
References
  1.	 Butler T. Plague gives surprises in the first decade of the 21st 

century in the United States and worldwide. Am J Trop Med Hyg. 
2013;89:788–93. http://dx.doi.org/10.4269/ajtmh.13-0191

  2.	 Zhou D, Han Y, Yang R. Molecular and physiological insights 
into plague transmission, virulence and etiology. Microbes Infect. 
2006;8:273–84. http://dx.doi.org/10.1016/j.micinf.2005.06.006

  3.	 Pollitzer R. Plague. Geneva: World Health Organization; 1954.
  4.	 Wendte JM, Ponnusamy D, Reiber D, Blair JL, Clinkenbeard KD. 

In vitro efficacy of antibiotics commonly used to treat human plague 
against intracellular Yersinia pestis. Antimicrob Agents Chemother. 
2011;55:3752–7. http://dx.doi.org/10.1128/AAC.01481-10

  5.	 Raoult D, Mouffok N, Bitam I, Piarroux R, Drancourt M.  
Plague: history and contemporary analysis. J Infect. 2013;66: 
18–26. http://dx.doi.org/10.1016/j.jinf.2012.09.010

  6.	 Mwengee W, Butler T, Mgema S, Mhina G, Almasi Y, Bradley C, 
et al. Treatment of plague with gentamicin or doxycycline in a ran-
domized clinical trial in Tanzania. Clin Infect Dis. 2006;42:614–21. 
http://dx.doi.org/10.1086/500137

  7.	 US Food and Drug Administration. sNDA approval–animal  
efficacy: ciprofloxacin [cited 2016 Jun 13]. http://www.accessdata.
fda.gov/drugsatfda_docs/appletter/2015/019537Orig1s083,019847
Orig1s055,019857Orig1s063,020780Orig1s041ltr.pdf

  8.	 National Institute of Allergy and Infectious Diseases. Treatment of 
pneumonic plague: medical utility of ciprofloxacin [cited 2016  
Jun 13]. http://www.fda.gov/downloads/AdvisoryCommittees/
CommitteesMeetingMaterials/Drugs/Anti-InfectiveDrugsAdvisory-
Committee/UCM297865.pdf

  9.	 Chu MC. Laboratory manual of plague diagnostic tests. Washington:  
US Department of Health and Human Services; 2000.

10.	 Hooper D, Strahilevitz J. Quinolones. In: Bennett J, Dolin R, 
Blaser M, editors. Principles and practice of infectious diseases. 8th 
ed. Vol. 1. New York: Elsevier; 2015. p. 419–39.

Author for correspondence: Paul Mead, Centers for Disease Control and 
Prevention, 3156 Rampart Rd, Fort Collins, CO 80521, USA; email: 
pmead@cdc.gov

Mycobacterium tuberculosis 
Infection in Free-Roaming 
Wild Asian Elephant
Basavegowdanadoddi Marinaik Chandranaik, 
Beechagondahalli Papanna Shivashankar, 
Kunigal Srinivasa Umashankar, 
Poojappa Nandini, Papanna Giridhar, 
Somenahalli Munivenkatappa Byregowda, 
Basavegowdanadoddi Marinaik Shrinivasa

DOI: http://dx.doi.org/10.3201/eid2303.161439

Author affiliations: Institute of Animal Health and Veterinary 
Biologicals, Hebbal, Bangalore, India (B.M. Chandranaik, 
B.P.Shivashankar, P.Nandini, P.Giridhar, S.M.Byregowda); 

Rajiv Gandhi National Park, Mysore District, Karnataka, India 
(K.S.Umashankar); National Institute for Research in Tuberculosis,  
Chennai, India (B.M.Shrinivasa)

Postmortem examination of a wild Asian elephant at Ra-
jiv Gandhi National Park, India, revealed nodular lesions, 
granulomas with central caseation, and acid-fast bacilli in 
the lungs. PCR and nucleotide sequencing confirmed the 
presence of Mycobacterium tuberculosis. This study indi-
cates that wild elephants can harbor M. tuberculosis that 
can become fatal.

