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_Antibodies in the sera of domestic ruminants that have been infected with Ehrlichia bovis and other
ehrlichial agents cross-react with the Kiimm strain of Cowdria ruminantium used in the indirect fluorecent
antibody test as antigen. These cross-reactions are also shown by the Elisa test in which the Ball 3 strain of the

heartwater agent is used as antigen.

INTRODUCTION

Until recenthy the indirect fluorescent antibody (IFA)
test was considered to have a high degree of specificit
(Du Plessis & Malan, 1987). This conclusion was based,
first, on the negative reactions of some 100 sera col-
lected from cattle in the Orange Free State where Amb-
lyomma hebraeum does not occur. Second, no cross-re-
actions could be demonstrated between the mouse-de-
rived feﬁtonqal macrophaﬁe antigen and antibodies to
several infectious agents that may be immunologically
related: Chlamydia psittaci, Rickettsia conorii, Ricket-
tsia prowazeki, Rickettsia typhi and Coxiella burnetti
(Du Plessis, 1982).

The first indication that the sera of cattle infected with
an agent related to Cowdria ruminantium might react
positively in the IFA test, was the finding by one of us
that the sera from cattle and small stock on some Carib-
bean islands where heartwater had never before been
diagnosed, gave positive reactions. The specificity of the
IFA test was further questioned when cattle sera from a
region of Namibia where the tick vector of heartwater
does not occur, also reacted positively in the test.

MATERIALS AND METHODS

Sera from Caribbean islands

A joint United States-French-Dutch research project to
study the prevalence of heartwater in the Caribbean has
revealed the presence of the disease on the islands of
Guadeloupe, Antigua and Marie-Galante (Burridge,
Barré, Birnie, Camus & Uilenberg, 1984). On several
other Caribbean islands (St. Lucia, Martinique, Domi-
nique, St. Croix, Puerto Rico, Nevis, St. Kitts, St.
Maarten/St. Martin, Vieques, Anguilla and La Desirade),
where one of the vectors, Amblyomma variegatum,
occurs, the disease has never been diagnosed (Uilenberg,
Barré, Camus, Burridge & Garris, 1984). During the
course of a serological survey to ascertain whether infec-
tion by C. ruminantium does occur on these islands,
serum collected from cattle and small ruminants on seve-
ral of these islands, was tested.

Sera from Namibia

In a preliminary trial to compare the specificity of the
IFA test with that of the Elisa test (Neitz, Viljoen, Bezui-
denhout, Oberem, Van Wyngaardt & Vermeulen, 1985),
2 bovine sera from Otjiwarongo, Namibia were included
on the assumption that they could serve as negative con-
trols since Amblyomma does not occur in that region of
Namibia. When one of these sera gave a positive reac-
tion with both tests, a further 43 sera from the same farm
were subjected to both the IFA and Elisa tests.
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Sera to Ehrlichia spp.

Sera against several species of Ehrlichia or suspected
ehrlichial agents were submitted to the IFA test. Twelve
sera positive to the agent of Jembrana disease, the causal
agent of which is thought to be an Ehrlichia (Ressang,
Budiarso & Soeharsono, 1985); 9 caprine and 11 ovine
sera to Cytoecetes phagocytophila; 12 bovine sera posi-
tive to an Ehrlichia sp. recently isolated in Kenya (Mor-
zaria, Irvin, Kocan & Voigt, 1985); 2 ovine sera positive
to Ehrlichia ovina were included.

IFA test

Commencing at 1:20, serial twofold dilutions of the
sera were subjected to the IFA test as described else-
where (Du Plessis & Malan, 1987).

RESULTS

It can be seen from Table 1 that 3-8 % of sera from 5
of the Caribbean islands on which A. variegatum occurs
in the absence of clinical heartwater gave positive reac-
tions to the IFA test. On the other 2 islands (Martinique
and St. Martin) considerably higher levels of sero-posi-
tivity were recorded. No clinical case of heartwater has
ever been reported from any of these islands and heart-
water-susceptible small ruminants inoculated intrave-
nously with homogenates from ticks collected from
cattle on these islands have consistently failed to develop
clinical signs of the disease (Camus & Barré, 1986).

