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Abstract: During a study to evaluate the impact of predation on the plains' ungulate populations in
the Etosha National Park, seven cheetah (Acinonyx jubatus) were radio-collared. Radio-telemetry
assisted in finding five of these cheetah after they had died. Four of the cheetah (57%) were
confirmed to have died of anthrax, whilst the fifth, although not confirmed, possibly also died from
anthrax. It is suggested that the susceptibility of cheetah to anthrax is due to their poor immunity
due to lack of exposure to anthrax carcasses by being reluctant scavengers. Of seven cheetah
tested, only three showed low levels of antibodies to anthrax protective antigen, the others were
negative. It is speculated that cheetah are getting the disease through killing animals in the final
stages of an anthrax infection.
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ANTHRAX INWILD CHEETAHSIN THE ETOSH.4 NATIONAL PARK. N.4MIBI.4

P.M. Lindeque, K. Nowell, T. Preisser, C. Brain & P.C.B. Tumbuii

RODUCTION

rax, caused by the bacterium Bacillus anriiracis, is fundamentally a disease of herbivores. although :t
s that few if any specics &€ completely immune (Steme 1959: Christie 1987: Turnbult1990). Anthrax
first diagnosed in EtoshaNational Park (hereafter Etosha N.P.) m 1964, and has occurred on an annual
since then. It has now been diagnosed in'14 species n Etosha N.P.

gh carnivores are known to berelatively resistant to anthrax. outbreaks of anthrax in captivecarnivores

ell documented, Most caused by feeding on contaminated meat (Somers 1911: Lyon 1973: Tkede er a/.
Orr et al 1978; Jager €t al. 1990). There are also reports of camivores succumbing to the disease inthe

(Neitz 1965; Young 1975; Mollel 1977; Tumbull et a. 1991: De Vos, Head Research, Kruger National
RSA, personal communication). In Etosha N.P. there have been no recorded cases of lions, hyaenas or

als dying of anthrax. A serological survey in Etosha N.P. showed that 97% of lion and 100% of hyaena

ackal sera tested were positive for antibodies to the anthrax protective antigen toxin {PA) (Lindequc
STurnbull €t a. 1992). Ebedes (1976) reportedtwo suspected cases of anthraxin cheetah, and

ait’ad that the increased presence of anthrax. associated with gravel pits made for road building. was

ansible for acheetah popul ationdecline i the park. Until 1592, no further cases of anthrax incheetah

» reported. At that stage no cheetah sera were tested for the presence of antibodies.

‘hia has what may be the world's largest national population of free-living cheetahs. estimated at 2000-
animals, however. more than 95% of these live outside conservation areas on farmland where thes

1+ sonflict With livestock and game farmers (Morsbach 1987). Interspecific competition between the
{ larger Ccarnivores, however, appears to result in lower densities of cheetahsin protected areaswith
‘ty populations of lion and hyaena.

has been suggested that due to the marked genetic homogeneity of the cheetah (O'Brien er al.
3, 1986,1987) cheetahs are exceptionally susceptible to disease (O’ Brien & Evermann 1988). no
ficant disease-related mortality has been reported from wild cheetah populations. until the present stud!.

ah monitoring: The cheetah study in Etosha N.P. was undertaken in order to evaluate the impact of

h predation upon the park’s plains ungulates populations. Seven cheetahs (three cheetah mothers. two
¢ adult females, and two young adult males) were fitted with radio-collars. In order to obtain accurate
tes of the cheetahskill frequency, or timeintervals between Kills, obsenationswere continuous and
m Menttoring-was of suetent inteosiy and duration w2 cnsure thag al! bills s il e menitoring,
e accounted for, €ther by direct observation or inference from the Cats’ belly size and behaviour.

recoverable ungulate kills. aftar the cheetahs had finished eating. the following samples were taken: the

aing and sexing, the femur for bone marow analysis. and a blood smear and/or Swabbing for
zalysis.

