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1.1 Introduction
Heartwater or cowdriosis is a tick-borne disease caused by an intracellular rickettsial pathogen
previously known as Cowdria ruminantium but reclassified as Ehrlichia ruminantium (Dumler et
al., 2001). The disease is transmitted by ticks of the genus Amblyomma and affects domestic
ruminant species, cattle, sheep, goats and several wild ruminant species such as buffalo, giraffe,
and antelope as well as some wild rodents (Lounsbury, 1900). Heartwater is usually an acute
disease and may be fatal within days of the onset of clinical signs. The course of the disease varies
from peracute, acute, sub-acute to mild, depending on age, immune status, breed and virulence of
the strain (Uilenberg, 1983). As indicated by the name ‘heartwater’, a hydropericardium is a
striking change in most animals that die of the disease (Henning, 1956).
The disease is a serious constraint to livestock improvement programmes throughout sub-Saharan
Africa and through its occurrence on some islands in the Caribbean, poses a potential threat to
ruminant species in mainland North, Central and South America. Uilenberg (1983) ranked
heartwater second only to East Coast fever and tsetse transmitted trypanosomosis. However, in
West Africa, where East Coast fever does not occur, it is arguably the most important tick-borne
disease of ruminant livestock. At present, there is a lack of safe, practical and effective vaccine,
and in endemic areas, the control of the disease relies on acaricides to prevent tick transmission
and antibiotic treatment of clinical cases. There is lack of information on the epidemiology of the
disease in most parts of Africa and studies into the incidence and prevalence of infection have
until recently been hampered by the lack of sensitive and specific diagnostic tools that are
particularly suitable for use in countries in Africa. Thus the focus of the current heartwater
research network is on the search and development of improved diagnostic tools and vaccines.

1.2

Ehrlichia ruminantium

1.2.1 Classification
Ehrlichia ruminantium (Cowdry, 1925a) is an obligate intracellular rickettsial agent belonging to
the family Anaplasmataceae (Dumler et al., 2001). The organism grows in membrane-bound
vacuoles within the cytoplasm of the host cell (Kocan and Bezuidenhout, 1987; Pienaar, 1970;
Prozesky et al., 1986). It infects mainly endothelial cells (Cowdry, 1926) and to a lesser extent
neutrophils (Jongejan et al., 1989a; Logan et al., 1987). The heartwater organism is a member of
the Class Proteobacteria and Order Rickettsiales. It was previously classified as a member of the
family Rickettsiaceae, Tribe Ehrlichieae and Genus Cowdria (Moshkovski, 1947). The
development of serodiagnostic tests revealed a very close antigenic relationship between E.
ruminantium and the ehrlichial pathogens, E. canis and E. chaffeensis (Jongejan et al., 1993a;
Katz et al., 1997; Kelly et al., 1994), and to a lesser degree, Ehrlichia ovina and Ehrlichia bovis
(Jongejan et al., 1993a). Recent classification, based on genetic analyses of 16S rRNA genes,
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groESL and surface protein genes, assigned the organism to the family Anaplasmataceae and to
the genus Ehrlichia (Dumler et al., 2001).

1.2.2 Life cycle
Amblyomma spp. are the known vectors of E. ruminantium and are three-host ticks (Camus et al.,
1996). The larvae and nymphs acquire infection by feeding on E. ruminantium-infected domestic
or wild ruminants. Following acquisition feeding of Amblyomma larvae on E. ruminantiuminfected hosts, rickettsiae were first seen by light microscopy occasionally in moulting larvae 27
days post detachment, and more frequently in the resultant unfed nymphs up to 101 days post
detachment (Cowdry, 1925b). E. ruminantium were found in the midgut epithelial cells, and
sometimes free in clumps in the gut lumen (Cowdry, 1925b) and also in the salivary gland (Hart
et al., 1991; Kocan et al., 1987). Electron microscopy revealed E. ruminantium in the midgut of
unfed nymphal or adult A. hebraeum and A. variegatum, previously fed on rickettsaemic hosts,
and up to 4 days following initiation of transmission feeding (Kocan and Bezuidenhout, 1987). In
addition, E. ruminantium organisms have also been detected in tick haemocytes and malpighian
tubules (Du Plessis, 1985; Kocan and Bezuidenhout, 1987). The presence of the organism in a
haemocyte after 2 days of transmission feeding (Hart et al., 1991) suggested a possible means of
transfer between midgut and salivary gland (Bell-Sakyi, 2004b). Different morphological forms of
the organism have been demonstrated in the salivary glands of feeding ticks suggesting the
occurrence of a developmental cycle in the tick host. The presence of E. ruminantium in the
midgut and salivary gland of the tick suggested that colonisation of both organs is necessary for
the development cycle of the organism and that transmission of the organism by the tick to the
vertebrate host occurs by either regurgitation of the gut content and/or through secretion of saliva
while feeding. The period required for transmission of the organism to occur after attachment of
an infected tick to a susceptible host is estimated between 27 and 38 hours for nymphs and
between 51 and 75 hours for adults (Bezuidenhout, 1987). Infected animals serve as source of
infection for ticks.
The ruminant host, once infected, may remain a carrier for up to 3.5 years (Andrew and Norval,
1989; Bekker et al., 2002b; Camus, 1992) and potentially for the rest of its life, thus serving as a
reservoir of infection for ticks. Although there have been reports of transovarial transmission in A.
hebraeum (Bezuidenhout and Jacobsz, 1986), ticks normally only transmit E. ruminantium
intrastadially and therefore do not serve as a reservoir of infection in the absence of susceptible
hosts. Vertical transmission in cattle of E. ruminantium from dam to calf has also been reported
(Deem et al., 1996); but the mechanism as well as how frequent and widespread this phenomenon
may be in ruminant species, cattle and small ruminants remain to be elucidated.
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Reproduced from Bell-Sakyi, 2004b

Figure 1. Life cycle of E. ruminantium (ER). Host 1 has been infected with ER. Morulae appear
in circulating neutrophils several days later (1) and then subsequently in vascular endothelial
cells (2). Elementary bodies (3) are released into the bloodstream. Amblyomma sp. larvae (A)
ingest blood containing ER elementary bodies during feeding (4). During this period ER morulae
can be seen in midgut epithelial cells (5 and 6) and sometimes in the lumen. After moult,
Amblyomma nymphs (D) feed on host 2. After several days ER morulae are found in the salivary
gland acinar cells (8 and 9) carried there from the midgut possibly by haemocytes (7). The
feeding nymphs transmit ER to host 2 presumably as extracellular infective forms through their
saliva (10). Host 2 becomes a source of infection for other immatures. The engorged nymphs (E)
detach and moult (F) with ER morulae presumably still present in midgut endothelial cells (5 and
6). Following moult the Amblyomma adults feed on host 3; and after several days ER morulae are
found in salivary gland acinar cells (8 and 9); carried there possibly by haemocytes (7). The
feeding adults (G) transmit infective ER to host 3 in their saliva.
However, a major mode of transmission of E. ruminantium to mammalian hosts occurs during
feeding by an infected tick. Infective organisms are presumably first transported to regional
lymph nodes draining the tick attachment site (Camus et al., 1996; Du Plessis, 1970). Several days
after infection, rickettsiae were first detected in the cytoplasm of circulating neutrophils (Logan et
al., 1987), although the numbers may vary depending on the E. ruminantium isolate (Jongejan et
al., 1989b). This neutrophil stage almost coincides with the onset of clinical signs and the
invasion of endothelial cells lining the blood vessels (Du Plessis, 1970). Jongejan et al. (1991a)
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described the life cycle as a Chlamydia-like developmental cycle, which starts with the entry of an
infectious stage, an electron dense elementary body, into the intracellular cytoplasmic vacuole of
an endothelial cell. Elementary bodies divide by binary fission to produce large colonies of
metabolically active reticulate bodies. Infected cells disrupt 5 to 6 days later resulting in the
release of numerous elementary bodies in the bloodstream of host animals to begin a new cycle of
infection. A schematic illustration and systematic explanation of the life cycle of the parasite is
outlined in Figure 1.

1.2.3 In vitro cultivation
The first successful attempt to propagate E. ruminantium in arthropod cell lines was associated
with the cultivation in primary cell cultures initiated from infected moulting nymphs of A.
hebraeum and A. variegatum (Andreason, 1974). These cultures at nine days old caused fatal
heartwater in sheep upon injection intravenously. Subsequent attempts ranged from failure
(Uilenberg, 1983; Yunker et al., 1988) to success with the first continuous propagation of the
Gardel stock of E. ruminantium in an Ixodes scapularis tick cell line for more than 500 days
(Bell-Sakyi et al., 2000). Furthermore, a Rhipicephalus appendiculatus cell line, RAN/CTVM3,
was infected with the Gardel stock of E. ruminantium (Bekker et al., 2002a) and continuous cell
lines derived from A. variegatum, I. scapularis and I. ricinus were infected with E. ruminantium
cultured in bovine endothelial cells (Bell-Sakyi, 2004a). Tick cell lines derived from six different
tick species, A. variegatum, B. decoloratus, B. microplus, I. scapularis, I. ricinus and R.
appendiculatus, were reportedly infected with E. ruminantium (Zweygarth, 2006).
The first relatively successful attempt to cultivate E. ruminantium in mammalian cells was the
growth of primary kidney cell cultures from E. ruminantium-infected goats for which only
cultures of 13 days old or less could induce hearwater in goats (Jongejan et al., 1980). However,
E. ruminantium could not be detected microscopically in these cultures. Subsequently, a primary
E. ruminantium-infected neutrophil culture, maintained in vitro for 18 h to 5 days, was established
(Logan et al., 1987) and was successfully adapted for production of E. ruminantium antigen for
heartwater serology (Jongejan et al., 1989a; Martinez et al., 1990). Continuous in vitro
propagation of E. ruminantium in mammalian cells was first achieved using bovine umbilical cord
endothelial cells (Bezuidenhout et al., 1985). This created new possibilities, and subsequent
propagation of E. ruminantium used endothelial cells from various organs or anatomical sites of
various ruminant or mammalian species. Endothelial cells derived from bovine aorta, bovine
pulmonary artery, foetal bovine heart (Yunker et al., 1988), ovine pulmonary artery (Byrom et al.,
1991), bovine saphenous vein (Neitz and Yunker, 1996) and caprine jugular vein were all
successfully used. Additionally, endothelial cells derived from brain capillaries of bovine
(Martinez et al., 1993b; Totté et al., 1996) and humans (Totté et al., 1993) supported the in vitro
growth of E. ruminantium. Continuous in vitro propagation of E. ruminantium was also achieved
in endothelial cells obtained from African wild ruminants (Smith et al., 1998) and non-ruminants
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(Totté et al., 1993) such as sable antelope (Hippotragus niger), buffalo (Syncerus caffer), eland
(Tragelaphus oryx) and from bush pig (Potamochoerus porcus). In addition, E. ruminantium was
shown to grow in monocyte-macrophage cell lines from mice and dogs, and in human leukaemia
cell line (HL-60) although with low rates of infection and without persistent infection (Zweygarth,
2006). The above results showed that growth of E. ruminantium is not restricted to cells derived
from natural hosts of the organism and could potentially have an expanded host range.
Importantly, its ability to grow in human endothelial cells adds to concern of the potential role as
a human pathogen (Allsopp et al., 2005; Loftis et al., 2006).
In vitro cultivation of E. ruminantium enhanced the upscaling of mass production of the rickettsia
for possible large scale vaccine production. An early attempt to bulk produce E. ruminantium was
the propagation of endothelial cells, and subsequent infection with the organism in roller bottles
of 800 cm2 of culture area (Brett and Bezuidenhout, 1989). These researchers estimated that each
bottle could yield 20,000 doses of live E. ruminantium vaccine. Subsequent studies on the
adhesion properties of endothelial cells in a bioreactor showed that endothelial cells attached
efficiently on collagen microspheres, although the experiment stopped short of infecting these
cells with E. ruminantium (Totté et al., 1993). Recently, mass production of E. ruminantium
elementary bodies using microcarriers as anchors for endothelial cells in stirred tank bioreactors
was reported, opening the possibility of upscaling E. ruminantium production for vaccine
production (Marcelino et al., 2006).

1.3

Heartwater

1.3.1

Background

The first description of a disease resembling heartwater or cowdriosis was made in South Africa
(Trichardt, 1838) upon observation of a fatal nervous disease of sheep following massive tick
infestation 3 weeks earlier (Neitz, 1968). Webb (1877) described the enormous losses amongst
small ruminants due to heartwater, and believed that the disease was associated with the bont tick
A. hebraeum. Dixon (1898) was able to transmit heartwater by the intravenous inoculation of
infected blood into susceptible animals. It was then concluded that the disease was caused by a
living microorganism and was thought to be a virus (Hutcheon, 1900). Lounsbury (1900)
demonstrated that A. hebraeum, the major vector in southern Africa, was indeed the vector of
heartwater. In 1925, Cowdry finally demonstrated the causative agent of heartwater in tissues of
infected animals as well as in infected ticks, thereby describing for the first time a rickettsia
causing a disease in domestic animals. Initially named Rickettsia ruminantium, the organism was
later renamed Cowdria ruminantium in honour of Cowdry (Moshkovski, 1947) who successfully
demonstrated gram-negative, intracellular coccus-like microorganisms in the tissues of
heartwater-infected animals. In vitro culturing of the organism (Bezuidenhout et al., 1985)
facilitated the development of diagnostic tests and the study of immunological responses in hosts
to infection (Jongejan et al., 1991a; Martinez et al., 1993a; Totté et al., 1997), vaccines (Jongejan
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et al., 1993b; Mahan et al., 1995; Mahan et al., 1994b, 1994; Totté et al., 1997). Extraction of
genomic DNA allowed the development of PCR-based techniques for identification of pathogen
DNA in ticks and in hosts, and to genetically characterise different isolates from geographically
diverse areas (Kock et al., 1995; Mahan et al., 1992; Perez et al., 1997; Peter et al., 1995; Reddy
et al., 1996; Waghela et al., 1991; Yunker et al., 1993).

1.3.2

Hosts

Domestic ruminants, notably cattle, sheep and goats are most susceptible to heartwater. A large
number and variety of wild African and non-African ruminants are susceptible to infection with
heartwater giving rise to the suspicion that some, in heartwater-endemic areas, may serve as
reservoirs of the disease (Oberem and Bezuidenhout, 1987; Uilenberg, 1983). This suspicion was
confirmed with the finding that the African buffalo (Syncerus caffer), which are excellent natural
hosts for the vectors are, after recovery from heartwater, chronically infected and intermittently
infective for ticks for many months (Andrew and Norval, 1989). (Peter et al., 2002) provided
evidence that 12 African ruminants, three non-African ruminants and two rodents can become
infected with E. ruminantium, in most cases asymptomatically. The wide host range of E.
ruminantium is reflected in the ability to infect in vitro endothelial cells from a wide range of
species including humans (Totté et al., 1993), African buffalo, warthog, giraffe, greater kudu,
eland and sable antelope (Smith et al., 1998). Certain animals such as the crowned guinea fowl
(Numida meleagris) and leopard tortoise (Geochelone pardalis) can serve as subclinical carriers
of E. ruminantium and act as a source of organisms for ticks (Oberem and Bezuidenhout, 1987).
Although the precise role of wildlife in the epidemiology of heartwater remains to be fully
investigated, they transfer the infection to Amblyomma ticks, which feed on these hosts in nature
(Oberem and Bezuidenhout, 1987). The involvement of wildlife in the cycle of heartwater, is a
complicating factor for control of the disease and constitutes an important subject for further
investigation (Uilenberg, 1983).

1.3.3

Vector ticks

One hundred and twenty nine Amblyomma species are known to exist on different continents
(Jongejan and Uilenberg, 2004). However, vectors of heartwater in nature are all of African origin
(Walker and Olwage, 1987). Members of this genus are widespread in tropical and sub-tropical
zones where they have a wide host range, especially in immature stages (Jongejan and Uilenberg,
2004; Yunker, 1996). Sheep and goats are important hosts for immature stages of the two
principal vectors, A. hebraeum and A. variegatum, the adults of which predominantly and
preferentially infest cattle. A. variegatum is the most important species on most of the African
continent and has the widest distribution throughout sub-Saharan Africa (Figure 2). It is the only
African vector of heartwater that has established itself outside Africa, in the Caribbean region
(Camus and Barre, 1987b). The distribution of this species covers most of sub-Saharan Africa
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(Figure 2) as well as surrounding islands of Madagascar, La Reunion, Mauritius, Zanzibar, the
Comoros and Sao Tomé (Uilenberg, 1983).

Fig. 2. Distribution of the main vector of Heartwater, Amblyomma variegatum, in Africa; Adopted from
G.S. Cumming (1999)

A. hebraeum inhabits the southeastern part of Africa. Other species, A. lepidum and A. gemma
inhabit parts of eastern and northeastern sub-Saharan Africa, A. pomposum occurring mainly in
Angola, A. cohaerens and A. astrion, which have adapted from the African buffalo to livestock
and found mainly in Ethiopia and São Tomé respectively, are of secondary importance in terms of
vector capacity, distribution and frequency of parasitism of domestic livestock (Uilenberg and
Niewold, 1981; Walker and Olwage, 1987). A. marmoreum, A. sparsum and A. tholloni also on
the African continent, do not normally feed on domestic livestock (Peter et al., 2002; Uilenberg,
1983). In general, in Africa, the distribution of heartwater corresponds to that of the tick vectors
(Uilenberg, 1983). On the American mainland, three potential, experimentally proven, vectors of
E. ruminantium are known: A. cajennense, A. maculatum and A. dissimile (Jongejan, 1992;
Uilenberg, 1982). A. americanum, A. neumani and A. imitator gave negative results in
transmission experiments (Allan et al., 1998; Camus et al., 1996; Uilenberg, 1982). This shows
the existence of a potential risk of introducing cowdriosis onto the American mainland. For
instance, the establishment of A. marmoreum in Florida through importation of foreign wildlife
has been reported (Allan et al., 1998), whereas A. sparsum, with some confirmed infected by
PCR, was found on leopard tortoises imported from Zambia (Burridge et al., 2000). This threat is
even more real in the face of the rapid increase in international trade and travel.
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1.3.4

Clinical disease and immunity

Hearwater, in clinically affected animals, is characterised by sudden onset of high fever, which
may be accompanied by nervous signs and may be followed more or less rapidly by death. The
disease usually develops within 10 to 30 days after an infectious tick bite and the first symptom
usually is a sudden rise in body temperature. Mortality rates vary between 5 % and 100 % (Camus
et al., 1996; Van de Pypekamp and Prozesky, 1987). Mortality rate in indigenous goats in an
endemic area of Guadeloupe has been estimated at around 10 % (Camus and Barre, 1987a). The
disease occurs in susceptible ruminants following natural transmission by infected Amblyomma
ticks, artificial transmission by inoculation of infected blood, tissue homogenate, ground-up tick
suspension or ruminant endothelial cell culture (Camus et al., 1996). The severity of clinical signs
and mortality rate depend on the species, breed and age of the ruminant host, the route of infection
(tick transmitted or needle-inoculated), the virulence of the E. ruminantium isolate and the size of
the inoculum. Young animals immediately after birth, irrespective of breed and the dam’s immune
status have been reported to possess innate resistance to heartwater (Uilenberg, 1983). The
duration of this inverse-age resistance varies amongst species. It is reported to be 9 days in
Merino lambs (Uilenberg, 1971), 2 weeks in kids (Camus and Barre, 1987a) and 2 to 3 weeks in
calves (Uilenberg, 1983). Exotic breeds are more susceptible than indigenous livestock and
mortality rate of 50 % or greater due to the disease have been reported in sheep and imported
cattle in sub-Saharan Africa (Uilenberg, 1983). Merino sheep are highly susceptible (Alexander,
1931; Lounsbury, 1902), whereas goats of the Angora breed are the most susceptible of all
domestic ruminants (Spreull, 1922). Generally, indigenous ruminant livestock in heartwaterendemic areas are resistant to the disease although this is less for sheep and goats. The course of
clinical heartwater in ruminants varies. In the peracute form, death occurs suddenly with little or
no prior indication of clinical disease. In the acute form, high fever of rapid onset is followed by
anorexia, dyspnoea, nervous signs and death within 2-6 days. In the subacute form, the clinical
signs are similar to those in the acute form, but less pronounced, and may be followed by death or
recovery. In the mild or inapparent form, the only clinical sign is transitory fever, which may not
be noticed in the field, followed by recovery and development of immunity. This form is common
in neonatal animals, which possess an innate inverse age-related resistance to heartwater disease
(Camus et al., 1996), and also in heartwater-endemic areas in disease-resistant indigenous breeds
such as West African Dwarf goats and Djallonké sheep. As these symptoms are not
pathognomonic, it is generally very difficult to diagnose heartwater in the live animal by clinical
signs alone; fever is a feature of most infectious tick-borne and other diseases, and nervous signs
may be symptomatic of poisoning, some nutritional disorders, or babesiosis and theileriosis, both
of which have cerebral forms in cattle (Camus et al., 1996). Epidemiological factors such as
presence or absence of the vector, Amblyomma spp. ticks including possible records of previous
occurrence of heartwater in the locality should be considered in making a diagnosis.
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Immunity to E. ruminantium infection (heartwater), similar to other intracellular parasites, is
considered to be mainly cell-mediated (Totté et al., 1999, 1997). Antibodies produced in response
to infection as early as the first day of fever (Viljoen et al., 1987), play little or no role in the
protective immune response (Totté et al., 1999). Although serum antibodies are considered to
engender no protective immunity, they appear to be a more useful indicator of exposure to the
organism (Du Plessis, 1993). Animals that recovered from heartwater manifest solid immunity
against homologous or antigenically related E. ruminantium isolate of several years’ duration
(Neitz, 1939). Cross-protection between isolates may be complete, partial or non-existent (Du
Plessis et al., 1989; Jongejan et al., 1988b) and appears not to correlate with geographic origin.
Antigenic diversity between E. ruminantium resulting in lack of protection between heterologous
strains/stocks is the single most significant obstacle to developing a protective vaccine against
heartwater and consequently constitutes a major constraint to livestock upgrading programmes in
sub-Saharan Africa.

1.4

Epidemiology of Heartwater

1.4.1

Serodiagnosis

The indirect fluorescent antibody test (IFAT)(Du Plessis, 1981) was the first serological
diagnostic assay used for large scale screening of E. ruminantium infection in heartwater
epidemiology. Although this assay showed to be highly sensitive (Du Plessis and Malan, 1987),
its specificity was affected by the detection of false-positive results, presumably due to a closely
related Ehrlichia spp. in sera from Amblyomma-free areas (Du Plessis et al., 1987). Similarly, in a
serological survey of E. ruminantium in cattle in Senegal (Gueye et al., 1993), interpretation of
results was complicated by possible cross-reactions with Anaplasma (Ehrlichia) bovis known to
occur in Senegal (Gueye et al., 1994b). Immunoblotting assays were also used in heartwater
serology and cross-reactions with unknown Ehrlichiae were also noted (Jongejan et al., 1993a;
Kobold et al., 1992; Mahan et al., 1993).
With the objective of improving the specificity of heartwater serology, an enzyme-linked
immunosorbent assay (ELISA) was developed for E. ruminantium using infected A. hebraeum
nymphs as antigen (Viljoen et al., 1987, 1985). However, E. ruminantium harvested from bovine
endothelial cell cultures used as source of antigen in a competitive ELISA (Jongejan et al., 1991b)
and two indirect ELISAs (Martinez et al., 1993a; Soldan et al., 1993) proved superior. The
competitive ELISA based on the 32 kDa protein (Jongejan et al., 1991b) called major antigenic
protein 1 (MAP1) was found to be conserved within the genus Ehrlichia (Jongejan et al., 1993a)
and has been shown to cross-react with closely related Ehrlichia species, Anaplasma (Ehrlichia)
bovis and E. ovina, (Jongejan et al., 1993a; Kobold et al., 1992; Mahan et al., 1993). E.
ruminantium was also found to be closely related to E. canis (Jongejan et al., 1993a; Kelly et al.,
1994). The recombinant major antigenic protein 1 (MAP1) was later introduced and an indirect
ELISA based on a recombinant truncated form of the Major Antigenic Protein 1 of E.
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ruminantium, (fragment B, thus named MAP1-B) has been developed (Van Vliet et al., 1995).
This test does not cross-react with closely related Ehrlichia species found in ruminants, like E.
ovina and Anaplasma (Ehrlichia) bovis. Although cross-reaction with E. canis (which infects
dogs) and E. chaffeensis (a human pathogen), which do not infect ruminants in heartwater
endemic regions, still exists, this cross-reactivity is not expected to hamper the results of
heartwater serology. The MAP1-B ELISA (Van Vliet et al., 1995) has been used extensively by
various laboratories where heartwater occurs (De Waal et al., 2000; Mahan et al., 1998; Mattioli
et al., 2000a; Mondry et al., 1998; Peter et al., 2001; Semu et al., 2001). The test has been shown
to perform satisfactory for small ruminants (De Waal et al., 2000; Mahan et al., 1998) with a
specificity of 98.9 % and 99.4 % for caprine and ovine sera, respectively (Mondry et al., 1998;
Van Vliet et al., 1995). It has been recommended that users of the assay in small ruminants in
field situations should determine their own cutoff levels using local sera (Mboloi et al., 1999).
The performance of MAP1-B ELISA has been less satisfactory with cattle exposed to continuous
field challenge due to down regulation of MAP1-B antibody responses (Semu et al., 2001)
resulting in detection of lower than expected seropositive rates in heartwater endemic areas
(Mahan et al., 1998; Peter et al., 2001). Furthermore, a polyclonal competitive ELISA (PCELISA) for detection of antibodies to E. ruminantium has been described by Sumption et al.
(2003). The assay was used in an earlier study prior to publication of the full method (Bell-Sakyi
et al., 1996). Awa (1997) used a modification of the PC-ELISA in a survey of antibody
prevalence in sheep and goats in north Cameroon. The PC-ELISA (Sumption et al., 2003) was
comparatively evaluated using field sera from cattle and small ruminants (Bell-Sakyi et al., 2003);
results indicated a better performance for the assay in comparison to MAP1-B ELISA with
respect to detection of antibodies against E. ruminantium in cattle. In conclusion, serological
assays, generally, unlike PCR-based techniques, only provide information about previous
exposure of an animal to infection and do not differentiate between strains of E. ruminantium.
Notwithstanding these limitations, serological tools still have important applications in heartwater
epidemiology in sub-Saharan Africa, notably their use in disease risk mapping (Awa, 1997; BellSakyi et al., 2004; Faburay et al., 2004; Koney et al., 2004). In addition, serological tests could be
useful, when applied in conjunction with PCR, in determining the true infection status of animals
in heartwater endemic regions prior to export to heartwater-free areas.

1.4.2

Molecular detection

Molecular cloning of several E. ruminantium genes resulted in the development of improved
diagnostic tests for heartwater. The genes, map2, encoding the 21 kDa (Mahan et al., 1994a) and
map1 encoding the 32 kDa (Van Vliet et al., 1994) E. ruminantium-proteins have been cloned,
characterized, sequenced and expressed to high levels to produce recombinant analogues, which
have found application in subunit enzyme-linked immunosorbent assay (ELISA). The first
reported attempt to identify and characterise E. ruminantium antigens was carried out using
tissues harvested from the choroids plexus of goats, which died of heartwater (Jongejan and
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Thielemans, 1989). A 32 kDa protein was detected in Western blotting by caprine and murine
antisera raised against nine different E. ruminantium isolates. The murine antisera also recognised
proteins of approximately 21 and 25 kDa (Jongejan and Thielemans, 1989). Subsequent
immunoblotting analyses used antigen derived from E. ruminantium-infected endothelial cell
cultures in which more proteins between the 21 and 32 kDa range were recognised by E.
ruminantium antisera (Jongejan et al., 1993a, 1991b; Kobold et al., 1992; Lally et al., 1995;
Mahan et al., 1994a, 1993; Perez et al., 1998; Roussow et al., 1990; Van Kleef et al., 1993).
Remarkable progress over the past decade in the development of polymerase chain-reaction
(PCR)-based molecular diagnostics for E. ruminantium was associated with the development and
use of DNA probes to detect E. ruminantium in Amblyomma ticks and in animals, with the
subsequent significant increase in the sensitivity of these assays using PCR (Mahan, 1995).
Waghela et al. (1991) first described the use of cloned DNA probes to detect the presence of E.
ruminantium in A. variegatum ticks. One of the probes, the pCS20, showed high sensitivity and
hybridized with all eight isolates of E. ruminantium tested and detected E. ruminantium-specific
DNA from plasma samples from infected sheep before and during the febrile reaction (Mahan et
al., 1992). Using PCR to amplify the map1 gene, E. ruminantium could be detected in blood and
bone marrow of sheep not only during the febrile response, but also up to 4 months later in
animals, which recovered following treatment (Kock et al., 1995). In a comparative evaluation of
detecting E. ruminantium infection, a DNA probe based on the pCS20 sequence also showed
higher sensitivity and specificity relative to probes based on the 16S rDNA and map1 gene
sequences (Allsopp et al., 1999). The pCS20 PCR assay does not detect DNA of E. canis and E.
chaffeensis, which, serologically and on the basis of the 16S rDNA analysis are closely related to
E. ruminantium (Katz et al., 1997; Peter et al., 2000, 1995; Van Vliet et al., 1992). Furthermore, a
recent technique, based on the16S rDNA, for simultaneous detection of a range of ruminant
Ehrlichia and Anaplasma species by reverse line blot hybridisation detected E. ruminantium in
experimentally-infected sheep during clinical response, but was not sufficiently sensitive to
reliably detect the pathogen in animals shown to be carriers by xenodiagnosis (Bekker et al.,
2002b).Against this background, assays based on the pCS20 sequences were considered the most
sensitive and specific diagnostic test for E. ruminantium infection in ruminants and A. variegatum
ticks (Peter et al., 2000; Simbi et al., 2003; Van Heerden et al., 2004b).

1.4.3 Molecular characterisation
Genetic characterization of E. ruminantium has been based on different gene targets, all of which
manifest varying degree of nucleotide sequence polymorphisms among different isolates. The 16S
rRNA gene was shown to manifest few nucleotide sequence differences in the hyper variable
region (the V1 loop) and therefore considered most useful and often used for phylogenetic
analysis (Allsopp and Allsopp, 2007; Rikihisa et al., 1997; Van Vliet et al., 1992). Genetic
analyses of 16S rDNA, heat shock protein (groESL) and surface protein genes have reassigned the
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heartwater agent to the genus of Ehrlichia (Dumler et al., 2001). In addition, the citrate synthase
gene (gltA), which encodes the first enzyme of the tricarboxylic acid cycle, a key regulator of
intracellular ATP production in virtually all living cells (Wiegarg and Remington, 1986), was
shown to exhibit higher variation than the 16S rRNA gene and analysis of the gene sequence was
considered one of the best tools for phylogenetic analysis and identification of Ehrlichia species
(Inokuma et al., 2001). Compared to 16S sequences, map1 gene sequences exhibited more
polymorphisms (Reddy et al., 1996), and therefore considered a useful target to provide
information about the distribution of E. ruminantium genotypes in the field (Allsopp et al., 1999;
Martinez et al., 2004). Bekker et al. (2002a) reported differential transcription of map1 gene
paralog between ticks, bovine endothelial cell cultures and tick cell lines; and the gene has been
confirmed to be one of a multigene family, with 16 tandemly arranged paralogs, which are all
transcribed in vitro in infected bovine endothelial cells (Van Heerden et al., 2004a). Recent
molecular characterisation of E. ruminantium using pCS20 sequences showed the usefulness of
the sequences for phylogenetic analysis (Allsopp and Allsopp, 2007; Van Heerden et al., 2004b)
Unlike map1 gene sequences (Allsopp et al., 2001), phylogenetic analysis of pCS20 sequences of
14 E. ruminantium stocks showed distinct geographic clustering (with the exception of Kűmm1
isolate) of West and southern African isolates (Van Heerden et al., 2004b). The analysis showed
no sequence variation amongst the West African isolates and indicated that the level of
conservation of the E. ruminantium pCS20 region allows for reliable differentiation of the
organism from other Ehrlichia spp. (Van Heerden et al., 2004b). Advances in genome sequencing
resulted in the complete sequencing of the genome of two E. ruminantium isolates: the
Welgevonden from South Africa (Collins et al., 2005) and Gardel from Guadeloupe (Frutos et al.,
2006), which could impact positively on heartwater research notably through identification of
possible novel vaccine targets.