Tuberculosis (TB), a pandemic, highly contagious dis-
ease caused by Mycobacterium tuberculosis complex, 

has affected up to one third of the world’s human popula-
tion. The South-East Asia Region (SEAR), which contains 
nearly one fourth of the world population, alone accounts 
for 38% of illnesses and 39% deaths caused by TB world-
wide. India accounts for 58% of all forms of TB in SEAR 
and 55.6% of deaths caused by TB (excluding those among 
HIV-positive persons) in SEAR (1).

M. bovis is widespread in domestic animals and has 
been extensively documented in both captive and free-
ranging wildlife. Although M. tuberculosis is primarily a 
pathogen of humans (2), it has been reported in zoo species 
(3,4) as well as in a formerly captive elephant in Africa (5) 
and a free-roaming elephant in Sri Lanka (6). We report the 
pathology and molecular characterization of M. tuberculo-
sis in a wild Asian elephant (Elephas maximus) that had no 
known history of human contact and present implications 
for wildlife health.

In February 2016, a carcass of an ≈65-year-old free-
roaming wild Asian elephant was found in the forest of 
Rajiv Gandhi National Park (RGNP), Karnataka, India. 
On postmortem examination, the lungs showed widely 
disseminated white-yellowish firm nodules with central 
caseous necrosis, distributed throughout the parenchyma 
(Figure, panel A). The bronchial and mediastinal lymph 
nodes were enlarged with nodular areas of caseous ne-
crosis and calcification. Impression smears from the cut 
surfaces of lungs on staining by Ziehl-Neelsen method 
showed bundles of pink-stained acid-fast organisms.

DNA extracted from the lung tissue were subjected to 
PCR targeting amplification of a conserved region on M. 
tuberculosis complex by using forward primer 5′-GAC-
CACGACCGAAGAATCCGCTG-3′ and reverse primer 
5′-CGGACAGGCCGAGTTTGGTCATC-3′ (7), which 
yielded a specific amplicon of 445 bp, indicating presence 
of a pathogenic mycobacterium. To detect M. bovis, we 
used forward primer 5′-CACCCCGATGATCTTCTGTT-3′ 
and reverse primer 5′-GCCAGTTTGCATTGCTATT-3 ′to 
amplify an 823-bp region on a 12.7-kb fragment of M. 
bovis. To detect M. tuberculosis, we used forward primer 
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5′-CACCCCGATGATCTTCTGTT-3′ and reverse primer 
5′-GACCCGCTGATCAAAGGTAT-3′ to amplify a 389-bp 
region on a 12.7-kb fragment of M. tuberculosis (7). The 
PCR used to detect M. bovis did not yield amplifications. 
PCR used to detect M. tuberculosis yielded a specific am-
plicon of 389 bp, indicating the presence of M. tuberculosis 
in the lung tissue.

Nucleotide sequencing of the obtained 389-bp ampli-
con and subsequent phylogenetic analysis using MEGA6 
software (8) showed 100% nt sequence identity with M. tu-
berculosis isolates deposited in GenBank (Figure, panel B), 
confirming the pathogen as M. tuberculosis. The distance  
map indicated that the isolate was of Indian origin. Lung 
samples processed and subjected for histopathologic exam-
ination in accordance with standard protocols (9) showed 
multiple granulomas, each with central caseum, surround-
ed by inflammatory cells and a fibrous capsule.

The gross pathology, histopathology, PCR detection, 
and phylogenetic analysis confirmed the infection as TB 
caused by the human pathogen M. tuberculosis. However, 
the uniqueness of this investigation is that this elephant 
had no known history of contact with humans, making the 
source of infection difficult to determine. Because ecolog-
ic, environmental, and demographic factors influence the 
emergence of disease (10), the infection in this elephant 
could be attributable to one of the following reasons. Al-
though RGNP is an uninhabited forest, eco-tourist activities 
give tourists limited access to wildlife areas. Furthermore,  

a highway connecting 2 states, Karnataka and Kerala, pass-
es through RGNP, enabling transit of large numbers of hu-
man through the forest. A possibility also exists that wild 
elephants could accidentally enter villages adjoining the 
forest areas in search of feed and water.

