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ABSTRACT: Serum samples from 14 lions
(Panthera leo) from Queen Elizabeth National
Park, Uganda, were collected during 1998 and
1999 to determine infectious disease exposure
in this threatened population. Sera were
analyzed for antibodies against feline immuno-
deficiency virus (FIV), feline calicivirus (FCV),
feline herpesvirus 1 (feline rhinotracheitis:
FHV1), feline/canine parvovirus (FPV/CPV),
feline infectious peritonitis virus (feline cor-
onavirus: FIPV), and canine distemper virus
(CDV) or for the presence of feline leukemia
virus (FeLV) antigens. Ten lions (71%) had
antibodies against FIV, 11 (79%) had anti-
bodies against CDV, 11 (79%) had antibodies
against FCV, nine (64%) had antibodies against
FHV1, and five (36%) had antibodies against
FPV. Two of the 11 CDV-seropositive lions
were subadults, indicating recent exposure of
this population to CDV or a CDV-like virus. No
lions had evidence of exposure to FeLV or
FIPV. These results indicate that this endan-
gered population has extensive exposure to
common feline and canine viruses.

Key words: Canine distemper virus, feline
calicivirus, feline coronavirus, feline herpesvi-
rus 1, feline immunodeficiency virus, feline
parvovirus, Panthera leo, Uganda.

As in other parts of sub-Saharan Africa,
Uganda’s large carnivore populations have
undergone a substantial decline over the
last five decades (Bauer, 2003). Lions
(Panthera leo) play an integral role in the
ecological dynamics of savanna ecosystems
and are critical to the Ugandan economy
as a tourist attraction. A census conducted
in Queen Elizabeth National Park
(QENP) from 1997 to 1999 estimated
that only 210 lions resided in the park
(M. Driciru, unpublished). In addition to
threats from poaching of lions or their
prey and habitat loss, recovery of lion
populations may be further compromised

by infectious diseases, such as occurred in
the 1994 canine distemper virus (CDV)
epidemic in the Serengeti lion population
(Roelke-Parker et al., 1996). Serosurveys
of other African lion populations have
indicated exposure to CDV, feline immu-
nodeficiency virus (FIV), feline calicivirus
(FCV), feline herpesvirus 1 (feline rhino-
tracheitis: FHV1), feline/canine parvovirus
(FPV), and feline infectious peritonitis
virus (feline coronavirus: FIPV) (Olmstead
et al., 1992; Spencer and Morkel, 1993;
Hofmann-Lehmann et al., 1996; Osofsky
et al., 1996; Roelke-Parker et al., 1996;
Packer et al., 1999). Knowledge of what
infectious agents may threaten the QENP
lions is important to understanding the
impact of disease on population viability
and the risk of translocating animals.

Our serosurvey of the lion population in
the northern savanna sector of QENP was
conducted to establish baseline knowledge
of endemic viruses. The study was con-
ducted in the Katwe (313 km2) and
Katunguru (433 km2) regions of QENP
(29u459E–30u159E and 0u309S–0u159N) in
the southwestern region of Uganda astride
the four districts of Kasese, Bushenyi,
Kaborole, and Rukungiri. The techniques
used to locate lions included random
searches, tracking, the presence and
behavior of vultures and prey animals,
and responses to audio calls, as well as
reports from tourists, field assistants,
researchers, tour guides, local residents,
and park workers. During the 1998–1999
study period, 14 QENP lions were im-
mobilized: nine adults (.4 yr), four sub-
adults (2–4 yr), and one cub (0–1 yr). Age
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was determined by documented knowl-
edge of birth year or was estimated by
examining the wear of the teeth and the
size and condition of the individual.
Lions were anesthetized using a combina-
tion of ZoletilH (250 mg tiletamine-HCl
and 250 mg zolazepam-HCl; VIRBAC
Nederland BV, Berneveld, The Nether-
lands; 1.3–1.5 mg/kg, IM) and ZalopineH
(10 mg/ml medetomidine hydrochloride;
Orion Farmos Corporation, Espoo, Fin-
land; 0.1 mg/kg, IM), administered in-
tramuscularly using Dan-Inject darts
(Dan-Inject SA, Private Bag X402, Sku-
kuza, 1350, South Africa) and a Dan-Inject
dart gun (Model JM Special; Smith,
Gelsenkirchen, Germany) from a distance
of 10–25 m. Medatomidine was reversed
using AntisedanH (5 mg/ml atipamezole
hydrochloride; Orion Farmos Corpora-
tion) at a dose of 3 mg of atipamezole
for every 1 mg of medetomidine used.
Half of the dose was administered in-
travenously and half intramuscularly.
Blood was collected via cephalic, saphe-
nous, or femoral venipuncture into serum
separator tubes and centrifuged. Serum
samples were stored in liquid nitrogen. A
physical exam was performed on each
animal.

