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Expansion of ecotourism-based industries, changes in land-use practices, and escalating competition for
resources have increased contact between free-ranging wildlife and humans. Although human presence in
wildlife areas may provide an important economic benefit through ecotourism, exposure to human patho-
gens may represent a health risk for wildlife. This report is the first to document introduction of a primary
human pathogen into free-ranging wildlife. We describe outbreaks of Mycobacterium tuberculosis, a
human pathogen, in free-ranging banded mongooses (Mungos mungo) in Botswana and suricates (Suri-
cata suricatta) in South Africa. Wildlife managers and scientists must address the potential threat that
humans pose to the health of free-ranging wildlife. 

uberculosis (TB), considered an important emerging dis-
ease in humans, is now the leading cause of death in

adults worldwide (1). Although Mycobacterium tuberculosis is
the most common infection in humans, M. bovis is responsible
for an increasing proportion of human TB cases (1). M. bovis
is widespread in domestic animals and has been extensively
documented in both captive and free-ranging wildlife popula-
tions (2). A number of wildlife populations are endemically
infected, for example, the European badger (Meles meles) in
the United Kingdom (3) and the African buffalo (Syncerus caf-
fer) in South Africa (2). These permanent reservoirs of infec-
tion pose a serious threat to public health and TB eradication
programs. In contrast, M. tuberculosis is considered primarily
a human pathogen and has been reported only in domestic or
wildlife species living in close, prolonged contact with
humans (4,5). We describe the first documented outbreak of M.
tuberculosis in free-ranging wildlife and discuss the implica-
tions for ecotourism and wildlife health. 

Material and Methods
Twelve troops of free-living suricates were monitored

daily by behavioral ecologists from the universities of Cam-
bridge and Pretoria (6). The groups occupied ranges on uncul-
tivated ranch land along the dry bed of the Kuruman River in
the southern Kalahari Desert in Botswana (S 25° 8´, E 20°
49´). Complete information on outbreak features was not
available. One animal was captured and euthanized for post-
mortem examination. 

An epizootic affecting banded mongooses (Mungos
mungo) was first identified at the northern extreme of Chobe
National Park along the Chobe River in the dry season, from

June 13 to September 15, 1999 (S 17° 49.33´, E 25° 07.58´).
To monitor the progression of the outbreak, morning and
evening patrols were conducted along the range occupied by
the respective troops, and all observations, geographic features
of importance, and affected animals were georeferenced. Sur-
veillance was thought to be comprehensive and not biased in
terms of road systems, as the patrolled roads were parallel to
the river (Figure) and the animals had no other water source
during the dry season. Thus, all known troops lived along the
watercourse in the floodplain rather than inland in the wood-
land. All infected animals were euthanized whenever possible,
and postmortem examinations were conducted. The rate of
identification of new clinical cases from the point of outbreak,
where the first case was identified, into Kasane Township and
the National Park was calculated as the average time (days)
between identification of each new case divided by the dis-
tance (kilometers) between cases.
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Figure. Locations of Mycobacterium tuberculosis-infected or suspected
cases in banded mongooses, in relation to garbage pits, tourist facili-
ties, and land use type, Chobe District, Botswana. 
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Histopathologic and Bacteriologic Testing 
and Polymerase Chain Reaction Amplification

Various organs and tissues from seven banded mongooses
and a suricate were fixed in 10% buffered Formol-saline,
embedded in paraffin wax, cut into 4-µm sections, and stained
with hematoxylin and eosin, as well as Kinyoun’s method for
acid-fast bacteria (AFIP modification) (7).

Pooled organ specimens from one banded mongoose (No.
2075) and one suricate (No. VLF005) and liver samples from
another banded mongoose (No. 2344) were homogenized, and
equal parts were decontaminated with either 2% HCl or 4%
NaOH. After neutralization, sediments were placed on two
slants of Löwenstein-Jensen (LJ) medium containing 0.5%
pyruvate and one slant containing glycerine. The cultures were
incubated at 37°C and checked weekly for growth. Acid-fast
culture isolates were subjected to polymerase chain reaction
(PCR) specific for M. tuberculosis-complex organisms (8) and
subcultured onto the same type of medium for identification
by growth characteristics and standard biochemical tests.
PCR-positive Mycobacterium isolates were subjected to a sec-
ond PCR test to differentiate M. bovis and M. tuberculosis (9).

Results 

Epidemiologic Features
In the suricates, the epizootic occurred from October 1998

to December 1999, after an unknown infected male joined a
study group consisting of 5 adult suricates and 15 pups. One
human case of TB was known to have occurred in the study
area in the human population living near the suricate burrows.
Suricates were not observed feeding in garbage pits; however,
they were seen foraging around roads and investigating human
sputum.