Although remote possibilities, these events can create 
opportunities for susceptible wildlife populations to be ex-
posed to human pathogens. If the elephant was not infected 
by accidental human contacts, then it must have acquired 
the disease in the wild, which leads to a larger question: can 
wildlife species maintain and spread M. tuberculosis to other 
susceptible species in the wild?. Comprehensive studies are 
needed to assess the status of TB among wild animals and 
to examine whether wildlife can be a potential reservoir of 
the disease. Irrespective of source of the infection, our study 
indicates that elephants living in the wild can harbor M. tu-
berculosis, which can become clinical and fatal.
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Figure. Findings from a deceased wild free-roaming Asian elephant (Elephas maximus) infected with Mycobacterium tuberculosis, Rajiv 
Gandhi National Park, Karnataka, India, 2016. A) Results of postmortem examination of the lungs. Note the widely disseminated firm 
nodules with central caseous necrosis. B) Phylogenetic analysis. 
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In 2016, an emaciated black rhinoceros (Diceros bicor-
nis) was found in Kruger National Park, South Africa.  

An interferon-γ response was detected against mycobacte-
rial antigens, and lung tissue was positive for Mycobacte-
rium bovis. This case highlights the risk that tuberculosis 
presents to rhinoceros in M. bovis–endemic areas.  

Black rhinoceros (Diceros bicornis) are under severe 
threat from poaching and habitat loss. This species 

has been designated as critically endangered by the In-
ternational Union for Conservation of Nature Red List 
(1). An estimated population of 5,000–5,445 animals are 
found in southern and eastern Africa, with just over 1,200 
of those in South Africa (2). In Kruger National Park 
(KNP) in South Africa, the black rhinoceros population 
size is estimated at 400. KNP is considered an endemic 
area for Mycobacterium bovis, with cases reported in at 
least 12 wildlife species, including African buffalo, lion, 
kudu, and warthog (3).

Sporadic cases of tuberculosis (TB) caused by M. tu-
berculosis or M. bovis have been reported in black rhinoc-
eros housed in zoos or under semi-intensive management 
(4). Although M. bovis is present in livestock and other 
wildlife species in countries in Africa where rhinoceros 
populations are currently present, no cases of TB have been 
reported in free-ranging black rhinoceros.

On June 17, 2016, rangers in KNP reported a weak, 
emaciated, adult female black rhinoceros that had been 
stationary for 36 hours in the southern area of the park 
(25°7′16′′S, 31°55′2′′E). The discovery of this animal 
might have resulted from increased surveillance related 
to poaching. When veterinary staff arrived, the rhinoceros 
was unresponsive and recumbent and lifted its head only 
when darted. External injuries were not obvious. Because 
of its poor prognosis, the animal was euthanized after 
being immobilized. Postmortem evaluation revealed an 
emaciated animal (body condition score 1 out of 5, http://
www.daff.qld.gov.au/__data/assets/pdf_file/0015/53520/
Animal-HD-Investigation-Condition-scores.pdf) with a 
subjectively heavy ectoparasite load. The subcutaneous 
and internal fat stores were reduced, consistent with the 
poor general body condition. Although teeth were worn, 
they appeared sufficient for mastication, and well-chewed 
ingesta was found in the gastrointestinal system. No 
grossly abnormal changes were found in the organs exam-
ined, except for the lungs and lymph nodes. On palpation 
of the lungs, numerous firm, focal, and irregular masses, 
1–6 cm in diameter, were present in the right and left 
dorso-cranial two thirds of the lung lobes, with symmet-
ric lesion distribution. On cut section, most lesions had a 
fibrous capsule and contained creamy necro-caseous ma-
terial. Impression smears from the lung lesions revealed 
numerous acid-fast bacilli.
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