Serum samples were evaluated at the
New York State Diagnostic Laboratory at
Cornell University in Ithaca, New York,
USA, for antibodies against FIV, FCV,

FHV1, FPV, and CDV and for FeLV
antigens. The following methods were
used: virus neutralization test (VNT) to
detect CDV, FCV, and FHV1 antibodies;
both Western blot and an enzyme-linked
immunosorbent assay (ELISA) to detect
FIV antibodies; ELISA to detect FeLV
antigen; and hemagglutination inhibition/
2-mercaptoethanol (HAI/2-ME) to detect
FPV IgG antibodies (Harrison et al., 2004;
Munson et al., 2004). Feline coronovirus
(FCoV or FIPV) antibodies were deter-
mined by indirect immunofluorescence
(IFA) at the Washington Animal Disease
Diagnostic Laboratory, Pullman, Wash-
ington, USA (Harrison et al., 2004; Mun-
son et al., 2004).

The serosurvey revealed that lions in
QENP are exposed to most of the selected
viruses (Table 1). Two lions with antibo-
dies against CDV were subadults, indicat-
ing that CDV or a CDV-like virus was in
the region during their lifetime (within 2–
4 yr). The cub with antibodies against
FHV1 was 7–9 months old, indicating that
these antibodies were acquired from viral
exposure and not passively acquired. The
mother of this cub was seropositive for
FHV1 as well as FIV, CDV, FCV, and
FPV.

Four lions had healed skin lesions on
the face, limbs, and body from moving
through burned grassland areas. One
lioness had an acute 15–20-cm-long, 7-

TABLE 1. Seroprevalence of antibodies against feline and canine viruses in 14 Ugandan lions from the
Queen Elizabeth National Park sampled from 1998 to 1999. Antibodies to feline immunodeficiency virus
(FIV), feline calicivirus (FCV), feline herpesvirus 1 (FHV1), feline parvovirus virus (FPV), feline infectious
peritonitis virus (FIPV), and canine distemper virus (CDV) and antigens of feline leukemia virus (FeLV) were
surveyed; n 5 number of lions tested.

Virus

Number of seropositive lions by age group

Adults (n59) Subadults (n54) Cubs (n51) Total (n514)

FIV 7 3 0 10 (71%)
CDV 9 2 0 11 (79%)
FHV1 5 3 1 9 (64%)
FCV 9 2 0 11 (79%)
FPV 4 1 0 5 (36%)
FIPV 0 0 0 0
FeLV 0 0 0 0
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cm-deep laceration along the thorax. Most
lions had scars presumably from intra- and
interspecific aggression. Only two of 14
lions had evidence of poor health. One
subadult was emaciated and anemic (he-
matocrit522%) and had multiple footpad
ulcers on both front feet. This animal had
antibodies against FIV, FHV1, and FCV,
but not CDV, FIP, or FPV. The cub had
severe stomatitis and was one of a litter of
five cubs that became progressively ema-
ciated, three of which subsequently died.
It is not known whether the clinical signs
in the cubs were caused by a viral in-
fection; however, the cub that survived
had antibodies against FHV1, but not
FCV.

