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Abstract: Sera lrom 65 frec-rangmg Zimbabwean black rhinoceroses (Diceros bicornisy from the
Chete safur arci and the lower Zambezr Valley and 58 white rhinoceroses (Ceratothernom simum)
from Hwange National Park were tested tor antibodies 10 Cowdria ruminantiuvm by monoclonal
antibody-mediated competitive enzyme-linked immunosorhent assay. Eighteen ol 32 (56.2%) black
rhinoceroses from the lower Zamberzi Valley were positive. whereas only one of 33 (0.03%) from
the Chete safan area was positive. Mice inoculated with freshiy collected rhinoceros blood from
the Chete safiurs area did not seroconvert. In addition. 44 of 38 (75.9%) white rhinoccroses from
Hwange Nauonal Park had antibodics to Cowdria. These findings signify a possible reservoir role
for rhinoceroses in the epidemiology of heartwater discase. If the carrier status lor Cowdria in
rhimocerosesas further confirmed by isolution of the organism. spread of the disease into heartwater-
free arcas that harbor known totblvonma uck veclors is conceivable and should be 1aken into
consideration when rhinoceroses are translocated. The purpose of the study was to determine
SCPOPOSIIVE Tes 1o Covdria rienicnantion in convenicencee samples ol black and white rhinoceroses
in the natural habuat where contact with domestic cattle is essentially mil.

Kevowards: Black thunoceros. white rhinoceros, heartwater, Cowdria rununantium, Amblyonima
ticks. competitive ELISA.
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INTRODUCTION

The critical predicament imposed upon
the black rhinoceros because of poaching
has prompted Zimbabwe's Department of
National Parks and Wildlife Management
(DNPWM) to 1ake extreme measures to en-
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sure survival of the species. Since 1986, over
400 black rhinoceroses (Diceros hicornis)
have been translocated from the lower Zam-
bezi Valley and the shores of Lake Kariba
to safer locations within Zimbabwe and to
other countries. including the USA and
Germany.”” Although efforts have been
made 1o ensure that the animals arc healthy
prior to transport,*’ and conspicuous
pathological conditions have been exam-
ined.™"" specific infectious discase investi-
gations have been limited. The white rhi-
noceros (Ceratotherium simum). although
at present less threatened with extinction,
still experiences significant mortality in
Zimbabwe because of poaching.
Heartwaler discase caused by the rickett-
sia Cowdria ruminantium and transmitted
by Amblyomma ticks is regarded as one of
the most important tick-borne diseases of
domestic ruminants throughout Africa south
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of the Sahara."” In addition 1o its occurrence
in many African countries, the disease has
also been demonstrated on several 1slands
in the Caribbean.'s

In Africa, a number of wild bovidae are
susceptible to natural or experimental in-
fection with Cowdria ruminantium. Natu-
rally contracted heartwater has been diag-
noscd in cland (Tawurotragus orvx)* and
springbok (Antidorcas marsupialis)."” Wild
bovidae and cervidae exotic to sub-Saharan
Africa. including Indian nilgai (Boselaphus
nagocamelus), Barbary sheep (Ammotragus
lervia), Himalayan tahr (Hemitragus jem-
luhicus), and fallow deer (Dama dama) in
South Africa®™® and Java deer (Cervus ti-
morensis) in Mauritius,' have been known
to contract fatal heartwater.

Subclinical infections have been reported
in a variety of animals. including guinea
fowl and tortoises. and some animals have
been found refractory to infection.! Carrier
status has been demonstrated in BALB/c¢
laboratory mice."” Recent evidence indi-
cates that the African buffalo remains a car-
rier of heartwater for long periods, and al-
though clinical discasc was not induced, ticks
were able to acquire the organism 161 days
after inoculation of host buffalo.! These
findings indicate the potential significance
of spread of heartwater through carrier an-
imals.

In this study. a recently developed com-
petitive ELISA® mediated by monoclonal
antibodies to a conserved 32-kD Cowdria
antigen was used 1o demonstrate specific
anti-Cowdria antibodies in rhinoceroses.

