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Abstract
Rabies causes the highest mortality of all viral diseases in the world unless the victim has been protected either by
active immunization or post-exposure immunoprophylaxis. Infected stray dogs, raccoons, skunks, foxes and bats are
the demonstrated carriers of most cases of rabies. It is difficult to diagnose a rabid animal in the field unless characteristic
clinical signs are evident. However, this study used a commercial fast check kit comprised of immunochromatographic
test (ICT) strips (ICTS) to diagnose rabies infection in clinically suspected samples obtained from a wildebeest. A 10-year
old male wildebeest (approximate weight, 150 kg) died at Bangabandhu Sheikh Mujib Safari (BSMS) Park, Cox’s Bazar,
Bangladesh with a clinical history of severe excitation and abundant oral secretions. A gross pathological examination
revealed no specific lesions indicating any fatal diseases. The entire brain was collected within 6 hours of death, and
the brain sample was tested using the ICT strips following the manufacturer’s directions. The rabies viral antibody
was detected within the brain stem and medulla of the brain tissue of the dead wildebeest.
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Introduction
Emerging infectious wildlife diseases are significant
when agricultural or human health is vulnerable. However,
outbreaks of emerging infectious diseases (EID) in any
species cause great ecological and financial losses. The increase in the variety of EIDs might reflect increased vigilance, and parallels between the causative factors driving
the emergence of human and wildlife EIDs suggest that
this trend is valid (Fidler 1996). Abrupt changes in the
ecology of the host and/or pathogen can precipitate the ma-

jor and most frequent EIDs (Schrag and Wiener 1995).
The increase in human population has resulted in increased
frequencies of EIDs, such as dengue fever, Asiatic cholera,
and wildlife diseases, such as the Ross River virus disease
(Mackenzie 1999). This encroachment is a key factor in
Africa, with the world emergence of the Marburg and
Ebola viruses and the human immunodeficiency virus
(HIV) (Monath 1999).
Wildlife and livestock contribute considerably to the
economies of most countries. Therefore, they are significant
contributors to the continental gross domestic product
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(GDP). Tourism accounts for 30% of foreign exchange
earnings in Kenya (Kock et al. 2002), 9.6% of the GDP in
India, and 4.3% of the GDP in Bangladesh (Sultana 2016).
Wildlife constitutes an integral element of improved socioeconomic status, and saving wildlife from EIDs should be a
focus. Wildlife’s are naturally immunized, and additional
immunization is not possible during an illness, due to their
habits. Therefore, wildlife’s are frequently affected by a
large number of infectious agents that destroy entire
populations. Moreover, they are valuable sentinels for observing and managing disease.
Human encroachment on the shrinking wildlife habitat
additionally affects wildlife population densities and, therefore, the emergence of wildlife EIDs (McCallum and
Dobson 1995; Alexander et al. 1996). Among EIDs, rabies
infects mammals; therefore, the threat of wildlife diseases is
very serious (McCallum and Dobson 1995). Rabies is primarily transmitted through dogs, cats, monkeys, cows, buffalo, mongoose, fox, wolves, jackal, sheep, goats, bears, pig,
donkeys, horses, camels, bats, rodents, birds, and squirrels,
which also act as reservoir hosts (Plotkin 2000). Among
wildlife, raccoons have a higher probability of infection by
rabies than foxes. Human deaths due to rabies occur in
Asian countries, and south Asia, Bangladesh, India, and
Myanmar are the regions with the highest listed incidence.
Bhutan, Nepal and Sri Lanka are medium endemic countries (Gongal and Wright 2011). Thailand is moving towards low endemic status. Indonesia is moving from low
endemic to medium rabies endemic status. A unique wild
animal, the palm civet, Paradoxurus hermaphrodites, has
been identified with rabies in Sri Lanka (Matsumoto et al.
2011). However, the disease is well controlled in domesticated animals living in developed countries; therefore, the
virus principally exists in wildlife. Rabies in safari park animals is rare and unpredictable due to the characteristics of
the rearing system. Rabies has been recorded in rhinos
(Selvam et al. 2003) and the small Indian civet (Viverricula
indica) in India (Vaseen and Raghuram 2017), as confirmed by histopathological examination. Transmission of
rabies from infected civets to humans has previously been
reported in Africa, and small Indian civets have similar zoonotic implications for the Indian sub-continent as well (Kait
and Sahi 2012). However, this is the first study to report rabies in a wildebeest (Connochaetes gnou) in Bangabandhu
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Safari Park, Cox’s Bazar, Chittagong, Bangladesh with emphasis on the diagnostic technique and data regarding the
potential mode of disease transmission within the safari
park. This case suggests that disease management measures
are needed to improve exchanges between wildlife and
livestock.