The high prevalence of antibodies
against CDV in the Ugandan lion popula-
tion is similar to that found in Serengeti
lions after the 1994–1995 epidemic
(Roelke-Parker et al., 1996). The occur-
rence of antibodies in 2–4-year-old QENP
lions in 1999 suggests a recent exposure to
CDV or a CDV-like virus. Because anti-
bodies against CDV usually protect against
disease and the majority of lions had
antibodies, this population may be pro-
tected currently; however, as a greater
portion of the population becomes naÏve,
an epidemic could occur, and the QENP
lion population may be too small to
recover.

The high proportion (71%) of QENP
lions with antibodies against FIV is similar
to that reported for lion populations in the
Serengeti National Park/Ngorongoro Cra-
ter in Tanzania (79%) and Kruger Nation-
al Park (KNP) in South Africa (83%)
(Olmstead et al., 1992). In contrast, fewer
Botswana lions (25.8%) and no Namibian
lions tested to date have been FIV-
positive, indicating that not all African
lion populations are infected (Spencer et
al., 1992; Spencer and Morkel, 1993;
Osofsky et al., 1996). Packer et al.
(1999), noted that in the Serengeti Na-
tional Park and in the Ngorongoro Crater,
rates of FIV infection did not vary
significantly across years for either adult

or immature lions. This suggests that the
virus is endemic to those populations.
No specific health effects of FIV have
been identified to date in wild lions
despite the high prevalence of infection
(Olmstead et al., 1992; Osofsky et al.,
1996; Packer et al., 1999). Although a de-
creased CD4:CD8 T-cell ratio or absolute
T-cell numbers have been observed in
some FIV-infected captive lions (Spencer
et al. 1995; Bull et al., 2003), all but one
FIV-infected lion in our study appeared
healthy.

Many QENP lions (64%) had antibo-
dies against FHV1, as have other free-
ranging lion populations (Spencer, 1991;
Spencer and Morkel, 1993; Roelke-Parker
et al., 1996; Packer et al., 1999). Though
captive lions may develop clinical disease
(Wack, 2003), no signs have been reported
in free-ranging lions. The high proportion
(79%) of QENP lions with antibodies
against FCV was similar to the prevalence
(70%) in Tanzanian lions (Olmstead et al.,
1992) that are in close proximity. In
contrast, southern African lions in KNP
and Etosha National Park had no evidence
of FCV exposure (Spencer, 1991; Spencer
et al., 1992; Spencer and Morkel, 1993).
Although FCV may be endemic in some
areas, a longitudinal serosurvey of Tanza-
nian lions (Packer et al., 1999) suggested
that FCV occurs in epidemics. No clinical
disease due to FCV infection has been
reported. The QENP lions also have been
exposed to FPV, as is evident in the 36%

antibody prevalence. However, as with
FCV, no clinical signs of FPV infection
have been observed in wild lions, although
diarrhea, vomiting, and leukopenia oc-
curred in FPV-infected captive lions
(Studdert et al., 1973; Mochizuki et al.,
1996). Clinical signs in wild lions may be
missed in populations not under close
observation, so lack of pathogenicity
should not be assumed. Unlike the Seren-
geti lion population (Hofmann-Lehmann
et al., 1996; Roelke-Parker et al., 1996;
Packer et al., 1999), QENP lions had no
evidence of exposure to FIPV. On the
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other hand, the FeLV-negative status of
the QENP population was similar to that
of lions from the Serengeti National Park
and Ngorongoro Crater in Tanzania,
Hluehluwe/Umfolozi Park in South Africa,
and Etosha National Park and Bushman-
land/Caprivi regions of Namibia and
Botswana (Osofsky et al., 1996; Packer et
al., 1999). This provides further evidence
that FeLV is not present in wild felids
(Munson et al., 2004).

Although antibodies against some
viruses provide protection against infec-
tion, FIV, FHV1, and rarely FCV and FPV
infections (Steinel et al., 2000; Lenghaus
et al., 2001) can persist in seropositive
hosts, and virus can be shed from
asymptomatic carriers. Therefore, prior
to any translocation, lions from both origin
and destination sites should be screened
for evidence of these viruses to prevent
introduction into naÏve populations.