1.4.4

Genetic diversity and recombination

Although E. ruminantium is shown to have no plasmids, phages, insertion sequences, or genes for
pilus assembly (Collins et al., 2005) which mediate recombination in many bacteria (Allsopp and
Allsopp, 2007), it possesses genes required for the assembly of a channel for bacterial competence
(Collins et al., 2005) making it amenable to natural transformation (Thomas and Nielsen, 2005).
This shows that the organism is capable of DNA uptake and homologous recombination by
mechanisms which are currently not understood (Allsopp and Allsopp, 2007). On the other hand,
intrachromosomal recombination events at repeated sequences that lead to deletions are
considered to result in genome reduction (Rocha, 2003). Intracellular bacteria being unable to
regain the lost sequences from other bacterial species through horizontal gene transfer thus suffer
a loss of genes whose products must be obtained from the host (Collins et al., 2005). These
deletions could result in the creation of new genotypes of E. ruminantium with possible
phenotypic consequences. For example, the map1-2 in the Gardel stock of E. ruminantium is
shown to bear a deletion of 48 bp, which accounts for 80 % of the size difference between the
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map1 clusters of the Gardel stock and the Welgevonden stock (Frutos et al., 2006). map1-2 was
shown to recombine with map1-3 in a sub-strain, Gardel-CTVM, of the parent Gardel stock
(Bekker et al., 2005). The deletion of map1-2 gene in the CTVM Gardel subpopulation indicates
that recombination can occur in E. ruminantium, which may influence the phenotypic
characteristics of the bacteria (Bekker et al., 2005). These intrachromosomal recombination
events could probably explain the wide genetic diversity observed amongst E. ruminantium stocks
in the field. Futhermore, it has been postulated elsewhere that free-living bacteria readily acquire
alien genes by horizontal gene transfer and this is considered a major mechanism in the evolution
of bacterial pathogenesis (Ochman and Moran, 2001). The estimated proportion of genes acquired
by this method of gene transfer by E. ruminantium is significantly low (approximately 3 %)
(Collins et al., 2005) compared to that in other bacterial pathogens (of 10-15 %) (Merkl, 2004).
This was attributed to the fact that only one species of intracellular parasite inhabits a host cell
generally, which therefore restricts the parasite`s access to new genes (Andersson and Kurland,
1998). Thus for E. ruminantium, phenotypic change through intrachromosomal recombination
seem a more frequent occurrence than changes resulting from homologous recombination. The
latter phenomenon could occur between two genetically/antigenically different stocks by
introduction into the genome of a new allelic variant of a gene or genomic region already present
in that genome (described in Hughes and French, 2007). However, possible occurrence of
extensive recombination between different stocks of E. ruminantium in the field has been reported
in a recent study (Allsopp and Allsopp, 2007). The latter authors found that of the twelve E.
ruminantium stocks from Southern, East and West Africa, only the Gardel stock did not show
evidence of recombination. Extensive recombination was shown to have occurred among
Southern and East African stocks, but not with West African stocks. The only evidence of
recombination among the West African stocks was between Pokoase and Senegal sharing a ftsZ
ortholog. The Kűmm 1, a Southern African stock, showed recombination with all the West
African stocks (Allsopp and Allsopp, 2007).
Examination of synonymous substitution at individual loci revealed that both the original
Welgevonden (South Africa) and the subvariant Welgevonden (maintained in Guadeloupe)
included genes that showed evidence of homologous recombination with more distantly related
genomes including genomes from the Gardel stock; such recombination was shown to be most
evident in loci known to play roles in important biological processes (Hughes and French, 2007).
Importantly, since homologous recombination results in both synonymous and non-synonymous
changes, these recombination events could potentially have phenotypic effects on the recipient
genotype (Hughes and French, 2007). It is postulated that the most likely time for recombination
to occur is in the tick vector after ingestion of a blood meal from animal carrying a mixture of E.
ruminantium genotypes and before the establishment of the organism in gut epithelial cells
(Allsopp and Allsopp, 2007). The likelihood and frequency of homologous recombination
occurring between different stocks of E. ruminantium in vivo in animals and ticks under natural
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field conditions potentially resulting in creation of new genotypes of E. rminantium with different
phenotypic characteristics should be investigated. Such information will have particular important
implications on the implementation of live vaccination programmes to control heartwater in
smallholder traditional livestock systems in sub-Saharan Africa.

1.4.5

Ehrlichia-like organisms and human cases

Recent reports suggest the existence of uncharacterised Ehrlichia-like organisms in heartwaterfree areas. In the United States, a tick-borne Ehrlichia that is genetically and antignically similar
to E. ruminantium was detected in A. americanum ticks collected from Panola Mountain Park,
Atlanta, GA (Loftis et al., 2006). The Ehrlichia caused transient febrile illness in a goat reportedly
similar to `heartwater fever` indicative of the mildest manifestation of E. ruminantium infecton
(Camus et al., 1996; Jongejan et al., 1984). Preliminary genetic analysis based on 16S rRNA, gltA
and map2 genes, as well as antigenic and biologic characterisations postulate that the agent is
either a new species of Ehrlichia or a divergent strain of E. ruminantium. There is reported
evidence that this agent might cause human disease (quoted in Loftis et al., 2006).
Similarly, a recent study described the detection by a PCR assay based on E. ruminantium pCS20
and 16S sequences in Ehrlichia-like organisms in animals and non-Amblyomma tick species in a
heartwater-free area in South Africa (Northern Cape). Analysis of the sequences suggested the
presence of a non-pathogenic variant of E. ruminantium in this area (Allsopp et al., 2007). Finally,
recent evidence suggests that E. ruminantium might be infective for humans. Three fatal cases of
suspected ehrlichiosis were diagnosed in three unrelated individuals who were not overtly
immunocompromised. Two were children, both of whom died after a short illness of about a
week, presenting a clinical picture of encephalitis with complaints of severe headache, sleepiness
and an unsteady gait. The third individual died approximately 3 weeks after her dog died of
`bilary fever`. Molecular evidence based on 16S rRNA and pCS20 gene sequences indicated that
E. ruminantium was present in DNA from all 3 individuals (Allsopp et al., 2005).

1.5

Hearwater in The Gambia

1.5.1 Background
The Gambia is located in West Africa and is 400 km long and 30 km wide on both sides of the
river Gambia (Figure 3). It stretches between 13°54´ and 13°20´ North and between 17°05´and
14°05´ West and borders in the west by the Atlantic ocean and by Senegal in the north, south and
east. The country covers an area of 11, 300 km2 with a total land area of 10,689 km2. The
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population is 1.4 million with an annual growth of 3.3 %. The population density is one of the
highest in Africa with, on average, 138.8 persons/km2.

The Gambia is situated in the Sudano-Sahelian agro-ecological zone. This zone varies from semiarid (600-1000 mm per annum) in land to subhumid (more than 1000 mm per annum) at the coast.
The humid and rainy season lasts from June to October with peak rainfall occurring in August.
Temperature varies between 14-40 °C. The vegetation is mainly savannah woodland with swamp
areas.

Figure 3. Map of The Gambia

The traditional farming system is either agropastoralism or small-scale mixed farming associated
with rain-fed cultivation of cahs and food crops. The income derived from livestock and their
products in such mixed farming systems is responsible for 10-50% of the household income
(Wilson, 1991).

Agriculture contributes about 25 % to Gross Domestic Product (GDP). Total

agricultural land area is 7,140 km2 and constitutes about 71.4 % of total landmass. Livestock
accounts for about 25 % of Agricultural Gross Domestic Product with an annual growth rate of
about 3.3 % reported in 1997 (FAO, 2005). This growth followed increased livestock integration
into agriculture (Osaer and Goossens, 1999). Livestock production husbandry system is
predominantly traditional especially in the rural countryside, with semi-intensive and
intensification systems, in response to market demand, emerging in the peri-urban and urban
areas.

1.5.2 Socio-economic importance
Heartwater or Cowdriosis is arguably the most important vector-borne disease in Africa affecting
small ruminant productivity in smallholder agricultural systems, surpassing trypanosomosis; for
which the natural prevalence in small ruminants is low (Murray et al., 1982). It causes an
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estimated mortality rate of more than 10 % in indigenous dwarf sheep and goats and more than 50
% in ruminant livestock introduced from heartwater-free areas to endemic areas (Uilenberg,
1983). In Africa, the control of ticks and tick-borne diseases, among which heartwater disease is a
key element, is considered the most important health and management problem, presenting a
problem of equal or greater magnitude than tsetse fly and trypanosomosis (Young et al., 1988).
Reliable figures for The Gambia and West Africa generally are unavailable, however, an annual
national loss due to cowdriosis in Zimbabwe alone is estimated at US$5.6 million (Mukhebi et al.,
1999), whereas other studies in cattle alone in large-scale commercial farms estimated it at 6.5
million US$ (Meltzer et al., 1996). The fact that in Sub-Saharan Africa smallholder livestock
farmers predominate the livestock agricultural system, which is based on the traditional system of
management where most causes of mortalities go unrecorded, the annual global loss for subSaharan Africa would be significantly high.
Nearly 80 % of all households in rural Gambia own a small ruminant, being a sheep or a goat
(Sumberg, 1988). Improving small ruminant production and productivity is considered, therefore,
a national priority to enhance the livelihood of resource-poor smallholder farmers and to ensure
food and nutritional security for rural farming communities (UNDP/DLS, 1993). A participatory
rural appraisal revealed that small-scale farmers raise small ruminants mainly to generate income,
as savings, to obtain manure for their farm holdings and goat milk consumption (Bennison et al.,
1997). In The Gambia, mixed farming or integrated crop-livestock production system
predominate in smallholder systems (USAID, 1982). Thus any approach to develop agriculture on
a sustainable basis with a view to alleviating poverty in smallholder farming communities, must
consider a holistic approach of integrated livestock and crop production. A socio-economic study
revealed that smallholder farmers in The Gambia regard keeping livestock as a more effective and
quicker way of generating income and alleviating poverty than crop production, the performance
of which over the years has been declining and unpredictable due to, among other factors, poor
rains and unfavourable marketing conditions (DLS, 2002). In 2005, ITC introduced the Livestock
Farmer Field School concept as an alternative and more participatory approach to identifying the
specific constraints that small-scale livestock keepers encounter and to actively involve them in
the decision-making process of choosing the appropriate technologies. Using a Participatory
Epidemiology methodology, many small-scale farmers ranked heartwater second to PPR (a viral
infection) in terms of its impact on the livelihood of farming communities (Hoeven et al., 2005).
This underscores the importance of controlling heartwater in smallholder livestock agricultural
systems in The Gambia and by extension in West Africa as a sustainable strategy of increasing the
income and enhancing the well being of small-scale farmers.

Domestic ruminants of indigenous origin demonstrate variable degree of resistance to heartwater.
Local breeds of cattle, N’Dama and Gobra zebu, appear more resistant to heartwater (Gueye et al.,
1982), than local dwarf goats and sheep (Bell-Sakyi, 2004b). Higher rate of mortality due to
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cowdriosis was reported among experimentally Trypanosoma congolense-infected indigenous
Gobra zebu cattle (Mattioli et al., 1994) and was attributed to trypanosome-induced
immunosuppression (Whitelaw et al., 1979) resulting in increased host susceptibility to other
pathogens (Mattioli et al., 2000b). In sheep and goats, mortality due to heartwater appears to be
comparatively more frequent and the disease is usually characterised by cases of sudden death,
characteristic of acute forms of the disease (Yunker, 1996). Frequent cases of sudden deaths in
which cowdriosis has been the prime suspect, have been observed in both indigenous and
Sahelian (from northern Senegal and Mauritania) sheep and goats. In a pure breeding flock of
traditionally managed Djallonke sheep and West African Dwarf goats at the International
Trypanotolerance Centre (ITC) station in Keneba, 30 % (sheep and goats combined) of the brain
smears examined post mortem were positive for E. ruminantium elementary bodies (Table 1),
which samples were derived from animals that manifested symptoms of cowdriosis prior to death.
Thirty six per cent (41/113) of the brain samples from sheep were positive for E. ruminantium
elementary bodies and for goats 25 % (39/158) were positive (Table 1). Among the flock, other
cases of mortality were attributed to pneumonia, coccidiosis, enteritis, severe mange, starvation
and accidental death. Furthermore, cases of mortality attributed to cowdriosis have been reported
in indigenous sheep and goats and their crosses (Djallonké/WAD x Sahelian sheep/goats)
following translocation from the eastern part of the country to the western part towards the coast.
These cases were attributed, among other factors, to possible antigenic differences between stocks
of E. ruminantium (Jongejan et al., 1988b) in different localities in the country.

Although

heartwater-associated mortalities in small ruminants occur throughout the year (Osaer and
Goossens, 1999), the frequency appears higher in the early dry season, which coincides with pick
abundance of A. variegatum nymphs.
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Year

Period of year

Total
No. of samples

No. of ER-positive
samples

Others*

% E. ruminantium positive

12

Jan – Dec
May – June

1998

1999

2

116
0

18

21

41

6

19

16

24

Total
158
39
*Others – moratlity cases related to pneumonia, coccidiosis, enteritis, mange, starvation and accidents

Jan – Dec

1997

40

May – Nov

1999

76

Goats

Jan – Dec

1998

25

113

Jan – Dec

1997

Total

Sheep

119

2

97

19

72

6

57

9

25

0

16

53

36

50

25

64

____________________________________________________________________________________________________________________

Animals species

____________________________________________________________________________________________________________________

Table 1. Proportion of Giemsa-stained brain smears positive for E. ruminantium (ER) from Djallonké sheep and West African Dwarf goats in the ITC
purebreeding flock in Keneba from 1997 to 1999

1.5.3 Hosts and vector ticks
The small ruminant population of The Gambia totaled approximately 408 000 in 2002 (FAO,
2005). About 60 % of small ruminants are located in the Central and Upper River Divisions
(Anonymous, 2000). Although most of the small ruminant population in the country consist of the
local dwarf sheep and dwarf goats, the population of long-legged Sahelian breeds and their
crosses with local breeds has been gradually increasing fueled primarily by increased farmer
preference for them as breeding stock (Bennison et al., 1997). Small ruminants, generally, are
more susceptible to heartwater (Yunker, 1996), although local dwarf goats and sheep seem to be
fairly resistant compared to their Sahelian counterparts or their crosses (Osaer and Goossens,
1999). The Sahelian stock and their crosses are concentrated in the eastern part of the country
predominantly towards the border with northern Senegal where they thrive relatively better
possibly due to the low heartwater-disease risk in the area (Faburay et al., 2004). The cattle
population totaled approximately 327 000 in 2002 and the population has been increasing for two
decades (1980 – 2000) at an annual rate of 1.1 % (FAO, 2005). Most of the cattle population in
The Gambia constitutes the N’Dama with increasing number of N’Dama and Gobra zebu crosses.
The Gobra zebu cattle, due to their high susceptibility to tsetse-transmitted trypanosomosis, are
more concentrated in the northern fringes of the country bordering Senegal where the risk of
trypanosomosis is significantly lower. Indigenous cattle, N’Dama, Gobra zebu and their crosses,
are fairly resistant to heartwater (Gueye et al., 1982). A small population of Holstein/Jersey x
N’Dama crosses is found in the peri-urban areas towards the coast of the country being produced
and distributed by the collaborative Gambia Government-ITC periurban continuous F1 dairy
scheme. These crosses have shown high susceptibility to heartwater, with an estimated mortality
rate of 30 %, in their first three months after birth (ITC Disease risk monitoring, unpublished).
Four genera of ixodid ticks have been recorded as parasitising domestic ruminants in The Gambia,
Amblyomma, Boophilus, Hyalomma and Rhipicephalus (Claxton and Leperre, 1991; Mattioli et
al., 1993; Morrel, 1958, 1964). In the subhumid zone of West Africa, generally, A. variegatum is
the most abundant tick infesting cattle (Gueye et al., 1994b; Konstantinov et al., 1990; Vercruysse
et al., 1982). In The Gambia, Simpson (1911) first described the presence of the ixodid tick, A.
variegatum, the major vector of heartwater in West Africa. Peak abundance of the adult tick
species in the country occurs in the rainy season, July to August (Claxton and Leperre, 1991;
Mattioli et al., 2000a) and of the nymphs in the dry season, December to January (Mattioli et al.,
2000a).

1.6 Other ticks and tick-borne diseases
The different tick species recorded on domestic ruminants in The Gambia include A. variegatum,
B. decoloratus, B. geigyi, H. truncatum, H. marginatum rufipes, R. senegalensis, R. evertsi
evertsi, R. guilhoni, R. lunulatus (Mattioli et al., 1994) and R. mushamae (B. Faburay ,
unpublished information). In The Gambia, the occurrence of tick-borne haemoparasites,
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Anaplasma marginale, Babesia bigemina and B. bovis have been reported in indigenous N’Dama
cattle (Kuttler et al., 1988; Murray et al., 1981). In a survey under traditionally managed N’Dama
cattle at a study site in The Gambia, the overall prevalence of A. marginale, B. bigemina and B.
bovis was 3.2 %, 0.9 % and 0.1 % respectively. Peak of A. marginale and B. bigemina
microorganisms was reported to occur at the end of the rainy season towards the beginning of the
dry season. Serological survey indicated prevalences: A. marginale (29.6 %), B. bigemina (44.7
%) and B. bovis (5.2 %)(Mattioli et al., 1997). Similar proportion of B. bigemina seroreactors was
recorded in N’Dama cattle in Mali without any reported clinical cases (Miller et al., 1984).
Seroprevalences of approximately 25 % for A. marginale and 50 % for B. bigemina in cattle over
1 year old, together with low occurrence of overt tick-borne diseases, were considered to be
associated with a condition of endemic stability (Jongejan et al., 1988a). Similarly, the absence of
clinical cases of anaplasmosis and babesiosis in N’Dama cattle in The Gambia suggests the
establishment of endemic stability in the cattle population (Kuttler et al., 1988; Mattioli et al.,
1997). The absence of positive cases of A. marginale in N’Dama cattle in The Gambia was
attributed to the presence of a resistance factor towards this particular organism (Kuttler et al.,
1988). However, other researchers reported the occurrence of anaplasmosis in Gambian N’Dama
(Dwinger et al., 1989; Murray et al., 1981). Mattioli et al. (1997) postulated that the frequency of
A. marginale is possibly affected by intercurrent trypanosomosis infections and that the level of
trypanotolerance may be associated with a resistance factor towards A. marginale per se.
Evidence of the presence in The Gambia of a number of rickettsial pathogens in addition to E.
ruminantium is provided in this thesis.

1.7

Control

1.7.1 Treatment and acaricides
Treatment of heartwater with sulfonamides or antibiotics was found to be effective at the onset of
clinical symptoms and showed ineffective when defined nervous symptoms occurred (Camus et
al., 1996; Zweygarth, 2006). In general, antibiotics of the tetracycline group are effective
chemotherapeutic agents for successful treatment of heartwater. However, their use is constrained
by the acute nature of the disease, which does not always allow timely intervention to prevent a
fatal outcome; and in addition, they are expensive.
The application of acaricides by regular spraying or dipping of livestock is quite effective in
preventing heartwater. However, the chemicals are expensive, and their use cause environmental
and health concerns. The problem is further complicated by the ability of the ticks to develop
acaricide resistance (Jongejan and Uilenberg, 2004). Furthermore, prevention of transmission
results in animal populations, which are fully susceptible to heartwater and any other locally
occurring tick-borne pathogens, and thus at risk of disease outbreaks if control measures break
down (Norval, 1978).
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1.7.2 Inactivated vaccines
The advent of in vitro tissue culture for E. ruminantium created the first opportunities of
developing inactivated vaccines against heartwater. Inactivated elementary bodies mixed with
Freund`s adjuvant were successfully used in immunization trials in small ruminants (Mahan et al.,
1995; Martinez et al., 1993b, 1994, 1996) and cattle (Totté et al., 1997). Subsequent vaccination
trials used more improved adjuvant formulations, Montanide ISA 50 or Quil A in goats (Martinez
et al., 1996) or sheep (Mahan et al., 1998). In a field trial, an inactivated vaccine was used to
immunize cattle, goats and sheep with significant reduction in mortality (Mahan et al., 2001).
Although much safer than live vaccines, inactivated vaccines required several doses spread over a
period of weeks or months during which the animals had to be kept tick-free (Bell-Sakyi, 2004b).
The duration of immunity induced by inactivated vaccines is also limited, although persistence of
antibodies and protection of up to 17 months in experimental goats has been reported (Martinez et
al., 1996).

1.7.3 Attenuated vaccines
The first successful attenuation of E. ruminantium was achieved with the Senegal stock after 11
serial in vitro passages in bovine endothelial cell cultures. The attenuated stock although
conferred protection against homologous challenge (Jongejan, 1991) failed to provide cross
protection against heterologous needle challenge using stocks from East and Southern Africa
(Jongejan et al., 1993b). On the other hand, the outcome of a related field trial in Senegal using
attenuated Senegal isolate at passage 21 was complicated by concurrent infections, ehrlichiosis
and anaplasmosis. Of the 30 vaccinated sheep, 13 animals died and E. ruminantium was detected
only in two sheep, which had previously suffered from ehrlichiosis or anaplasmosis (Gueye et al.,
1994a). In contrast to the Senegal stock, the Welgevonden stock did not attenuate after 17 culture
passages (Jongejan, 1991). The latter stock attenuated upon passage in canine monocytemacrophage cell line (Zweygarth and Josemans, 2001) and protected sheep against virulent needle
challenge with four heterologous E. ruminantium stocks (Zweygarth et al., 2005). The Gardel
stock became attenuated after 200 passages in culture (Martinez, 1997), whereas Crystal Springs
stock, although lost its virulence only after higher passages (S.M. Mahan, personal
communication), was not attenuated after 192 days in culture (Mahan et al., 1995). These results
indicate that the capacity to attenuate is dependent on the stock of E. ruminantium and highlights
the possibility of attenuating additional stocks of E. ruminantium from different geographic
regions that may have broad spectrum of cross-protection. Furthermore, the attenuated
Welgevonden stock was reported to be tick-transmissible (Zweygarth et al., 2005). In contrast, the
attenuated Senegal and Gardel stocks were reported to be non-tick-transmissible (Martinez, 1997).
Although transmissibility by ticks may restrict the use of a particular attenuated E. ruminantium
stock outside its geographic origin for fear of reversion to virulence, it could prove beneficial
since ticks infected with the attenuated organisms could transfer the vaccine to other naïve
animals.
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1.7.4 DNA vaccines
The potential of a DNA vaccine based on the map1 gene to protect against heartwater has been
examined in a mouse model with protection ranging from 23 % to 88 % (Nyika et al., 1998). The
same vaccination method followed by protein boost augmented protection in mice against
subsequent E. ruminantium challenge (Nyika et al., 2002). Cloned minilibraries of E. rumnantium
in a Salmonella vaccine delivery system were used to immunise mice against heartwater with a
survival rate of 14 % (Brayton et al., 1998). The polymorphic cpg gene from Welgevonden stock
of E. ruminantium was examined for protection in mice and sheep with 80 % (4/5) protection
against lethal challenge in the latter. None of the immunised mice were protected (Louw et al.,
2002). A recombinant DNA vaccine consisting of four E. ruminantium open reading frames
(ORF), known as the 1H12 ORFs, derived from the Welgevonden stock, provided protection
against virulent homologous needle challenge in sheep in a cocktail formulation (Collins et al.,
2003) or as individual ORFs (Pretorius et al., 2007). Prospects for the development of nucleic acid
vaccines for heartwater appear promising. However, protection against virulent challenge has to
date been achieved with homologous needle challenge. The critical step will be the evaluation of
the protective efficacy of these prospective vaccines against tick challenge under field conditions.

1.8

Aims of the thesis

The aims of the studies described in this thesis were threefold:
•

Firstly, a study was carried out to investigate and determine the importance of heartwater
for susceptible livestock in The Gambia by assessing the prevalence of infection in host
and vector population and mapping the level and distribution of heartwater-disease risk
throughout the country,

•

Secondly, it aimed to elucidate the genetic diversity of E. ruminantium in the country as a
prerequisite to developing subsequent control strategies, and,

•

Thirdly, to study the protective efficacies of available vaccines to control heartwater in
traditional Sahalian sheep in the Gambia.

Chapter 2 describes results of a countrywide point seroprevalence study in field-exposed
indigenous small ruminants using MAP1-B ELISA, considered to be the most highly specific and
sensitive mass-screening diagnostic tool for ovine and caprine sera, to assess the level and
distribution of heartwater disease-risk for susceptible livestock in The Gambia. Additional studies
were carried out to further substantiate the above findings and present a complete picture of
heartwater risk in the country.
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Chapter 3 presents results of the comparison of three PCR-based molecular assays, nested pCS20
PCR, nested map1 PCR and reverse line blot hybridisation, for detection of E. ruminantium in A.
variegatum ticks and recommended the most suitable tool for application in heartwater
epidemiology; the recommended diagnostic tool was subsequently applied to study the
distribution of E. ruminantium infection rates in A. variegatum in The Gambia.
Chapter 4 presents findings of a 5-month longitudinal monitoring of E. ruminantium infection in
newborn lambs and kids using pCS20 PCR and MAP1-B ELISA. The study monitored the
kinetics (age at first infection) of E. ruminantium infection in the newborn animals with a view to
improving our limited knowledge of the epidemiology of heartwater in young animals; in addition
the comparative diagnostic performance of the two assays was compared.
Chapter 5 describes the results of a study, carried out in three major agroecological zones of The
Gambia, aimed at understanding the genetic diversity of the heartwater agent by analysis of the
various restriction fragment length polymorphisms of the gene encoding the major antigenic
protein 1, map1, of E. ruminantium in the vector, A. variegatum, and the ruminant host.
To-date, there is no sustainable and cost-effective control measure developed against heartwater
in susceptible livestock suitable for use in traditional livestock husbandry systems in The Gambia
and sub-Saharan Africa generally. Efforts to find a solution through vaccination have been
hampered by wide antigenic differences between E. ruminantium stocks resulting in lack of crossprotection between heterologous stocks.
Chapter 6 describes the results of an immunisation experiment in sheep using inactivated and
attenuated E. ruminantium vaccines.
Chapter 7 provides a general discussion of results and proposed future research directions.
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Abstract
Using the MAP1-B ELISA, we tested 1318 serum samples collected from sheep and goats at 28 sites in
the 5 divisions of The Gambia to determine the Ehrlichia ruminantium seroprevalence rates and to assess
the risk for heartwater. About half (51.6 %) of 639 sheep were positive, with seroprevalence rates per site
varying between 6.9 % and 100 %. The highest seroprevalence was detected in the western part of the
country (88.1 % in Western Division and 62.1 % in Lower River Division). Sheep in the two easterly
divisions (Central River and Upper River Division) showed the lowest seroprevalence of 29.3 % and 32.4
% respectively, while those in North Bank Division showed an intermediate prevalence of 40.6 %. In
goats, less than one third (30.3 %) of 679 animals tested were positive. The highest seroprevalence was
detected in goat in North Bank Division (59 %) and Western Division (44.1 %). Goats in the Lower River
Division showed an intermediate level of 21.9 %, whereas the lowest rates were found in the eastern part
of the country (4.8 % in Central River and 2.3 % in Upper River Division). At nearly all sites,
seroprevalence rates were higher in sheep than in goats. The results show a gradient of increasing
heartwater risk for susceptible small ruminants from the east to the west of The Gambia. These findings
need to be taken into consideration when future livestock upgrading programs are implemented.

______________________________________________________________________________
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Introduction
Heartwater (cowdriosis) is a major tick-borne disease of ruminants caused by the rickettsia
Ehrlichia ruminantium and is transmitted by ticks of the genus Amblyomma. Amblyomma
variegatum is the major vector in West Africa (22) and is distributed throughout most of subSaharan Africa and occurs on some islands in the Caribbean (23). Heartwater represents a major
constraint to improvement of the livestock industry in sub-Saharan Africa. In The Gambia and
neighboring Senegal, serological evidence of a high prevalence of E. ruminantium infection has
been reported in cattle (8, 10, 17), which indicates a potential risk of heartwater disease for
susceptible livestock. In contrast to indigenous cattle, which appear more resistant to heartwater
(6, 16), the disease has been known in small ruminants in The Gambia as ‘fayo’ referring to cases
of sudden death, characteristic of acute forms of the disease (23). Mortality occurs in indigenous
local dwarf sheep and goats and is estimated at 10 % in endemic areas of the country (R. Mattioli
and J. Jaitner, unpublished data). In addition, frequent occurrences of sudden death due to
heartwater have been observed in indigenous sheep and goats following translocation from east to
west of the country (B. Faburay, unpublished observation). These observations suggest the
existence of a gradient of heartwater disease risk for susceptible livestock species and the
possibility that a significant proportion of the small ruminant population in the east of the country
has not been exposed to E. ruminantium infection. We carried out a countrywide serological
survey to determine the distribution of E. ruminantium infection in small ruminants and to assess
the heartwater risk for susceptible livestock.

Materials and Methods
Survey
Serum samples were collected from Djallonké sheep and West African Dwarf goats of both sexes
in a cross-sectional study at 28 sites in all 5 divisions of The Gambia: Western, Lower River,
North Bank, Central River and Upper River Divisions (Figure 1). The sites were located in three
main agro-ecological zones; Sudanian, Sudano-Sahelian and Sahelian. The sites were chosen in
consultation with livestock assistants based on owner cooperation and accessibility to the animals.
Adult animals between 1 to 3 years were sampled in April 2004. All animals were maintained
under a traditional husbandry system without acaricide treatment. Blood samples were kept on ice
and serum was separated after 2 to 4 hours by centrifugation and stored at –20°C until use. A
total of 1318 indigenous small ruminants comprising 639 sheep and 679 goats were sampled. The
sites were selected in a transect layout to make the results representative of the country. The
numbers sampled at different sites for each species are shown in Table 1. The largest number of
sampling sites was in Western Division as this area is experiencing an expansion of livestock
upgrading program carried out by the Gambian Government in collaboration with the
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International Trypanotolerance Centre (ITC), involving cattle breeds (Holstein and Jersey) highly
susceptible to heartwater disease.

Figure 1. Map of The Gambia showing the five divisions and the distribution of sampling sites.