The serum of 72 % of cattle from Namibia gave posi-
tive reactions to the IFA test (Table 2). The titres
recorded varied between 1:20 and 1:320, the majority
being in the lower range. Fifty-nine per cent of these
animals were also positive when the Elisa test, in which
the Ball 3 strain of C. ruminantium was used as antigen,
was applied.

Only 3 out of 12 bovine sera positive to the agent of
Jembrana disease were positive and only one out of 12
sera from cattle that had been infectedv with a Kenya
strain of Ehrlichia gave a Eositive reaction. Only 2 out of
20 sera positive to C. phagocytophila gave a positive
reaction to the IFA test (@able 2).

DISCUSSION

There are two possible explanations for the cross-reac-
tions between Kiimm strain C. ruminantium IFA test
antigen and the sera of large and small ruminants of the
Caribbean islands on which A. variegatum ticks occur
but which are free from clinical heartwater. Either the
antigen cross-reacts with antibodies to an antigenically
closely related infectious agent, or heartwater, possibly
in a less pathogenic form of the disease without the char-
acteristic clinical manifestations normally associated
with the disease, does occur on these islands. Future
research on these islands will be directed at isolatinF less
pathogenic strains of the heartwater agent by inoculating
susceptible small ruminants with further homogenates of
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TABLE 1 IFA test results of cattle and small ruminants on Caribbean islands with Amblyomma but no clinical heartwater

No. of +ive/No. tested
Caribbean Island Total % +ive
Bovine Small ruminants
St. Lucia 3171 2/36 51107 5
Man{nlque 231226 18/156 41/382 11
Dominique 4/110 0/13 4/123 3
La Desirade 2/14 0/39 2/53 4
St. Kiets. ’ 5/60 5/60 8
St. Martin 11/42 11/42 26
St. Maarten 2/72 2/32 4/104 4
TABLE 2 IFA test cross-reactions with Kiimm strain of C. ruminantium
Ruminant species | No. of sera Origin Antiserum to No positive % positive
Bovine 43 Namibia Ehrlichia sp. 31(1:20-1:320) 72
Bovine 12 Indonesia Ehrlichia sp. 3 (1:20-1:80) 25
Caprine 9 Scotland C. phagocytophila 1(1:80) 11
Ovine 11 Scotland C. phagocytophila 1 (1:160) 9
Bm_rme 12 Kenya Ehrlichia sp. 1(1:20) 8
Ovine 2 Via the Netherlands Ehrlichia ovina 1(1:80) 50

A. variegatum collected from cattle on Martinique and
St. Martin where high percentages of seropositivity were
recorded. It must be pointed out that on Guadeloupe
heartwater was diagnosed with certainty (Perreau,
Morel, Barré & Durand, 1980) only 150 years after the
introduction of the tick vector from West Africa (Curas-
son, 1943).

Only limited cross reactions between C. ruminantium
and several ehrlichial agents have been recorded in this
study. The agent of Jembrana disease was one, but this
disease has only been reported from Indonesia (Ressang
et al., 1985) and it is highly improbable that it occurs in
the Caribbean. Only 2 out of 20 sera against C. phagocy-
tophila, the causative agent of tick-borne fever, cross-
reacted with C. ruminantium. The disease only occurs in
Europe and its vector, Ixodes ricinus (Foggie, 1951) is
not found in the Caribbean.