This study contributes to ongoing ef-
forts to understand the ecology of carni-
vore viruses in African ecosystems. Con-
tinued monitoring of Ugandan lions is
recommended to determine the causes of
mortality, assess the morbidity caused by
viral infections, and detect the emergence
of an epidemic. Monitoring for FIV and
CDV is of particular importance in order
to understand their pathogenicity in lions
and dynamics of these viruses within the
ecosystem.

We thank the Lions I Project committee
in Uganda for project oversight and
manuscript review. We particularly thank
C. Dranzoa, D. Pomeroy, R. Kityo, W.
Moeller, U. Moeller, Mr. and Mrs. C. van
Wyk, A. Latif, A. Francis, M. Ocaido, C.
Whiteman-Wippich, M. Roelke, D. Hird,
A. Apio, O. Bwangamoi, G. Mills, and E.
Stylianides for their contributions to this
project. We also thank the Uganda Wild-
life Authority and the Uganda National
Council for Science and Technology for
permission to conduct this study. We
thank the Norwegian Council for Higher
Education (NUFU), Federation of Dutch
Zoos Help in The Netherlands, and

Dierenpark Amersfoort (Amersfoort Zoo,
The Netherlands) for the funds to run the
Lions Project. Makerere University and
the Ugandan government provided funds
for M. Driciru’s research, and the Ger-
aldine R. Dodge Foundation and Dr. Viki
Krade Memorial Foundation provided
funds for the lion serology and travel for
K. Prager.

LITERATURE CITED

BAUER, H. 2003. Lion conservation in West and
Central Africa: Integrating social and natural
science for wildlife conflict resolution around
Waza National Park, Cameroon. PhD Thesis,
University of Leiden, The Netherlands.

BULL, M. E., S. KENNEDY-STOSKOPF, J. F. LEVINE, M.
LOOMIS, D. G. GEBHARD, AND W. A. F. TOMPKINS.
2003. Evaluation of T lymphocytes in captive
African lions (Panthera leo) infected with feline
immunodeficiency virus. American Journal of
Veterinary Research 64: 1293–1300.

HARRISON, T. M., J. K. MAZET, K. E. HOLEKAMP, E.
DUBOVI, A. L. ENGH, L. NELSON, R. C. VAN

HORN, AND L. MUNSON. 2004. Antibodies to
canine and feline viruses in spotted hyenas
(Crocuta crocuta) in the Masai Mara National
Reserve. Journal of Wildlife Diseases 40: 1–10.

HOFMANN-LEHMANN, R., D. FEHR, M. GROB, M.
ELIGIZOLI, C. PACKER, J. S. MARTENSON, S. J.
O’BRIEN, AND H. LUTZ. 1996. Prevalence of
antibodies to feline parvovirus, calicivirus, her-
pesvirus, coronavirus and immunodeficiency
virus and of feline leukemia virus antigen and
the interrelationship of these viral infections in
free-ranging lions in east Africa. Clinical and
Diagnostic Laboratory Immunology 3: 554–562.

LENGHAUS, C., M. J. STUDDERT, AND D. GAVIER-
WIDEN. 2001. Calicivirus infections. In Infec-
tious diseases of wild mammals, E. S. Williams
and I. K. Barker (eds.). Iowa State University
Press, Ames, Iowa, pp. 280–291.

MOCHIZUKI, M., H. HIRAGI, M. SUEYOSHI, Y. KIMOTO,
S. TAKEISHI, M. HORIUCHI, AND R. YAMAGUCHI.
1996. Antigenic and genomic characteristics of
parvovirus isolated from a lion (Panthera leo)
that died of feline panleukopenia. Journal of Zoo
and Wildlife Medicine 27: 416–420.

