Plessis , personal communication 1995). 
Some immediate losses are to be expected owing 
to peracute reactions and, later, as a result of vac
cine failures. Young lambs and kids (under 3 weeks 
old) are usually not monitored after immunization, but 
losses, especially in kids, can be expected (Uilenberg 
1983). Where daily temperatures cannot feasibly be 
monitored, the antibiotic may be administered by the 
block method (reviewed by du Plessis & Malan 
1987b). Here, small stock are treated , without refer
ence to febrile reactions, on the 11th (sheep) or 12th 
(goats) day after vaccination. However, recent expe
rience has shown that Angora goats should not be 
treated by the block method (J. L. du Plessis, personal 
communication 1995) but, like other valuable ani 
mals, should be monitored for rise in temperature, 
then treated . 

Long-term immunity may be conferred to young stock 
by exposing them to infected ticks, rather than 
through vaccination. This occurs when the animals 
are first introduced into endemic stable areas, espe
cially during times of tick activity. Here, a short se
ries of injections of tetracyclines during the first 
month of exposure, which gives protection against 
frank disease while allowing immunity to develop, has 
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shown promise in cattle (Purnell1984) , and may also 
be applicable to sheep and goats (except, possibly, 
Angoras). Adequate exposure to rickettsia , through 
heavy tick challenge, is probably necessary to insure 
thorough herd immunity (Du Plessis & Malan 1987b; 
Purnell 1987). 

DISCUSSION 

The need for studies in fundamental areas of heart
water research , including immunology, epidemiology, 
pathogenesis and natural resistance, was outlined by 
Uilenberg (1990b). To this should be added etiology. 
Technological advances have made it possible to 
identify a number of genetic sequences of Proteo
bacteria in blood from heartwater cases, which se
quences were not present in healthy animals (Allsopp 
& Visser 1994). Although many of these may reflect 
adventitious, opportunistic infections, five were Cow
dria- related, and it is reasonable to believe that oth
ers remain to be discovered. Therefore, heartwater 
may be caused by a complex of species, which could 
account for differences and variations observed in 
many studies (e.g ., antigenic strain differences, lim
ited cross-protection, variable pathogenicity and 
course of infection, heritability of resistance, etc.). 
Basic investigations of the genotypic complexity of 
the agent(s) of heartwater and their phenotypic char
acteristics are essential to the development of im
proved diagnostics and vaccines, and should be a 
priority. 

There is a lack of basic information from the field, 
especially with regard to small stock. The epidemi
ology of heartwater in sheep and goats is poorly 
understood, as most information relates to cattle. The 
latter are hosts to adult ticks, whereas the former are 
predominantly parasitized by immatures, which 
would result in a different transmission pattern and 
affect endemic stability. Infestation rates of small 
stock with ticks, as well as infection rates of the ticks 
in various areas, should be determined at regular 
intervals. The economics of heartwater in small ru
minants have also been vastly under-reported, par
ticularly in remote areas and in countries where ani 
mals that die, are customarily consumed rather than 
made available for autopsy. Adequate information on 
the economic impact of diseases is vital to contin 
ued research support. 

Other critical problems exist in more applied areas, 
including diagnosis and control. The non-specificity 
of serological tests has been addressed by a number 
of workers in a recent consultation (see section on 
Laboratory Diagnosis). For example, false positive 
immunoblot reactions for cowdriosis have been re
corded in ruminants in heartwater-free areas of Zim
babwe (Mahan eta/. 1993b). Similarly, Boer goats in 
a number of areas of South Africa have tested mostly 
positive in the ELISA test employing Cowdria anti-



gen (S. Vogel, personal communication 1995). The 
areas in which the goats had been born and reared, 
were free of both heartwater and amblyomma ticks. 
Apparently antibodies to some unknown agent, prob
ably a species of Ehrtichia transmitted by another 
kind of tick, had falsely indicated the presence of 
heartwater. This is especially relevant to the certifi
cation for export of domestic and wild ruminants and 
embryos. 

Limitations of the existing heartwater-infected blood 
vaccine are numerous. It is expensive to produce and 
store, cumbersome to transport and administer, 
highly strain-specific and potentially dangerous. In 
endemic areas of South Africa, only an estimated 
15% of farmers raising sheep and goats vaccinate 
their animals, and those that do suffer higher losses 
than those who do not (Du Plessis et at. 1994). An 
improved vaccine is clearly needed. Yet, nearly a dec
ade after first cultivation of the heartwater organism 
(Bezuidenhout et at. 1985), which resulted in the pro
duction of DNA expression libraries (Ambrosio, Du 
Plessis & Bezuidenhout 1987: Barbet, Mahan, Allred, 
McGuire, Palmer & Yunker 1992), no new-generation, 
genetically engineered vaccine has appeared. Obsta
cles to heartwater-vaccine development include fail
ure to identify protective epitopes and resolution of 
the problem of limited cross-protection among stocks. 

Finally, innovative approaches to control or avoidance 
of ticks and heartwater, such as pasture manage
ment (including wildlife exclusion), biological control 
and development of host resistance through cross
breeding or transgenic technology (Stiller 1990) 
should receive more attention than has been here
tofore accorded. 
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