MAP1-B ELISA
The indirect MAP1-B ELISA, based on a recombinant truncated form of the Major Antigenic
Protein 1 of E.ruminantium, was carried out as described previously (18, 21). Although the assay
does not detect antibodies to ehrlichial agents infecting domestic ruminants such E. bovis and E.
ovina, antibodies are detected against E. canis (which infects dogs) and E. chaffeensis (a human
pathogen) (21). The MAP1-B ELISA has been shown to perform satisfactory for small ruminants
(5, 15) with a specificity of 98.9 % and 99.4 % for caprine and ovine sera respectively (19, 21).
Each serum sample was tested in duplicate. For sheep, each test included duplicate negative
control sera obtained from a heartwater-naïve sheep of the Tesselaar breed. Duplicate positive
control sera were obtained from Tesselaar sheep #229 infected with the Gambian isolate Kerr
Seringe 1 of E. ruminantium at the Faculty of Veterinary Medicine, Utrecht, The Netherlands.
This stock of E. ruminantium was isolated from a naturally infected goat in the Gambia. In goats,
each MAP1-B ELISA test also included duplicate positive control sera which were obtained from
a Saanen goat infected with the Senegal isolate of E.ruminantium at Utrecht University. The
negative control serum was obtained from the same animal prior to infection. Species-specific
second step IgG antibodies conjugated with horse-radish peroxidase were used.
The cut-off point for the ELISA was determined by addition of 2 standard deviations (SD) to the
mean OD values of reference local non-infected sheep (n = 24) and goat (n = 18) populations
(18). The sheep and goat populations were considered negative based on the following: (i) they
originated from northern Senegal which is known to be free from Amblyomma ticks; and ii) they
were highly susceptible to E. ruminantium infection as demonstrated by a high rate of mortality
due to confirmed cases of heartwater upon first exposure to A.variegatum-infected ticks under
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natural conditions in an enzootic area (7). The cut-off point for sheep was determined at 0.53 (SD
= 0.10) and for goats as 0.58 (SD = 0.11). OD values of samples that were equal to or greater than
the cut-off value were considered positive for E. ruminantium infection. Variations between OD
values of duplicate negative control sera or between duplicate positive control sera on each plate
were acceptable only if such variations were lower than 10%.

Statistical analysis
Plate-to-plate variation was considered by a statistical test for significance in difference, using the
General Linear Model (SAS), among OD values of the positive controls included in each plate.
Variation among the positive controls for the accepted plates was not significant for sheep (P =
0.4457; Coefficient of Variation = 14.7 %) or for goats (P = 0.4514; Coefficient of Variation =
11.8 %). The mean OD values of the positive controls included in the accepted plates was 1.5 ±
0.22 for sheep and 1.49 ± 0.18 for goats. Comparison for statistical significance of differences in
the proportion of E. ruminantium-seropositive samples was carried out at two levels: (i) between
species within a division using the Wilcoxon two-sample test and (ii) between divisions
cumulatively (sheep and goats combined) and within species using the General Linear Model
procedure (SAS Statistical Programme) and Kruskal-Wallis one-way analysis of variance
respectively.
Results
Of the 639 sheep samples tested, 51.6 % were positive for E. ruminantium infection with
seroprevalence at individual sites ranging from 6.9 % to 100 % (Table 1). The highest
seroprevalence was seen in the two westerly divisions, Western (88.1%) and Lower River (63.1
%) (Table 2). Sheep populations in the two easterly divisions, Central River (29.3 %) and Upper
River (32.4 %) showed the lowest levels of E. ruminantium seroprevalence, whereas animals
sampled in North Bank Division (40.6 %) showed an intermediate level of seroprevalence (Table
2). In contrast to the results for sheep, of the 679 goat samples collected, only about one third
(30.5 %) were positive for E. ruminantium infection (Table 1). Overall, the highest
seroprevalences were detected in goat populations in North Bank (59 %) and Western Divisions
(44.1 %) with more than half of the animals sampled in North Bank Division testing positive for
E.ruminantium (Table 2).
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TABLE 1. Ehrlichia ruminantium seroprevalence in sheep and goats at 28 different sites in The Gambia
_______________________________________________________________________________________________
Seroprevalence (%)
_____________________________________________

Division

Village

Site

Sheep

Goats

Total

_______________________________________________________________________________________________
Western Division

Basori
Berefet
Bitta
Duwasu
Giboro Kuta
Gida
Jenunkunda
Mandinaba
Somita
Talokotob
Toubakutab
Toumani Tenda

1
12
11
8
3
2
9
5
10
4
6
7

75(8)
90.3(31)
94.7(38)
88.9(9)
81.8(33)
100(2)c
100(2)c
85.7(7)
75(16)
100(14)

51.6(31)
31.7(60)
0(12)
33.3(9)
47.8(46)
42.1(19)
45.5(11)
70(10)
15.2(33)
80(5)
77.8(9)
68(50)

56.4(39)
51.6(91)
72(50)
61.1(18)
62(79)
47.6(21)
53.8(13)
76.5(17)
34.7(49)
80(5)
77.8(9)
75(64)

Lower River Division

Bodeyel
Burong
Julakunda
Missira
Taborongkoto

17
16
13
15
14

30.9(55)
100(9)
100(14)
100(13)
85(20)

20(5)
42.9(7)
0(12)
40(5)
33.3(3)c

30(60)
75(16)
53.8(26)
83.3(18)
78.3(23)

Central River Division

Jimballa K/Chendu
Mamutfana
Sare Sofie
Sinchan Faranba
Yorro Beri Kunda

22
18
21
20
19

41(61)
6.9(72)
31.3(16)
29.6(27)
100(12)

7.7(52)
0(20)
0(8)
1.5(69)
17.7(17)

25.7(113)
54.3(92)
20.8(24)
9.4(96)
51.7(29)

Upper River Division

Kulkullay
23
Missira Sandou
24
Sare Demba Torro 25

22.2(54)
47.6(42)
26.7(15)

4.2(48)
0(20)
0(18)

13.7(102)
32.3(62)
12.1(33)

North Bank Division

Kolli Kunda
26
68.8(16)
48.7(37)
54.7(53)
Mbappa Ba
27
50(16)
50(22)
50(38)
Mbappa Marigaa 28
24.3(37)
73.2(41)
50(80)
________________________________________________________________________________________________
a
Village with a high introgression of Sahelian sheep genes into the local population
b
No sheep were sampled in Talokoto and Toubakuta villages
c
Prevalence was based on small sample size as there were very few animals presented for sampling

Seroprevalence in goats in Lower River Division (21.9 %) showed an intermediate level, with the
two easterly divisions, Central River (4.8 %; range = 0 % to 17.7 %) and Upper River (2.3 %;
range = 0 % to 4.2 %) showing the lowest level of seroprevalence (Table 2, Figure 2). In all
divisions, except for North Bank Division, overall seroprevalence was significantly higher (P <
0.001) in sheep than in goats (Table 2). Moreover, at all sample sites (except Mbappa Mariga in
North Bank Division), the proportion of seropositive samples was consistently higher in sheep
than in goats. Differences observed in the proportion of E. ruminantium-positive samples among
sheep populations in the different divisions of The Gambia were statistically significant (P <
0.001). The same conclusion applied to goats. Similarly, differences in the overall seroprevalence
between divisions were statistically significant (P<0.001) (Table 2).
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TABLE 2. Proportions of total small ruminant population in the five divisions of The Gambia and overall heartwater
seroprevalence rates

____________________________________________________________________________________
Division

No.
of sites

% of seropositive animals
(total no. sampled)

% of total livestocka

__________________
___________________ Probabilityb
Sheep
Goats
Total
Sheep
Goats
________________________________________________________________________________________________
Western Division

12

10.9

11.9

11.5

88.1 (160)

44.1 (295)

< 0.001

Lower River Division

5

7.9

11.8

10.2

63.1 (111)

21.9 (32)

< 0.001

North Bank Division

3

12.7

23.5

19.0

40.6 (69)

59.0 (100)

= 0.019

Central River Division

5

43.5

34.8

38.4

29.3 (188)

4.8 (166)

< 0.001

Upper River Division

3

25.0

18.0

20.9

32.4 (111)

2.3 (86)

< 0.001

____________________________________________________________________________________
a

Deduced from reference 1
Probability comparing differences between the proportion of seropositive sheep and seropositive goats in a Division
(a Pvalue of 0.05 or less is significant)
b

100
90

Seroprevalence (%)

80
70
60
50
40
30
20
10
0
WD

LRD

NBD

CRD

URD

Division
Sheep

Goats

Overall

FIG. 2. Distribution of E. ruminantium infection in sheep and goats as determined by serology in the five
divisions of The Gambia. WD, Western Division; LRD, Lower River Division; NBD, North Bank
Division; CRD, Central River Division; URD, Upper River Division.

Discussion
Ehrlichia ruminantium seroprevalence in small ruminants was found to be highest in the western
part of The Gambia with Western Division showing the highest prevalence of nearly 60 % and
Lower River and North Bank Divisions showing sero-prevalences of more than 50 %. Although
the two easterly divisions, Central River and Upper River, account for the highest proportions of
the small ruminant population in The Gambia of 38.4 % and 20.9 % respectively (Table 2),
overall seroprevalence of E. ruminantium in small ruminant populations in these regions was
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significantly lower than the westerly divisions (Western, North Bank and Lower River; Figure 2).
At most sites in Central River and Upper River Divisions, the serological prevalence was
generally lower than 50 %, resulting in a substantial population of sheep and goats susceptible to
heartwater.
In a recent study (E. Hoeven et al., unpublished data) a relatively high introgression of Sahelian
genes was found in indigenous goats in Central River Division as opposed to those in Western
Division. Interestingly, the easterly region accounts for over 60 % of the small ruminant
population in The Gambia (Table 2), of which Sahelian sheep and goats and their crosses with
local dwarf sheep and dwarf goats, constitute a significant proportion. Generally, Sahelian sheep
and goats found in the easterly part of The Gambia originate from Amblyomma/heartwater-free
areas in northern Senegal and are therefore susceptible to heartwater disease. However, due to
their larger size, farmers in this region show preference for them and use them for crossbreeding
with local sheep and goats. The above factors therefore suggest the existence of a lower risk of E.
ruminantium infection in most of the eastern part of the country. Thus small ruminants, including
those of susceptible Sahelian genotypes, may have a greater chance of survival in these areas.
This, among other factors, possibly allowed the proliferation of large populations consisting of
local dwarf sheep and goats, crossbred (Djallonké sheep/West African dwarf goat x Sahelian
sheep/goats) as well as Sahelian small ruminants.
Heartwater, described as a case of sudden death in small ruminants, is perceived as a major
problem by farmers in The Gambia. Our unpublished observations confirmed that small
ruminants have suffered mortality due to confirmed cowdriosis after translocation from the
Central River Division to the coast in Western Division.
Although possible antigenic variation between stocks of E. ruminantium (11, 12) in the different
regions of The Gambia may be a possible cause of the mortalities (since there was no record on
the immune status of the translocated animals), it is postulated that small ruminants that died from
heartwater, after translocation from the east to the west of the country, constituted a naïve group
that had no previous exposure to E. ruminantium infection. Furthermore, in a three-year period
(1997-1999) of monitoring by post mortem of the major causes of mortalities in local dwarf sheep
and goats at an ITC field station in Keneba in Lower River Division, heartwater, confirmed in
brain-crush smears, accounted for 36 % of deaths in sheep and 25 % in goats (R. Mattioli and J.
Jaitner, unpublished data). Analysis of similar data collected from October 1996 to January 1999
from local dwarf sheep and goats at the ITC Kerr Seringe station in Western Division, showed
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deaths due to heartwater were 17.9 % in sheep and 12.5 % in goats. The higher seroprevalence in
sheep observed in this study, combined with lower incidences of clinical disease in goats in The
Gambia as indicated above, appears to agree with the observations made elsewhere in West
Africa by Koney et al. (14) that local dwarf goats in Ghana are more resistant to heartwater than
dwarf sheep. The higher seroprevalence in sheep could also be an indication that local dwarf
sheep are more tolerant of E. ruminantium infection than dwarf goats or merely that sheep are
more frequently infested with A. variegatum ticks than goats. A longitudinal study in Ghana of
E.ruminantium seropositivity using a competitive ELISA (20) with sensitivity comparable to the
MAP1-B ELISA (4), revealed high antibody levels detectable for longer periods in sheep than in
goats (3). Therefore, it is also possible that the higher seroprevalence in sheep could be due to
longer persistence of antibodies. Interestingly, although both sheep and goats are vulnerable to the
disease, peracute cases of heartwater are reported to be more common in the latter (23). This
requires further investigation.
Surveys of E. ruminantium seroprevalence in small ruminants have been carried out in other parts
of Africa. In Ghana, Koney et al. (14) reported a seroprevalence of 51 % for sheep and 28 % for
goats, figures that are comparable with those of 51.6 % for sheep and 30.3 % for goats in the
present study. In north Cameroon, using a modified PC-ELISA, a mean E. ruminantium
prevalence of 58-66 % was reported for sheep and 65-66 % for goats (1a). In a comparable study
in southern Africa, using the MAP1-B ELISA, a lower E. ruminantium seroprevalence was
detected in indigenous goats in the northern part of Mozambique (8.1 %) than in the southern part
(65.6 %) resulting in mortalities due to heartwater after translocation of animals from the north to
the south (2). These findings suggest that a substantial proportion of small ruminant populations
in parts of heartwater-endemic areas in Africa are at risk.
However, serological cross-reactions between Ehrlichia species have also been reported. As far
as the MAP1-B ELISA is concerned, the assay does not detect antibodies to known ehrlichial
agents infecting domestic ruminants such E. bovis and E. ovina, but antibodies are detected
against E. canis (which infects dogs) and E. chaffeensis (a human pathogen) (21). Although the
MAP1-B ELISA has been shown to perform satisfactory for small ruminants, cross-reactions with
unknown Ehrlichia species have been detected based on levels of seropositivity among sheep and
goats in Amblyomma-free areas in South Africa and Zimbabwe (5, 13, 15). Similar Ehrlichia
species of low pathogenicity may occur in the Gambia, since they have been found in neighboring
Senegal (9). Such cross-reactions may falsely indicate previous exposure to heartwater, whereas
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in fact such animals are highly susceptible and thereby underestimating the risk for small
ruminants to contract the disease.
In conclusion, our serological results in conjunction with recorded cases of heartwater-related
mortalities indicate that E. ruminantium is widespread in The Gambia and this poses a threat to
susceptible livestock species. An estimated 50% of the sheep and 70 % of the goats have not been
exposed to E. ruminantium infection, and constitute a group at risk from the disease. There
appears to be a gradient of risk for livestock increasing from the eastern part of the country
towards the western coastal region. This gradient may be positively correlated with the
distribution of A. variegatum ticks on sheep and goats in the country, which showed a
significantly lower abundance in the eastern part of the country (0.01 ticks per animal) than in the
western part (0.76 ticks per animal) (B. Faburay et al., unpublished data). It is recommended that
in future livestock upgrading programs in the Gambia susceptible small ruminants should be
protected by prophylactic treatment using oxytetracyclines or vaccination using attenuated or
inactivated rickettsiae, possibly in conjunction with tick control, prior to their translocation from
the eastern to the western region of the country.
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Chapter 3
Molecular detection of Ehrlichia ruminantium infection in Amblyomma
variegatum ticks in The Gambia
______________________________________________________________________________
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Abstract

In West Africa, losses due to heartwater disease are not known because the incidence/prevalence has not
been well studied or documented. To develop a diagnostic tool for molecular epidemiology, three PCRbased diagnostic assays, a nested pCS20 PCR, nested map1 PCR and a nested reverse line blot (RLB)
hybridization assay, were evaluated to determine their ability to detect infection in vector ticks, by applying
them simultaneously to A. variegatum field ticks to detect Ehrlichia ruminantium, the causative agent of
heartwater. The nested pCS20 PCR assay which amplified the pCS20 gene fragment showed the highest
detection performance with a detection rate of 16.6 %; the nested map1 PCR, which amplified the gene
encoding the major antigenic protein1 (map1 gene) showed a detection rate of 11 % and the RLB, based on
the 16S rDNA sequence of anaplasma and ehrlichial species, detected 6.2 %. The RLB, in addition,
demonstrated molecular evidence of Ehrlichia ovina, Anaplasma marginale and Anaplasma ovis infections
in The Gambia. Subsequently, the pCS20 assay was applied to study the prevalence and distribution of E.
ruminantium tick infection rates at different sites in five divisions of The Gambia. The rates of infection in
the country ranged from 1.6 % to 15.1 % with higher prevalences detected at sites in the westerly divisions
(Western, Lower River and North Bank; range 8.3 % to 15.1%) than in the easterly divisions (Central River
and Upper River; range 1.6 % to 7.5 %). This study demonstrated a gradient in the distribution of
heartwater disease risk for susceptible livestock in The Gambia which factor must be considered in the
overall design of future upgrading programmes.

______________________________________________________________________________
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Introduction
Cowdriosis (heartwater) is a disease of significant economic importance to ruminant livestock
production in sub-Saharan Africa. The disease affects domestic and wild ruminants and is caused
by Ehrlichia ruminantium (ER). The organism is transmitted by ticks of the genus Amblyomma,
the most widespread vector being A. variegatum, which is distributed in sub-Saharan Africa and
in the Caribbean.
The control of heartwater depends, to a large extent, on the availability of accurate data on the
epidemiology of the infection in the vector and host. Previous tests relied on the use of serological
tests (Du Plessis 1993; Jongejan et al. 1989; Martinez et al. 1990; Asselbergs et al. 1993;
Martinez et al. 1993), which are of limited reliability, giving false positive and negative reactions
and cannot be used to detect E. ruminantium infection in ticks. These tests also suffered from low
sensitivity. On the other hand, xenodiagnosis, by inoculation of tick homogenates into, or feeding
of ticks on susceptible small ruminants (Barré et al. 1984; Andrew and Norval 1989; Birnie et al.
1985; Camus and Barre 1987, 1992; Norval et al. 1990) or mice (Du Plessis 1985) was the
method of detection of E. ruminantium in ticks. This method is both laborious and expensive.
PCR-based tests, in comparison, are highly sensitive and specific and could improve our
understanding of the epidemiology of cowdriosis by their ability to detect low levels of E.
ruminantium infection in Amblyomma ticks. In this study, we compared 3 PCR-based assays,
nested pCS20 PCR, nested map1 PCR and Anaplasma/Ehrlichia reverse line blot, using nested
primers, by applying them simultaneously to A. variegatum ticks to detect ER infection. In this
study, the pCS20 PCR was considered the reference test, since it is considered the method of
choice for the detection of E. ruminantium infection (Simbi et al. 2003), whereas the performance
of the Anaplasma/Ehrlichia RLB assay (Bekker et al. 2002) with a nested approach is being
comparatively evaluated for the first time on field ticks to detect E. ruminantium infection.
In West Africa generally, the real or potential economic losses due to the disease are not known
because the incidence/prevalence has not been well studied or documented. Attempts to improve
local breeds through crossing with highly producing dairy cattle or susceptible small ruminants
from non-endemic regions have resulted in high mortality from heartwater. In order to upgrade
the livestock industry and prioritize future research on the development of improved control
measures, it is essential to provide an accurate definition of the spatial distribution of heartwater
disease risk and prevalence of infection in the vector population, A. variegatum ticks. In this
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study, we demonstrated that the nested PCR assay based on pCS20 target sequences, showed
superior performance over nested map1 PCR and nested Anaplasma/Ehrlichia RLB in
determining tick infection rates and considered most suitable for detection of E. ruminantium in
Amblyomma ticks and useful tool for field epidemiological investigation of heartwater. We
therefore applied the nested pCS20 in the second phase of this study to determine the prevalence
and spatial distribution of E. ruminantium infection rates in A. variegatum ticks at selected sites in
The Gambia.
Materials and Methods
Comparative evaluation of molecular assays
Tick samples and DNA extraction
One hundred and forty-five adult Amblyomma variegatum ticks composed of 70 males and 75
mainly flat females (with the exception of 21 semi-engorged females) were collected from
indigenous cattle at various field sites in three major intervention areas of the International
Trypanotolerance Centre in The Gambia (Kerr Seringe, Keneba and Bansang). The ticks were
preserved in 70 % ethanol prior to extraction of DNA. The ticks were first rinsed in sterile
distilled water and air-dried. DNA was extracted using protocol A of Qiagen® for isolation of
genomic DNA from insects.
Reverse line blot hybridisation assay (RLB)
A nested PCR that amplified a 470 bp fragment of the V1 region of 16S rDNA sequence of
Anaplasma and Ehrlichia species was initially carried out. The first round amplification was
carried out with the forward primer AnEhF1 (5´-GGT TTT GTC AAA CTT GAG AG-3´) and the
reverse primer AnEhR1 (5´-GTA TTA CCG CCG CTG CT-3´); second round amplification was
carried out with the forward primer AnEhF2 (5´-AGA GTT TGA TCC TGG CTC AG-3´) and the
reverse primer AnEhR2 (5´-CGA GTT TGC CGG GAC TT-3´). Reaction conditions in a 25 µl
volume were as follows: 1 x PCR buffer (Promega, Leiden, The Netherlands), 3mM MgCl2, 200
µM of each of the following deoxynucleoside triphosphates, dATP, dCTP, dGTP, dTTP and
dUTP in second nested round, 1.25 U of Super Taq, 0.1 U of Uracil DNA glycosylase, 25 pmol of
each primer, and 2.5 µl and 1 µl of DNA template for the first and second round respectively. The
reactions were performed on an automated thermal cycler (I-Cycler; Bio-Rad, Richmond, Calif.).
The PCR program used was 3 min at 37 °C; 10 min at 94 °C; 40 cycles of 30 sec at 94 °C, 30 sec
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50 °C (55 °C for the nested/second run) and 30 sec at 72 °C. This was followed by a final
extension phase of 7 min at 72 °C.
The preparation and subsequent hybridisation of the RLB membrane with species-specific probes
was done as described before (Gubbels et al. 1999) with the exception that the twice 10 min post
hybridisation wash step in 125 ml of 2x SSPE-0.5 % SDS after addition of the PCR products was
done at 51°C.
Nested pCS20 PCR
The same tick DNA samples as above were analyzed by semi-nested pCS20 PCR assay. Previous
experiments (Peter et al. 1995) already showed the pCS20 PCR detection assay using AB128 and
AB129 primers to be highly specific for E. ruminantium. Thus we avoided determination of
specificity by using AB128 and AB129 as internal primers of the nested PCR. AB129 was also
used as the external reverse primer, whereas ITM130 (TCAATTGCTT

AATGAAGCACT

AACTCAC) was used as the new external forward primer. PCR amplification was carried out in
a 25 µl volume containing 5 µl DNA sample, 50mM KCl, 10mM Tris-HCl (pH 8.3), 1.65mM
MgCl2, 400 pmol of each of the following deoxynucleoside triphosphates, dATP, dCTP, dGTP
and dTTP, 0.4U of Taq polymerase, 40 pmol of each primer. After a denaturing step of DNA at
94°C for 3 min, the first round of amplification was carried out using the following conditions: 39
cycles of 30 sec denaturation at 94 °C, 45 sec annealing at 62 °C and 1 min elongation at 72°C
and a final extension of 10 min at 72°C. Half microlitre (0.5 µl) of PCR product of first round
amplification was transferred as template to a second round of PCR at 84°C (hot start principle)
consisting of 25 cycles of the same PCR conditions as in the first round except the annealing
temperature which was set at 58°C. The PCR amplified a 280bp fragment of open reading frame
2 of the 1,306-bp pCS20 sequence.
Nested map1 PCR
Primers for the nested map1 PCR were designed using the Clustal alignment of map1 sequences
of ten different E. ruminantium isolates from GenBank™ (Antigua: U50830, Ball-3: AF355200,
Burkina Faso: AF368001, Crystal springs: AF125275, Gardel: U50832, Mali: AF368007,
Nyatsanga: U50834, Senegal: X74250, South East Botswana: AF368015, Welgevonden:
AF125274). The different primer parameters were checked by using computer DNA software
programmes like PC-rare (Griffais et al. 1991), RightprimerTM version M1.2.5 (Biodisk, USA)
and PrimerPremier (Biosoft international, USA). Amplification of map1 was carried out using the
following primers:
58

•

external forward (ERF3) 5´-CCAGCAGGTAGTGTTTACATTAGCGCA-3´

•

external reverse (ERR1) 5´-CAAACCTTCCTCCAATTTCTATACC-3´

•

internal forward (ERF3)

•

internal reverse (ERR3) 5´-GGCAAACATCAAGTGTTGCTGATGC-3´

Thus the external forward primer (ERF3) in the first round PCR was also maintained as the
internal forward primer for the second round amplification. PCR amplification was carried out in
a 25 µl volume containing the same ingredients as described for the nested pCS20 PCR. After a
denaturing step of DNA at 94°C for 3 min, the first round of amplification was carried out using
the following conditions: 39 cycles of 1 min denaturation at 92 °C, 1 min 30 sec annealing at 62
°C and 2 min elongation at 72°C and a final extension of 10 min at 72°C. Half microlitre (0.5 µl)
of PCR product of first round amplification was transferred as template to a second round of PCR
at 84°C (hot start principle) consisting of 25 cycles of the same PCR conditions as in the first
round except the annealing temperature which was set at 58°C. In each PCR run, positive and
negative controls were included. Positive controls were derived from E. ruminantium (Kerr
Seringe1 isolate) DNA obtained from cell culture derived organisms and negative controls were
reagent blank samples without DNA. The PCR amplified a 720-738 bp fragment of the map1
gene of E. ruminantium. Amplification products from all PCRs were visualized in 1.5 % agarose
gels after staining with ethidium bromide.
Sensitivity of the pCS20 and map1 PCRs
The sensitivity of the molecular assays, nested pCS20 PCR, nested map1 PCR and RLB using
nested PCR, was compared by initially measuring the number of E. ruminantium (GenBank
accession no. DQ333230) organisms contained in a given volume of genomic DNA using realtime PCR as described previously (Postigo et al., 2007). Since the map1-1 (GenBank accession
no. AY652746) is a single copy gene (Collins et al., 2005) allowing a direct estimation of the
number of E. ruminantium organisms per sample, this gene was targeted for quantifying the
number of organisms in a sample. Subsequently, 10-fold serial dilutions of culture-purified E.
ruminantium DNA were made and tested sequentially by each of the different assays to determine
their detection limits.
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Determining tick infection rates
Tick sampling
To determine the distribution and prevalence of E. ruminantium infection in A. variegatum ticks
in The Gambia, we carried out collection of adult male ticks and flat adult female ticks from
cattle, sheep, goats, or from vegetation at 15 sites in the 5 divisions of the country, Western
Division, Lower River Division, North Bank Division, Central River Division and Upper River
Division (Figure 1).

Figure 1. Map of The Gambia showing the five divisions and distribution of the sampling sites

Collection of the ticks was done from July through August 2005, the period of peak incidence of
adult A. variegatum ticks in The Gambia. From each herd of cattle or flock of sheep or goats, one
tick per animal was collected, whereas sampling from vegetation was based on a visual search
and collection of unattached ticks. The ticks were preserved in 70 % ethanol until further analysis.
Georeferenced coordinates of all sampling sites were recorded using the Global Positioning
System (GPS) to show the distribution of the sampling sites (Figure 1). A total of 816 adult ticks
composed of 428 flat females and 388 males were tested in PCR. The ticks were preserved in 70
% ethanol until processed for laboratory analysis. Based on the previous evaluation results of the
nested pCS20 PCR in detecting E. ruminantium in A. variegatum ticks picked at random from
local cattle at these study sites, ticks were pooled and processed in batches of 2-5 ticks or tested
individually for only 9 ticks collected from vegetation at one study site (Tumani Tenda).
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DNA extraction and PCR analysis
DNA was extracted from the ticks according to protocol A of Qiagen® for isolation of genomic
DNA from insects. The nested pCS20 PCR was carried out as previously described.
Statistical analysis
Differences in the proportion of E. ruminantium-positive ticks detected by the 3 different
molecular assays were compared using Krukal-Wallis one-way analysis of variance and as well as
the general linear model (GLM) procedure (SAS statistical program). McNemar´s change test
(chi-squared test) was used to compare the E. ruminantium detection performance of the nested
pCS20 and nested map1 PCR assays. Infection rates at different sites in the five Divisions were
deduced using Stata® statistical program.
Results
The detection performance of three molecular assays
All PCR-assays gave clean amplicons of the expected size and the RLB also gave clear positive
signals on X-ray films of DNA extracts from A. variegatum ticks. No aspecific amplification was
seen in the three assays, pCS20, map1 and 16S rDNA PCRs. The rate of detection of E.
ruminantium in ticks by the various assays is shown in Table 1. Of the 3 diagnostic assays, the
nested pCS20 PCR consistently detected the highest number of positive samples tested at all three
sites. Overall, the assay detected 16.6 % (24/145) of the samples positive for E. ruminantium,
whereas the map1 detected 11 % (16/145) and the reverse line blot 6.2 % (9/145). Of the 24
pCS20-positive samples, 9 (38 %) were positive by map1 PCR, whereas 7 tested positive (29.2
%) by RLB.
Table 1. Proportion of E. ruminantium-positive samples at various sites detected by 3 PCR-based assays

_____________________________________________________________________________
Proportion of positive ticks (%) detected by different assays

Site

________________________________________________
pCS20

map1

RLB

____________________________________________________________________________________
Kerr Seringe

9.8

5.9

5.9

Keneba

25.5

21.6

7.8

Bansang

13.6

4.5

4.5

Overall

16.6

11

6.2

_____________________________________________________________________________________
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A degree of disparity was observed between the assays in detecting E. ruminantium in some of
the field samples. Two samples (#92 and #93) tested positive only by pCS20 PCR, whereas
samples #85, #163 tested positive by map1 assay only, with all samples showing strong positive
signals in the respective PCR reactions. Of the 9 samples that tested positive by RLB, 6 tested
positive by the pCS20 assay, whereas 7 were positive by map1. The detection rates of map1 PCR
and RLB showed better agreement especially for samples originating from Kerr Seringe (5.9 %)
and Bansang (4.5 %; Table 1). The RLB detected a case of co-infection of A. marginale and E.
ruminantium (tick sample # 61, lane 4; Figure 2) and also detected E. canis/ovina infection
(sample #45, lane 10) at the Keneba study site.

Figure 2. RLB result of the 16S rDNA PCR amplification products of A. variegatum field ticks. Lanes
#2(19), #3(56), #5(65), #6(90), #7(118), #8(121), #9(135), = positive for E. ruminantium; lane #4(61) =
positive for E. ruminantium and A. mariginale; lane #10(45) = positive for E. ovina; lane #11(81), #12(82),
#13(84), #14(87) = gave only catchall signals; lane #15 = negative control; lane #16 = E. ruminantium
positive control; lane #17 = A. ovis positive control (the Ehrlichia/Anaplasma probe did not work with A.
ovis); lane #1 = Ehrlichia/Anaplasma probe; figures in parenthesis are sample identification numbers.

It also showed a positive A. ovis infection in a sample from the same study site (lane 17),
although the species-specific oligonucleotide sequence of the latter did not show hybridization
signal with the catch-all probe. Four samples (#81, #82, #84 and #87) produced only catch-all
signals without any species-specific signals and were thus sequenced to determine if novel
species or strain of Ehrlichia/Anaplasma were present. The sequence data showed they were
Ehrlichia canis/ovina species with point mutations in their oligonucleotide sequences considered
the reason for failure of showing hybridization signals with the E.canis/ovis probe.
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Comparative analysis of the detection rate of pCS20 and RLB assays showed that the nested
pCS20 PCR detected a significantly (P < 0.05) higher proportion of E. ruminantium-positive
samples than the nested RLB. On the other hand, the Chi-squared (McNemar´s) statistic using the
formula based on the number of discordant pairs (r, s; Table 2): χ2 = (|r - s| - 1)2 /(r + s), showed
that the proportion of samples detected positive by the pCS20 assay did not differ significantly
from that detected by the map1 assay (χ2 = 2.23; P > 0.05) with an odds ratio (s/r) of 2.14.