MUNSON, L., L. MARKER, E. DUBOVI, J. A. SPENCER, J.
F. EVERMANN, AND S. J. O’BRIEN. 2004. A
serosurvey of viral infections in free-ranging
Namibian cheetahs (Acinonyx jubatus). Journal
of Wildlife Diseases 40: 23–31.

OLMSTEAD, R. A., R. LANGLEY, M. ROELKE, R. M.
GOEKEN, D. ADGER-JOHNSON, J. P. GOFF, J. P.
ALBERT, C. PACKER, M. K. LAURENSON, T. M.
CARO, L. SCHEEPERS, D. E. WILDT, M. BUSH, J. S.

670 JOURNAL OF WILDLIFE DISEASES, VOL. 42, NO. 3, JULY 2006

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



MARTENSON, AND S. J. O’BRIEN. 1992. World-
wide prevalence of lentivirus infection in wild
feline species: Epidemiologic and phyloge-
netic aspects. Journal of Virology 66: 6008–
6018.

OSOFSKY, S. A., K. J. HIRSCH, E. E. ZUCKERMAN, AND

W. D. HARDY. 1996. Feline lentivirus and feline
oncovirus status of free-ranging lions (Panthera
leo), leopards (Panthera pardus), and cheetahs
(Acinonyx jubatus) in Botswana: A regional
perspective. Journal of Zoo and Wildlife Medi-
cine 27: 453–467.

PACKER, C., S. ALTIZER, M. APPEL, E. BROWN, J.
MARTENSON, S. J. O’BRIEN, M. ROELKE-PARKER,
R. HOFMANN-LEHMANN, AND H. LUTZ. 1999.
Viruses of the Serengeti: Patterns of infection
and mortality in African lions. Journal of Animal
Science 68: 1161–1178.

ROELKE-PARKER, M. E., L. MUNSON, C. PACKER, R. A.
KOCK, S. CLEAVELAND, M. CARPENTER, S. J.
O’BRIEN, A. POSPICHIL, R. HOFMANN-LEHMANN,
H. LUTZ, G. L. M. MWAMENGELE, M. N. MGASA,
G. A. MACHANGE, B. A. SUMMERS, AND M. J. G.
APPEL. 1996. A canine distemper virus epidemic
in Serengeti lions (Panthera leo). Nature 379:
441–445.

SPENCER, J. A. 1991. Survey of antibodies to feline
viruses in free-ranging lions. South African
Journal of Wildlife Research 21: 59–61.

———, AND P. MORKEL. 1993. Serological survey of

sera from lions in Etosha National Park. South
African Journal of Wildlife Research 23: 60–61.

———, A. A. VAN DIJK, M. C. HORZINEK, H. F.
EGBERINK, R. G. BENGIS, D. F. KEET, S.
MORIKAWA, AND D. H. L. BISHOP. 1992. In-
cidence of feline immunodeficiency virus re-
active antibodies in free-ranging lions of the
Kruger National Park and the Etosha National
Park in Southern Africa detected by recombi-
nant FIV p 24 Antigen. Onderstepoort Journal
of Veterinary Research 59: 315–322.

———, P. D. BOUIC, I. ESPIE, AND L. COLLY. 1995. A
comparison between T-helper (CD4) and T-
suppressor (CD8) cell ratios in FIV positive and
negative lions (Panthera leo) and domestic cats
(Felis catus). South African Journal of Wildlife
Research 25: 111–112.

STEINEL, A., L. MUNSON, M. VANVUUREN, AND U.
TRUYEN. 2000. Genetic characterization of feline
parvovirus sequences from various carnivores.
Journal of General Virology 81: 345–350.

STUDDERT, M. J., C. M. KELLY, AND K. E. HARRING-

TON. 1973. Isolation of panleucopaenia virus
from lions. Veterinary Record 93: 156–159.

WACK, R. 2003. Felidae. In Zoo and wild animal
medicine, 5th Edition, M. E. Fowler and R. E.
Miller (eds.). Saunders, St. Louis, Missouri,
pp. 491–501.

Received for publication 22 April 2004.

SHORT COMMUNICATIONS 671

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use