mmation of anthrax iN cheetah 8N other specizs: In fresh carcases. confirmation Of anthrax was done b
s of a blood smear, Smears were stained with only the blue stain Of CAM’S Quick Stain (C.A. Milsch
Ltd, Krugersdorp, RSA), which gives resultssimilar to M'F advean's polychrome methylene blue Stain
adyean 1903). Blood smears were examined under oil immersion for characteristic capsutated anthrax
i Terminal blood counts of B. anshracis in blood taken from animals shortly after death were

ned using the drop count method (Lindeque 1991). When biood smearswere NO fonger feasible

the carcase was too old, an attempt was made to isolate B. anshracis spores from either the carcasz
1s or the soil under the carcase. The principal isolation medium used was polvmyxin-lvsozyme-EDTA-
US acetate agar (PLET) (Kniselv 1966). according to themethodology of Carman ez af. (1985).
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Serology: For the serological survzs. the method ased - :20n Enzyme Linked Immunosorbent
Assay (ELISA) described by Tumb=:11 et al. (198, Protem A conjugate (Sigma P-865 1, Sigma Chemical
Co., St. Louis, USA) was used in th2 absence of . specific antibody for cheetah. In other species this was
found to work well, but gave atine zvel one to o dilutions lower than when a specific antibody is used.

RESULTS

Anthrax mortality of radio-collarascheetahs intk::s study wasvery high: six out of seven sub-adult andagylts
died of anthrax, a mortality rate of 25 7% (Table -). The remaining cheetah was also found dead. and
athough anthrax was not confirme<. it is suspect-d.

Cheetah carcases in the wild are seidom found, sc the recorded mortalities in cheetahs in Etosha N.P. prior ¢
this study have been few A compuzarised recorc of al documented mortalities from 1976-1997 reveals only
28 cheetah cases (Table 2). Priorta 1987, anthrax culturing was not performed in Etosha. N.P. and it is
likely that cheetah carcases were nor tested for arnchrax.

In view of the previous finding that most carniverzs in the Etosha N.P. have circulating antibodies to anthrax
toxin. asurvey of availablecheetah serum wascazried out (Tables)

DISCUSSION

The cheetah project, set up to exarr:ns the influerize of cheetah on ungulate populationsin Etosha N.P. during
1992-1994, provided a unique opportunity for cortinuous observations of radio-collared individuals. It was
unfortunate that none of the victims of anthrax w=re under such observation during the periods prior to their
deaths so that the suspect kill could be examined “or anthrax, but fortunate that their carcases could be located
a al. Smearsfrom all observed chestah kills (me:stly springbok) were examined for B. anthracis. but no
positives were found. It would sezr: reasonable t.» assume that the cheetahs dying of anthrax either scavenged
off anthrax carcases (as reported b+ Pienaar 1196-i) in the Kruger National Park), or killed animalsin the
process of dying from the disease.

However. scavenging of anthrax carcases iS an urikely Scenario, as the cheetah is unusual among the large
carnivores for itslack of scavenginz behaviour (E-wer 1973). There are only a handful of observations of
cheetahs feeding from acarcase which they had rot killed themselvesin the wild (Pienaar 1969, Stander 1990,
Caro1982 & 1994) - although thew will readily =zt raw meat fed to them in captivity. During this study, in
nearly 9000 hours of observation. newly indepencs2nt young adult cheetah siblings were observed on just one
occasion to scavenge, but more experienced mothers With cubs were seen to ignore Scavenging opportunities
on severa occasions.

The simplest explanation of why anthrax IS SOperaicious for cheetahsisthat they have NOtbuilt UP immunity
through exposure to anthrax carcass=. Thisis surnorted by their low or undetectable levels of antibodies to
authvax protective antigen. Iithe Z:osha envirorzuen, lions, hyacnas and black-bacheu jackal s have been
exposed to anthrax on aregular bas:s as aresult ca scavenging anthrax carcases. and almost al that have been
tested have had substantial anti-P.& =tres(Tumbnziler al. 1992).