MATERIALS AND METHODS

Blood samples were taken from chemi-
cally immobilized black rhinoceroses from
the lower Zambezi Valley in 1988 and 19897
and from the Chete safari area on Lake Ka-
riba in 1990 and 1991, prior to transloca-
tion. Samples were also collected from
chemically immobilized white rhinoceroses
in 1991, during a DNPWM-sponsored de-
horning exercise aimed at impeding poach-

JOURNAL OF 200 AND Wil DLIFLE MEDICINE

ing in Hwange National Park. All biood
samples were maintained at about 4°C until
centrifuged for serum collection within 6 hr.
Sera were maintained at —70°C until tested.

Sonicates of endothehal cells that were
heavily infected with Cowdria ruminantivm
(Senegal isolate) were used as antigen in the
cELISA . Aliquots of 11.4 ug/ml were ap-
plied to microtiter plates in carbonate-bi-
carbonate bufter at pH 9.6 for | hr at 37°C
and at 4°C overnight. Antigen-coated plates
were washed with distilled water containing
0.05% Tween 20. After washing, 50-pl ali-
quots of test serum and monoclonal anti-
body 4F10B4 (dilution 1:100) were applied
simultancously and incubated for | hr at
37°C. Both were diluted in 1% milk/PBS/
0.05% Tween 20. Rabbil anti-mouse anti-
body conjugated with horseradish peroxi-
dase (Dakopatts. Denmark), diluted 1:600
in PBS containing 0.05% Tween 20 and 1%
gelatin, was added and incubated for 1 hr
at 37°C. After the plates were washed. 100
ul of ABTS substrate solution (Sigma
Chemical Co., St. Louis, Missoun 63178,
USA), freshly prepared as directed, was dis-
pensed into cach well. The optical density
was measured at 405 nm after 30 min in-
cubation.

All tests were performed in duplicate. Ex-
perimental calves were infected at Utrecht
with Cowdria ruminantium (Senegal iso-
late) blood stabilate and subscquently treat-
ed with terramycin to obtain high-titer pos-
itive-control sera for use in the cELISA. Scra
from six free-ranging black rhinoceroses
from Amblyomma-frec areas in Namibia
were used as negative controls for the black
rhinoceros samples, and sera from five cap-
tive whitc rhinoceroses born in captivity in
the U.K. were used as negative controls for
the white rhinoceros samples. Positive cases
were defined as those with mcan optical
densities that differed by more than 3 SD
from the mcans of the negative controls.

Blood samples were collected from 2-mo-
old BALB/c mice by periorbital puncture
prior to intraperitoncal injection with 2 ml
fresh black rhinoceros blood that was col-
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Vable 1. Results from ¢cELISA for antibodbes 1o Cosdric rimimantiuns i black (Dicevos facornis) and white
(Ceratothertum stntum) free-vanging rhinoceroses in Zunbabwe,

No. positine
Locanon Specics total % positive
Lower Zambesi Valley Black rhinoceros 187320 50.2%
Chete safari arcy Black rhinoceros 133 0.03%
Hwange Natonal Park White thinoceros 44 58 75.9%

*Mean optical densily of negative control sera (1 - 6) = 0473 (SD - 0.093)
" Meun optical density of negative control sera (- 6) = 0.488 (SD = 0.049).
Mean optical density of negative conirol sera (1 3) - (0.421 (SD = 0.036).

lected during the 1991 capture exercise in
the Chete safari arca. The mice were ob-
scrved datly for signs of disease. and after
1 mo blood samples were collected again.
All samples were collected in capillary tubes,
centrifuged prior to scrum collection, and
frozen at —20°C until tested for antibodies
to Cowdria ruminantium by the indirect im-
munofluorescence (IFA) test.* Sera were ap-
plicd in dilutions ot 1:80 and 1:320 to slides
coated with Cowdria riminantium (Senegal
1solate) and incubated for 30 min at room
temperature. After washing in PBS (pH 7.4),
FITC-labeled sheep anti-mouse immuno-
globulins (Amersham, U.K.) diluted 1:80
were applied. After incubation for 30 min
at room lemperaturc and subsequent wash-
ing, fluorescence was observed with a Leitz,
fluorescence microscope at x 400 magnifi-
cation. Hybridoma supernatant containing
monoclonal antibody (41'10B4) to the Cr32
antigen® provided a positive control. Sera
from unexposed mice were used as negative
controls.