In the banded mongooses, the epizootic spread quickly in
six troops living along the Chobe River Front. New clinical
cases were identified from the initial outbreak site at an aver-
age rate of 0.109 km/day into Chobe National Park and the
township at an average rate of 0.282 km/day. Although the last
case was observed on September 15, monitoring continued
until January 21, 2001; no new cases were identified. Garbage
pits and a known human TB case were in close proximity to
initial outbreak points (Figure). Banded mongooses were
observed feeding regularly at these garbage pits and would
therefore be exposed to human excretions and any infectious
material from TB-infected humans. 

Clinical Signs and Gross Pathologic Findings
The first suricate noted to have clinical signs had enlarged

cervical lymph nodes when it emigrated to the study site. The
lymph nodes ruptured within a month and continued to dis-
charge pus for 2 months (November–December 1998). By Jan-
uary 1999 the lesion had become a persistent nonhealing
wound. The animal became progressively more debilitated and
cachectic until he disappeared from the study site in April
1999. In June, clinical signs first appeared in other animals and

then spread through the entire troop by December 1999. The
signs included emaciation, weakness, and dyspnea with vari-
able enlargement of the lymph nodes of the head, neck, and
axilla. All troop members were euthanized, died, or disap-
peared and were presumed dead. Gross postmortem examina-
tion of one suricate showed abscesses filled with yellow fluid
in the left parotid (3 cm in diameter), right axilla (1 cm), lung,
liver, and mediastinal lymph nodes (5 mm), and pancreas (8
mm). The lungs were congested and edematous.

The mongoose troop size ranged from 8 to 35; in each
troop, 2 to 4 animals had clinical signs. Affected animals were
often found separated from the troop during periods of forag-
ing. In some cases, although alert, they showed a pronounced
lack of fear response to humans. Affected animals that were
not euthanized disappeared within a few days after onset of ill-
ness and were presumed dead. Clinical signs included progres-
sive cachexia, ataxia, and weakness. No other external
abnormalities were noted. Necropsies of seven animals from
five troops showed numerous miliary grayish white nodular
masses (0.5 cm–2 cm in diameter) scattered over the liver and
spleen surfaces, causing massive enlargement of the two
organs; numerous grayish white infiltrative masses in the lung
and kidney; enlargement of the mesenteric lymph nodes,
which had necrotic gritty centers with chalky material; and
occasional grayish white foci scattered throughout the length
of the intestines. 

Histopathologic Findings
Granulomas of varying size, predominantly consisting of

aggregated epithelioid macrophages, were found in most of the
organs and tissues examined and were consistently present in
the liver, spleen, lymph nodes, and lungs. Such granulomas
were occasionally noted in the adrenal gland, kidney, myocar-
dium, pancreas, epididymus, pleura, intestine, peritoneum, and
skin. Lesions were absent from the brain, skeletal muscle, uri-
nary bladder, and testis. The smaller granulomas consisted
purely of macrophages, while large ones showed central
necrosis and sometimes contained small aggregates of lym-
phocytes and plasma cells. Giant cells were rare, and no calci-
fication was seen. Acid-fast rods, typical of Mycobacterium
species, were noted in the cytoplasm of macrophages in all
eight mongooses but varied in numbers from scarce to abun-
dant.

Bacteriologic and PCR Amplification Results
Acid-fast bacteria were detected on Ziehl-Neelsen–stained

impression smears, and Mycobacterium species were isolated
from both banded mongooses and the suricate specimens. For
material from animal No. 2075, growth first appeared after 2
weeks on LJ slants with and without pyruvate. LJ-pyruvate
cultures of the specimens from mongoose No. 2344 and suri-
cate No. VLF005 yielded very few acid-fast colonies after a 5-
to 6-week incubation period. Following PCR amplification,
the Mycobacterium sp. isolated from mongoose No. 2344 and
the suricate produced a 372-bp DNA product. Both isolates
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showed a 336-bp DNA product, characteristic for M. tubercu-
losis when amplified by the protocol of de Wit et al. (9). This
method had been found useful in differentiating isolates of M.
bovis and M. tuberculosis (A. Michel, unpub. data). The iso-
lates produced positive results in both the niacin production
and nitrate reduction tests, confirming them as M. tuberculo-
sis. A subculture of an isolate from banded mongoose No.
2075 was classified as a fast-growing Mycobacterium species
after it had shown growth at 27°C and 37°C at 7 and 5 days,
respectively. No growth was observed at 45°C. 