Table 2. Outcome of the detection of E. ruminantium infection in ticks by nested pCS20 PCR and nested
map1 PCR assays

________________________________________________________________
map1
___________________________
+
Total
________________________________________________________________
+
9
15(s)
24
pCS20
7(r)
114
121
16
129
145
_________________________________________________________________
Table 3. E. ruminantium infection rates determined by pCS20 PCR in field-collected A. variegatum ticks
from different sites in The Gambia
_____________________________________________________________________________________
Infection rate (%)/no. analyzed
_________________________________
Male
Female
Overall
_______________________________________________________________________________________________
Division

Village

Site

Giboro Kuta
Tumani Tenda
Mandinaba
Somita

1
3
2
4

15.0/20
20.0/25
20.0/25
20.0/25

6.7/30
10.7/28
8.0/25
7.5/40

10.0/50
15.1/53
14.0/50
12.3/65

Western Division

Lower River Division

Keneba
Burong

6
5

16.0/25
14.0/50

8.0/25
8.0/50

12.0/50
11.0/100

North Bank Division

Kollikunda
Mbappa Ba/Mariga

7
8/9

12.0/25
13.0/23

5.7/35
3.3/30

8.3/60
7.5/53

Central River Division

Yorro Beri Kunda
Sare Sofie
MamutFana
Jimballa Kerr Chendu

11
10
12
13

13.0/30
5.0/40
3.0/33
5.4/37

10.0/20
6.7/15
0/30
0/30

12.0/50
5.5/55
1.6/63
4.5/67

Upper River Division

Kulkullay
Sare Demba Torro

15
14

5.0/20
10.0/20

0/30
0/30

2.0/50
4.0/50

______________________________________________________________________________________
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This statistic, however, showed a better detection performance for the nested pCS20 assay than
the nested map1 and indicated that ticks in this sample were twice more likely to be positive to
the pCS20 assay than to the map1. The real-time PCR showed that the undiluted genomic DNA
contained 107 organisms of E. ruminantium.

Sensitivity test of the 10-fold serial dilutions

showed that the nested pCS20 PCR and nested map1 PCR have equal detection thresholds of 1 E.
ruminantium organism in a sample. The nested RLB showed a sensitivity of 10 E. ruminantium
organisms per sample.
Distribution of tick infection rates
The prevalence of E. ruminantium infection in A. variegatum ticks from the 15 sites ranged from
1.6 % to 15.1 % (Table 3). Higher rates of infection were detected at sites in the westerly
divisions of the country (Western, Lower River and North Bank), with prevalence ranging from
8.3 % (Kollikunda in North Bank Division), to 15.1 % (Tumani Tenda in Western Division. Sites
in easterly divisions (Upper River and Central River) showed lower rates of infection (range 1.6
% to 7.5 %; with the exception of a ‘hot spot’ site of 12 % in Yorro Beri Kunda). Comparatively,
higher rates of infection were detected in male ticks (5 % to 20 %) than in the females (0 % to
10.7 %). Among the tick samples collected from vegetation at four sites in Western Division,
North Bank and Central River Divisions, the detected rates of infection ranged from 0 % (n = 13)
to 9.5 % (n = 21).
Discussion
In this study, we initially evaluated the performance of 3 PCR-based molecular diagnostic assays,
the nested pCS20 PCR, nested map1 PCR and RLB (using nested PCR approach) by applying
them simultaneously to A. variegatum tick samples to detect E. ruminantium infection. The
samples originated from three study sites (Kerr Seringe, Keneba and Bansang) where heartwater
disease is known to occur (Faburay et al. 2005). The nested pCS20 PCR, in comparison to the
nested map1 assay and the reverse line blot, detected the highest proportion of samples positive

for E. ruminantium infection at all three sampling sites. Statistically, there was no significant
difference (P > 0.05) between overall rates of detection by the pCS20 and map1 assays and
results of the 10-fold serial dilutions, to assess sensitivity, demonstrated equal detection limit for
both assays. In contrast, the reverse line blot detected a significantly lower (P < 0.05) proportion
of E. ruminantium-positive samples and also showed lower sensitivity. The three different assays
used primers that amplified different gene or nucleotide sequence targets in E. ruminantium,
which have varying levels of sequence conservation. For example, the pCS20 assay primers
amplified open reading frame 2 of unknown function of the 1,306-bp pCS20 sequence, the map1
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assay primers amplified the nucleotide sequence of major antigenic protein 1 gene that belongs to
a map1 multigene family that codes for an antigenic outer-membrane protein of E. ruminantium
(MAP1); this map1 gene is present in all isolates of E. ruminantium originating from different
geographic regions (van Vliet et al. 1994; Allsopp et al. 2001). The RLB primers amplified the
16S rRNA gene; this gene is widely used for bacterial characterisation (Olsen et al. 1986). The
superior performance of the pCS20 assay was attributed to a great extent to a possible higher
degree of conservation of the pCS20 target-nucleotide sequence in E. ruminantium than either the
map1 or 16S rRNA gene sequences. The map1 gene sequences have been reported to exhibit
sequence polymorphisms between E. ruminantium isolates (Reddy et al. 1996), which could
possibly explain the lower rate of detection by the assay in comparison to the pCS20 assay. In a
comparative evaluation of PCR-based diagnostic tests for E. ruminantium using a normal PCR
approach, the pCS20 assay showed higher sensitivity than assays based on 16S rDNA or the
map1 gene (Allsopp et al. 1999). Furthermore, the RLB combines a PCR amplification followed
by a hybridisation step designed to achieve increased sensitivity over PCR alone. Although the
test showed a reliable performance in detection and molecular characterisation of Theileria and
Babesia spp. (Oura et al. 2003; Schnittger et al. 2003; authors’ unpublished data), in this study it
showed comparatively lower sensitivity for detecting E. ruminantium infection in A. variegatum
ticks. Indeed, the Anaplasma/Ehrlichia RLB (using simple PCR) has been shown to detect E.
ruminantium primarily in experimentally infected sheep and most efficiently during the clinical
phase of infection (Bekker et al. 2002). Also in a related experiment (authors’ unpublished data),
the current assay (RLB with nested 16S PCR) detected 30.8 % (4/13) of the samples positive for
E. ruminantium in field-exposed carrier animals all of which tested positive by the nested pCS20
PCR. Similarly, in this study, not all samples that tested positive in the nested 16S PCR showed a
hybridisation signal with E. ruminantium probe (data not shown) suggesting the need for further
optimisation of the assay for detection of E. ruminantium in field samples for application in
epidemiological investigation of hearwater.
The advantage of applying RLB in field epidemiological studies is the ability to detect multiple
parasites and discover novel species of parasites (Nijhof et al. 2003). In this study, a case of coinfection of A. marginale and E. ruminantium (Figure 2, lane 4) was detected in A. variegatum
tick at one of the study sites (Keneba). This observation is highly plausible, as a range of vectors
including ticks and biting flies is known to transmit A. marginale. The assay also detected
Ehrlichia canis/ovina (Figure 2, lane 10) as well as A. ovis (lane 17) in the same tick species in
the same study area. The detection of A. marginale, E. ovina and A. ovis in A. variegatum ticks at
this site provided the first molecular evidence of the presence of these parasites and could be an
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indication of their possible presence in the resident ruminant livestock populations. Interestingly,
it is impossible, clinically, to differentiate fatal ovine ehrlichiosis from heartwater in areas where
Amblyomma variegatum ticks are present without a microscopic search (Scott 1990). Moreover,
in a longitudinal monitoring of mortality in local dwarf sheep and dwarf goats belonging to the
International Trypanotolerance Centre (ITC) open-nucleus pure breeding programme in the same
study area, a substantial proportion of heartwater-suspected (by apparent manifestation of clinical
symptoms) mortalities could not be confirmed by microscopic examination of brain smears
(Mattioli and Faburay unpublished data). These findings suggest the need for further investigation
to determine the extent and role of these infections in the resident ruminant livestock population.
The evident disparity between the molecular assays in detecting E. ruminantium DNA in some
samples in this study was attributed to the relative low sensitivity of the Anaplasma/Ehrlichia
RLB with respect to E. ruminantium, as well as to the presence of polymorphisms in the
respective primer annealing sites. Indeed, the map1 gene of E. ruminantium has been reported to
exhibit a high degree of sequence polymorphism (Reddy et al. 1996; Allsopp et al. 2001),
whereas the lack of amplification by pCS20 primers (AB128/AB129 primers, Mahan et al. 1992)
could be attributed to the design of these primers in a comparatively less conserved region of the
pCS20 sequence (Van Heerden et al. 2004). Similar findings were also reported in a recent study
(Allsopp et al. 2007), in which the pCS20 PCR failed to give amplicons from ticks from which E.
ruminantium 16S sequences were obtained; this finding was attributed to the presence of
polymorphisms in one or both of the pCS20 nested amplification primer target sites thus
preventing effective hybridization and chain extension. The same authors (Allsopp et al., 2007)
reported the detection of pCS20 and 16S sequences in animals and non-Amblyomma tick species
in a heartwater-free area in South Africa (Northern Cape) and suggested the presence of a nonpathogenic variant of E. ruminantium in this area.
Thus, although the pCS20, map1 and 16S PCRs have been used to detect E. ruminantium
infection in ticks or animals (Mahan et al. 1998; Peter et al. 1995, 2000; Allsopp et al. 1999;
Kock et al. 1995; Allsopp et al. 2007), this is the first time the 3 molecular assays, pCS20, map1
and RLB, designed in a nested approach for increased sensitivity, have been applied to vector
populations, A. variegatum field ticks, to evaluate their comparative performance in detecting E.
ruminantium infection. This study demonstrated that the nested pCS20 PCR is a more sensitive
diagnostic tool for the detection of E. ruminantium infection than either the nested map1 PCR or
nested Anaplasma/Ehrlichia RLB. This finding, coupled with its high specificity (Peter et al.
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2000), makes the assay most suitable for detection of E. ruminantium infection in heartwater
epidemiology.
The present study demonstrated that the nested pCS20 PCR is most suitable for detection of E.
ruminantium infection in A. variegatum ticks. We therefore applied this molecular assay, in the
second part of this study, to describe the prevalence and distribution of E. ruminantium infection
in the vector population, A. variegatum ticks, at 15 different sites in five divisions of The Gambia,
Western Division, Lower River Division, North Bank Division, Central River Division and Upper
River Division. The overall infection rates in the ticks varied strongly between the 15 sites and
ranged between 15.1 % (in Tumani Tenda in Western Division) and 1.6 % (in MamutFana
Central River Division) (Table 3). Higher rates of infection were detected at sites in the westerly
divisions of the country (Western, Lower River and North Bank) (Figure 3), with prevalence
ranging from 7.5 % (Mbappa Ba/Mariga in North Bank Division) to 15.1 % (Tumani Tenda in
Western Division). In contrast, sites in the easterly divisions (Central River and Upper River)
showed significantly lower rates of infection (range 1.6 % to 5.5 %) with the exception of a Yorro
Beri Kunda considered a `hot spot` for heartwater, thereby indicating, in general, a comparatively
higher disease risk for naïve/susceptible livestock from non or less endemic areas upon
introduction to sites in the westerly divisions. This is consistent with the findings of our previous
study (Faburay et al. 2005), of the existence in The Gambia, of a gradient in risk of heartwater
disease for susceptible livestock species with risk increasing from the eastern part of the country
to the western part towards the coast (Figure 3). Varying levels of heartwater disease risk across
sites in Africa have been reported (Bell-Sakyi et al. 2004; Koney et al. 2004; Awa et al.1997;
Bekker et al. 2001; Gueye et al., 1993a,b; Faburay et al. 2005; Peter et al. 1999, 2000). Although
these risk levels were based principally on serological assessments, we postulate, generally, the
existence of a high degree of correlation between seroprevalence of heartwater and E.
ruminantium tick infection rates as indicated in the present study. Furthermore, this finding
suggests that the strategy of introducing more productive exotic ruminant livestock (cattle or
small ruminants) for crossbreeding or milk production in support of the Gambia Government
policy of promoting peri-urban agriculture targeting towns located in the westerly divisions of the
country could result, potentially, in increased heartwater mortalities without the necessary disease
control or preventive measures. Interestingly, the high rate (about 30 %) of mortality, associated
with heartwater, recorded in F1 (N’Dama x Holstein) calves of the Gambia Government-ITC
peri-urban F1 dairy scheme (Sanyang et al. unpublished information) in the coastal area of The
Gambia, where comparatively high E. ruminantium tick infection rates were recorded in the
present study, seems to support this observation. Furthermore, higher rates of infection were
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detected in male ticks (3 % to 20 %) than in the female ticks (0 % to 10.7 %). Although we
collected most of our ticks from livestock individually, the infection rate in the females examined
in this study appeared to be more representative of the real picture due to their short attachment
period prior to the start of engorgement (1 to 2 days) and in effect limited exposure to infection.
The effect of intrastadial infection has been reported to be more important in male ticks, which
can feed for prolonged periods, weeks to months, (Jordaan et al. 1981) without losing infection
during feeding. On the other hand, the rate of infection in A. variegatum ticks collected from
vegetation at four of the sampling sites, which ranged from 0 % (n = 13) to 9.5 % (n = 21), may
reflect estimates of the vector infection reservoir although from a relatively small sample size.
This is the first study in West Africa that applied a molecular method (PCR) to determine E.
ruminantium infection rates in the vector population, A. variegatum. Although the study was
carried out in The Gambia, it nonetheless provided an indication of the potential levels of
heartwater disease risk in similar bioclimatic environments in West Africa. A similar study to
determine E. ruminantium tick infection rates was carried out in a closely related bioclimatic
environment in northern Senegal but using the method of inoculating sheep with ground ticks
(Gueye et al. 1993). The study detected a comparatively lower infection rate in adult A.
variegatum ticks of 1.2 %, which result was attributed to the lower sensitivity of the method of
xenodiagnosis applied compared to the more sensitive PCR technique (Mahan et al. 1998) used in
the present study.
In conclusion, the use of pCS20 PCR in determining field tick infection rates is an important
application of this test and the prevalence estimates here provide valuable information for the
analysis of heartwater transmission dynamics (O`Callaghan et al. 1998). The study demonstrated
the existence of a gradient of risk for livestock with risk increasing from the eastern part of the
country towards the western coastal region. This gradient is positively correlated with the
distribution of seroprevalence of E. ruminantium in extensively managed small ruminants in the
country (Figure 3). The results of this survey combined with the previous work (Faburay et al.
2005) can provide an important insight in the formulation of disease control policies thus creating
a stronger basis for the development of well-targeted control measures for upgrading the
productivity of the livestock industry in The Gambia.
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Chapter 4

Longitudinal monitoring of Ehrlichia ruminantium infection in Gambian
lambs and kids by pCS20 PCR and MAP1-B ELISA
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Abstract
The epidemiology of E. ruminantium infection in extensively managed young animals is not adequately
understood. In this study, we monitored the onset (age at first infection) and kinetics of E. ruminantium
infection and antibody response in extensively managed newborn lambs and kids at three sites in The
Gambia. We used a nested pCS20 PCR and MAP1-B ELISA in a longitudinal study to monitor the onset
(age at first infection) and kinetics of E. ruminantium infection and antibody response respectively, in 77
newborn lambs and kids under a traditional husbandry system at three sites (Kerr Seringe, Keneba,
Bansang) in The Gambia where heartwater is known to occur. The animals were monitored for field tick
infestation and the comparative performance of the two assays in detecting E. ruminantium infection was
also assessed. The infection rate detected by pCS20 PCR varied between 8.6 % and 54.8 % over the 162day study period. Nineteen per cent of the animals in week 1 post-partum tested positive by pCS20 PCR
with half of these infections (7/14) detected in the first 3 days after birth, suggesting that transmission other
than by tick feeding had played a role. The earliest detectable A. variegatum infestation in the animals
occurred in week 16 after birth. Antibodies detected by MAP1-B ELISA also varied, between 11.5 % and
90 %. Although there is considerable evidence that this assay can detect false positives and due to this and
other reasons serology is not a reliable predictor of infection at least for heartwater. In contrast to the pCS20
PCR, the serological assay detected the highest proportion of positive animals in week 1 with a gradual
decline in seropositivity with increasing age. The pCS20 PCR detected higher E. ruminantium prevalence in
the animals with increasing age and both the Spearman’s rank test (rs = -0.1512; P = 0.003) and kappa
statistic (-0.091 to 0.223) showed a low degree of agreement between the two assays. The use of pCS20
PCR supported by transmission studies and clinical data could provide more accurate information on
heartwater epidemiology in endemic areas and single-occasion testing of an animal may not reveal its true
infection status. The view is supported because both the vector and vertical transmission may play a vital
role in the epidemiology of heartwater in young small ruminants; the age range of 4 and 12 weeks
corresponds to the period of increased susceptibility to heartwater in traditionally managed small ruminants.

___________________________________________________________________________
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Background
Heartwater is an infectious disease of ruminants caused by a rickettsia, Ehrlichia ruminantium,
and transmitted by ixodid ticks of the genus Amblyomma. The disease is endemic in sub-Saharan
Africa and on some islands in the Caribbean.
The epidemiology of heartwater in young small ruminants is not adequately understood. In
heartwater-endemic areas where extensive husbandry systems exist and tick control is absent or
limited, the numbers of Amblyomma ticks are high and

animals are subjected to almost

continuous tick, and presumably E. ruminantium challenge [1]. Several researchers postulated that
the existence of endemic stability for E. ruminantium and tick-borne infections in general may be
dependent on infection, by tick transmission, to the very young host during a period of reduced
susceptibility to clinical disease [2-4]. It has been reported that newborn calves, lambs and kids
possess an inverse age-related resistance to heartwater, which is independent of the immune status
of the dam[5, 6]; this resistance has been reported to be of short duration, lasting 9 days in lambs
[7] and 2 weeks in kids [8]. However, the concept of endemic stability in relation to heartwater in
extensively managed small ruminants in The Gambia (local dwarf sheep and goats) is not
completely understood and may not be the same as in the case of indigenous cattle. Mortality due
to heartwater has been reported frequently in the first two species; and a 12-month risk assessment
in The Gambia showed that indigenous small ruminants (local dwarf sheep and dwarf goats)
experienced a much lower A. variegatum tick attachment rate of 0.76 ticks/animal than N’Dama
cattle (9.36 ticks/animal) (B. Faburay et al., unpublished data). Moreover, evidence has been
provided of possible occurrence of vertical transmission of E. ruminantium in calves [9] and that
initial transmission of heartwater to calves may not always be by the tick vector [10], findings
which could also apply to small ruminants.
Diagnostic tests targeting pCS20 sequences have long been considered specific for E.
ruminantium [11, 12] and recent advances in molecular diagnostics resulted in the development of
a specific and sensitive pCS20 polymerase chain reaction (PCR) assay for detection of all known
strains of E. ruminantium in ticks [11, 13]. Previous experiments showed that the pCS20 PCR
could detect E. ruminantium carrier infections in animals [14]. Preliminary random testing of
suspected carrier small ruminants in a heartwater-endemic area (Keneba) in The Gambia using a
nested pCS20 PCR detected a 60 % (n = 14) infection rate; moreover all samples collected from
clinically sick goats maintained on-station at ITC (Kerr Seringe), and confirmed as heartwater
cases post mortem, tested positive by the same assay (B. Faburay, unpublished data). In the past,
serological tests for detection of antibodies to E. ruminantium suffered from poor specificity due
to cross-reactions with other ehrlichial agents [15-17]. Although the MAP1-B ELISA [17] has
been reported to detect false-positives in heartwater-free areas attributed to cross-reactions with
closely related species [18, 19], the assay has higher sensitivity compared to other serological
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tests to detect E. ruminantium antibodies in ovine and caprine sera [20, 21]. This increased
sensitivity is attributed to the comparatively longer persistence of MAP1 antibodies in these
species [17, 20]. In the present study, we monitored the onset (age at first infection) and kinetics
of E. ruminantium infection and antibody response in extensively managed newborn lambs and
kids at three sites in The Gambia where heartwater is known to occur [22] using pCS20 PCR, and
also compared the performance of the pCS20 PCR and indirect MAP1-B ELISA in detecting
heartwater infection in small ruminants.

Methods
Study sites
Seventy-seven small ruminants (local dwarf sheep and dwarf goats) were monitored from birth for
up to 162 days at three sites in The Gambia: Kerr Seringe (13o43’ N, 16o72’ W), Keneba (13o20’
N, 16o01’ W) and Bansang (13o27’ W, 14o40’ N). The animals at Kerr Seringe and Keneba
belonged to the International Trypanotolerance Centre (ITC), whereas those in Bansang were
animals of local smallholders. A recent serological study showed presence of MAP1-B specific
antibodies at all three sites [22]. In the presence of A. variegatum ticks in these areas [23], we
presume that these antibodies are due to exposure to E. ruminantium. Kerr Seringe is located in
the western part of The Gambia on the coast, whereas Keneba is about 150 km east of Kerr
Seringe. Bansang is located 150 km further east from Keneba. Monitoring of death in extensively
managed small ruminants in Kerr Seringe from 1996 to 1999 showed that 17.9 % of deaths in
local dwarf sheep and 12.5 % in local dwarf goats were associated with heartwater; and in Keneba
these figures were 36 % and 25 % for sheep and goats respectively [24]. Although cases of
mortality due to hearwater have been observed in sheep and goats in Bansang area, records of
these deaths were not kept. E. ruminantium tick infection rates at these sites have been described
previously [23].
Animals and husbandry system
The study animals comprised 29 lambs at Kerr Seringe, 21 kids and 13 lambs at Keneba and 10
kids and 4 lambs at Bansang. All newborn animals and their dams were maintained under a
traditional husbandry system without acaricide treatment, except for the dams at Kerr Seringe,
which had received regular monthly acaricide treatment for about 10 months before the start of
this study. Acaricide treatment of all animals was discontinued during the study period. All
newborn lambs and kids, together with their dams, were maintained under the traditional
husbandry system [25] without acaricide treatment. Under this system, animals were allowed to
wander freely around the homestead for feed and food residues and/or graze in the bush during
the day. Newborn kids and lambs were mostly tethered until they reached the age of 2 to 3 weeks
of age to gain strength to graze with their dams in the bush. At night, depending on the site, the
animals were usually penned in sheds or barns.
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Sampling and vector dynamics
Sampling and monitoring started in mid-February 2002, following the peak incidence of
A.variegatum nymph attachment [26], and ended in mid-July 2002, the beginning of peak
abundance of the adult instars. At the study sites, peak activity of Amblyomma nymphs occurs
from November to January, which is followed by rapid decline or virtual disappearance of the tick
population (both nymphs and adults) until May/June when adult ticks start to appear on animals
[27], most frequently on cattle. Whole blood was collected with and without anticoagulant
(EDTA) from each newborn animal on the day of birth or at the latest within 3-10 days of birth,
and thereafter weekly and fortnightly for testing by pCS20 PCR and MAP1-B ELISA
respectively. All newborn animals (0-10 days of age) were examined for ticks at the time of first
sampling. Thereafter, selected animals (5 kids and 5 lambs at Keneba, 5 lambs at Kerr Seringe
and all 16 neonates at Bansang) were examined weekly for tick infestation by examining the
whole body. Post mortem examinations were carried out on all animals that died; and Giemsastained brain smears were examined for the presence of E. ruminantium inclusions in brain
capillary endothelial cells [28]. The pCS20 PCR is the method of choice for detection of E.
ruminantium [29] and analysis by nested pCS20 PCR assay as described below was carried out on
the brains of animals, which showed hyperthermia and suspicious clinical symptoms
characteristic of heartwater prior to death but were negative microscopically.
DNA extraction
Blood with EDTA was introduced into plain glass capillary tubes and centrifuged for 5 minutes at
14 000 x g to separate the buffycoat using Hawksley® HaematoSpin 1400. The tubes were broken
and the buffycoats were applied to Whatman® filter paper #3 or #4 and allowed to dry at room
temperature. DNA was extracted by the Modified Plowe extraction method [30]. DNA from
brain tissues of dead animals was extracted using the protocol for purification of total DNA from
animal tissues in DNeasy® Blood and Tissue Handbook (QIAGEN, Hilden Germany).
pCS20 PCR analysis
Previous experiments already showed the specificity of the pCS20 PCR assay for E. ruminantium
using AB128 and AB129 primers [12, 13]. A nested PCR was carried out as described previously
[23]. Briefly, AB128 and AB129 primers [13] were used as internal primers. AB129 was also
used

as

the

external

reverse

primer,

while

ITM130

(5´

TCAATTGCTTAAT

GAAGCACTAACTCAC 3´) was used as the new external forward primer. PCR amplification
was carried out in a 25 µl volume comprising 5 µl DNA sample, 50 mM KCl, 10 mM Tris-HCl
(pH 8.3), 1.65 mM MgCl2, 400 pmol of each of the deoxynucleoside triphosphates, dATP, dCTP,
dGTP and dTTP, 0.4U of Taq polymerase, 40 pmol of each primer. After a denaturing step of
DNA at 94°C for 3 min, the first round of amplification was carried out using the following
conditions: 39 cycles of 30 sec denaturation at 94°C, 45 sec annealing at 62°C and 1 min
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elongation at 72°C and a final extension of 10 min at 72°C. Aliquots of 0.5 µl of PCR product
from the first round amplification were transferred as template to a second round of PCR at 84°C
(hot start principle). The second round consisted of 25 cycles of the same PCR conditions as in
the first round except for the annealing temperature, which was set at 58°C. In each PCR run,
positive and negative controls were included. Positive controls were derived from E. ruminantium
(Senegal isolate) DNA obtained from cell culture-derived organisms and negative controls were
reagent blank samples without DNA. The PCR amplified a 279 bp fragment of open reading
frame 2 of the 1,306-bp pCS20 sequence. Amplicons were separated by 1.5% agarose gel
electrophoresis, stained with ethidium bromide, and visualized under ultraviolet light.
Indirect MAP1-B ELISA
Serum was separated by centrifugation from the blood samples collected without anticoagulant,
and stored at -20 oC until required. The E.ruminantium MAP1-B ELISA was carried out as
described previously [17, 31]. The assay has been shown to have high sensitivity for detection of
E. ruminantium antibodies [32] particularly in small ruminants [18, 20, 31, 33] with a specificity
of 98.9 % and 99.4 % for caprine and ovine sera respectively [17, 34]. Each serum sample was
tested in duplicate. For sheep, each test included duplicate positive control sera obtained from a
heartwater-naïve sheep of the Tesselaar breed experimentally infected with the Senegal isolate of
E. ruminantium [35] at the Faculty of Veterinary Medicine, Utrecht, The Netherlands. Duplicate
negative control sera were obtained from the same sheep prior to infection. Similar controls were
obtained from a Saanen goat and included in duplicate for testing goat sera. Species-specific
second step IgG antibodies conjugated with horseradish peroxidase (Nordic Immunology, Tilburg
– The Netherlands) were used. Optical densities of the ELISA tests were measured using a
Titertek Multiskan® ELISA reader (Titertek, Flow Laboratories Inc.) at 405 nm wavelength. For
each plate, the cut-off value was calculated as two times the percentage positivity of the negative
control serum relative to the positive control serum [14, 17].
Statistical analysis
For analysis of data, the PCR and ELISA test results of the sample animals were grouped
according to age: 0 – 10 days, 11 – 21 days, 22 – 49 days, 50 – 77 days, 78 – 98 days, 99 -126
days, and 127 – 162 days. Correlation analysis was carried out using Spearman’s rank correlation
coefficient (rs) of Stata® statistical programme to assess the overall level of association between
the pCS20 PCR and the MAP1-B ELISA in monitoring the kinetics of E. ruminantium infection
in lambs and kids. Proportion of animals positive for E. ruminantium infection determined by
both assays was deduced using the same statistical programme. Agreement between the two
assays in detection of E. ruminantium infection in animals of the various age categories was
assessed by method of determining the kappa statistic:
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kappa = (OP – EP)/(1 – EP), where
OP = (a + d)/n; the observed proportion agreement between the two tests
n = (a + b + c + d)
EP = [{(a + b)/n} x {(a + c)/n}] + [{(c + d)/n} x {(b + d)/n}]; the expected proportion of
agreement by chance
Kappa ranges from 1 (complete agreement) to 0 (agreement is equal to that expected by chance),
whereas negative values indicate agreement less than is expected by chance. Benchmarks for
interpreting kappa values were defined according to Everitt [36]:
>0.81: almost perfect agreement; 0.61 – 0.80: substantial agreement; 0.41 – 0.61:moderate
agreement; 0.21 – 0.40: fair agreement; 0 – 0.20: slight agreement; 0: poor agreement
The method of Kaplan-Meier survival estimate was used for survival analysis.

Results
Tick counts
Results of total tick counts carried out weekly on animals at each of the three sample sites are
shown in Table 1. The highest level of A. variegatum infestation was recorded in animals at
Keneba, with a total of 40 ticks, consisting of 2 nymphs and 38 adult ticks, detected throughout
the observation period. Lower levels of A. variegatum infestation were recorded at Kerr Seringe
and Bansang, with 1 nymph and 2 female A. variegatum ticks detected respectively. Amongst the
young lambs and kids that died of heartwater, A. variegatum ticks were recorded on 1 animal
(#1317) at Kerr Keringe and 3 animals, #4333, #4338 and #4340, at Keneba (Table 2 and 3).
Generally, tick infestations occurred at the end of the observation period in the early rainy season
(mid-June and July); and infestation was first detected on animals at week 16 after birth.
pCS20 PCR and indirect MAP1-B ELISA
The pCS20 PCR assay detected E. ruminantium DNA in 57 out of the 77 animals at least once
during the study period. Fifteen animals (excluding those that died), 9 in Kerr Seringe, 3 in
Keneba and 3 in Bansang, remained negative by this test throughout the study (Table 2, 3 and 4).
Data for a number of animals at different age levels were unavailable. Batches of some buffycoat
extracts on filter paper (for DNA) stored in the freezer were soaked with water due to a freezer
failure rendering some samples unsuitable for further analysis; the batch of samples of level 6 in
Kerr Seringe was particularly affected (Table 2). Absence of serological data for some animals at
different time periods was mainly due to erasure of ink labels on the serum cryotubes during
handling and storage making them unidentifiable. Such samples were excluded from further
analysis. The highest number of PCR-positive animals was observed at 78 to 98 days of age. Of
the 9 animals (6 kids and 4 lambs) that were sampled immediately after birth (0-3days) at Keneba,
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6 tested positive by PCR; at Bansang, 1 animal was positive, whereas none tested positive at Kerr
Kerr Seringe (Table 5).