That susceptibility to anthrax in carm:vores appezs to be afunction of exposure. isindicated by lion degthsin
anthrax outbreaks in the Kruger Nzzonal Park. = fter 20 years of low incidence of anthrax. major outbresks
of the disease were experienced in z-zas n-here arrmrax had not previoudly occurred. A large number of lions
died from the disease, and. in fact. -on were consudered among the most 'vuinerable' Species during these
outbreaks (DeVos, personal comm znication). Cizetah and wild dog were aso affected. but in lower
numbers, and this was athibuted to these species nzing less likely to scavenge (Bengis, personal
communication). Kills of animals:= the acute stz zes of anthrax (aperiod of only afew hours) are relatively
rarc. asindicated by our cheetah predation sampie of over 90 anthrax-negative springbok kills. However, it
probably only takes one such kill 12 lead to ache=:ah's death, as the evidence indicates in the case of cheetah
‘HI". Yet it isinteresting that the second last che=zah to die of anthrax, 'G', had two young cubs, aged
approximately ten months and thus well weaned. <which did not die of anthrax.
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i+ is also possible that homogeneity at the MHC complex of genes hampers the cheetah's abilily Lo resist
nthrax. However it isdifficult to separate behavioural ecology from molecular biology though they may be
r»lated. It is postulated that the cheetah passed through a severe bottleneck of long duration Or a scres of
sottlenecks, during the |ate Pleistocene large mammal extinctions of the last Ice Age, approximate!y ! (00)
.gars 800 (0'Bnenet al.1985, Menotti-Raymond & O'Brien 1993). Perhaps the cheetah’ snon-scavenging
.ehaviour i @ post-bottleneck” strategy to avoid adiseaseto which it iSparticularly vulnerable. Conceivably
 disease such as anthrax was responsible for the bottleneck, and only non-scavengers survived and
rsproduced. On the other hand, it is also possible that the gracile cheetah’s specialized ecological niche
~recluded evolution of scavenging and food caching behaviour, and that its jow level of genctic variatioi can
i-¢ explained by populationdynamic scenarios other than anear-extinction(Pimm et al.1989. Caro 99+
53-355). The possibility also cannot be ruled out that the cheetah's lack of genetic variation iSsomehow
2sstive Of the byproduct of an adaptive process.

5

Population levels of cheetah in the Etosha N.P. have been a subject of concemn for some 30 years and low
densities have been generally attributed to competition from other predators. The high mortality rate reported
in this paper confirms the suggestion by Ebedesin 1976 that anthrax may be amajor population [miting:
factor for cheetah in the anthrax enzéotic areas of the park. Similarly, inthe northern parts of the Kruger
National Park where anthrax has historically been present, a survey found cheetahs to be at vers low density
compared to other areas with reduced incidence of anthrax (Bowland 1995). It would b€ of both practical and
theoretical interest to evaluate the response of cheetahs to atrial anthrax vaccination programme. The results
of such an experiment would indicate whether a vaccination program is a potential ¢onservation tool ot
managers of anthrax-affected cheetah populations.
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Summary of radio-collared cheetah mor

during aeria cracking. Anthrax confirmed by PA
detection assay from swabs taken from the bones