Discussion
Because the lesions in the mongooses and the suricate

were disseminated, the route of infection is not clear. How-
ever, an oral route of infection is suspected because the pulmo-
nary lesions involved the interstitium and alveolar walls rather
than the bronchioles, and mesenteric but not pulmonary lymph
nodes were enlarged (banded mongoose). The behavioral pat-
tern of both species would have facilitated exposure to human
excretions in the environment and therefore to M. tuberculosis
from any TB-infected humans. 

Ecologic, environmental, and demographic factors influ-
ence the emergence of disease (10). TB incidence is increasing
rapidly throughout the world with most cases in developing
countries. In 1996, the Western Cape of South Africa had one
of the highest incidences of human TB in the world (11). In
Botswana, where most people are likely to have been infected
with TB by adulthood (12), the TB infection rate in humans
increased from 202 per 100,000 in 1989 (13) to 537 per
100,000 in 1999 (14). Concurrent HIV infection may shorten
the time for TB infection to progress to overt disease, leading
to increased severity of clinical signs and amount of Mycobac-
teria shed into the environment (15). In 1999, HIV sentinel
surveillance in Botswana indicated that 36% of women receiv-
ing routine antenatal care were seropositive for HIV (16). In
addition, concurrent helminthic infections may decrease the
host immune response to TB, leading to reactivation of latent
TB infections in humans and possibly increasing the level of
TB in a community (17). Research is urgently required to bet-
ter understand the epidemiology of M. tuberculosis in free-
ranging wildlife and their potential to maintain infection in the
absence of human reservoirs. Another factor influencing dis-
ease emergence is the dramatic increase in travel. In 1999,
>89,000 visitors were recorded in Chobe National Park (18).
Changes in the health, mobility, and number of humans in the
vicinity of wildlife may have led to an increased level of M.
tuberculosis being shed into the environment, resulting in this
spillover of infection into a wildlife population. 

Expansion of ecotourism, changes in land-use practices,
and escalating competition for resources has increased contact
between free-ranging wildlife and humans. Tremendous atten-
tion has been given to the zoonotic potential of emerging dis-
eases in wildlife populations and the threat they present to
human health. Little attention, however, has been given to the
reverse: the disease threat humans present to wildlife. A num-

ber of reports have suggested links between pathogen occur-
rence in wildlife populations and human exposure, but the
diagnoses were not confirmed and proof of transmission was
lacking (19). In other cases involving macroparasites, the
pathogens have been found in a number of domestic or free-
ranging wildlife hosts, complicating transmission routes and
links to human reservoirs (20,21). This report, however, repre-
sents the first clearly documented case of a primary human
pathogen infecting free-ranging wildlife. The report under-
scores the need to heighten awareness of humans as a potential
reservoir of disease for wildlife and the role humans may play
in the emergence of infectious disease in wildlife populations.
This understanding will be essential for developing effective
programs for public and wildlife health.

Ecotourism brings large numbers of people to wildlife
areas and provides both important economic benefits and an
instrument for the conservation of biodiversity. However, sus-
ceptible wildlife populations may be negatively affected by the
increased exposure to humans and their pathogens. A better
understanding of the dynamics of disease transmission
between humans and wildlife is critical, and mechanisms must
be identified that limit wildlife exposure to human pathogens.
Attention to this area of wildlife management is essential to
the long-term conservation and sustainable use of wildlife
resources. 

Acknowledgments
This paper was published with the permission of the Directors of

Wildlife and National Parks and Department of Animal Health and
Production, Botswana. The authors thank L. Tsopito and J. LaGrange
for their assistance in monitoring banded mongoose troops during this
study.

The original work for this study was performed under the Wild-
life Veterinary Unit, Department of Wildlife and National Parks,
Kasane, Botswana.

Dr. Alexander is president and chief executive officer of the Cen-
tre for Conservation of African Resources: Animals, Communities
and Land Use (CARACAL). Her areas of expertise include African
systems, wildlife health, and human wildlife conflict. Her work
focuses on the human-wildlife interface and the sustainable use of
natural resources. 

References
  1. Cosivi O, Grange JM, Daborn CJ, Raviglione MC, Fujikura T, Cousins D,

et al. Zoonotic tuberculosis due to Mycobacterium bovis in developing
countries. Emerg Infect Dis 1998;4:1–14. 

  2. Bengis R. Tuberculosis in free-ranging mammals. In: Fowler M, Miller
RE, editors. Zoo and wildlife medicine: current therapy 4. Philadelphia:
W.B. Saunders Company; 2000. p. 101–13.