TABLE 1. Weekly A.variegatum tick counts on lambs and kids examined at the three sample sites in The
Gambia
Total no. of A. variegatum ticks counted on animals at
Week of
observation

Kerr Seringe
Keneba
(5 lambs)
(5 lambs, 5 kids)
1
0
0
2
0
0
3
0
0
4
0
0
5
0
0
6
0
0
7
0
0
8
0
0
9
0
0
10
0
0
11
0
0
12
0
0
13
0
0
14
0
0
15
0
0
16
0*
1N, 1M
17
0
0
18
1N
7M, 4F
19
0
4M
20
0
14M, 4F
21
0
0
22
0
0
23
0
1M, 1F
* 2 Hyalomma sp. adults and 1 Rhipicephalus sp. adult also recorded
** 1 Hyalomma sp. adult also recorded
Key: N = nymph, M = adult male, F = adult female

Bansang
(5 lambs, 11 kids)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2F**
0
0
0
0
0

Nineteen per cent of the animals sampled after birth (from day 0 to 10 days), tested positive by
PCR (Table 6).The serological assay detected the highest proportion of positive small ruminants
(90 %) at week 1 of age (0 – 10 days). A decline in the number of serologically positive animals
was observed with increasing age (Table 6). The performance of the pCS20 PCR and the MAP1B ELISA tests in detecting E. ruminantium in lambs and kids of the different age categories are
outlined in Tables 2, 3, 4 and 5. All 7 neonates, between 0 and 3 days age range detected positive
by PCR, were correspondingly serologically positive (Table 5). Four of these animals (4321,
4323, 4324 and 338) remained intermittently PCR and MAP1-B positive in subsequent weeks
(Table 3 and 4) suggesting persistence of infection. E. ruminantium antibodies could not be
detected in three PCR-positive neonates (4318, 4319 and 4325) after the first two weeks until the
end of the study (Table 3).
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Table 2. Periods of detection of E. ruminantium DNA and antibodies in lambs at various age levels sampled
in Kerr Seringe

Anim.
No.
1301
1302
1303
1304
1305
1308
1309
1311
1312
1313
1314
1315
1316
1318
1319
1320
1322
1323
1325
1327
1328
1329
1330
1331
13336
1332
1321
1306
1317

1

Sp

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

2

Period DNA detected
1
2
3
4
+
+
+
+
+
+
+
+
+
nd
+
+
nd
nd
nd
nd
nd
nd
+
nd

5
+
+
+
+
+
+
+
+
+
+
nd
nd

6
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
-

7
+
+
+
+
+
+
+
nd
nd

Period antibodies detected
1 2
3
4 5 6 7
+ +
+
- - - + +
+
- - - + +
+
- - - + +
- - - + +
+
- - - + +
+
+ - - + +
+
- - - + +
+
+ + + +
+ +
+
+ - - + +
+
- - - + - - - + nd +
+ - - + - - - + +
+
- - - + +
+
+ - - + nd +
+ - - + +
+
+ - - + +
+
+ + + - - - - + +
+
+ - - + +
+
+ - - - + - - + +
+
+ - - + +
+
+ - - nd
+ +
+ +
+
+ +
+
+ +
+ +
+
+

Status
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
3
D( 28) 4hw- G
D( 42*)
D( 42*)
D( 77*)
D( 84) hw- G

5

AV

0
0

0

0

1N

Key: 1Sp. = Species; L = lamb; K = kid ; 2Age range per level: 1 (0 – 10 days), 2 (11- 21 days), 3 (22 – 49
days), 4 (50 – 77 days), 5 (78 – 98 days), 6 (99 – 126), 7 (127 – 162); 3D = died (numbers in parentheses
indicate day of death); 4hw-G heartwater confirmed by Giemsa; hw-PCR: heartwater confirmed by pCS20
PCR; 5AV: A. variegatum tick counts on selected study animals; N = nymph; A = adult; *mortality due to
coccidial and/or clostridial enteritis; 6Animal numbers in bold are cases of mortality

Assessment of agreement between the two assays by method of determining kappa statistic is
shown in Table 7. The kappa coefficient ranged from –0.091, indicating agreement less than is
expected by chance, to 0.223, suggesting fair agreement, between the two assays (Table 7).
Global comparison of the results by Spearman’s rank test showed that the two assays did not
always agree (rs = -0.1512; P = 0.003) and data (Table 2, 3, 4 and Table 6) showed that the pCS20
PCR detected higher E. ruminantium infection rates with increasing age in field-exposed small
ruminants. For example, a number of animals (#1301, #1302, #1316, #1318, #4325, #2317 and
#2318) that tested PCR-positive at 99 to 162 days of age were correspondingly (the same age
interval) negative by MAP1-B ELISA. The serology results showed that most neonates tested
between 0-3 days of age carried antibodies to MAP1-B antigen of E. ruminantium (Table 5).
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TABLE 3. Periods of detection of E. ruminantium DNA and antibodies in all lambs and kids at various age
levels sampled in Keneba

Anim.
No.
4308
4309
4312
4314
4315
4318
4319
4325
4331
4332
4335
4336
4372
4376
4377
4378
4306
4311
4316
4321
4323
4324
4326
4337
4339
4375
4333
4379
4340
4338
4320
4334
4305
4313

Sp
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
L
L
L
L
L
L
L
L
L
K
L
K
K
L
K
L
L
kid

Week DNA detected
1
2
3
4 5
- +
- +
+
- +
- +
+
- +
+
- +
+
- +
+
+ +
nd - nd +
- + +
+ +
nd + +
nd +
- nd - nd - +
nd +
- nd
- +
+
- +
+
+
+
+ +
+
+
+ +
+
nd + +
nd - +
- +
+
+
+
+
nd +
+
+
- +
nd - nd
+
- -

6
nd
nd
nd
nd
nd
+
+
+
+
nd
nd
+
nd
nd
+
+
+

+
+

7
+
+
+
+
+
+
+
+
+
-

+

Week antibodies detected
1
2
3
4 5 6
+
+
+
- - nd - - +
+
+
+ - +
+
+
+
- - +
+
+
- - +
+
+
- - +
+
- - +
+
- - +
- - +
+
+
+ - nd +
- - +
+
- - nd +
+
- + +
+
+
+
+ + +
+
+
+
- - +
+
+
+ - nd +
+
+ + +
+
+
+ - +
+
+ - +
+
+
+ - +
+
+ - +
+
+
+ + nd +
+ + +
+
+
- - +
+
+
+
+
+
+
nd +
+
+
+
nd +
+
+
+
+
+ +
nd +
+
+ + +
+
- - -

7
+
+
+
+
+
-

-

Status

AV

Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
D(42) hw-G
D (42*)
D(56) hw-G
day 56*
D(63) hw-PCR
D(63) hw-G
D(91) hw-PCR
D(112) hw-PCR
D(147) hw-G
day 147*

1N
5A

6A

8A

7A

4A

1 N, 3A
2A
3A

Mortality
Fifteen animals (10 lambs and 5 kids) died during the course of the study, between 28 and 147
days (Table 2, 3 and 4), representing a crude mortality rate of 19.5 % (15/77); nine deaths
(Figure1; Table 2, 3 and 4) were confirmed heartwater-associated by detection of E. ruminantium
in brain-crushed smears (6 deaths) or detection of E. ruminantium-specific pCS20 sequences in
brain tissue DNA extracts (3 deaths). The 3 deaths confirmed by PCR occurred in Keneba and the
lack of Giemsa-stained brain-positive results was attributed to poor storage of the brains prior to
shipment to the laboratory for analysis. The three animals, however, showed clinical symptoms
(hyperthermia, nervous symptoms) prior to death, and clinical pathological changes
(hydropericardium, hydrothorax) at post mortem, which although not pathognomonic but are
characteristic for heartwater. Overall case mortality rate for the 3 sites was 11.7 % (9/77). At Kerr
Seringe, the crude mortality rate was 17.2 % (5/29) and case (heartwater) mortality rate was 6.9 %
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(2/29); Keneba showed a crude mortality rate of 29.4 % (10/34) and a higher case mortality rate
of 20.6 % (7/34), which could be associated with the high tick attack rate recorded at this site; in
contrast to Bansang, no mortality occurred amongst the animals during the study period (Table 2,
3 and 4).
TABLE 4. Periods of detection of E. ruminantium DNA and antibodies in all lambs and kids at
various age levels sampled in Bansang
Anim.
No.
330
336
338
374
2313
2314
2315
2316
2317
2318
2351
2352
2353
2354

S
p
K
K
K
K
K
K
K
K
K
K
L
L
L
L

Week DNA detected
1
2
3 4 5
- - +
+ - +
+
- - +
- - +
- - +
- - +
- + +
+
- + - - nd
- + nd
- - - - nd - - - - +

6
+
nd
+
+
+
nd
+
+
+

7
+
+
+
+
+
+
+
nd
nd

Week antibodies detected
1
2
3
4
5
nd +
nd +
+
+
nd
nd +
+
nd
+
+
+
+
nd nd nd nd nd
+
+
+
+
nd
nd nd nd nd nd
nd nd nd nd nd nd +
nd nd nd +
+
+
+
+
+
+
nd +
+

6
+
+
+
-

7
+
nd
-

Status

AV

Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived

0
0
0
0
0
0
0
1A
0
0
0
1A
0
0

Table 5. Outcome of pCS20 PCR and MAP1-B ELISA tests on samples collected from
animals at 0 – 3 days after birth
Anim. No.
305
1306*
1313
1315
1318
4318
4319
4325
4331
4332
4335
4321
4323
4324
330
336
338
374
2313
2314
2315
2316
2317

Species
lamb
lamb
lamb
lamb
lamb
kid
kid
kid
kid
kid
kid
lamb
lamb
lamb
kids
kids
kids
kids
kids
kids
kids
kids
kids

Site
Kerr Seringe
Kerr Seringe
Kerr Seringe
Kerr Seringe
Kerr Seringe
Keneba
Keneba
Keneba
Keneba
Keneba
Keneba
Keneba
Keneba
Keneba
Bansang
Bansang
Bansang
Bansang
Bansang
Bansang
Bansang
Bansang
Bansang

Day of first sample
1
1
0
3
2
0
0
3
2
1
2
0
3
1
3
3
1
0
3
3
0
3
1

PCR
+
+
+
+
+
+
+
-

MAPI-B
+
+
+
+
+
+
+
+
+
+
nd
+
+
+
nd
nd
+
nd
+
nd
nd
nd

2318
2351

kids
lamb

Bansang
Bansang

3
2

-

nd
+

2352
2353

lamb
lamb

Bansang
Bansang

1
3

-

+
-

2354

lamb

Bansang

3

-

-

*the only mortality (occurred on day 77) among the group and was due to clostrial enteritis
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Six animals were negative for E. ruminantium, and death was attributed mainly to coccidial or
clostridial enteritis. Of the 9 animals which died of heartwater, 6 were previously positive for E.
ruminantium by both PCR and MAP1-B ELISA. Five of the 9 animals that died of heartwater
(#4305, #4334, #4338, #4320 and #4340) showed a first positive PCR test after 21 days of age
(Table 2, 3 and 4) outside the brief period of inverse age-related resistance. Survival analysis
(Figure 1) showed the frequency of mortality due to heartwater among extensively managed small
ruminants to be higher in animals aged between 4 and 12 weeks.

TABLE 6. Prevalence of E. ruminantium DNA and antibodies in lambs and kids according to age as
determined by pCS20 PCR and MAP1-B ELISA

Age group

pCS20 PCR
percent % (n)
Kids
Overall
23.3 (30)
19.2 (73)

Lambs
88.3 (43)

MAP1-B ELISA
percent % (n)
Kids
Overall
90.0 (20)
90.0 (63)

0 – 10 days

Lambs
16.3 (43)

11 – 21 days

8.9 (45)

8.3 (24)

8.6 (69)

77.3 (44)

80.0 (25)

78.3 (69)

22 – 49 days

27.3 (44)

32.3 (31)

29.3 (75)

75.6 (45)

50.0 (26)

66.2 (71)

50 – 77 days

20.6 (34)

30.0 (30)

25.0 (64)

65.0 (40)

33.3 (27)

52.2 (67)

78 – 98 days

48.6 (35)

40.0 (25)

45.0 (60)

18.4 (38)

22.7 (22)

20.0 (60)

99 – 126 days

42.9 (14)

64.7 (17)

54.8 (31)

10.8 (37)

25.9 (27)

17.2 (64)

127 – 162 days

34.3 (32)

48.1 (27)

40.8 (59)

14.7 (34)

7.4 (27)

11.5 (61)

Number of samples tested per age group in parentheses

TABLE 7. Number of lambs and kids tested for E. ruminantium (ER) infection by pCS20 PCR and MAP1B ELISA at the various age levels and the values of kappa statistic
Age Group

pCS20 PCR

MAP1-B ELISA
ER negative
1(b)

Kappa

ER positive

ER positive
11(a)
44(c)
3
46
17

6(d)
1
8
6

0.015

22 – 49 days

ER negative
ER positive
ER negative
ER positive

30
6

16
8

0.068

50 – 77 days

ER negative
ER positive
ER negative
ER positive
ER negative
ER positive
ER negative
ER positive
ER negative

24
7
3
4
3
3
4

19
16
28
12
11
21
30

-0.019

0 – 10 days
11 -21 days

78 – 98 days
99 – 126 days
127 – 162 days
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-0.015

0.223
0.035
0.009

0.75

1.00

Kaplan-Meier survival estimate

0.00

0.25

0.50

Period of increased
susceptibility to heartwater
disease: high frequency of
mortality

0

5

10

15
analysis time

20

25

Figure 1. Heartwater mortality data: Kaplan-Meier survival estimate

Discussion
The present study used pCS20 PCR to monitor the onset (age at first infection) and kinetics of E.
ruminantium infection in neonatal lambs and kids maintained under a traditional husbandry
system in three major locations of livestock production in The Gambia where heartwater is known
to occur. It also compared the performance of the pCS20 PCR and indirect MAP1-B ELISA in
detecting E. ruminantium infections in small ruminants. The prevalence of infection detected by
pCS20 PCR varied between 8.6 % and 54.8 % over the 162-day study period. Nineteen per cent
(14/73) of the animals in week 1 post-partum (0-10 days of age) were positive by pCS20 PCR.
Half of these infections (7/14) were detected in the first 3 days of life (Table 5), suggesting that
transmission other than by tick feeding had played a role. In this study, the earliest detectable A.
variegatum infestation occurred in week 16 (Table 1). A plausible explanation of this finding is
that vertical transmission of E. ruminantium from the dam to the offspring could possibly be
occurring in small ruminants maintained under the traditional husbandry system. Vertical
transmission was demonstrated to occur in cattle in Zimbabwe under natural field conditions [9],
although the mode of transmission, either in utero or with colostrum, remains to be elucidated.
Many tick-borne pathogens related to E. ruminantium, such as Anaplasma (Ehrlichia)
phagocytophilum [37], E. risticii [38], Anaplasma spp. [39] and Coxiella burnetti [40] can be
transmitted in utero. Interestingly, in our study, most of the neonatal infections detected by pCS20
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PCR occurred in animals of 0 to 3 days of age and were located in Keneba (67 %, 6/9; Table 5)
where there is a comparatively high A. variegatum tick abundance [23] and minimal or no tick
control was practised. The traditional management system of small ruminants in The Gambia
substantially diminishes the likelihood of tick infestation of neonates at or immediately after birth.
Parturitions at Keneba and Kerr Seringe occurred in pens, which were regularly cleaned; and at
Keneba all births happened precisely between 11 March and 8 April, coinciding with the period of
significant decline in Amblyomma nymphs (or near complete disappearance) and least activity of
Amblyomma ticks [27]. Furthermore, the period required for transmission of E. ruminantium to
occur after attachment of an infected tick to a susceptible host is estimated between 27 and 38
hours for nymphs and between 51 and 75 hours for adults [41], and it is highly unlikely that E.
ruminantium transmitted to neonates at birth through tick bite could appear in the blood stream on
the very day of or the following day after birth and detected by PCR. Against this background, it
is postulated that vertical transmission of E. ruminantium possibly occurs in traditionally managed
small ruminants and there is increased likelihood of this occurrence under conditions of medium
to high tick challenge in the absence of, or with minimal, tick control. Interestingly, based on the
number of PCR-positives, the phenomenon appeared to be more evident in Keneba (Table 5), a
site located in the western part of The Gambia characterized by comparatively high rates of E.
ruminantium tick infection [23] and tick attachment [22]. Bansang, which is in the eastern part of
the country with low rates of tick infection and tick attachment [22, 23], showed only 1 positive
case. At Kerr Seringe, none of the neonates tested positive (Table 5). The latter site is also located
in the western part of the country characterized by high rates of tick infection and tick attachment;
and the absence of positive tests in the neonates was attributed their dams being subjected to
regular treatment with acaricide as described above. Intensive use of acarides in indigenous
livestock results in disruption of endemic stability to tick-borne diseases through disruption of
infection by tick transmission [42-45]. It was highly likely that regular acaricide treatment of
dams at Kerr Seringe resulted in significant reduction of infection intensity that was required for
transmission of infection from dam to offspring to occur. Alternatively, the pCS20 PCR could be
detecting E. ruminantium of low pathogenicity or an as yet uncharacterized related organism in
these animals, which does not cause disease [46] and is transmitted in utero, neonatally, or by
some other route. It should be mentioned that the present study was not designed to demonstrate
the occurrence of vertical transmission of E. ruminantium in traditionally managed small
ruminants but the findings herein strongly suggested plausibility of the phenomenon and should
stimulate further investigation and confirmation through tick feeding experiments. Additionally, it
was observed that a significant number of animals tested negative in day-11 to 21-age range by
PCR and later became positive in day 22 to 49, with some animals demonstrating intermittent
positivity throughout the study period suggesting that the level of E. ruminantium rickettsaemia in
the peripheral blood fluctuated and sometimes it was not possible to detect infection [29].
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Presuming that heartwater infections were the cause of the sero-positive reactions, prevalence of
E. ruminantium infection detected by MAP1-B ELISA also varied, between 11.5 % and 90 %.
However, serological assays, generally, unlike PCR, do not show infection status of an animal and
only provide information about previous exposure to infection. In contrast to the pCS20 PCR, the
serological assay detected the highest proportion of positive animals in the first week of age (0 –
10 days). This was followed by a gradual decline in seropositivity over the 162-day study period
with increasing age (Table 2, 3, 4 and Table 6), suggesting widespread presence of maternal
antibodies in neonatal lambs and kids born to immune (since they were raised in tick-infested
areas exposed to continuous tick challenge) dams maintained under the traditional husbandry
system. A similar decline in antibody levels detected by a different serological test was reported
over the first 2-3 months of life in traditionally managed calves, lambs and kids in Ghana [47].
The MAP1-B ELISA has high sensitivity for ovine and caprine sera [17, 18, 20] but is less
sensitive for bovine sera, especially in cattle subsequent to the first seroconversion [14, 33, 47].
However, in the present study, some animals that tested positive by both MAP1-B ELISA and
pCS20 PCR later became intermittently negative by MAP1-B ELISA. This suggests the
possibility of upregulatory-downregulatory effect on the production of antibodies as reported to
occur in cattle during persistent infection [14]. However, persistently high antibody levels have
been reported in sheep following immunization [31, 48], recovery from experimental heartwater
[7], and natural field exposure [21, 47]. Thus another possible explanation might be that, if
vertical transmission is occurring in small ruminants, the resulting infection in the offspring is
atypical in some way and does not result in the persistently high antibody levels seen after
experimental or tick-transmitted infection. Immunotolerance to the infectious agent, reported in
cattle following pestivirus infection (Bovine Viral Diarrhoea), develops when the virus invades
the foetus before development of immune competence resulting in a lifetime of persistence of
infection [49]. In this case, the agent is persistently present in the blood without detectable
antibodies, which phenomenon, with respect to E. ruminantium infection, could be possibly
occurring in some extensively managed small ruminants as well; and it could be a mechanism by
which vertically E. ruminantium-infected offspring survive/tolerate the infection. This requires
further investigation. Alternatively, the possibility of vertical transmission resulting in time, in
mortality, in immunosuppressed animals due to starvation, haemonchosis caused by Haemonchus
contortus [50] or trypanosomosis [51-53], all of which are common in small ruminants under the
traditional husbandry system, should not be entirely discounted. Indeed, mortality due to
confirmed cases of heartwater has been observed in sheep after 3-4 weeks of quarantine in
tick/insect proof stables prior to use in heartwater vaccination experiments at ITC. These sheep
tested E. ruminantium-positive by nested pCS20 PCR described above suggesting a carrier status
which in time, resulted in mortality possibly due to stress factors such as confinement with
inadequate nutrition (authors’ unpublished information). Furthermore, in this study, results of the
pCS20 PCR and MAP1-B ELISA did not always agree (rs = -0.1512; P = 0.003); similarly the
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kappa statistic determined for the various age categories (Table 7) indicated little agreement
between the two assays with agreement ranging between less than is expected to fair, which can
be anticipated as both tests target different bio-molecules. For instance, two animals (#2351 and
#2352) remained negative throughout the study by pCS20 PCR but tested positive by indirect
MAP1-B ELISA; whereas from day 50 - 77 onwards, a number of animals that tested negative by
MAP1-B ELISA were positive by pCS20 PCR. On the other hand, a number of animals that
tested negative by pCS20 PCR were several times positive by MAP1-B ELISA (Table 2, 3 and 4),
which seems to indicate the presence and persistence of maternal antibodies in those animals [47]
or that the assay may be detecting antibodies to an uncharacterized closely related ehrlichial
organism[19].
This study demonstrated that mortality due to heartwater occurs in young indigenous lambs and
kids under a traditional husbandry system in The Gambia as early as 4 weeks after birth. The
frequency of mortality was highest in the animals aged between 4 and 12 weeks (Figure 1)
suggesting a period of increased risk of /susceptibility to heartwater disease for these animals in
this age group. This time interval appears to coincide with the period when the inverse age-related
resistance in the newborn has waned. Furthermore, nearly all confirmed cases of heartwater
mortality occurred in animals, which tested positive by PCR at 3 weeks of age, or older outside
the brief period of inverse age-related resistance suggesting reduced resistance in these animals to
any possible latent or new infection. On the other hand, the occurrence of heartwater-associated
mortalities in animals prior to week 16, when ticks were first detected, could not be adequately
explained. It is postulated that the deaths (8 out of 9) most likely resulted from vertical
transmission itself due to possible immunosuppression in the affected animals, or highly unlikely
though, that there must have been ticks infesting these animals prior to week 16 which were not
detected, and which could have resulted in the positive pCS20 results.
Conclusions
The findings of this study suggest that both the vector and vertical transmission may play a vital
role in the epidemiology of heartwater supporting the view of previous studies [1, 9]. Although
this would require further investigation, the data presented here, coupled with the traditional
system of management of neonatal lambs, kids and their dams in The Gambia seem to support the
conclusion that vertical transmission may be crucial in the initial establishment of endemic
stability to heartwater in indigenous young sheep and goat population exposed to continuous field
tick challenge. The study also supports earlier reports that single-occasion testing of a fieldexposed animal may not confirm its actual infection status [29] and the use of pCS20 PCR
supported by transmission studies and clinical data would help provide more accurate information
on the epidemiology of heartwater (E. ruminantium infection) in endemic areas. Additionally, it
showed the age range of increased susceptibility to heartwater in traditionally reared small
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ruminants which information could enhance better targeting of disease control measures
especially through vaccination.
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Abstract
Understanding genetic diversity of Ehrlichia ruminantium in host and vector populations is an important
prerequisite to controlling heartwater by vaccination in traditional livestock systems in sub-Saharan Africa.
We carried out a study in two phases: i) evaluating the usefulness of the PCR-RFLP assay based on the
map1 coding sequence of E. ruminantium as a discriminatory tool to characterise genetic diversity, ii)
applying the technique to field samples from A. variegatum ticks and small ruminants to characterise
genotypic diversity of the organism in 3 main agroecological zones of The Gambia, Sudano-Guinean (SG),
Western Sudano-Sahelian (WSS) and Eastern Sudano-Sahelian (ESS). Restriction fragment length
polymorphisms were observed among different strains of E. ruminantium supporting the usefulness of the
PCR-RFLP technique for studying genetic diversity of the organism. Restriction enzyme map1 profile
analysis indicated the presence in The Gambia of multiple genotypes (at least 11) of E. ruminantium with
sites in the WSS and SG zones showing comparatively high number of diverse genotypes. Profiles similar
to the Kerr Seringe genotype (DQ333230) showed the highest distribution frequency, being present at sites
in all 3 agroecological zones, thereby making the strain a suitable candidate for further characterisation in
cross-protection studies. An additional 3 genotypes showed relatively high distribution frequency and were
present in all 3 zones making them equally important for isolation and subsequent characterisation. The
study demonstrated the occurrence of mixed infections with E. ruminantium genotypes in ruminants and
ticks.

___________________________________________________________________________
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Introduction
Heartwater is a rickettsial disease of domestic and wild ruminants caused by Ehrlichia (formerly
Cowdria) ruminantium (Dumler et al., 2001). The organism is transmitted by ticks of the genus
Amblyomma; the major vector in West Africa is A. variegatum, which is distributed in most parts
of sub-Saharan Africa and on some islands in the Caribbean (Walker and Olwage, 1987).
Hearwater represents a significant obstacle to improvement of livestock production in the tropics
and subtropics with mortality rates ranging from 20 – 90 % in susceptible animals (Uilenberg,
1983). Small ruminants are particularly at risk from the disease.
Different genotypes of E. ruminantium (Allsopp et al., 1997) were found using PCR and
sequencing of the V1 loop (Neefs et al., 1993) small-subunit ribosomal RNA gene and random
amplified polymorphic DNA and southern blotting (Perez et al., 1997); and stocks with differing
immunogenicity exist in the field (Du Plessis et al., 1989). In The Gambia, frequent cases of
mortality due to heartwater has been observed in indigenous small ruminants upon translocation
from the eastern part of the country to the western part and potential antigenic diversity between
different stocks of E. ruminantium in the different locations was considered a possible cause
(Faburay et al., 2005). Over the past five decades, efforts to control heartwater through
development of vaccines have been considerably hampered by the presence of a wide diversity of
E. ruminantium stocks in the field, which demonstrated phenotypic differences. It is therefore
essential to have information on the variety and distribution of stocks within a target area prior to
initiating or planning any large-scale vaccination or disease control programmes. At present there
is no simple and reliable method for the molecular typing of different E. ruminantium stocks
(Jongejan and Bekker, 1999). The map1 gene of E. ruminantium represents an ideal target for
genotypic characterisation (Allsopp et al., 1999) as it shows a high degree of sequence
polymorphisms between isolates (Allsopp et al., 2001; Reddy et al., 1996), does not vary during
host-tick passages (D. Martinez, unpublished) and is conserved in all E. ruminantium isolates
from different geographic regions examined so far (Allsopp et al., 2001; Barbet et al., 1994; Van
Vliet et al., 1994). In the present study, we used polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) technique (Geysen et al., 2003) on the map1 gene to
characterise genetic diversity of E. ruminantium in ticks and small ruminants in The Gambia. This
study was carried out in two phases: i) evaluating the usefulness of a PCR-RFLP assay of the
map1 coding sequence of E. ruminantium to distinguish between different isolates; ii)
characterisation of genetic diversity of E. ruminantium in the tick vector and small ruminant hosts
at selected sites in the three principal agroecological zones of The Gambia.
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Materials and methods
Study sites
Sudano-Guinean zone (SG)
Sampling sites (13o43’ N, 16o72’ W) in the Sudano-Guinean zone were located within the 900 and
1210 mm of rainfall isohyets. Maximum daily temperatures range from 26° to 32° C
(Climatological Unit, Dept. of Water Resources, The Gambia). The vegetation is savannahwoodland or woodland in certain areas, with Acacia spp., Cordia spp. and Elaeis guineensis
predominating lowland ecologies. In some areas around the coast, the vegetation is characterized
by humid tropical forest vegetation.
Western Sudano-Sahelian zone (WSS)
Sampling sites (13o20’ N, 16o01’ W) in the Western Sudano-Sahelian zone received an average of
800 mm of rainfall isohyets with maximum daily temperatures ranging from 28 to 38° C. The
vegetation is composed of degraded savannah woodland interspersed with natural unimproved
grasslands dominated by Andropogon gayanus and Meriscus spp., and also with trees and
farmland. The lowland tree vegetation consists principally of low and high mangroves.
Eastern Sudano-Sahelian zone (ESS)
Annual precipitation at the sampling sites (13o27’ W, 14o40’ N) in the Eastern Sudano-Sahelian
zone averages 700 mm of rainfall isohyets with maximum temperatures ranging from 30° to 40°
C. The vegetation is mainly open savannah interspersed with trees, grasses and arable farmland.
Towards the river, riparian woodland, including Mitragyna inermis and Acacia seyal, with
scattered Adansonia digitata are interspersed with rice fields.
Samples and DNA Extraction
Blood was collected in EDTA from extensively managed sheep and goats. The blood was
introduced into plain microhaematocrit capillary tubes and centrifuged for 5 minutes to separate
the buffycoat. The microtube was cut just beneath the buffycoat. The latter was applied to
Whatman® filter paper No. 3 or 4 by bringing the tube in contact with the filter paper to allow
absorption. The filter paper was allowed to dry at room temperature and then stored at –20° C
until used. DNA was extracted by the Modified Plowe extraction method using saponin-chelex
(Geysen et al., 2003). Tick samples were preserved in 70 % ethanol and DNA was extracted from
them individually (n = 145 ticks) or pooled in batches 2-5 ticks (n = 512 ticks) using the
DNeasyTM Tissue kit for isolation of genomic DNA from insects (Qiagen, Westburg, Leusden,
The Netherlands). Genomic DNA from 16 reference strains of E. ruminantium (Table 1) was
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extracted from blood, tick or culture stabilates using the Qiagen® Blood Fluid Spin Protocol. The
DNA extracts were stored at –20°C until used.
TABLE 1. E. ruminantium reference strains tested in the PCR-RFLP assay

_________________________________________________________________________
E. ruminantium
strain

Geographic origin

Source of
material

Reference

_________________________________________________________________________
Kerr Seringe1

The Gambia

Culture

Faburay et al. (2005)

Senegal

Senegal

Culture

Jongejan et al. (1988)

Welgevonden

South Africa

Culture

Du Plessis (1985)

Nonile

South Africa

Blood

MacKenzie and McHardy (1984)

Kwanyanga

South Africa

Blood

MacKenzie and Van Rooyen (1981)

Burkina Faso

Burkina Faso

Ticks

Jongejan et al. (unpublished)

Lutale

Zambia

Blood

Jongejan et al. (1988)

Um Banein

Sudan

Blood

Jongejan et al. (1984)

Gardel

Guadeloupe

Culture

Uilenberg et al. (1985)

Kiswani

Kenya

Blood

Kocan et al. (1987)

Pokoase 417

Ghana

Culture

Bell-Sakyi et al. (1997)

Sankat 430

Ghana

Blood

Bell-Sakyi et al. (1997)

Nigeria (Ifé)

Nigeria

Blood

Ilemobade and Blotkamp (1978)

Kümm

South Africa

Blood

Du Plessis & Kümm (1971)

Bela vista

Mozambique

Blood

Bekker et al. (2001)

Sao Tomé

Sao Tomé

Blood

Uilenberg et al. (1982)