RESULTS

With the cELISA, 56.2% (18/32) of black
rhinoceroses from the lower Zambezi Val-
ley and 0.03% (1/33) from the Chete safari
arca were positive for antibodies to Cowdria
riwminantium (Table 1). The mean optical
density for the negative black rhinoceros
controls (n — 6) for the Lower Zambezi Val-
ley animals was 0.473 (SD = 0.093) and for
those from the Chete safari area was 0.488
(SD = 0.049). Nearly 76% (44/58) of the

white rhinoceroses from Hwange National
Park were positive for antibodies to Cow-
dria ruminantium (Table 1). The mean op-
tical density for the negative white rhinoc-
cros controls (n = 5) was 0.421 (SD = 0.036).

None of the 20 mice inoculated with fresh
blood from black rhinoceros from the Chete
safari area showed any signs of discase. All
mice were negative for antibodies to Cow
dria ruminantivm by IFA both before and
I mo after inoculation.

DISCUSSION

Investigators have long suspected a res-
ervoir for Cowdria ruminantiun in African
wildlife. given its extreme pathogenicity for
imported domestic ruminant stock, inter-
mittent pathogenicity for indigenous stock.
and apparent nonpathogenicity in most in-
digenous wildlife species.'™!” The high in-
cidence of antibodies to Cowdria ruminan-
ttum in black rhinoceroses from the lower
Zambezi Valley and white rhinoceroses from
Hwange Nauonal Park may indicate a res-
ervoir for Cowdria in these species. The low
incidence of positive black rhinoceroses
from the Chete safari area probably reflects
differences in habitat and tick distribution.
Twelve species of Amblyomma ticks are ca-
pable of transmitting Cowdria ruminan-
tium: although 1. variegatum is the most
important vector on the African continent,
A. hebracum is more important in southern
Africa and may also infest white rhinocer-
oses in Zimbabwe." .\mblyomma sparsum
and 4. rhinocerotis are commonly found on
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free-ranging black rhinoceroses in Zimba-
bwe.'? and although A. sparsum can trans-
mit the disease under experimental condi-
tions," 4. rhinocerotis has not been studied.
Both species are commonly found infesting
black rhinoceroses from the lower Zambezi
Valley,? although only .. sparsum has been
identified on animals from the Chete safari
area (N. Kock, pers. obs.). This scarcity of
ticks may explain the low incidence of an-
tibodies in the animals from the Chete Sa-
fari area.

The results suggest that black and white
rhinoceroses may carry Cowdria ruminan-
tium, although confirmation by isolation of
the organism from infected rhinoceros blood
is required for positive proof. Although all
rhinoceroses are treated with acaricides
against ticks prior to translocation in Zim-
babwe,? the possible presence of a carrier
state means that sprcad of discase could oc-
cur if suitable vectors and hosts inhabit the
transiocation habitats. The testing of am-
mals prior to translocation is important, ¢s-
pecially beflore export to heartwater-free
countries. It is not known if rhinoceroses
are susceptible to the disease, which is an-
other factor for consideration when deci-
sions are made on translocation destina-
tions for this endangered species.
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A new brochurce on Careers in Zoological Medicine is avail-
able from the American Association of Zoo Veterinarians. 3400
Girard Avenue, Philadelphia. Pennsylvania 19104-1196, USA.
The field of zoological medicine is described, and information
is provided on the cducation and training required. dutics per-
formed, and job opportunitics. The names and addresses of
related professional socicties also are included. For copies, please
send i stamped self-addressed envelope 1o the above address.