The high percentage of cattle from Namibia that were
serologically positive both with the IFA and the Elisa
tests suggests that these animals had been infected with
an infectious agent immunologically closely related to
C. ruminantium. E. bovis may be responsible for these
cross-reactions, since preliminary observations on an
agent subsequently isofated from one out of 10 adult
Hyalomma truncarum ticks collected from cattle on the
same farm where these cross-reactions were recorded,
have revealed features that are reminiscent of E. bovis.
The agent was passaged in mice and calves and granular
inclusions in Giemsa stained peritoneal macrophages of
the mice and the monocytes o?a calf were indistinguish-
able from those seen in E. bovis infection. A positive
reaction to the IFA test on serum of the calf collected a
month after being inoculated, was supportive evidence
(J. L. du Plessis, unpublished data, 19 é))

The finding that only one out of 12 sera from Kenyan
cattle infected with an agent suspected of being E. bovis
was positive in the IFA test, however, questions Ehrli-
chia as the cause of the cross-reactions. The large per-
centage of serologically positive Namibian cattle may
suggest that some strains of E. bovis have more antigens
in common with C. ruminantium than others.

_ There is further evidence that Ehrlichia is immunolo-
gically closely related to the heartwater agent. Using
goat neutrophils infected with 4 strains of g ruminan-
tium, Holland, Logan, Mebus & Ristic (1987) detected
antibodies to Ehrlichia canis and Ehrlichia equi in an
IFA test. The fact that identical results were obtained

with neutrophils infected with the Kiimm (Du Plessis,
1982), Gardel (Uilenberg, Camus & Barré, 1985), Kwa-
nyanga (MacKenzie & Van Rooyen, 1981) and Mali
(zin a Logan, unpublished data, 1986) strains, suggests
that different species of Ehrlichia share common anti-
gens with several strains of C. ruminantium.

The cross-reactions between antibodies to ehrlichial
a}%ents and C. ruminantium questions the value of the
IFA and the Elisa tests in epidemiological studies on
heartwater in those areas where both Amblyomma and
Hyalomma occur. Limited data would indicate that
E. bovis is transmitted by Hyalomma (Donatien & Lesto-
quard, 1936; Rousselot, 1953) and possibly also by
A. variegatum (Rioche, 1966). Since E. bovis is impli-
cated as the cause of these cross-reactions, studies to
characterize different strains of this agent are needed.
The prevalence and distribution of this agent and the
ticks responsible for its transmission should be studied.
It may infect large proportions of herds as suggested by
the sera from the Namibian cattle. There is, however,
indirect evidence that it does not occur in all heartwater
endemic areas. At the Mara Research Station, for exam-
ple, where experiments on heartwater have been con-
ducted (Du Plessis, Bezuidenhout & Liidemann, 1984)
and are still in progress, 26 serologically positive 9-
month-old Hereford calves that had been exposed to tick
infection, have been found to be solidly immune to chal-
lenge with C. ruminantium infected sheep blood
{J. L. du Plessis, unpublished data, 1986). Had the posi-
tive serological reaction of any of these animals been due
to infection by E. bovis, they would have reacted to the
challenge, because cattle that have recovered from infec-
tion with E. bovis are fully susceptible to heartwater
(Donatien & Lestoquard, 1936; Girard & Rousselot,
1945; Morzaria er (()1(}., 1985). It must be borne in mind
though, that the high C. ruminantium infection rate of
the cattle may have masked the presence of antibodies to
Ehrlichia.

While the application of the IFA test to the epidemio-
logy of heartwater is complicated by the cross-reactions
witﬁ Ehrlichia, the test remains a valuable tool to moni-
tor the artificial infection of experimental animals. It
shows a high degree of sensitivity in experimentally-in-
fected cattle and small ruminants (Camus & Barré, 1987,
Du Plessis & Malan, 1987) and there is a good correla-
tion between resistance to challenge and the seropositiv-
ity of cattle after having been infected artificially or natu-
rally through the tick, in that serologically positive cattle
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have consistently been found to be immune (Du Plessis
& Malan, 1987). Should it be proved that E. bovis is not
transmitted by Amblyomma, the inoculation of individual
A. hebraeum ticks into mice and the subsequent detec-
tion of antibodies to C. ruminantium in the serum of the
mice (Du Plessis, 1985) will continue to be the only
method of determining the infection rate of ticks.
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