le 1
sge/sex (ID) | Datecollared Date found Findings
Age/s i
Ly j;kdun female { .June 1992 Varch 1993 ANTHRAXPOSITIVE
_ EA) (but Carcase about 2weeks old. Skull. mandible. peivis
‘previoudly and leg bones collected. Anthrax confirmed through
branded in isolation of anthrax spores from swabs taken from
October 891 skulland jaw
-‘;)ung adult | August1992 | Dctober 1993 POSSIBLY ANTHRAX
imal e Only bones found. No anthrax isolated. bur expert
(C) tracker found no signs of a struggle or other large
predators and suggested this animal died of disease.
Sub-adult January 1993 | November1993 | ANTHRAXPOSITIVE
ffemae(A 1) Had been scen behaving normdly in the morning
apparently in good health, and was found dead in the
afternoon. A blood smear was M'Fadyean positive
and B. anthracis was found to be present in the blood
at 5x 10" cfu/ml.
' Sub-adult March 1994 Vlarch 1994 ANTHRAXPOSITIVE
{female (H1) 07/03/94) 29/03/94) Found several hours after death. A blood smear
confirmedanthrax. B. anthracis Sporeswereisol ated
from the soil under the carcase at alevel of 64000
spores/gram of soil.
On 27.03.94, an adult springbok carcase had been
Jound in the vicinity. Evidence of tracks observed at
the kill site and bite marks on the throat showed it was
clearly killed by a cheetah. A swab taken from the
bones, however, showed a high B. anthracis count
=40000 spores’m!i of the swah suspension).
"Young adult | June 1992 December 1994 | ANTHRAXPOSITIVE
1nale (A2) Only skull and radio-collar found. Low levels of
anthrax spores isolated from swabs of skuil.
_1!
Adultfemale | February November1995 | ANTHRAXPOSITIVE
(G) 1993 Carcase approximately two weeks old when found.
Anthras confirmed by PA delection assay from |
swabs taken from the bones f
Adultfemale | 1994 Iune 1996 ANTHRAXPOSITIVE 41
(D Carcase approximately ten days old when located




Table 2.

Cheetah mortalities recorded

Date

Sex

Ageclass Cause of death Locdlity
77.03.10 Unknown Immature Unknown Hemob
77.03.19 unknown Immature Unknown Homob
77.11.07 Unknown Cub (50cm tallh Swatted by lion Mamutoni
78.07.03 Male Adult Run over by vehicle Cnguma hoek, Namuteni
78.11.08 Unknown Sub Adult Destroved due to broken front leg Namutoni
79,01.01 Female Adult Killed bv lion Okevi, Namutoni
79.01.01 Unknown Cub Cub of female killed by lion - tao voung to Okewi, Namuton:
survive
79.01.01 Unknown Cub Cud of female killed by lion - toc young to Okevi, Namutont
survive

81.01.26 Unknown Adult Suspected to have been kilied by lions Halal;
81.02.24 Unknown Unknown Unknown Twee Palms
83,1209 Unknown Cub Abandoned Namutoni
82.12.09 Unknown Cub Abandoned Mamutoni
82.12.09 Unknown Cub Abandoned cub killed bv Martia! Eagle Namutoni
84.07.10 Female Cub Unknawn Pans edoe
84.12.07 Male Cub Run over by vehicle Ondozgah
R3.0.235 Unknown Cub Suspected to have been killed by lions Sonderkoep
83 10,15 Unknown Adult Unknown, mavbe old age Dorsland
41.01.16 Male Sub adult Unknown Nomah
93.03.02 Female Aduit Anthrax Lesubos
93.06.17 Male Sub aduit Capture mortality Gemshokvlakte
93.10.11 Male Young adult Suspected anthrax Nuamses
93.11.12 Female Sub adult Anthrax North of Lecubos
$4.03.25 Female Sub adult Anthrax South of Okaukueir
94.12.06 Male Young adult Anthrax Leeubron
95.11.27 Female Adult Anthrax Gemsbokviakte

| 93.12.11 Unknown Juvenile Starvation (cub of previous mortality’) Gemshokvlakle
96.07.01 Female Adult Anthrax Duiwelsvuur
96.12.13 Female Aduit Kitled by fion Batia
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Cheetah sera tested for anti-PA antibodies in al Park
AGE SEX DATE LOCALITY RESULT
[date died]
Unknown Unknown 88.07.13 Negative
A Adult - 89.10.16 Okaukuegjo I:16
92.06.25 Leeubran MNegative
[53.03.02]
I
Al Sub-adult _ 93.01.31 Leeubron 1:64
{emthrax; [93.11.12] Leeubron area 1:64
I ——
A2 Sub-adult _ 92.06.23 Leeubron Negative
94.12.06]
A3 Sub-adult 92.06.25 Leeubron Negative
G Adult _ 93.02.04 Gemshokvlakte Negative
{95.11.27]
C Sub-adult _ 92.08.24 Gaseb 1:161:32
[93.10.11}
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