Materials and Methods
A 10 years old male wildebeest approximate weighing
150 kg died at Bangabandhu Sheikh Mujib Safari (BSMS)
Park, Cox’s Bazar, Bangladesh (Fig. 1). Within six hours of
his death, post mortem examination was done with a standard protocol by a team consisting of professional veterinarians from Chittagong Veterinary and Animal Sciences
University (CVASU), Chittagong, Bangladesh and alternative members from BSMS Park. After post mortem the
dead body together with his excretory product was buried
very rigorously. For confirmation of rabies through ICTS,
the entire brain sample was taken very carefully after breakdown of skull. The brain sample was store in ice and immediately transfers to SA Quaderi Teaching Veterinary
Hospital, Chittagong Veterinary and Animal Sciences
University, Pahartali, Chittagong, Bangladesh. The ICT
was performed according to manufacturer’s directions.
Briefly, 10% brain homogenates was prepared with dubeco
phosphate buffer saline (dPBS, SIGMA Aldrich, USA) in
sterile container. A sample was collected by using the swab
and this swab was inserted into the specimen tube contain-

Fig. 1. The wildebeest carcass was found within the case.
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ing 1 ml of assay diluents. The swab sample was mixed with
the assay buffer vigorously to extract well. The test device,
ICTS (BioNote Inc, Seogu-dong, Hwaseong-si, Gyeonggido, Korea) was removed from the foil pouch and place it on
a flat and dry surface and add four drops of extracted and
mixed specimens into the sample-whole using the disposable dropper and wait ∼1 minute. As the test begun to
work, a purple color moved across the result window in the
center of the test device. Test results was interpreted at 5-10
minutes. A purple color band was appeared in the left section of the result window to show that the test was working
properly and it was the control band. Another purple color
band was appeared in the right section (Fig. 2) of the result
window indicated the test results was positive for rabies.
Due to limited lab facilities the whole samples were destructed by burning.

Result and Discussion
This is the first report to diagnose rabies in a wildebeest
in Bangladesh using the ICT. This method is inexpensive
and is a rapid way to identify rabies in endemic areas compared to some tests, such as enzyme-linked-immunosorbent
serologic assay (ELISA) or competitive ELISA. ELISAs
are an effective technique but not appropriate for use outside the laboratory because special instrumentation is
needed. The ICT method does not require cold storage and
no special technical personnel are needed to run the test

(Nishizono et al. 2008; Wang et al. 2010). The technique
has been used solely to detect rabies virus-specific antibodies in the field. The ICT kit used here was extremely
specific (98.2%) and sensitive (90.4%) to rabies virus antibody, with a detection limit of 0.5 IU/ml, as compared to a
number of other tests, such as fluorescent antibody virus
neutralization (FAVN) (Wang et al. 2010). It was very difficult to obtain samples due to the risk of animal bites and
injury. This wildebeest was very excited during the 3 days
before death and did not take any food after commencing
abundant oral secretions. The oral secretions continued to
increase until death. He attacked and tried to bite other
wildebeests. Throughout his vigorous movements the
wildebeest fell down and was injured. A gross pathological
examination revealed no specific lesions (Table 1) indicating any fatal disease related to sudden death, thereby promoting a specific diagnosis. However, some injuries were
found on the chest region and the eyes were red (Fig. 3).
The brain samples were collected after the wildebeest died,
and the samples were transferred immediately to the laboratory for the final diagnosis. The outcome revealed that rabies was detected within the brain stem and medulla oblongata of the dead wildebeest.
Infectious and non-infectious diseases of free-living
wildlife are thought to be vital drivers of declines in endangered species, but this perspective is controversial.
However, it has been demonstrated that black-footed ferTable 1. Grows post-mortem lesions were found during the examination of dead wildebeest at Bangabandhu Sheikh Mujib Safari
(BSMS) Park, Cox’s Bazar, Bangladesh
Name of the organ
Liver
Lung
Spleen
Heart
Brain
Penis
Testis
Rumen

Fig. 2. Two purple line was observed into the test windows of the ICTS indicated that the subjected sample was positive for rabies. Negative test was
done by using dPBS and indicated only one purple line was found.