  3. Gallagher J, Clifton-Hadley RS. Tuberculosis in badgers: a review of the
disease and its significance for other animals. Res Vet Sci 2000;69:203–
17.

  4. Michalak K, Austin C, Diesel S, Maichle Bacon J, Zimmerman P,
Maslow JN. Mycobacterium tuberculosis infection as a zoonotic disease:
transmission between humans and elephants. Emerg Infect Dis
1998;4:283–7.



Emerging Infectious Diseases  •  Vol. 8, No. 6, June 2002 601

RESEARCH

  5. Montali RJ, Mikota SK, Cheng LI. Mycobactyerium tuberculosis in zoo
and wildlife species. Rev Sci Tech 2001;20:291–303.

  6. Clutton-Brock TH, MacColl ADC, Chadwick P, Gaynor D, Kansky R,
Skinner JD. Reproduction and survival of suricates (Suricata suricatta) in
the northern Kalahari. Afr J Ecol 1999;37:69–80.

  7. Luna LG. Manual of histologic staining methods of the Armed Forces
Institute of Pathology, 3rd edition. New York: McGraw-Hill Book Com-
pany; 1968.

  8. Cousins DV, Wilton SD, Francis BR. Use of DNA amplification for the
rapid identification of Mycobacterium bovis. Vet Microbiol 1991;27:187–
95.

  9. De Wit D, Steyn L, Shoemaker S, Sogin M. Direct detection of Mycobac-
terium tuberculosis in clinical specimens by DNA amplification. J Clin 
Microbiol 1990;28:2437–41.

10. Morse S. Factors in the emergence of infectious diseases. Emerg Infect
Dis 1995;1:7–11.

11. Narain PA, Ravioglione MC, Kochi A. HIV-associated tuberculosis in
developing countries: epidemiology and strategies for prevention.
Geneva: World Health Organisation; 1992;WHO/TB(92,166). 

12. Lockman S, Sheppard JD, Braden CR, Mwasekaga MJ, Woodley CL,
Kenyon TA, et al. Molecular and conventional epidemiology of Myco-
bacterium tuberculosis in Botswana: a population-based prospective
study of 301 pulmonary tuberculosis patients. J Clin Microbiol
2001;39:1042–7.

13. Botswana National Tuberculosis Program. Annual report, Epidemiology
Section. Gaborone, Botswana: Ministry of Health; 1989.

14. Botswana National Tuberculosis Program. Annual report, Epidemiology
Section. Gaborone, Botswana: Ministry of Health; 1999. 

15. Beyers N, Gie RP, Zietsman HL, Kunneke M, Hauman J, Tatley M, et al.
The use of geographical information system (GIS) to evaluate the distri-
bution of tuberculosis in a high-incidence community. S Afr Med J
1996;86:40–4.

16. AIDS/STD Unit, Botswana Ministry of Health. Sentinel surveillance
report, AIDS/STD Unit. Gaborone, Botswana: Ministry of Health; 1999.

17. Bentwich Z, Kalinkovich A, Weisman Z, Borkow G, Beyers N, Beyers
AD. Can eradication of helminthic infections change the face of AIDS
and tuberculosis? Immunol Today 1999;20:485–7.

18. Visitor statistics for national parks and game reserves. Gaborone,
Botswana: Department of Wildlife National Parks; 1999. 

19. Ferber D. Human diseases threaten great apes. Science 2000;289:1277–8.
20. Graczyk, TK, Lowenstine, LJ, Cranfield, MR. Capillaria hepatica (Nem-

atoda) infections in human-habituated mountain gorillas (Gorilla gorilla
beringel) of the Parc National de Volcans, Rwanda. J Parasitol
1999;85:1168–70.

21. Nizeyi J, Mwebe R, Nanteza A, Cranfield MR, Kalema RNN, Graczyk
TK. Cryptosporidium sp. and Giardia sp. infections in mountain gorillas
(Gorilla gorilla beringei) of the Bwindi Impenetrable National Park,
Uganda. J Parasitol 1999;85:1084–8.

Address for correspondence: Kathleen Alexander, Centre for Conservation of
African Resources: Communities Animals and Land Use, PB K60, Kasane,
Botswana; fax: 267-6251479; e-mail: kathyalx@botsnet.bw

�����������	���
������
�
���������
�����

Please print your name and business 
address in the box and return by fax 
to 404-371-5449 or mail to

EID Editor
CDC/NCID/MS D61
1600 Clifton Road, NE
Atlanta, GA 30333

Moving? Please give us your new address (in the box) and print the number of your old mailing
label here______________

YES, I would like to receive Emerging Infectious Diseases.

The print journal is available at no charge to public health professionals