____________________________________________________________________________

Nested map1 PCR
All primers were designed using the Clustal alignment of ten different E. ruminantium map1
sequences from GenBank™ as described in (Faburay et al., 2007) and various computer DNA
software programmes including PC-rare (Griffais et al., 1991), RightprimerTM version M1.2.5
(Biodisk, USA) and PrimerPremier (Biosoft international, USA). Briefly, amplification of the
map1 gene was carried out using the following primers:
•

external forward primer (ERF3) 5´-CCAGCAGGTAGTGTTTACATTAGCGCA-3´

•

external reverse (ERR1) 5´-CAAACCTTCCTCCAATTTCTATACC-3´

•

internal reverse (ERR3) 5´-GGCAAACATCAAGTGTTGCTGATGC-3´

Thus the external forward primer (ERF3) in the first round PCR was also maintained as the
internal forward primer for the second round amplification. PCR amplification was carried out in
a 25 µl volume containing 5 µl DNA sample, 50mM KCl, 10mM Tris-HCl (pH 8.3), 1.5mM
MgCl2, 200 pmol of each dNTP, 40 pmol of each primer and 0.4U of Taq polymerase. After a
97

DNA denaturing step at 94°C for 3 min, the first round of amplification (simple PCR) using ERF3
and ERR1 was carried out using the following conditions: 40 cycles of 1 min denaturation at 92
°C, 1 min 30 sec annealing at 60 °C and 2 min elongation at 72°C and a final extension of 10 min
at 72°C. A 0.5 µl aliquot of PCR product from the first round amplification was transferred as
template to a second round of PCR (nested PCR) at 84°C (hot start principle) with ERF3 and
ERR3 primers consisting of 25 cycles of the same PCR conditions as in the first round except the
annealing temperature which was set at 58°C. In each PCR run, positive and negative controls
were included. Positive controls were derived from E. ruminantium (Kerr Seringe) DNA obtained
from cell culture derived organisms and negative controls were reagent blank samples without
DNA. The PCR amplified a 720-738 bp fragment of the map1 gene of E. ruminantium.
Amplification products from all PCR assays were visualised in 1.5 % agarose gels after staining
with ethidium bromide.
Sensitivity of nested map1 PCR
Ten-fold serial dilutions of culture-derived purified E. ruminantium DNA of Kerr Serigne isolate
were made to test the sensitivity of the nested map1 PCR in a previous study (Faburay et al.,
2007). Also, DNA derived from A. variegatum ticks (n = 145) collected randomly from
traditionally managed cattle and DNA from blood samples of traditionally managed small
ruminants (n = 150) were tested in the simple and nested PCR to evaluate the sensitivity of the
assay.
Restriction Fragment Length Polymorphism (RFLP) analysis
PCR amplification products obtained from nested map1 PCR of field (from ticks and small
ruminants) and reference strains of E. ruminantium were subjected to restriction enzyme analysis
with the restriction enzyme, Alu1 as recommended by the manufacturer (New England Biolabs®).
Four microlitres of the digested sample was mixed with 2 µl of loading buffer and loaded onto a
10 % polyacrylamide gel. A 100 bp ladder was included to determine the fragment size. DNA
fragments were separated by horizontal electrophoresis in 1x TBE buffer at 100 V for 2h: 40min.
The gel was subjected to silver or SYBR® green (Cambrex Bio science Rockland Inc.) staining
according to the manufacturer’s instructions and visualised under ultraviolet illumination. The
gels were photographed using a digital camera (NikonE4500, Nikon Corp.) fitted with a green
filter (for SYBR green-stained gels).
Temporal stability of map1
To assess the reliability of the results of the RFLP, the stability of map1 over time was examined
in vivo and in vitro. In vivo evaluation involved a goat artificially infected with E. ruminantium
(Kerr Seringe) and treated with oxytetracycline following manifestation of clinical symptoms.
The animal consequently became a carrier, which was confirmed by examining genomic DNA
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extracts from whole blood by nested map1 PCR as described above. Thereafter, sequential DNA
samples were collected at weekly intervals and subsequently analysed in the PCR-RFLP assay. In
the in vitro evaluation, we examined the map1 profile stability of bovine umbilical endothelial cell
culture-derived E. ruminantium of the Senegal stock at passage levels 1, 15, 30, 72 and 81.
TABLE 2. Sampling frame showing number of cattle herds, A. variegatum ticks and small ruminants
sampled in villages in the three agroecological zones (AEZ) of The Gambia
______________________________________________________________________________________
AEZ

Village

No. of cattle herds
No. of ticks
No. of small
sampled for ticks
sampled
ruminants sampled
________________________________________________________________________________________________
Sudano-Guinean
Kerr Seringe
1
40
10
Giboro kuta
2
42
8
Tumani Tenda
2
50
10
Mandinaba
1
38
10
Berefet/Somita
3
55
12
Western
Sudano-Sahelian

Keneba
Burong
Kollikunda
Mbappa Ba
Mbappa Mariga

Eastern
Sudano-Sahelian

Yorro Beri Kunda
Sare Sofie
MamutFana
Jimballa Kerr Chendu
Kulkullay
Sare Demba Torro

1
1
1
2
2

46
50
40
35
30

10
10
10
10
10

1
40
10
1
25
10
1
25
2
42
10
3
50
10
2
50
10
Total
26
657
150
________________________________________________________________________________________________

Genetic diversity studies
The aim of this part of the study was to determine the extent of genotypic diversity of E.
ruminantium in The Gambia. Genomic DNA was extracted from adult A. variegatum ticks (male
and female) and small ruminant (sheep and goat) whole-blood samples collected at selected
sites/villages representative of the three major agroecological zones of the country (SG, WSS,
ESS) described above. Table 2 summarizes the number of cattle herds sampled for ticks, A.
variegatum ticks collected, and small ruminants sampled for the study. Overall, 657 partially
engorged or unfed (flat females) ticks were collected in fifteen villages from selected cattle herds
in the three main study areas (Table 2). These herds were located in geographically widely
separated villages, and in most places, the animals travelled long distances daily in search of
forage and were therefore potentially exposed to challenge with E. ruminantium from different
areas.

In addition, we made 150 genomic DNA extracts from whole blood collected from

extensively managed small ruminants in the same villages as indicated in the sampling frame
(Table 2). All samples were tested using the nested map1 PCR and samples that gave specific
positive amplicons were subsequently typed by RFLP analysis.
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Gene sequencing and analysis of sequence identity
Two field samples, one from a tick and the other from a sheep, gave map1 PCR products mixed
profiles. The map1 PCR products from these samples and also from E. ruminantium (Kerr
Seringe) were cloned into pGEM-T Easy Vector Systems (Promega, Madison, USA). The
resulting recombinant plasmids were transformed into Escherichia coli DH5α and plated out on
X-gal/IPTG plates. Positive transformants (colourless) were selected and confirmed by PCR.
Confirmed transformants were subsequently cultured overnight at 37 °C in LB-Ampicillin
medium and the plasmids were isolated using the GFX PCR DNA and Gel Band purification kit
(Amersham Biosciences, Sweden). The purified plasmids were sent to a commercial company
(BaseClear, Leiden, The Netherlands or VIB Genetic Service Facility, Antwerp, Belgium) for
sequencing. Overall, six map1 clones (er80/1, er80/2, er80/8, er80/10, L4306/8, L4306/3) were
obtained from the field samples and together with the Kerr Seringe stock, were subsequently
sequenced. These sequences were aligned with map1 sequences of thirteen reference strains
(Table 1) obtained from GenBank, using the ClustalW method. Sequence distances or percentage
identity between different strains or stocks of E. ruminantium was determined using MegAlign
4.00 (DNASTAR Inc.).
Statistical analysis
General Linear Model (GLM) procedure (SAS® statistical programme) was used to determine the
level of significance of differences in genotypic diversity of E. ruminantium in the three
agroecological zones. Mean frequencies of the various profiles and the significance of differences
between the frequencies of the various profiles were determined by one-way analysis of variance
(ANOVA) with Bonferroni-corrected P-value (Stata® statistical programme). Overall frequencies
of the various map1 genotypes detected in the study were determined using Excel programme
(Microsoft® Corp.).
Results
Sensitivity of nested map1 PCR
Serial 10-fold dilutions of purified DNA showed a 100-fold increase of the sensitivity in the
nested map1 PCR compared to the simple map1 PCR. In conjunction with real-time PCR using
map1-1 primers (Postigo et al., 2007), the nested technique was shown to have a detection
threshold of 1 E. ruminantum organism in a sample (Faburay et al., 2007). In ticks, the simple
PCR technique detected an infection rate of 5.2 %, whereas the nested technique detected 11 % (n
= 145). Similarly in small ruminants, the infection rate detected by simple PCR was 4 %, whereas
it was 10.6 % by nested PCR (n = 150).
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Nested map1 PCR and RFLP of reference strains
The PCR-RFLP protocol was validated for the sixteen E. ruminantium strains (Table 1). In the
PCR assay, the primers amplified specific amplicons from all the strains except Kümm (data not
shown). The RFLP assay was able to distinguish between the different strains of E. ruminantium
(Figure 1).

Figure 1. RFLP of map1 gene of E. ruminantium reference strains showing profile diversity and the various
clusters (1 = Kerr Seringe1, 2 = Burkina Faso, 3 = Sankat 430, 4 = Pokoase 417, 5 = Kiswani, 6 =
Welgevonden, 7 = Senegal, 8 = Gardel, 9 = Sao Tome, 10 = Kwanyanga, M = 100bp marker

Based on similarities between the individual map1 restriction profiles, the isolates were grouped
into six clusters: i) Kerr Seringe 1, Sankat 430 ii) Kiswani, Um Banein iii) Pokoase 417, Senegal
iv) Gardel, Lutale v) Kwanyanga , Nigeria (Ifé), vi) Burkina Faso, Welgevonden , Sao Tomé,
Bela Vista, Nonile. Restriction profiles of Um Banein, Nigeria (Ifé), Bela Vista, Lutale and
Nonile are not shown. Analysis of the respective map1 restriction profiles did not show any
geographical clustering among the different isolates. Also, the restriction profile of map1 gene of
E. ruminantium in vivo (Kerr Seringe stock), in the 4-month observation period, and in vitro
(Senegal stock), did not manifest any change suggesting temporal stability of the target gene in
infected ruminant hosts. Additionally, map1 gene was reported not to vary during host-tick
passages (D. Martinez, unpublished).

101

Genetic diversity of E. ruminantium in The Gambia
Restriction enzyme analysis of map1 coding sequences of E. ruminantium in field samples from
A. variegatum ticks and small ruminants revealed 11 different profiles (Figure 2; Table 3). Figure
3 shows the overall frequency of the different map1 genotypes detected in the three
agroecological zones of The Gambia, whereas statistical analysis of the mean frequencies of the
various profiles is shown in Table 4. Frequencies of the various genotypes observed in the study
were significantly different (P = 0.0257). Profile 1 showed the highest overall frequency of 25.8
% (Table 3), mean and maximum frequency (Table 4) and was present at sites in all 3 zones with
the frequency highest in the SG zone (Table 3). Profile 6 showed the second highest overall
frequency (15.1 %) followed by profiles 3 and 11, the latter two showing the same frequency (14
%). These profiles were similarly present in all 3 agroecological zones.

Figure 2. RFLP of map1 showing the diversity of E. ruminantium profiles detected at various sites in The
Gambia (profiles Nos. 1 to 11), M = 100bp marker

Comparison of differences in the frequencies between profile 1 and the rest of the profiles ranged
from the borderline of significance (P = 0.060) to not significant (P = 1.000)(Table 4). Differences
in genotypic diversity observed at sites in the three agroecological zones were statistically not
significant (P = 0.182). Sites in the SG and WSS zones showed a diversity of 8 and 9 different
profiles respectively; whereas sites in the ESS zone showed 5 different profiles (Table 3). Profiles
2 and 5 were only seen in the SG zone, whereas profile profile 8, 9 and 10 were detected only in
the WSS zone. The profiles of a number of map1 genotypes detected in this study were identical
to the restriction profiles of some of the reference strains of E. ruminantium distributed
throughout heartwater-endemic regions in sub-Saharan Africa and the Caribbean (Figure 1). For
example, profile 1 was identical to Sankat and Kerr Seringe, profile 2 to Kiswani and Um Banein,
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profile 3 to Gardel, Lutale, profile 4 to Kwanyanga and Nigeria (Ifé), profile 5 to Senegal and
Pokoase, and profile 10 to Welgevonden, Nonile, Burkina Faso, Sao Tomé and Bela Vista. As
mentioned above, the PCR amplified a 720-738 bp fragment of the map1 gene of E. ruminantium.
Thus the sum of restriction bands, counted against a 100bp scale, of any RFLP profile of 1400bp
and above was considered to be mixed. One sample derived from a tick (in Kerr Seringe) and one
from a sheep (in Keneba) showed mixed RFLP profiles (data not shown); the map1 PCR products
derived from these samples were subsequently cloned and sequenced as described previously.
Four map1 clones (er80/1, er80/10, er80/2, er80/8,) were derived from the tick sample suggesting
mixed infection with 4 E. ruminantium genotypes, and the sample from the sheep showed 2 map1
clones (er/L4306/3, er/L4306/8) suggesting co-infection with 2 E. ruminantium genotypes. The
map1 coding sequences of Kerr Seringe strain and the six clones, er80/1, er80/10, er80/2, er80/8,
er/L4306/3 and er/L4306/8, derived from the field samples, were submitted to GenBank and
assigned accession nos. DQ333230, EF627980, EF627981, EF627982, EF627983, EF627984 and
EF627985, respectively.
Table 3. Outcome of RFLP restriction profile analysis of map1 from A. variegatum ticks and small ruminants in
different agroecological zones (AEZ)
_____________________________________________________________________________________________
No. of profiles per agroecological zone
Profile no.
Frequency
_____________________________________________________________
(%)
Sudano-Guinean Western Sudano-Sahelian
Eastern Sudano-Sahelian
_____________________________________________________________________________________________
1
25.8
14
6
4
2
2.2
2
3
14.0
5
4
4
4
10.0
6
3
5
4.3
4
6
15.1
7
2
5
7
8.6
1
1
6
8
2.2
2
9
3.2
3
10
1.1
1
11
14.0
3
7
3
Total number of profiles per AEZ
8
9
5
________________________________________________________________________________________________
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Figure 3. Overall frequency of the various map1 genotypes of E. ruminantium at various sites detected in
the study

Analysis of percentage identity of map1 sequences
Analysis of percentage identity of map1 coding sequences derived from the clones and E.
ruminantium reference strains showed no evidence of geographic clustering. Despite being
geographically distant, the map1 coding sequence of Kerr Seringe1 (Gambia) showed high
percentage identity (98.6 %) to Sankat 430 (Ghana), whereas Pokoase (Ghana) showed genetic
relatedness to Senegal (99 %). Despite originating from sites less than 30km apart (Bell-Sakyi et
al., 2004), the two Ghanaian isolates (Sankat 430 and Pokoase 417) were relatively genetically
distant showing a percent identity of 92.6 %. Similarly, Kerr Seringe and Senegal strains,
although originating from closely related geographical areas with similar bioclimatic
environment, were found to be genetically distant (90.4 %). Of the four clones derived from the
tick, 3 (EF627982, EF627983, EF627981) showed high percentage identity to the
Senegal/Pokoase 417 strains suggesting close genetic similarity to these strains (98.6 – 98.7 %
identity); EF627980 showed high percentage identity (98.8 %) to Nonile. Of the 2 clones derived
from the sheep co-infection, EF627984 showed 94.2 % identity to Kerr Seringe/Sankat 430 strains
and EF627985 was identical to (97.8 –99.2 %) to the Gardel/Lutale strains.
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Table 4. Statistical analysis of mean frequencies of the various map1 RFLP profiles from small ruminants and
A. variegatum ticks
________________________________________________________________________________________________
Profile no.
Mean frequency
Minimum
Maximum
Bonferroni-corrected
± SD
frequency
frequency
P-valuea
________________________________________________________________________________________________
1
8.00 ± 5.29
4
14
2
0.67 ± 1.15
0
2
0.089
3
4.33 ± 0.58
4
5
1.000
4
3.00 ± 3.00
0
6
1.000
5
1.33 ± 2.31
0
4
0.194
6
4.67 ± 2.52
2
7
1.000
7
2.67 ± 2.89
1
6
0.871
8
0.67 ± 1.15
0
2
0.089
9
1.00 ± 1.73
0
3
0.131
10
0.33 ± 0.58
0
1
0.060
11
4.33 ± 2.31
3
7
1.000
________________________________________________________________________________________________
a
P values depict comparison of differences between the frequency of profile 1 and individual frequencies of the various
profiles; P value of 0.05 or less is significant;

Discussion
The use of restriction endonuclease digestion of target genes (Brindley et al., 1993; Gasser et al.,
1994; Geysen et al., 2003) or bacterial chromosomes (De Villiers et al., 2000), with infrequently
cutting restriction endonucleases, has produced restriction profiles that give reliable fingerprints
for strain- and species-specific identification. We used the PCR-RFLP targeting the polymorphic
map1 gene to characterise potential genetic diversity of E. ruminantium in ticks and small
ruminants at selected sites in different agroecological zones (SG, WSS, and ESS) of The Gambia.
The nested PCR amplification approach considerably increased the sensitivity of the assay
resulting in an improved rate of specific amplification of target E. ruminantium DNA in ticks and
notably carrier small ruminants for subsequent analysis by RFLP. Using AluI restriction
endonuclease, we were able to distinguish amongst West African and Southern African isolates
(Figure 1). The technique distinguished between the four West African isolates examined, Kerr
Seringe, Senegal, Sankat 430 and Pokoase 417. In contrast, De Villiers et al. (2000) used SmaI
and KspI restriction enzymes in separate digestions on whole genomic DNA and were unable to
distinguish between the three West African isolates, Senegal, Sankat 430 and Pokoase 417. The
reason for their failure to distinguish between the E. ruminantium isolates may be due to digestion
of whole genomic DNA instead of a specific amplified gene target, map1, as in the present study.
Comparison of the various restriction profiles detected in tick and animal samples originating
from the 3 agroecological zones showed remarkable diversity. Overall, 11 map1 genotypes were
detected in the study (Figure 2; Table 3). Frequencies of the various profiles in the study areas
were significantly different (P = 0.0257). Profile # 1, which was identical to the Gambian Kerr
Seringe strain, appeared to be the most widely distributed, with the highest overall, mean and
maximum frequency (Figure 3; Table 3, Table 4), and was present in all three study zones of the
country (Table 3). Two and three map1 genotypes were identified only in the SG and WSS zones
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(towards the coastal area) respectively (Table 3), supporting the hypothesis that susceptible
livestock translocated from sites in the far eastern part of the country (ESS) to the western part
towards the coast are at greater risk of exposure to challenge with genotypically different stocks
of E. ruminantium, which could potentially differ immunologically thereby resulting in mortalities
due to lack of cross-protection. In a recent vaccination experiment involving sheep, the attenuated
Senegal isolate which conferred full protection against the local Kerr Seringe isolate on-station
was able to confer only 75 % (n = 12) protection in a field trial in a limited geographical area in
the SG zone (authors’ unpublished results). The three case-fatalities were caused by an E.
ruminantium stock found to be genotypically different from the Kerr Seringe strain confirmed by
RFLP analysis of brain samples (authors’ results, in preparation for publication). Frequent cases
of mortality due to heartwater have been observed in small ruminants upon translocation from the
eastern part of the country to coastal Gambia (SG and westerly part of WSS zone). Although lack
of immunity indicated by significantly low seroprevalence among small ruminant populations in
the eastern part of the country has been reported to contribute to these mortalities (Faburay et al.,
2005), antigenic disparities between stocks ( Jongejan et al., 1988, 1991), which may reflect, to
some extent, genotypic differences among E. ruminantium stocks in the different ecological
localities, could also be an important cause. In Burkina Faso, the lack of protective immunity
confirmed in cross-protection studies in considerably limited geographic area was attributed to
diversity (5 map1 genotypes detected in the area) between strains (Martinez et al., 2004).
Differences in genotypic diversity of profiles between the three agroecological zones was
statistically not significant (P = 0.182). However, sites in the WSS and SG zones showed
comparatively high number of diverse map1 genotypes (Table 3). This was attributed, principally,
to the effect of introduction of E. ruminantium carrier animals from other parts of the country and
beyond its borders. For example, one of the study sites in the WSS zone is host to an ITC station
for an Open-nucleus Ruminant Pure Breeding Programme characterised by regular introduction of
breeding stock from diverse geographical areas, while the largest centre for trade in ruminant
livestock in the country is located in the SG zone, which encompasses the coastal area.
Furthermore, profiles identical to that of the Kerr Seringe strain, isolated from a goat in the SG
zone, were also identified at sites in the WSS and ESS zones. This led us to postulate that the Kerr
Seringe strain may have been introduced from the eastern part of the country following the route
of livestock trade from east to west in The Gambia.
Analysis of the map1 restriction profile of E. ruminantium reference strains did not reveal any
geographical clustering. However, the clustering based on restriction profile similarity was able to
show diversity within West African as well as Southern African isolates indicating the usefulness
of the RFLP method as a tool for characterising genotypic diversity of E. ruminantium in the
field. Although map1 was shown to be a stable molecular marker for identification of E.
ruminantium strains, clusters generated by the RFLP technique did not correlate with cross
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protection amongst strains of E. ruminantium supporting previous reports that map1 gene identity
between strains may not be a predictor of cross-immunity (Martinez et al., 2004). For instance, the
Senegal isolate belonged to a different cluster from Kerr Seringe. The attenuated strain of the
former, however, provided complete protection in sheep against lethal needle challenge using the
Kerr Seringe isolate (unpublished results).
In conclusion, the use of nested PCR in conjunction with RFLP proved to be a reliable tool to
characterise genetic diversity of E. ruminantium in the field. This study showed that multiple
genotypes of E. ruminantium exist in the field and specifically in The Gambia, which indicates the
likelihood of a similar level of antigenic diversity and therefore constitutes a major reason for
heartwater vaccine failures. This suggests the need for additional E. ruminantium strain isolation
and characterisation especially in cross-protection trials. The fact that the RFLP profile identical
to the Kerr Seringe isolate showed the highest frequency and was present in all 3 agroecological
zones of the country makes this strain a prime candidate for further evaluation in cross-immunity
studies. In addition to the Kerr Seringe strain, three other genotypes showed significant frequency
distribution and should also be considered important candidates for isolation and subsequent
characterisation. In general, the information derived from this study should contribute to the
design and development of appropriate control measures (vaccination) and strategies against
heartwater in The Gambia.
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Abstract
The purpose of this work was to evaluate the protective efficacies of inactivated and attenuated vaccines to
protect traditional smallholder Sahelian sheep against heartwater in The Gambia. An inactivated vaccine,
prepared from Ehrlichia ruminantium (Gardel stock), and a live attenuated vaccine from E. ruminantium
(Senegal stock), were evaluated in two independent on-station trials. A local stock of E. ruminantium (Kerr
Seringe) was used as challenge material. Inactivated and live attenuated vaccines provided 43 % and 100%
protection, respectively, against virulent needle challenge. In a subsequent field trial, the attenuated vaccine
protected 75% of sheep against virulent tick challenge, which was fatal for all control sheep. Quantification
by real-time PCR showed that an immunising dose of approximately 23,000 attenuated E. ruminantium
organisms was sufficient. Moreover, restriction fragment length polymorphism (RFLP) analysis indicated
that the local Kerr Seringe genotype caused mortality amongst control sheep, whereas fatalities in the
vaccinated group could be attributed to a different genotype.

______________________________________________________________________________
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1. Introduction
Heartwater, caused by Ehrlichia ruminantium and transmitted by ticks of the genus Amblyomma,
is a disease of major economic importance affecting cattle and small ruminants,in sub-Saharan
Africa and the Caribbean [1-3]. Recent surveys in West Africa indicated the existence in some
areas of high levels of heartwater disease risk for susceptible livestock introduced from nonendemic areas [4, 5]. The disease can be controlled by a combination of acaricides [6],
chemotherapy and immunophylaxis using an infection and treatment method[7]. The latter method
is based on the virulent Ball 3 stock employed in South Africa, where it does not provide a broad
protection against field isolates. The use of chemotherapy is constrained by the acute nature of the
disease, which often does not allow timely intervention to prevent a fatal outcome. The
application of acaricides by spraying or dipping of livestock can be effective, but carries the risk
of contaminating the food chain. This is further complicated by the ability of ticks to develop
resistance to the acaricides [8]. Hence, immunisation using a safe, effective and affordable
vaccine appears to be the most desirable and sustainable control option. Several attempts which
have been made include the development of inactivated vaccines, attenuated vaccines and also
DNA vaccines [9, 10]. Although progress has been made, the antigenic diversity identified
amongst different stocks of E,.ruminantium

resulting in a lack of protection between

heterologous stocks, has been identified as a major obstacle in vaccine development. Results of
field trials on the efficacy of inactivated vaccines in sub-Saharan Africa vary [10], For instance,
an inactivated vaccine prepared from the Mbizi stock of E. ruminantium provided protection to
field challenge at specific locations [11], trials in West Africa with inactivated E.ruminantium
(Gardel) vaccine have been less satisfactory (A. Gueye et al., personal communication).
Attempts to develop a live attenuated vaccine were first reported using the Senegal stock of E.
ruminantium, which became attenuated after 11 passages in vitro [12]. Although this stock
provided complete protection against homologous challenge [12], it did not provide efficient
cross-protection against virulent heterologous challenge on station and in the field [13, 14].
However, in a recent report, the South African Welgevonden stock of E. ruminantium was
successfully attenuated in vitro [15] and was able to protect sheep against challenge with four
virulent heterologous stocks [16].
In this study, the protective efficacy of inactivated and live attenuated E. ruminantium vaccines
against heartwater was evaluated in traditional smallholder Sahalian sheep in The Gambia. We
used real-time PCR [17] to quantify the number of E. ruminantium organisms per dose of live
attenuated vaccine used in our experiments.
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2. Materials and Methods
2.1. In vitro cultivation of E. ruminantium (Kerr Seringe): challenge material
The E. ruminantium (Kerr Seringe) isolate was made from a naturally-infected West African
dwarf goat (#1946) reared at the International Trypanotolerance Centre (ITC), Kerr Seringe, The
Gambia. Blood collected into EDTA, just before death due to heartwater (confirmed by
identification of E. ruminantium in Giemsa-stained brain smears), was cryopreserved at -80 oC in
2ml aliquots with 10% DMSO as cryoprotectant. One of the aliquots was used to inoculate a
Saanen goat (#4639) at the Institute of Tropical Medicine in Antwerp, Belgium, and a blood
stabilate prepared from this goat during the febrile response was used to infect a naïve female
Texelaar sheep (#229) at the Faculty of Veterinary Medicine, Utrecht University, The
Netherlands. Aliquots of blood collected into EDTA from sheep #229 on the second day of the
febrile response, with 10 % DMSO as cryoprotectant, were snapfrozen into liquid nitrogen for
subsequent use in a vaccination experiments. Other ampoules were used to infect bovine aortal
endothelial (BAE) cell cultures in 25 cm2 flasks [12]. When the monolayer showed signs of
infection three weeks later, Giemsa-stained cytocentrifuge smears were prepared from the
supernate to confirm the presence of E. ruminantium. Subsequently, the culture medium
containing elementary bodies was centrifuged for 15 min at 4 oC and 1500 g. The resulting pellet
was resuspended in sucrose-phosphate-glutamate (SPG) buffer and ampoules of 2 ml were filled
and stored in liquid nitrogen until further used in vaccination trials. A sample of the infected
culture tested by PCR gave specific amplicons using E.ruminantium map1 and pCS20 primers.
2.2 In vitro production of attenuated E. ruminantium (Senegal stock)
The attenuated stock was derived from the virulent parent, the Senegal stock, after serial in vitro
cell culture passages [12]. Briefly, cultures containing extracellular elementary bodies were used
to passage E. ruminantium onto other bovine umbilical endothelial (BUE) cell cultures with an
average interval of 13.9 days between passages. BUE culture supernatant (20 ml) heavily infected
with elementary bodies of E. ruminantium of passage nos. 11, 14 and 16 proved hightly
immunogenic in goats and sheep without any clinical signs [12]. E. ruminantium (attenuated
Senegal) at 72nd passage was grown in BUE cell cultures as described previously [12]. Bacterial
growth was monitored by microscopic examination of Giemsa-stained cytocentrifuge smears.
When E. ruminantium-infected BUE cultures showed about 90% of cytolysis due to infection, the
remaining adherent cells were scraped from the bottom of the culture flasks and the cultures
centrifuged at 15,000 × g for 20 min at 4 °C. The resultant pellet containing both infected cells
and free E. ruminantium organisms was resuspended in sucrose-phosphate-glutamate (SPG) and
snapfrozen into liquid nitrogen until used in the vaccination experiments.
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2.3. Origin, maintenance and monitoring of experimental animals
Sheep used in all vaccination trials were of Sahelian breed aged between 18-30 months and were
obtained from an Amblyomma and heartwater-free area (Lingerr) in northern Senegal [18]. All
animals were tested for E. ruminantium infection by indirect MAP1-B ELISA [19, 20] and pCS20
PCR [21] using a nested approach [22] prior to the start of each trial. Animals were dewormed per
os using Albendazole®, and

quarantined for two weeks to allow clinical manifestation of

possible latent infections and were vaccinated against endemic diseases (Peste de Petit Ruminants
(PPR) and Pasteurellosis) at least two weeks prior to the start of each trial. On station, animals
were maintained on groundnut hay with occasional supplementation with rice bran and watered
twice daily. The sheep were maintained tick-free in an insect and tick-proof stable or on tickproof concrete raised platform under a shed according to the protocol of each experiment with
daily cleaning of the housing. In the field trial, exposure to tick challenge was accomplished by
allowing animals to graze during the day in the bush in the perimeter and outside the perimeter of
ITC, Kerr Seringe, where hearwater is known to occur [5] and at night they were housed in pens.
For all experiments, rectal temperatures were recorded daily and a temperature of 40° C or above
was considered to be fever. The incubation period, time to death and number of fatal cases were
recorded for each group of sheep. Serum samples were obtained from the sheep prior to
vaccination and thereafter weekly to determine seroconversion and monitor E. ruminantium
antibody responses by MAP1-B ELISA. All deaths were confirmed for heartwater by post mortem
examination for lesions typical of heartwater (hydropericardium, hydrothorax and ascites),
Giemsa staining of brain-crushed smears for identification of E. ruminantium colonies inside
brain capillary endothelial cells [23] and detection of E. ruminantium-specific pCS20 sequences
[24] using nested PCR in brain tissue DNA extracts (for attenuated vaccine trials) as described
above. The trials ended 30 or 35 days after challenge infection for the inactivated and attenuated
vaccination trials, respectively; and 150 days of field exposure in the attenuated vaccine field trial.
2.4. Laboratory trial of inactivated vaccine (on-station)
2.4.1. Preparation of E. ruminantium inactivated vaccine
The inactivated vaccine was bulk-produced from endothelial cell culture at the Institute for
Biological and Experimental Technology (IBET), Lisbon, Portugal. The purified antigen was
obtained using a multistep centrifugation process [25]. In brief, E. ruminantium (Gardel)-infected
endothelial cell suspension was harvested when 80-90 % of the cell monolayer was lysed, and
passed through a syringe and 26 gauge needle to disrupt the cell clumps and free the intracellular
bacteria. The cellular debris was removed by centrifugation at 1,800 x g for 15 min at 4° C. The
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resulting supernatant was subjected to high-speed centrifugation (20,000 x g) for 30 min at 4°C to
pellet the bacteria and the pellet was resuspended in PBS (pH 7.4). The protein content of the E.
ruminantium suspension was measured with a MicroBCA kit 23235 (Pierce, USA) using the 96well protocol according to the manufacturer’s instructions. The inactivated vaccine was obtained
by overnight incubation of the E. ruminantium suspension at 4o C with 0.1 % sodium azide and
was stored at