Reticulum
Abomasum
Eye mucus membrane

Lesions/comments
Have normal texture and appearance
Hypostatic congestion was found
Have normal color and no any lesions
Filled with clotted blood
Normal in appearance
Have normal color and texture
Have normal color and texture
Hypostatic congestion and rumen
flukes were found in rumen
Reticulum was engorged with sand
Abomasal hemorrhage was found
Eye conjunctiva was reddening in
color and sunken in appearance
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Fig. 3. During post mortem examination it was found that the eye conjunctiva was reddening in color and sunken in appearance.

Fig. 4. Numerous monkeys were found near to the wildebeest house on a
tree and they found our post mortem activities of these wildebeest.

rets, lions, and about one-third of Hawaiian honeycreepers
became extinct due to the introduction of infectious diseases
into their populations (Van Riper et al. 1986; Williams et al.
1988; Roelke-Parker et al. 1996; Daszak and Cunningham
1999). There have been other species that are currently endangered, such as koalas, Myotis bats, and the Tasmanian
devil, due to infectious disease (review from MacPhee and
greenwood 2013). Additionally, wildlife acts as the supply
for a high-impact series of pathogens that are moving
through the human population. The wildlife-originating
pathogens include the Ebola and Marburg viruses, HIV-1
and HIV-2, the Sin Nombre virus, the Nipah, Hendra and
Menangle viruses, West Nile virus, Borrelia burgdorferi,
and several different subtypes of avian influenza. Indeed,
the general impact of zoonotic diseases on the human population has been documented and recognized; however,
some diseases have been neglected, such as rabies, brucellosis, bovine tuberculosis, rickettsia, rift valley fever, and
wild-boar classical swine fever (Artois 2003). Among them,
rabies is a fatal disease of animals and humans. Rabies is
important in safari park wildlife, as these are free-range systems with the potential for rapid disease transmission to
other animals. Humans, with no protection, are vulnerable
during the course of visits to such places. Children and
wildlife researchers were particularly vulnerable during this
case. Rabies is a public health problem, as about 59,000
people have died from rabies worldwide. More than 2,000
individuals die from rabies in Bangladesh each year (Alam
et al. 2013; Birhane et al. 2015). Asia has the highest hu-

man death toll due to rabies. Rabies was confirmed in two
wildlife deaths in Etosha National Park from 1975 to 1990,
while a further 0.3% of animals that died were suspected to
have had rabies (Berry 1993). In the USA, 92.4% of rabies
cases were reported in wild animals in 2015 and 30.9% of
these cases were bats (Birhane et al. 2015). Additionally, the
reservoir animals for this virus are restricted to the species
of order Carnivora (dog, cats, wolf, raccoons, etc.) and
Chiroptera (bats), and most inhabit safari parks. This is the
first report of rabies in a wildebeest in Bangladesh. The
male wildebeest died with symptoms of severe excitation
and excessive secretions. Rabies was diagnosed using an
ICT. The rabies virus can be transmitted from bat bites
(Krebs et al. 2005; CDC 2008). However, numerous
free-travelling monkeys reside inside this park (Fig. 4)
around the wildebeest, and they were fed by a single
manager. It was unknown whether any monkey was affected
by rabies. Monkey bites have been reported as a source of
rabies infection necessitating post-exposure prophylaxis
(Menezes 2008). The residues of the feed are eaten by other animals, such as rats and jackals. We hypothesized that
animal taking feed residue could get into fights and be bitten by carrier/affected animals (Smith et al. 1993).
Additionally, a dog or jackal/small canine could easily enter
this scenario. Before death the wildebeest showed uncharacteristic aggressiveness and lost awareness of other animals and people. Recent attempts to manage canine rabies
by vaccination of domesticated dogs adjacent to the safari
park have been made at Cox’s Bazar, Bangladesh and it has
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been suggested that a mass dog vaccination in Bangladesh
might reduce the burden of rabies cases and dog bites to
other animals (Ghosh et al. 2016). On the other hand, most
zoo animals are captured from forests and/or gifted from
other zoos through inter-zoo collaboration. Therefore, a
vaccination history and other relevant valid data must be
presented with these transfers. It would be possible to immunize all of the safari park animals with a modern vaccination procedure, such as through drinking water
(Meeusen et al. 2007) or oral baits (Hostnik et al. 2011), as
performed in some European countries to control and prevent rabies.
In conclusion, the ICT may be an effective tool for diagnosing rabies quantitatively in wildlife. Prevention through
vaccination is the most effective strategy for zoonotic
diseases. Every year zoo and safari park staff should be
screened for zoonotic diseases, and the affected persons
should be treated immediately. Zoo veterinarians and other
staff must receive prophylactic vaccinations against some of
the most important infectious diseases, such as rabies, tetanus, influenza, and hepatitis A and B (Scheftel et al. 2010;
Miller et al. 2012), because about 30% of occupational illnesses originate from zoonotic diseases. Interdisciplinary
collaboration is essential for proper wildlife management.

Acknowledgements
The authors would like to thank the Mr. Suvagoto Das,
Assistant Professor, Dept of Pathology and Parasitology,
CVASU, Bangladesh for providing the kit free of cost and
technical support. The authors also would like to thank
Curator, Bangabandhu Sheikh Mujib Safari (BSMS)
Park, Cox’s Bazar, Bangladesh for calling us as an expert
and providing the sample to the laboratory use at CVASU,
Bangladesh.

Conflict of Interest
The authors have no any commercial or other association
that might have posed a conflict of interest.

References
Alam AN, Munir M, Hossain E. 2013. Rabies control in

Bangladesh: human behaviours following dog bites. South Asia
Regional One Health Symposium pp 38-39.
Alexander KA, Kat PW, Munson LA, Kalake A, Appel MJG.
1996. Canine distemper-related mortality among wild dogs
(Lycaon pictus) in Chobe National Park, Botswana. J Zoo Wildl
Med 27: 426-427.
Artois M. 2003. Wildlife infectious disease control in Europe. J
Mount Ecol 7: 89-97.
Berry HH. 1993. Surveillance and control of anthrax and rabies in
wild herbivores and carnivores in Namibia. Rev Sci Tech 12:
137-146.
Birhane MG, Cleaton JM, Monroe BP, Wadhwa A, Orciari LA,
Yager P, Blanton J, Velasco-Villa A, Petersen BW, Wallace RM.
2017. Rabies surveillance in the United States during 2015. J
Am Vet Med Assoc 250: 1117-1130.
CDC. 2008. Human rabies prevention - United States, recommendations of the advisory committee on immunization
practices. Morbidity Mortality Weekly Report, 57: 205-210.
Daszak P, Cunningham AA. 1999. Extinction by infection. Trends
Ecol Evol 14: 279.
Fidler DP. 1996. Globalization, international law, and emerging infectious diseases. Emerg Infect Dis 2: 77-84.
Ghosh S, Chowdhury S, Haider N, Bhowmik RK, Rana MS, Prue
Marma AS, Hossain MB, Debnath NC, Ahmed BN. 2016.
Awareness of rabies and response to dog bites in a Bangladesh
community. Vet Med Sci 2: 161-169.
Gongal G, Wright AE. 2011. Human rabies in the WHO southeast Asia region: forward steps for elimination. Adv Prev Med
2011: 383870. doi:10.4061/2011/383870.
Hostnik P, Rihtaric Danijela, Grom J, Malovrh T, Toplak I. 2011.
Maintenance and control of the vaccination belt along neighbouring Rabies infected area. Acta Veterinaria (Beograd) 61:
163-174.
Kait R, Sahi DN. 2012. Determination of the local, national/global
status and effect of urbanization on Carnivora mammals in
Jammu District and Trikuta Hills of Jandk, India. Int J
Biodivers Conserv 4: 530-534.
Kock R, Kebkiba B, Heinonen R, Bedane B. 2002. Wildlife and
pastoral society--shifting paradigms in disease control. Ann N Y
Acad Sci 969: 24-33.
Krebs JW, Mandel EJ, Swerdlow DL, Rupprecht CE. 2005.
Rabies surveillance in the United States during 2004. J Am Vet
Med Assoc Dec 227: 1912-1925.
Mackenzie JS. 1999. Emerging viral diseases: an Australian
perspective. Emerg Infect Dis 5: 1-8.
Macphee RD, Greenwood AD. 2013. Infectious disease, endangerment, and extinction. Int J Evol Biol 2013: 571939.
Matsumoto T, Ahmed K, Wimalaratne O, Nanayakkara S, Perera
D, Karunanayake D, Nishizono A. 2011. Novel sylvatic rabies
virus variant in endangered golden palm civet, Sri Lanka.
Emerg Infect Dis 17: 2346-2349.
McCallum H, Dobson A. 1995. Detecting disease and parasite