–20° C until used. The vaccine was emulsified in an equal volume of adjuvant

(Montanide ISA50; Seppic, Paris, France) immediately before use.
2.4.2. Animals, immunisation and challenge inoculations
Thirteen sheep were randomly assigned to two groups. On day 0, seven sheep were inoculated
subcutaneously in the scapular region with 2 ml of inactivated E. ruminantium vaccine with
adjuvant prepared as above; six sheep received a placebo consisting of adjuvant in PBS. Thirty
days after the first vaccination, each sheep in group 1 was given a second vaccination of 2 ml of
inactivated vaccine with adjuvant prepared as above. All sheep received a heterologous challenge
of 2 ml of E. ruminantium (Kerr Seringe) blood stabilate intravenously 3 weeks after the booster
vaccination. Buffy coat samples were prepared from 5 randomly chosen animals (#1838, #1827,
#1835, #1828, #1834) during the febrile reaction (≥ 40 °C) and were tested by nested pCS20 PCR
to confirm E. ruminantium infection status. The experimental parameters were recorded as
described above.
2.5. Laboratory trial of attenuated vaccine (on-station)
Twelve naïve sheep were randomly assigned to two groups of six. Group 1 sheep, composed of 6
sheep, was inoculated intravenously with 1 ml of cryopreserved BUE-culture-derived E.
ruminantium (attenuated Senegal) at the 72nd passage [12] diluted after thawing 1:30 in sucrosephosphate-glutamate (SPG) buffer; sheep in group 2 each received 1 ml SPG buffer administered
intravenously. Six weeks post vaccination all sheep were challenged by intravenous inoculation of
1 ml of culture-derived E. ruminantium (Kerr Seringe, passage 2) containing 1.4 x 107 organisms.
Monitoring of experimental parameters was carried out as described above.
2.6. Field trial of attenuated vaccine
Twenty four naïve sheep were randomly assigned to two groups of twelve each. Group 1 sheep
were each inoculated intravenously with 1 ml of E. ruminantium (attenuated Senegal) as above
except that the culture stabilate was diluted 1:200 in SPG buffer to an immunising inoculum of
approximately 23,000 organisms. Four weeks post immunization all sheep were exposed to
natural field tick challenge for 5 months (January to May); and were examined individually
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fortnightly to confirm infestation by A. variegatum ticks. All fatalities were confirmed as decribed
above. At post mortem, the number of A. variegatum ticks on each sheep was counted.
2.7. Quantification of the attenuated vaccine inoculum by real-time PCR
The map1-1 gene (GenBank accession no. AY652746) was selected as the target to quantify the
number of E. ruminantium (attenuated Senegal) organisms contained in the vaccine dilutions;
1:30 used on-station and 1:200 used for the field trial. The real-time PCR was conducted as
recently described by Postigo et al. [26] using MyiQ™ (Bio-Rad). Primers specific for map1-1
were used to amplify a fragment of 182 bp from the test DNA sample and from the positive
control plasmid, PBAD/Myc-His (Invitrogen), containing the map1-1 gene. Briefly, the reaction
mixture used, in a 25-µl volume, was as follows: 12.5 µl of SYBR Green supermix (Bio-Rad), 1
µl each of the forward and reverse primers and 5 µl of template. The cycling programme
consisted of: 95 °C for 15 min; and cycles of denaturing, 95 °C for 30 sec; annealing, 55 °C for 30
sec; and extension, 72 °C for 30 sec, repeated 40 times. Ct values were determined and melting
graphs analysed accordingly using the iCycler software.
2.8. Restriction Fragment Length Polymorphism (RFLP) analysis of genotypes
To examine whether the E. ruminantium stocks that caused mortality in the study animals were
genetically different, we carried out a restriction enzyme profile analysis targeting map1 using
DNA extracts from brains of the sheep that were shown to have died of heartwater. The map1
gene is conserved in all known stocks of E. ruminantium [27-30], exhibits a high degree of
sequence polymorphism among different isolates [27, 31],, and is therefore considered suitable for
characterization of genotypic diversity [32, 33] . In addition, the attenuated Senegal and the Kerr
Seringe stocks were also subjected to RFLP analysis to demonstrate possible genotypic
differences between them. A map1 nested PCR was initially carried out as described previously
[22]. PCR amplification products were subjected to RFLP analysis according to the protocol
described by Faburay et al. [in press]. Briefly, PCR amplification products obtained from nested
map1 PCR were subjected to AluI restriction enzyme analysis as recommended by the
manufacturer (New England Biolabs®). Four microlitres of the digested sample was mixed with 2
µl of loading buffer and loaded onto a 10 % polyacrylamide gel. A 100 bp ladder was included to
determine the fragment size. DNA fragments were separated by horizontal electrophoresis in 1x
TBE buffer at 100 V for 2h 40min. The gel was subjected to SYBR® green (Cambrex Bio science
Rockland Inc.) staining according to the manufacturer’s instructions and visualized under
ultraviolet illumination. The gels were photographed using a digital camera (NikonE4500, Nikon
Corp.) fitted with a green filter.
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2.9. Statistical analysis
The mortality/survival rate of the vaccinated and control animals in each vaccination trial were
compared by applying Fisher`s exact test. To determine differences in incubation period and time
to death between the different groups, a two-sample t-test with equal variances, was used. Kaplan
Meier survival estimate, by group, was used to analyse the comparative survival of sheep in the
vaccinated and control groups exposed to field tick challenge.
3. Results
3.1 In vitro isolation and cultivation of E. ruminantium (Kerr Seringe)
Microscopic examination of Giemsa-stained smears of culture supernatant prepared on day 22
after inoculation revealed the presence of E. ruminantium and confirmed the successful isolation
of the organism in cell culture. The map1 and pCS20 PCRs also amplified target sequences and
gave specific amplicons. The map1 coding sequence of the Kerr Seringe stock, named after the
location of origin, was cloned, sequenced and submitted to GenBank and assigned accession no.
DQ333230.
TABLE 1. Clinical reactions of sheep immunized with inactivated E. ruminantium (Gardel) vaccine to
heterologous needle challenge with E. ruminantium (Kerr Seringe)
_____________________________________________________________________________________________
Sheep
Group
Incubation
Maximum
Time to death
Outcome
number
period (days)
temp ( oC)
(days)
_____________________________________________________________________________________________
1827
V
10
41.3
Survived
1828
V
10
41.1
19
Fatal heartwater
1829
V
16
41.4
26
Fatal heartwater
1830
V
10
41.0
20
Fatal heartwater
1835
V
10
40.3
Survived
1838
V
11
40.9
18
Fatal heartwater
1841
V
12
41.3
Survived
1826
C
10
41.5
24
Fatal heartwater
1831
C
14
41.5
23
Fatal heartwater
1832
C
14
41.2
24
Fatal heartwater
1834
C
10
41.4
21
Fatal heartwater
1836
C
8
40.8
22
Fatal heartwater
1840
C
14
40.5
22
Fatal heartwater
_______________________________________________________________________________________________
V = vaccinated; C = control
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3.2 Inactivated vaccine trial
3.2.1. Antibody responses, rickettsaemia and responses to heterologous challenge
Prior to the start of the experiment, all animals were confirmed seronegative for E. ruminantium
infection by MAP1-B ELISA. Five out of 7 sheep were seropositive two weeks after the first
vaccination; sheep #1841 seroconverted two weeks after the booster vaccination, while sheep
#1829 remained seronegative. All five sheep tested by the nested pCS20 PCR assay during the
febrile reaction were positive, indicating development of rickettsaemia (data not shown). A
summary of the outcome of the virulent heterologous challenge using the local Kerr Seringe stock
is shown in Table 1. All sheep in the vaccinated group reacted with maximum temperatures
between 40.3° and 41.4° C, and all control sheep reacted with maximum temperatures between
40.5° and 41.5° C. The incubation period did not differ between both groups (P = 0.7830); the
vaccinated animals showed a mean incubation period of 11.3 days and the controls a mean of 11.8
days. The time to death did not differ significantly between groups (P = 0.3097). Similarly,
mortality rate in both groups was statistically not significantly different (P = 0.192), with four and
six (all) deaths in the vaccinated and control groups respectively (Table 1).
3.3. Attenuated vaccine trial (on-station)
3.3.1. Antibody profile and responses to heterologous challenge
Each sheep in the vaccinated group was inoculated with approximately 153,000 E. ruminantium
organisms determined by real time PCR. All vaccinated sheep seroconverted as determined by
MAP1-B ELISA within three weeks after vaccination. All sheep in the control group remained
seronegative. Three sheep in the vaccinated group (#1259, #1260 and #1262) reacted transiently
to the immunising inoculum with elevated temperatures for 2 to 5 days (Table 2). Following
challenge with the virulent Kerr Seringe stock, all sheep in the control group showed
hyperthermia with maximum temperatures ranging from 40.1° C to 41.9° C (Table 2). The
duration of fever varied between 1 and 6 days. None of the vaccinated sheep developed fever
during the 5-week observation period. Mortality rates differed significantly between the two
groups (P = 0.002); all six sheep in the control group succumbed to the infection, whereas none in
the vaccinated group died (Table 2). All sheep, which died, exhibited post mortem lesions typical
of heartwater and were confirmed positive for E. ruminantium infection in brain-crush smears and
by nested pCS20 PCR on brain tissue DNA extracts.
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TABLE 2. Clinical reactions of sheep to immunisation with attenuated E. ruminantium (Senegal) vaccine
and heterologous needle challenge with virulent E. ruminantium (Kerr Seringe)
________________________________________________________________________________________________
Immunisation
Challenge
Sheep
Group _______________________________
___________________________________
o
no.
Incub. period otmax Duration of fever
Incub. period
tmax Duration of fevera Outcome
(days)
(days)
(oC)
(days)
(days)
(oC)
________________________________________________________________________________________________
1251
1252
1253
1255
1267
1269

C
C
C
C
C
C

-

-

-

18
16
12
11
11
14

41.3
40.1
41.7
41.3
41.9
41.1

1
1
5
2(2)5
6
2

fatal hw*
fatal hw
fatal hw
fatal hw
fatal hw
fatal hw

1259
V
5
41.4
4
survived
1260
V
7
41.1
2
survived
1262
V
6
41.2
5
survived
1268
V
neg.
survived
1270
V
neg.
survived
1271
V
neg.
survived
________________________________________________________________________________________________
C = control; V = vaccinated; aNumbers in brackets represent fever-free periods; *heartwater

3.4. Attenuated vaccine trial (field trial)
The MAP1-B serology showed that all 12 sheep in the vaccinated group had seroconverted when
tested three weeks after receiving the vaccine, which consisted of approximately 23,000 E.
ruminantium organisms. Unlike the dose used in the on-station vaccine trial (153,000 organisms),
no apparent clinical or febrile reaction was seen in the vaccinated animals. It was found that all
sheep became infested during the first two weeks of exposure with ticks, mainly A. variegatum
nymphs. All 12 sheep in the control group reacted with pyrexia to natural challenge, whereas
seven out of twelve vaccinated sheep showed temperature reactions (Table 3). The mean
incubation periods were not significantly different (P = 0.865); 16.9 days (SD = 1.77) in the
vaccinated group and those in the control group had a mean of 16.6 days (SD = 2.15). Mortality
rates between both groups differed significantly (P < 0.001) over the 150-day observation period;
three out of twelve sheep died in the vaccinated group, whereas all 12 sheep in the control group
died (Table 3). There was no significant difference in time to death between both groups (P =
0.214); sheep in the vaccinated group showed a median of 24 days and an interquartile range of
21 to 40 days, whereas sheep in the control group showed a mean of 23 days (SD = 3.82).
Survival analysis (Figure 1) showed that, on average, sheep in the control group survived for a
shorter period in the field compared to those in the vaccinated group. In contrast to vaccinated
sheep, all sheep in the control group died before the time point of day 29. In the latter group, the
first time point of death occurred earlier at day 14, compared with day 19 in the former group, and
the last time point of death occurred on day 30. The vaccinated group showed a survival rate of
0.75 at the end of the study (Figure 1). Post mortem examination revealed that all sheep were
infested with partly engorged A. variegatum nymphs with the level of infestation on individual
animals ranging between 12 and 27 ticks. All sheep which died showed post mortem lesions
119

typical of heartwater and were confirmed positive for E. ruminantium infection in brain-crush
smears and/or by nested pCS20 PCR on brain tissue DNA extracts.
3.5. Restriction Fragment Length Polymorphism of E. ruminantium genotypes
Figure 2 shows the restriction enzyme profiles of the E. ruminantium map1 genotypes recovered
from control and vaccinated sheep, which died in the attenuated vaccine field trial. All profiles
from the control sheep (with the possible exception of #642) were similar to the profile of the
Kerr Seringe (KS) stock, which contained 140 bp and 230 bp bands, suggesting that the latter may
be the primary cause of death in these animals. In comparison, the profile of the attenuated
Senegal stock (AS) is quite different, since it contains a unique 250 bp band. Restriction profiles
from vaccinated sheep (#630, #632 and #643), which died upon challenge, lack the 160bp band,
which is present in the control sheep and in the Kerr Seringe stock, which indicates that mortality
in the immunised animals was caused by a different genotype (Figure 2).
TABLE 3. Clinical reactions of sheep immunised with attenuated E. ruminantium (Senegal) vaccine and exposed to
natural E. ruminantium tick challenge
________________________________________________________________________________________________
o
Sheep
Group Incub. period
tmax
Duration of fevera
Outcome (day of death)
(days)
no.
(days)
(oC)
________________________________________________________________________________________________
626
629
631
634
635
637
638
640
641
642
644
645

C
C
C
C
C
C
C
C
C
C
C
C

17
19
15
17
18
14
18
15
12
19
17
18

40.9
40.4
41.3
41.2
41.4
41.5
40.5
41.3
41.1
41.4
40.8
41.0

1
1(4)1(1)2
3
4
1(1)1
3
3
7
2
3
2(1)1
5

fatal heartwater (day 19)
fatal heartwater (day 29)
fatal heartwater (day 21)
fatal heartwater (day 23)
fatal heartwater (day 27)
fatal heartwater (day 23)
fatal heartwater (day 24)
fatal heartwater (day 23)
fatal heartwater (day 14)
fatal heartwater (day 23)
fatal heartwater (day 21)
fatal heartwater (day 25)

627
V
18
40.5
3(5)1
survived
628
V
15
41.1
7
survived
630
V
19
41.2
4
fatal heartwater (day 24)
632
V
15
40.7
1(2)3
fatal heartwater (day 21)
633
V
15
40.7
6
survived
636
V
18
40.1
2(1)5
survived
639
V
survived
643
V
18
40.1
1(6)1(11)1
fatal heartwater (day 40)
646
V
survived
647
V
survived
648
V
survived
649
V
survived
________________________________________________________________________________________________
C = control; V = vaccinated; aNumbers in brackets indicate fever-free periods
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Key: group 1 = vaccinated; group 2 = control
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analysis time
group = 1
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Figure 1. Comparative survival of vaccinated and control sheep exposed to field tick challenge: KaplanMeier survival estimates

Figure 2. Restriction fragment length polymorphisms of E. ruminantium map1 from brains of sheep that
died from heartwater in the attenuated vaccine field trial. Number 630*, 643* and 632* correspond to
profiles from immunised sheep; the other profiles are from control sheep; KS = profile from E. ruminantium
(Kerr Seringe) strain AS = profile from E. ruminantium (Attenuated Senegal); M = 100bp marker.
Profiles from the three vaccinated animals (#630, #643, #632) which died upon challenge, lack a 160bp
band. The attenuated vaccine stock (AS) contains a unique 250bp band, but lacks a band of 140bp.
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4. Discussion
Current methods available for evaluation to protect small ruminants in West Africa against
heartwater are based on inactivated [11, 25, 34, 35, 37] and live attenuated vaccines [12, 16]. In
the present study, we evaluated the efficacy of both vaccination methods in laboratory (on-station)
and field trials using traditional smallholder Sahelian sheep in The Gambia. Prior to the on-station
trials, it was necessary to first isolate a local stock of E. ruminantium (Kerr Seringe), which was
successfully established in vitro in bovine endothelial cell culture. Since this stock was found to
be virulent for local sheep and the RFLP analysis showed that this genotype is widely distributed
in The Gambia [Faburay et al. in press], it was considered suitable for use as challenge material in
the vaccination experiments.
Although a local West African stock such as Kerr Seringe, may have been a more appropriate
choice as a basis for an inactivated vaccine, it was not available at the time our study was carried
out. Instead, the Gardel stock, which originated from Guadeloupe in the French West Indies [36]
was used in the inactivated vaccine trial, which formed part of a wider series of inactivated
vaccine studies in West Africa. The data presented here showed that the inactivated GardelMontanide ISA50 vaccine provided only partial protection in sheep against heterologous needle
challenge with the local Gambian E. ruminantium (Kerr Seringe). Although three sheep survived
challenge in the vaccinated group (3/7) compared to none in the control group (0/7), none of the
clinical parameters measured showed significant differences between groups. All sheep in both
groups, including the four animals that survived, reacted clinically to challenge infection
accompanied by fever.
Previous vaccination experiments with inactivated Gardel conferred variable levels of protection
in goats against homologous needle challenge [34, 35], with mortalities between 17 % and 50 %.
In the present experiment, using heterologous needle challenge, we recorded a mortality rate of 57
%, which is a significant loss. Moreover, as all vaccinated sheep developed clinical disease
following challenge, it is likely that the mortality rate would be even higher in animals maintained
under conditions of sub-optimal nutrition and concurrent challenge by other pathogens. The low
efficacy of the Gardel stock against the Kerr Seringe stock shown here may have resulted from
disparities in antigenic composition between these two E. ruminantium isolates. Lack of crossprotection between E. ruminantium isolates has been reported previously, and attributed,
principally, to antigenic differences [11, 38, 39].
In the second vaccine trial, the protective efficacy of attenuated E. ruminantium (Senegal) stock
was evaluated to protect sheep against heartwater induced by needle challenge with E.
ruminantium (Kerr Seringe). Since the E. ruminantium organisms, though attenuated and
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therefore of of low pathogenicity, are alive and therefore potentially tick-transmissible and
possibly capable of reverting to virulence, we used a regional local isolate for the immunisation.
In vitro attenuation has been reported for the Senegal [12], Gardel [40], Welgevonden [15] and
Plumtree stocks (D. Mwangi, personal communication); of these only the Senegal stock was
appropriate for use in The Gambia, to avoid introduction of geographically exotic E.
ruminantium. Although initial attempts to develop an attenuated vaccine using the Senegal stock
of E. ruminantium gave variable results [12, 13], our results showed 100% protection against
heterologous challenge with none of the immunised sheep reacting clinically, while all sheep in
the control group died of heartwater. This suggests that the two E. ruminantium stocks are
antigenically very closely related. Moreover, three of the six immunised sheep reacted to the
attenuated inoculum with transient hyperthermia lasting 2 to 5 days. Previous experiments showed
an attenuated E. ruminantium (Welgevonden) stock provided full protection against lethal needle
challenge with four virulent heterologous stocks of E. ruminantium [16] and, as in the present
study, transient temperature reactions were observed in some sheep upon immunization. This
suggests the need for further reduction or optimization of the number of attenuated E.
ruminantium in the immunising inoculum.
Several methods for the quantification of E. ruminantium for immunisation and challenge have
been published recently [17, 25, 41]. In the present study, real-time PCR [26] was applied to
estimate the number of organisms per dose of live attenuated inoculum used to induce immunity
in sheep. The technique quantifies the map1-1 gene, which is a single copy gene [42] and
therefore allows a direct estimation of the number of E. ruminantium organisms per sample. In the
on-station laboratory trial, the quantification showed that sheep were vaccinated with
approximately 153,000 attenuated organisms, which caused transient temperature reaction in
some animals indicating a need for further reduction in number of attenuated organisms in the
immunizing inoculum. As a result, in the field trial, sheep were vaccinated with a lower number
of attenuated E. ruminantium organisms (approximately 23,000 organisms), which did not evoke
any febrile reaction. This number of organisms falls within the estimated range of 3,000 to
500,000 of infective E. ruminantium (Welgevonden) organisms shown to induce protective
immune response in goats in experiments conducted in South Africa [16]. Further titration of
culture material is required to determine the optimal dose which may be lower than used here.
Recent studies in West Africa showed that considerable genetic diversity exists among E.
ruminantium isolates [33], indicating a significant degree of antigenic diversity in the field, which
may jeopardize vaccine development. Therefore we evaluated the protective efficacy of the
attenuated Senegal vaccine in sheep exposed to field tick challenge in the same geographic
location where the local Kerr Seringe originated. The vaccine induced a significant level of
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protection in sheep against field tick challenge with 75 % (9/12) survival of immunised sheep
compared to 0% survival of the control sheep.
A further observation made in the field trial concerned the febrile reaction upon exposure to tick
challenge in all control sheep, and in the majority of the immunised sheep. Despite this, 75 % of
the vaccinated animals survived tick challenge. Moreover, all animals had become infested with
A. variegatum ticks within two weeks of exposure in the field. DNA samples obtained from
pooled engorged A. variegatum nymphs collected from the vaccinated sheep that survived until
the end of the study tested positive by pCS20 PCR for E. ruminantium [21, 22, 32] This, coupled
with the simultaneous febrile response in both vaccinated and control sheep (P = 0.865), indicates
that all animals were challenged by infected ticks. Interestingly, 25 % (3/12) mortality rate among
vaccinated sheep could be attributed to an E. ruminantium genotype different from the Kerr
Seringe stock (Figure 2). Eleven out of 12 map1 restriction profiles obtained from post mortem
brain samples from the control sheep were similar to the profile of the Kerr Seringe stock (Figure
2). This suggests that the Kerr Seringe stock is the major cause of mortality in sheep in this area
and that the attenuated Senegal stock fully cross-protected against it. However, the outcome of a
related field trial in Senegal using the attenuated Senegal isolate at passage 21, was complicated
by concurrent infections, ehrlichiosis and anaplasmosis [14]. Of the 30 vaccinated sheep, 13
animals died and E. ruminantium was detected only in two sheep, which had previously suffered
from ehrlichiosis or anaplasmosis.
In conclusion, the present study showed that the inactivated Gardel vaccine provided only partial
protection against needle challenge with the local Kerr Seringe stock, possibly due to antigenic
differences. Considering the wide diversity of E. ruminantium stocks in the field it was considered
unlikely that the vaccine would perform well under field challenge and was therefore not further
tested. The live attenuated Senegal stock fully cross-protected against heterologous needle
challenge, and in a field trial it showed a high level of protection against tick challenge that was
lethal for unvaccinated control sheep. The field trial was carried out in small area called Kerr
Seringe over a 5-month observation period and should be repeated in other areas of The Gambia.
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Chapter 7

7.1 General Discussion
_____________________________________________________________________________

This thesis described the first systematic epidemiological investigation into heartwater in The
Gambia. Prior to this study, information on the presence and distribution of the disease in the
country was fragmentary and based on clinical observations in afflicted animals without definitive
post mortem diagnosis. The absence of systematic studies and lack of diagnostic capacities in
field laboratories upcountry resulted in lack of records on the impact of the disease in small
ruminants. The only available reports on the occurrence of heartwater in domestic ruminants in
The Gambia were based on results of post mortem examinations of brain-crushed smears for E.
ruminantium elementary bodies from fatal cases in local dwarf sheep and dwarf goats of the
experimental flock of the International Trypanotolerance Centre in Kerr Seringe and Keneba
(Faburay et al., 2004). Moreover, mortality due to cowdriosis was observed in experimentally
Trypanosoma congolense-infected Gobra zebu cattle in The Gambia (Mattioli et al., 1994). This
was further investigated in a seroprevalence study for E.ruminantium in cattle subjected to
acaricidal treatment (Mattioli et al., 2000). These reports confirmed the endemicity of heartwater
in The Gambia and indicated that small ruminants were more susceptible to the disease than cattle
(Mattioli et al., 1994; Osaer and Goossens, 1999) . In order to control heartwater in susceptible
livestock in The Gambia, especially in smallholder traditional livestock husbandry systems, it is
important to understand the epidemiology of the disease, particularly on the prevalence and
distribution of infection in the target population.
The MAP1-B ELISA reported to be suitable to detect antibodies to E. ruminantium infection in
ovine and caprine sera was used to assess the level and distribution of heartwater-risk in The
Gambia in a countrywide point seroprevalence survey involving 1318 local dwarf sheep and
dwarf goats (De Waal et al., 2000; Mahan et al., 1998b). The survey (Chapter 2) showed that E.
ruminantium infection is widespread in The Gambia, although an estimated 50 % of sheep and 70
% of goats had not been exposed to the infection and therefore constitute a group at risk from the
disease. In addition, it showed a gradient of heartwater disease risk for livestock increasing from
the eastern part of the country to the western part towards the coastal region. Our unpublished
observations confirmed that small ruminants have suffered mortality due to confirmed cowdriosis
after translocation from the eastern part of the country to the western part on the coast. It is
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hypothesized that small ruminants that died from heartwater, after translocation from the east to
the west of the country, constituted a naïve group that had no previous exposure to E.
ruminantium infection.
Surveys of E. ruminantium seroprevalence in small ruminants have been carried out in other
countries in sub-Saharan Africa which also demonstrated varying levels of heartwater risk (Awa,
1997; Bekker et al., 2001; Bell-Sakyi et al., 2004; Koney et al., 2004). The disease risk gradient in
The Gambia appears to correlate positively with the distribution of A. variegatum ticks on sheep
and goats in the country; small ruminants in the eastern part of the country carried a significantly
lower tick burden per animal than their counterparts in the western part of the country. Gueye et
al. (1993) reported a similar correlation in indigenous cattle in Senegal. The comparatively low
disease risk in the eastern part of the country appeared to favour the proliferation of large
populations of small ruminants consisting of local dwarf sheep and goats, crossbred (Djallonké
sheep/West African dwarf goat x Sahelian sheep/goats) as well as Sahelian small ruminant
genotypes. The eastern part of the country accounts for 60 % of the small ruminant population
(Anonymous, 2000).
In order to further investigate the risk situation with respect to heartwater in the country, it was
necessary to determine the distribution of E. ruminantium infection rates in the vector tick
population. The study applied a molecular approach and started with the initial evaluation of
three molecular PCR-based diagnostic tools, nested pCS20, nested map1 and reverse line blot
using nested PCR approach to determine E. ruminantium infection rates in A. variegatum ticks
(Chapter 3). The nested PCR assay, based on pCS20 target sequences, showed the best
performance and was considered most suitable for detection of E. ruminantium in Amblyomma
ticks and useful tool for field epidemiological investigation of heartwater. The pCS20, map1 and
16S PCRs have previously been used to detect E. ruminantium infection in ticks or animals
(Allsopp et al., 1999; Kock et al., 1995; Mahan et al., 1998a; Peter et al., 2000, 1995; Simbi et al.,
2003). This is the first time the three molecular assays, pCS20, map1 and RLB, designed in a
nested approach have been applied to vector populations, A. variegatum field ticks, to evaluate
their comparative performance in detecting E. ruminantium infection. The reverse line blot has
been applied before in the field (Oura et al., 2003) and the advantage of applying the assay to
field-derived samples and in field epidemiological studies is the ability of the assay to detect
multiple parasites and discover novel parasite species (Nijhof et al., 2003).
This study also demonstrated the first molecular evidence of A. marginale, E. ovina, and A. ovis
infections in ticks in the study area in The Gambia thereby suggesting the presence of these
parasites in the resident ruminant livestock populations. Clinically, it is impossible to differentiate
fatal ovine ehrlichiosis from heartwater in areas where Amblyomma variegatum ticks are present
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without microscopic examination (Scott, 1990). The presence of E. ovina in Keneba (the study
area) cannot be discounted as significant number of heartwater-suspected mortalities among local
dwarf sheep and dwarf goats could not be confirmed by microscopic examination of brain smears
(Mattioli and Faburay unpublished data). Studies on E. ruminantium tick infection rates
corroborated previous findings (chapter 2) of the existence of a gradient of heartwater risk in the
country. Higher E. ruminantium infection rates were detected in the westerly part of the country,
with prevalence ranging from 7.5 to 15 %, than in the easterly part, which showed prevalence
range of 1.6 to 5.5 %. Thus a high degree of correlation between E. ruminantium seroprevalence
and tick infection rates in the country further supports the conclusion that the success of future
livestock upgrading programmes using more productive but highly susceptible to heartwater
exotic genotypes of domestic ruminants could be jeopardized by the disease if adequate
prevention and control measures are not put in place (Camus et al., 1996; Koney, 1995)
The epidemiology of heartwater in young animals, particularly under the traditional husbandry
system, is not adequately understood. Several researchers postulated that the existence of endemic
stability for E. ruminantium and tick-borne infections in general (O´Callaghan et al., 1998) may
be dependent on infection, by tick transmission, of the very young host during a period of reduced
susceptibility to clinical disease (Norval et al., 1992; Perry and Young, 1995). In a longitudinal
study in extensively managed newborn lambs and kids, the onset (age at first infection) and
kinetics of E. ruminantium infection was monitored using pCS20 PCR and MAP1-B ELISA
(Chapter 4). This study showed that most neonatal lambs and kids appeared to carry maternal
antibodies to E. ruminantium suggesting that they were born to dams that had previous exposure
to E. ruminantium infection. E. ruminantium-specific DNA (pCS20) sequences were detected in
some of the animals in the first three days of age, which apparently had no exposure to tick bites
suggesting that vertical transmission of the organism from dam to offspring could be an
occurrence. Although the mechanism, either in utero or by colostrum, is yet to be elucidated,
vertical transmission of E. ruminantium has been demonstrated in calves under natural field
conditions (Deem et al., 1996).
Many tick-borne pathogens related to E. ruminantium, such as Anaplasma (Ehrlichia)
phagocytophilum (Wilson et al., 1964), E. risticii (Dawson et al., 1987), Anaplasma spp. (Zaugg,
1985) and Coxiella burnetti (Fiset et al., 1975) can be transmitted in utero. In a longitudinal study
in Ghana, using PC-ELISA (Sumption et al., 2003) persistent antibodies to E. ruminantium were
observed in calves throughout the study period and the possibility of vertical transmission was not
ruled out (Bell-Sakyi et al., 2003). Thus it is concluded from this study that both the vector and
vertical transmission may play a vital role in the epidemiology of heartwater in young animals.
Survival analysis of the animals exposed to field challenge showed that the age range of 4 to 12
weeks corresponds to the period of highest susceptibility to heartwater in traditionally managed
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small ruminants, and is suggested that vaccination in smallholder traditional systems should target
this age range for maximum impact.
Pathogen diversity in host and vector population constitutes an important parameter of
epidemiological investigation of infectious diseases. A study of the genetic diversity of E.
ruminantium in ruminant hosts and A. variegatum tick vectors was carried out by analysis of the
restriction fragment length polymorphisms (RFLP) of the gene encoding the major antigenic
protein 1 (map1) (Chapter 5). Since ecological parameters could potentially influence the genetic
evolution of pathogen populations, samples were collected from sites representative of the three
main agroeceological zones, Sudano-Guinean (SG), Western Sudano-Sahelian (WSS), and
Eastern Sudano-Sahelian (ESS), of The Gambia. At present there is no simple and reliable method
for the molecular typing of different E. ruminantium stocks ((Jongejan and Bekker, 1999). In this
study, the map1 gene of E. ruminantium was considered an ideal target gene for genotypic
characterisation (Allsopp et al., 1999) using PCR-RFLP (Geysen et al., 2003; Martinez et al.,
2004) as it shows a high degree of sequence polymorphisms between isolates (Allsopp et al.,
2001; Reddy et al., 1996), does not vary during host-tick passages (D. Martinez, unpublished) and
is present in all E. ruminantium isolates from different geographic regions (Allsopp et al., 2001;
Barbet et al., 1994; Van Vliet et al., 1994). The use of restriction endonuclease digestion of target
genes (Brindley et al., 1993; Gasser et al., 1994; Geysen et al., 2003) or bacterial chromosomes
(De Villiers et al., 2000), with infrequently cutting restriction endonucleases, has been applied to
produce restriction profile fingerprints for strain- and species-specific identification. De Villiers et
al. (2000) used SmaI and KspI restriction enzymes in separate digestions on whole genomic DNA
and were unable to distinguish between the three West African isolates, Senegal (Jongejan et al.,
1988), Sankat 430 (Bell-Sakyi et al., 1997) and Pokoase 417 (Bell-Sakyi et al., 1997). A possible
reason for the lack of distinction between the E. ruminantium isolates was the digestion of whole
genomic DNA instead of a specific amplified gene target, map1.
In the present study, AluI restriction endonuclease, in a PCR-RFLP approach, was validated for 15
E. ruminantium reference strains and subsequently applied to field samples. Genetic clusters
produced by the PCR-RFLP technique applied in this study showed high degree of agreement
with the clusters of the map1-based phylogenetic analysis and in effect indicating the usefulness
of the assay as a discriminatory tool for characterising genetic diversity of the pathogen in the
field. The study showed the presence of at least 11 different map1 genotypes of E. ruminantium in
The Gambia with map1 profiles identical to Kerr Seringe strain showing the highest distribution
frequency throughout the country. The greatest diversity was observed at study sites in the
Western Sudano-Sahelian and Sudano-Guinean zones. The former zone is host to a large Opennucleus Ruminant Pure Breeding Programme characterised by regular introduction of breeding
stock from diverse geographical areas, while the largest centre for trade in ruminant livestock in
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the country is located in the latter zone, which encompasses the coastal area. These factors could
contribute to the increased heterogeneity of the E. ruminantium population in these areas. It is
thus demonstrated that multiple genotypes of E. ruminantium exist in the field and specifically in
The Gambia, with the likelihood of a similar level of antigenic differences, which could constitute
an obstacle to the development of a protective vaccine against heartwater.
Despite this, immunisation appears to be the most sustainable method to control the disease in
traditional livestock husbandry systems in sub-Saharan Africa (Jongejan, 1991; Mahan et al.,
2001; Martinez et al., 1994, 1996; Nyika et al., 2002; Pretorius et al., 2007; Vachiery et al., 2006;
Zweygarth et al., 2005). Therefore, the efficacy of two vaccination methods, the inactivated
(Gardel stock) vaccine and the attenuated (Senegal stock) vaccine, was evaluated in a controlled
cross-protection vaccination experiment; and subsequently the attenuated vaccine under field
conditions in the Gambia (Chapter 6).
The on-station experiment showed that the inactivated Gardel vaccine provided only partial
protection against heterologous needle challenge with the local (Gambia) Kerr Seringe isolate
showing a mortality rate of 57 % in the vaccinated sheep. This loss is quite significant in
economic terms for resource-poor smallholder farmers in sub-Saharan Africa. Although an
inactivated vaccine based on the Mbizi strain (Zimbabwe) showed improved protection against
heterologous laboratory and field challenge (Mahan et al., 2001), the Gardel inactivated vaccine
has so far only demonstrated improved protection against homologous needle challenge (Martinez
et al., 1994, 1996). In West Africa, the performance of the vaccine in cross-protection
experiments has been less satisfactory (Gueye et al. unpublished data). The failure of the Gardel
inactivated vaccine to induce full cross-protection against challenge with Kerr Seringe was
attributed to possible antigenic differences between the two stocks (Jongejan et al., 1988, 1993;
Van Winkelhoff and Uilenberg, 1981). Considering the wide diversity of E. ruminantium stocks
in the field it is highly unlikely that the inactived vaccine would perform better under field
challenge; and therefore it was not further tested.
In the controlled attenuated vaccine experiment, the culture-derived attenuated Senegal (passage
72) isolate (Jongejan, 1991), demonstrated to be non-transmissible by ticks (Martinez, 1997),
offered 100 per cent protection in sheep against needle challenge with the Kerr Seringe isolate.
Sheep in the vaccinated group were inoculated with approximately 153,000 organisms of the
attenuated E. ruminantium as determined by real-time PCR (Peixoto et al., 2005) and three sheep
reacted transiently with elevated temperatures to the inoculum suggesting the need for further
reduction in the amount of attenuated Ehrlichia used for immunisation. The protective efficacy of
the attenuated Senegal vaccine was further evaluated in sheep exposed to natural field tick
challenge. This time each sheep was immunized with approximately 23,000 organisms of the
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attenuated inoculum. The vaccine induced a high level of protection, with 75 % survival rate
among vaccinated sheep at the end of the study. Unlike the previous dose of the attenuated
inoculum, the administered dose in the field trial did not provoke any apparent clinical reaction in
the vaccinated sheep; this amount of E. ruminantium organisms falls within the estimated range of
3,000 to 500,000 attenuated E. ruminantium (Welgevonden) organisms shown to induce
protective immune response in goats by (Zweygarth et al., 2005). This could be considered a
reasonable estimate of the number of organisms of the attenuated E. ruminantium (Senegal stock)
for inducing protective immune response against heartwater in sheep.
Importantly, restriction profile analysis of map1 gene derived from brain samples of the study
animals showed that nearly all control sheep died due to E. ruminantium whose profiles were
highly similar to Kerr Seringe, whereas the vaccinated animals died from E. ruminantium of a
different genotype. This appears to support the conclusion that the attenuated Senegal vaccine was
fully cross protective against the local Kerr Seringe isolate.
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Future directions of research
______________________________________________________________________________