J For Environ Sci 34(1), 95-100

99

Rabies in a Wildebeest

threats to endangered species and ecosystems. Trends Ecol Evol
10: 190-194.
Meeusen ENT, Walker J, Peters A, Pastoret PP, Jungersen G.
2007. Current status of veterinary vaccines. Clin Microbiol Rev
20: 489-510.
Menezes R. 2008. Rabies in India. CMAJ 178: 564-566.
Miller JM, Astles R, Baszler T, Chapin K, Carey R, Garcia L,
Gray L, Larone D, Pentella M, Pollock A, Shapiro DS, Weirich
E, Wiedbrauk D; Biosafety Blue Ribbon Panel; Centers for
Disease Control and Prevention (CDC). 2012. Guidelines for
safe work practices in human and animal medical diagnostic
laboratories. Recommendations of a CDC-convened, Biosafety
Blue Ribbon Panel. MMWR Suppl 61: 1-102.
Monath TP. 1999. Ecology of Marburg and Ebola viruses: speculations and directions for future research. J Infect Dis 179
Suppl 1: S127-S138.
Nishizono A, Khawplod P, Ahmed K, Goto K, Shiota S, Mifune K,
Yasui T, Takayama K, Kobayashi Y, Mannen K, Tepsumethanon
V, Mitmoonpitak C, Inoue S, Morimoto K. 2008. A simple and
rapid immunochromatographic test kit for rabies diagnosis.
Microbiol Immunol 52: 243-249.
Plotkin SA. 2000. Rabies. Clin Infect Dis 30: 4-12.
Roelke-Parker ME, Munson L, Packer C, Kock R, Cleaveland S,
Carpenter M, O'Brien SJ, Pospischil A, Hofmann-Lehmann
R, Lutz H, Mwamengele GL, Mgasa MN, Machange GA,
Summers BA, Appel MJ. 1996. A canine distemper virus epidemic in Serengeti lions (Panthera leo). Nature 379: 441-445.

100

Journal of Forest and Environmental Science http://jofs.or.kr

Scheftel JM, Elchos BL, Cherry B, DeBess EE, Hopkins SG,
Levine JF, Williams CJ, Bell MR, Dvorak GD, Funk RH, Just
SD, Samples OM, Schaefer EC, Silvia CA. 2010. Compendium of veterinary standard precautions for zoonotic disease
prevention in veterinary personnel: National Association of State
Public Health Veterinarians Veterinary Infection Control
Committee 2010. J Am Vet Med Assoc 237: 1403-1422.
Schrag SJ, Wiener P. 1995. Emerging infectious disease: what are
the relative roles of ecology and evolution? Trends Ecol Evol 10:
319-324.
Smith JS, Yager PA, Orciari LA. 1993. Rabies in wild and domestic carnivores of Africa: epidemiological and historical associations determined by limited sequence analysis. Onderstepoort J
Vet Res 60: 307-314.
Sultana S. 2016. Economic contribution of tourism industry in
Bangladesh. J Tour Hosp Sports 22: 45-54.
van Riper III C, van Riper SG, Goff LM, Laird M. 1986. The epizootiology and ecological significance of malaria in Hawaiian
land birds. Ecol Monogr 56: 327-344.
Wang H, Feng N, Yang S, Wang C, Wang T, Gao Y, Su J, Zheng
X, Hou X, Huang H, Yang R, Zou X, Huang G, Xia X. 2010.
A rapid immunochromatographic test strip for detecting rabies
virus antibody. J Virol Methods 170: 80-85.
Williams ES, Thorne ET, Appel MJ, Belitsky DW. 1988. Canine
distemper in black-footed ferrets (Mustela nigripes) from
Wyoming. J Wildl Dis 24: 385-398.