There are two major areas of focus for research that are relevant and important to control
heartwater in traditional livestock husbandry system in sub-Saharan Africa:
i)

development and application of improved diagnostics in surveys to study E.
ruminantium infection rates in hosts and vectors (for disease risk mapping), and,

ii)

the development of a protective vaccine against the disease that is suitable for use by
resource-poor smallholder farmers in sub-Saharan Africa.

Vast areas in sub-Saharan Africa where Amblyomma vector ticks are prevalent and heartwater
disease is endemic have not been surveyed to provide important baseline information on the risk
of the disease in these areas. In West Africa, apart from relatively recent surveys of E.
ruminantium infection in domestic ruminants carried out in Ghana ((Bell-Sakyi et al., 2004;
Koney et al., 2004), Senegal (Gueye et al., 1993) and Gambia (chapter 2), the risk of heartwater
in large areas in countries of Sierra Leone, Liberia, Guinea Bissao, Guinea Conakry and Nigeria,
just to name a few, is not known because the prevalence of infection has not been studied.
Although the need to improve the specificity of the MAP1-B ELISA due to cross-reactions with
unidentified ehrlichial species (Kakono et al., 2003) remains, the diagnostic test, nonetheless,
appeared suitable for risk mapping of heartwater in endemic areas in traditionally managed small
ruminants as shown in the survey in The Gambia (chapter 2). Serological surveys should be
complemented by studies, using molecular tools, of E. ruminantium infection rates in the vector
population. These surveys will result in the identification and mapping of risk areas of hearwater
thus facilitating the harmonisation of heartwater disease control policies among countries in the
region. The net effect will be significant contribution to upgrading the regional livestock industry
both in terms of enhanced regional trade and productivity.
Indigenous small ruminants, sheep and goats, in comparison to local cattle, are generally more
susceptible to heartwater (Yunker, 1996), and therefore should be given particular attention in
heartwater epidemiology. For instance in 2003, the International Trypanotolerance Centre in The
Gambia, shipped indigenous sheep to Sierra Leone as part of the post-civil war restocking
programme; nearly all animals died and heartwater was confirmed a possible cause as two of the
specimen five brain samples examined at ITC were positive for E. ruminantium infection (B.
Faburay, unpublished data). This highlights the need for investigation of the incidence of
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heartwater and other tick-borne diseases in countries in this region and potential impact of
heartwater on future development of the domestic livestock industry.
Significantly, in West Africa, the potential economic loss due to heartwater is not known because
the prevalence and incidence of the disease across the region has not been investigated.
Additionally, in an attempt to meet the growing demand for milk by the increasing urban
population and to reduce reliance on imported milk, countries in the region are making efforts to
develop peri-urban/urban dairy schemes using more productive exotic cattle genotypes. These
animals are highly susceptible to heartwater and other tick-borne diseases (Koney, 1995) and
findings from such surveys could provide proper guidance to governments or national authorities
of countries in the region in making informed disease control policies and strategies such as
vaccination.
An important aspect of heartwater epidemiology is the understanding of the genetic diversity of E.
ruminantium in the field (Allsopp et al., 1999), which information could facilitate the study of
antigenic diversity of the stocks in a particular locality. The map1 gene is variable between stocks
of E. ruminantium (Reddy et al., 1996) and appeared to be an ideal target for characterising
genetic diversity of the pathogen in the field (Allsopp et al., 1999; Martinez et al., 2004)(chapter
5). However, as indicated in this thesis, it has the drawback of the inability to predict crossprotection between strains and therefore could not be used in cross-immunity studies. With the
availability of whole genome sequences of E. ruminantium stocks, Welgevonden (Collins et al.,
2005) and Gardel (Frutos et al., 2006), it may be possible to identify a suitable gene target(s) that
could provide information on genetic diversity of the pathogen and predict cross-immunity
between strains.
An area of heartwater epidemiology that has not been given adequate attention is the
epidemiology of the disease in young animals. Specifically, the establishment of endemic stability
in small ruminants under the extensive management system is not adequately understood. Several
researchers postulated that the existence of endemic stability for E. ruminantium and tick-borne
infections in general may be dependent on infection, by tick transmission, of the very young host
during a period of reduced susceptibility to clinical disease (Norval et al., 1992; Perry and Young,
1995). This may not be the case for small ruminants considering the type of husbandry system in
the traditional set-up in many countries of sub-Saharan Africa. Vertical transmission has been
demonstrated to occur in calves under natural field conditions in Zimbabwe (Deem et al., 1996). It
is reported in this thesis that both vertical transmission and transmission by ticks may play a role
in the establishment and maintenance of endemic stability to heartwater in traditionally managed
small ruminants. This will require further investigation as it has important implications on the
targeting vaccinations, especially with respect to age, in field exposed small ruminants. In
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addition, it has been confirmed in this thesis that one time point testing of a small ruminant by
PCR or MAP1-B ELISA may not reveal its true infection status (Simbi et al., 2003). The concept
of ‘rickettsaemic wave’ or fluctuating rickettsaemia needs to be further investigated and its
potential significance for international or cross-border trade in livestock from heartwater endemic
areas to heartwater-free regions.
The live attenuated Senegal stock fully cross-protected against heterologous needle challenge with
the Kerr Seringe stock, and in a field trial it showed a high level of protection against field tick
challenge. The field trial was carried out in a limited field area in Kerr Seringe in a 5-month
observation period; and due to the reported wide genetic and antigenic differences among stocks
of E. ruminantium in limited geographical areas in the field and should be repeated in other areas
of The Gambia requiring a longer observation period. Attributes essential for a heartwater vaccine
to be practical, acceptable and affordable throughout most of Africa, in countries where the
infrastructure for vaccine delivery developed, should include: i) ease of administration; one shot,
no-cold chain or follow-up required, ii) safety; no clinical reaction following immunization, and
iii) efficacy; no clinical reactions following homologous or heterologous challenge and over 90 %
of animals protected (Bell-Sakyi, 2004). These arguments seem to favour attenuated vaccines;
however, the protective efficacy of the current attenuated vaccine, which was evaluated in a
limited geographic location, was below this protective threshold. To develop an attenuated
vaccine that could augment the level of protection by the current attenuated vaccine and also for
possible use throughout The Gambia, it will be necessary to identify a local stock of E.
ruminantium with a high frequency distribution in the country and ideally a broad spectrum of
cross protection for possible inclusion in a cocktail vaccine. Characterization of genetic diversity
of E. ruminantium in The Gambia (chapter 5) showed high frequency distribution of the Kerr
Seringe stock and was considered a prime candidate for further cross-protection studies and
possible attenuation.
Due to increasing cross-border and regional trade in livestock among ECOWAS (Economic
Community of West African States) countries, the solution to developing an effective and
sustainable control for heartwater using attenuated vaccines lies in a regional approach and future
research should be planned and implemented in that direction. Successful attenuation of the
Senegal (Jongejan, 1991), Gardel (Martinez, 1997), Welgevonden (Zweygarth and Josemans,
2001) and Plumtree (D. Mwangi, personal communication) stocks of E. ruminantim; and
experiences with Sankat 430 (L. Bell-Sakyi, unpublished data), shows that in vitro attenuation of
additional E. ruminantium stocks is a possibility and should therefore be considered strategically
within the framework of a regional heartwater vaccine
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Moreover, the relative importance of other tick-borne haemoparasites for small ruminants, such as
Anaplasma ovis and Ehrlichia ovina found at one of the study sites needs to be determined. Since
studies reported here were restricted to small geographic locations in The Gambia, it will
therefore be necessary to carry out broader studies to determine the actual prevalence of these
infections in domestic ruminant populations in the country. Information derived from such studies
should provide important insight into the potential impact these infections are likely to have on
future livestock upgrading programmes using more productive but susceptible exotic ruminant
livestock breeds and their crosses. Finally, concurrent infections, such as haemonchosis should
also be taken into consideration when future heartwater vaccines are further evaluated under
natural field conditions in the Gambia.
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Summary
______________________________________________________________________________
Heartwater is an economically important infectious disease of ruminants caused by the rickettsia
Ehrlichia ruminantium, and transmitted by ticks of the genus Amblyomma. Small ruminants are
particularly susceptible and this thesis described results of the first systematic study of the
epidemiology of the disease in The Gambia. Studies were carried out to determine the distribution
of the disease in the country by assessing the prevalence in the host and vector population in The
Gambia and further a study with the objective of improving understanding of the epidemiology of
the disease in young small ruminants (lambs and kids). A study to elucidate the genetic diversity
of the pathogen population across the country was carried out which provided information that
would contribute to the development of a sustainable control measure or strategy for heartwater in
the country; and finally, studies were carried out to find a sustainable control solution for the
disease through vaccination of traditional smallholder Sahelian sheep.
Chapter 2 described the results of a point seroprevalence study using the MAP1-B enzymelinked immunosorbent assay used to test 1,318 serum samples collected from sheep and goats in
the five divisions of The Gambia to determine the Ehrlichia ruminantium seroprevalence rates
and to assess the risk for heartwater. About half (51.6%) of the sheep were positive, with
seroprevalence rates per site varying between 6.9% and 100%. The highest seroprevalence was
detected in the western part of the country, 88.1% in the Western Division and 62.1% in the
Lower River Division. Sheep in the two easterly divisions (Central River and Upper River
divisions) showed the lowest seroprevalence of 29.3% and 32.4%, respectively, while those in the
North Bank Division showed an intermediate prevalence of 40.6%. In goats, less than one-third
(30.3%) of animals tested were positive. The highest seroprevalence was detected in goats in the
North Bank Division (59%) and Western Division (44.1%). Goats in the Lower River Division
showed an intermediate level of 21.9%, whereas the lowest rates were found in the eastern part of
the country (4.8% in the Central River Division and 2.3% in the Upper River Division). The
results show a gradient of increasing heartwater risk for susceptible livestock from the east to the
west of The Gambia.
Three PCR-based diagnostic assays, a nested pCS20 PCR, nested map1 PCR and a nested reverse
line blot (RLB) hybridization assay, were comparatively evaluated in an initial study to determine
the performance of the assays to detect E. ruminantium in A. variegatum ticks. Subsequently the
most suitable assay was applied to study the level and distribution of E. ruminantium infection
rates in field ticks at different sites in The Gambia (chapter 3). The nested pCS20 PCR assay
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showed the highest detection performance with a detection rate of 16.6 %; the nested map1 PCR
showed a detection rate of 11 % and the RLB detected 6.2 %. The RLB, in addition, demonstrated
molecular evidence of Ehrlichia ovina, Anaplasma ovis and Anaplasma marginale infections in
The Gambia. Subsequent application of the pCS20 assay showed E. ruminantium tick infection
rates in the country ranged from 1.6 % to 15.1 % with higher prevalences detected at sites in the
westerly divisions (Western, Lower River and North Bank; range 8.3 % to 15.1%) than in the
easterly divisions (Central River and Upper River; range 1.6 % to 7.5 %). This corroborated the
findings reported in chapter 2 of the existence of a gradient in the distribution of heartwater
disease risk for susceptible livestock in The Gambia which factor must be considered in the
overall design of future upgrading programmes.
To improve our understanding of the epidemiology of heartwater in very young animals, a nested
pCS20 PCR and MAP1-B ELISA were used in a longitudinal study to monitor the onset (age at
first infection) and kinetics of E. ruminantium infection in newborn lambs and kids under a
traditional husbandry system at three sites (Kerr Seringe, Keneba, Bansang) in The Gambia
(chapter 4). The animals were monitored for field tick infestation and the comparative
performance of the two assays in detecting E. ruminantium infection was also assessed. The
infection rate detected by pCS20 PCR varied between 8.6 % and 54.8 % over the 162-day study
period and the rate of infection increased with increasing age. Nineteen per cent of the animals in
week 1 post-partum tested positive by pCS20 PCR with half of these infections (7/14) detected in
the first 3 days after birth, suggesting that transmission other than by tick feeding had played a
role. The earliest detectable A. variegatum infestation in the animals occurred in week 16 after
birth. The prevalence of infection detected by MAP1-B ELISA varied, between 11.5 % and 90 %.
In contrast, the serological assay detected the highest proportion of positive animals in week 1
with a gradual decline in seropositivity with increasing age. In addition, intermittent positivity by
PCR was observed in study animals possibly due to fluctuating rickettsaemia. The results showed
a low degree of agreement between the two assays. It was concluded that the use of pCS20 PCR
supported by transmission studies and clinical data could provide more accurate information on
heartwater epidemiology in endemic areas and single-occasion testing of an animal may not
reveal its true infection status. The study supported the view that both the vector tick and vertical
transmission may play a vital role in the epidemiology of heartwater in young animals; the age
range of 4 and 12 weeks corresponds to the period of highest susceptibility to heartwater in
traditionally managed small ruminants, which should be taken into consideration when
intervention strategies are applied.
A further study was carried out (chapter 5) in two phases: i) evaluating the usefulness of the
PCR-RFLP assay based on the map1 coding sequence of E. ruminantium as a discriminatory tool
to characterise genetic diversity, ii) applying the technique to small ruminants and field-derived
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samples from A. variegatum ticks to characterise genotypic diversity of the organism in 3 main
agroecological zones of The Gambia, Sudano-Guinean (SG), Western Sudano-Sahelian (WSS)
and Eastern Sudano-Sahelian (ESS). Restriction enzyme analysis of map1 gene of E. ruminantium
from field samples (A. variegatum ticks and small ruminants) showed restriction fragment length
polymorphisms (RFLP) among stocks. Analysis of different strains of E. ruminantium by PCRRFLP showed a high degree of agreement between the technique and the map1 sequence-based
phylogenetic analysis indicating the usefulness of the technique for studying genetic diversity of
the organism. The study showed the occurrence of mixed infections with E. ruminantium
genotypes in ruminants and ticks. Restriction enzyme map1 profile analysis indicated the presence
in The Gambia of multiple genotypes (at least 11) of E. ruminantium with the greatest diversity
detected in the WSS and SG zones. Profiles similar to the Kerr Seringe genotype showed the
highest distribution frequency making the strain a suitable candidate for further characterisation in
cross-protection studies. Three additional genotypes showed relatively high distribution frequency
and are considered important for isolation and subsequent characterisation.
A final study was carried out in an attempt to develop a suitable vaccine for use in The Gambia or
the subregion (chapter 6). A local stock of E. ruminantium (Kerr Seringe) was initially isolated
and cultured in vitro for use as challenge material in vaccination trials using naive Sahelian sheep.
An inactivated vaccine, prepared from Ehrlichia ruminantium (Gardel stock), and a live
attenuated vaccine from E. ruminantium (Senegal stock), were evaluated in two independent onstation trials. A local stock of E. ruminantium (Kerr Seringe) was used as challenge material.
Inactivated and live attenuated vaccines provided 43 % and 100% protection, respectively, against
virulent needle challenge. In a subsequent field trial, the attenuated vaccine protected 75% of
sheep against virulent tick challenge, which was fatal for all control sheep. Quantification by realtime PCR showed that an immunising dose of approximately 23,000 attenuated E. ruminantium
organisms was sufficient. Moreover, restriction fragment length polymorphism (RFLP) analysis
indicated that the local Kerr Seringe genotype caused mortality amongst control sheep, whereas
fatalities in the vaccinated group could be attributed to a different genotype. The field trial was
carried out in small area of Kerr Seringe in The Gambia over a 5-month observation period and
should be repeated in other areas of the country. This would contribute to the further evaluation of
the potential of attenuated vaccines to control heartwater, one of the most important rickettsial
tick-borne diseases of small ruminants in West Africa.
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Samenvatting
______________________________________________________________________________

Heartwater is een economisch belangrijke infectieuze ziekte van voornamelijk kleine herkauwers
welke veroorzaakt wordt door de rickettsia Ehrlichia ruminantium, en overgedragen door
Amblyomma teken. Dit proefschrift beschrijft de resultaten van de eerste systematische studie naar
de epidemiologie van de ziekte in Gambia. Allereerst werd de distributie van heartwater in
Gambia bepaald door de prevalentie in de gastheer- en vectorpopulatie te meten. Daarnaast vond
een studie plaats met als doel de kennis rond de epidemiologie van de ziekte in lammeren te
vergroten. De genetische diversiteit van E. ruminantium binnen Gambia werd bepaald, wat
informatie opleverde welk bij kan dragen aan de ontwikkeling van een duurzame controle
methode of strategie van E. ruminantium in dit land. Tot slot zijn vaccinatie experimenten
uitgevoerd met het type schapen welke traditioneel gehouden worden door kleine boeren in de
Gambia om een duurzame beheersmethode van heartwater te vinden.
Hoofdstuk 2 beschrijft de resultaten van een seroprevalentie studie onder 1,318 serum monsters
verzameld van schapen en geiten uit de vijf divisies van Gambia, gebruik makend van de MAP1B enzyme-linked immunosorbent assay (ELISA), met als doel het bepalen van de E. ruminantium
seroprevalentie en het risico op een infectie. Ongeveer de helft (51.6%) van de schapen testte
positief, met seroprevalenties per locatie variërend van 6.9% tot 100%. De hoogste
seroprevalentie werd gevonden in het westen van het land: 88.1% in de Western Division en
62.1% in de Lower River Division. De seroprevalentie was het laagst in de twee oostelijke
divisies (de Central River en Upper River divisies) met respectievelijk 29.3% en 32.4%, terwijl in
de schapen in de North Bank divisie een prevalentie van 40.6% werd gevonden. Van de geteste
geiten was minder dan een derde (30.3%) van de dieren positief. De hoogste seroprevalentie werd
gevonden in geiten afkomstig uit de North Bank divisie (59%) en de Western divisie (44.1%).
Van de geiten uit de Lower River divisie was 21.9% positief, terwijl de laagste prevalenties
wederom werden gevonden in het oosten van het land (4.8% in de Central River divisie en 2.3%
in de Upper River divisie). Deze resultaten laten een gradiënt van toenemend heartwater-risico
zien voor herkauwers van het oosten naar het westen van Gambia.
Drie diagnostische testen gebaseerd op de PCR techniek: een nested PCR voor de amplificatie van
het pCS20 gen, een nested PCR voor amplificatie van het map1 gen en de nested reverse line blot
(RLB) hybridisatie test werden vergeleken met betrekking tot hun gevoeligheid voor de detectie
van E. ruminantium in Amblyomma variegatum teken in een pilotstudy. De meest gevoelige test
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werd vervolgens gebruikt om het percentage en de distributie van E. ruminantium infecties in
teken verzameld uit verschillende locaties in Gambia te bepalen (hoofdstuk 3). De nested pCS20
PCR bleek de hoogste gevoeligheid te hebben met een detectieniveau van 16.6%; de nested map1
PCR had een detectieniveau van 11% en de RLB van 6.2%. De resultaten van de RLB toonden
verder infecties met Ehrlichia ovina, Anaplasma ovis en Anaplasma marginale aan in teken uit de
Gambia. Uitgebreidere toepassing van de pCS20 test liet een E. ruminantium infectiepercentage
variërend van 1.6% tot 15.1% zien in de teken, waarbij hogere prevalenties in locaties in de
westelijke divisies werd gevonden (Western, Lower River en North Bank; variërend van 8.3% tot
15.1%) in vergelijking met de oostelijke divisies (Central River en Upper River; variërend van
1.6% tot 7.5%). Dit komt overeen met de bevindingen uit hoofdstuk 2 waaruit bleek dat er een
gradiënt in de distributie van heartwater risico is die toeneemt van oost- naar west Gambia, welke
in overweging moet worden genomen bij het ontwerp van toekomstige veestapel verbeter
programma’s.
Om de kennis van de epidemiologie van heartwater in jonge dieren te verbeteren werden de
nested pCS20 PCR en MAP1-B ELISA gebruikt in een longitudinale studie om het begin (leeftijd
bij eerste infectie) en verdere verloop van E. ruminantium infecties in pasgeboren lammeren
binnen een traditioneel veehouderij systeem op drie plaatsen (Kerr Seringe, Keneba en Bansang)
in de Gambia in kaart te brengen (hoofdstuk 4). De dieren werden gemonitored voor
tekeninfestaties in het veld en de resultaten van de twee testen voor de detectie van E.
ruminantium werden met elkaar vergeleken. Het infectiepercentage zoals bepaald door de pCS20
PCR varieerde tussen de 8.6% en 54.8% gedurende de 162 dagen durende studieperiode en dit
infectiepercentage steeg bij een toenemende leeftijd. Negentien procent van de dieren in de eerste
week post-partum testte positief bij de pCS20 PCR, waarbij de helft van de infecties (7/14) werd
gedetecteerd binnen de eerste drie dagen. Dit suggereert dat transmissie anders dan door een
tekenbeet plaats had gevonden. De eerste A. variegatum infestatie werd waargenomen in de
zestiende levensweek. De prevalentie van infectie zoals gedetecteerd door de MAP1-B ELISA
varieerde tussen de 11.5% en 90%. De meeste positieve dieren werden met deze serologische test
gevonden in de eerste levensweek, waarna een geleidelijke daling van seropositiviteit werd
waargenomen naarmate de leeftijd toenam. Verder werd met de PCR een intermitterende
positiviteit waargenomen in de lammeren, mogelijk als gevolg van een fluctuerende parasitemie.
Deze resultaten laten een laag niveau van overeenstemming tussen de twee testen zien. De
conclusie werd getrokken dat de pCS20 PCR in samenhang met transmissie studies en klinische
gegevens meer nauwkeuriger informatie over de heartwater epidemiologie in endemische
gebieden geeft en dat de uitslag van het eenmalig testen van een dier mogelijk niet de ware
infectiestatus weergeeft. De studie bevestigt de opinie dat zowel de vector teek als verticale
transmissie een belangrijke rol spelen in de epidemiologie van heartwater in jonge dieren. Dieren
in de leeftijd van 4 tot 12 weken zijn het meest gevoelig voor heartwater in de traditionele
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veehouderij. Ook deze bevindingen moeten in overweging genomen worden wanneer interventie
strategieën toegepast gaan worden.
Een vervolgstudie (hoofdstuk 5) werd uitgevoerd in twee fases: i) evaluatie van het gebruik van
een PCR-RFLP techniek gebaseerd op de sequentie coderend voor het map1 eiwit van E.
ruminantium als een test om genetische diversiteit te karakteriseren en te onderscheiden, en ii) het
met behulp van deze techniek testen van monsters afkomstig van kleine herkauwers en A.
variegatum teken verzameld uit het veld om de genetische diversiteit van dit pathogeen in de drie
belangrijkste agro-ecologische zones van Gambia, Sudano-Guinean (SG), Western SudanoSahelian (WSS) en Eastern Sudano-Sahelian (ESS) te bepalen. Restrictie-enzyme analyse van het
map1 gen van E. ruminantium uit veldmonsters (A. variegatum en kleine herkauwers) toonden
restrictie fragment lengte polymorfisme (RFLP) aan tussen verschillende stammen. Analyse van
verschillende E. ruminantium isolaten door middel van PCR-RFLP lieten een hoge mate van
overeenstemming met deze techniek en de phylogenetische analyse op basis van map1
sequentiebepalingen zien, wat het nut van deze techniek voor het bestuderen van de genetische
diversiteit van E. ruminantium aantoont. Gemengde infecties met verschillende E. ruminantium
genotypes werden aangetoond in zowel herkauwers als teken. Met behulp van de map1 restrictieenzyme profiel analyse werd vastgesteld dat in Gambia minimaal 11 verschillende E.
ruminantium genotypes aanwezig zijn, met de grootste diversiteit in de WSS en SG zones. Het
Kerr Seringe genotype bleek het wijdst verspreide genotype te zijn en is hierdoor een geschikte
kandidaat voor nadere karakterisering in studies met betrekking tot mogelijke kruisbescherming.
Drie andere genotypes bleken ook relatief wijd verspreid voor te komen en verdienen ook nadere
karakterisering.
Een laatste studie werd uitgevoerd met als doel een bruikbaar vaccin te ontwikkelen voor de regio
in- en rond Gambia (hoofdstuk 6).Hiervoor werden twee onafhankelijke vaccinatieproeven
gedaan met heartwater-vrije Sahel schapen waarbij een geïnactiveerd vaccin, gemaakt van E.
ruminantium (Gardel), en een levend geattenueerd vaccin van E. ruminantium (Senegal), werden
geëvalueerd. De challenge vond plaats met een lokaal isolaat van E. ruminantium (Kerr Seringe)
welke in vitro was gecultiveerd. De geïnactiveerde en levend geattenueerde vaccines gaven
respectievelijk 43% en 100% bescherming tegen besmetting met het lokale virulente isolaat
wanneer dit werd ingespoten met een naald. Vervolgens werd een veldstudie verricht waarbij het
geattenueerde vaccin 75% van de schapen beschermde tegen besmetting met E. ruminantium door
tekenbeten, terwijl alle schapen uit de controlegroep overleden. Kwantificering met behulp van
real-time PCR stelde vast dat een immunisatie dosis van circa 23,000 geattenueerde E.
ruminantium organismes voldoende bescherming biedt. Verder liet RFLP analyse zien dat het
lokale Kerr Seringe genotype de oorzaak was van de mortaliteit onder de controlegroep, terwijl
sterfgevallen in de gevaccineerde groep veroorzaakt werden door een ander genotype. Deze
veldstudie werd verricht in een klein gebied van Kerr Seringe in Gambia gedurende een vijf
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maanden durende observatieperiode en zou moeten worden herhaald in ander delen van het land.
Dit zal bijdragen aan verdere evaluatie van de mogelijkheid van geattenueerde vaccines om de
gevolgen van heartwater, een van de meest belangrijke door teken overgedragen infecties van
kleine herkauwers in West Afrika, te beperken.
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