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ABSTRACT: Canine distemper virus (CDV), ca-
nine parvovirus type 2 (CPV-2), and canine ad-
enovirus type 1 (CAV-1) are pathogens that are
typically associated with canids but may cause
serious disease in a wide range of other carni-
vores. From 1998 to 2002, serum samples from
64 wolverines (Gulo gulo) from the Brooks
Range, Alaska, were tested for antibodies to
CDV, CPV-2, and canine adenovirus (CAV).
Four animals tested positive for antibodies to
CDV (7%), one for antibodies to CPV-2 (2%),
and none for antibodies to CAV. These are sim-
ilar to antibody prevalence estimates for other
large and medium carnivores in North Ameri-
ca.

Key words: Canine adenovirus, canine dis-
temper virus, canine parvovirus, Gulo gulo, se-
rology, wolverine.

Canine distemper virus (CDV), canine
parvovirus type 2 (CPV-2), and canine ad-
enovirus type 1 (CAV-1) are common path-
ogens of canids (Appel, 1987). Both CDV
and CPV-2, however, have been detected
in a wide range of noncanid carnivores, of-
ten causing serious disease with high mor-
tality rates (Deem et al., 2000; Steinel et
al., 2001). A CDV epidemic caused a se-
rious decline in lion (Panthera leo) abun-
dance in the Serengeti National Park, Tan-
zania (Roelke-Parker et al., 1996), and
mortality associated with CDV infection in
black-footed ferrets (Mustela nigripes) ap-
proached 100% (Williams et al., 1988).
Antibodies to CPV-2 has been reported
from a variety of non-canid species, in-
cluding the spotted hyena (Crocuta cro-
cuta) (Harrison et al., 2004), the giant pan-
da (Ailuropoda melanolueca) (Mainka et
al., 1994), and the brown bear (Ursus arc-
tos) (Madic et al., 1993; Marsilio et al.,
1997). The potential importance of CAV-
1, the causative agent of infectious canine
hepatitis, in noncanid carnivores is un-
known, but antibodies to this virus have

been detected in American black bear (Ur-
sus americanus), striped skunk (Mephitis
mephitis), and raccoon (Procyon lotor)
(Grate et al., 1987).

The wolverine (Gulo gulo) is a medium
mustelid that has recently received atten-
tion because of declining populations in
both Europe and western North America
(Banci, 1994; Landa et al., 1999; Kyle and
Stobeck, 2001). The potential importance
of disease in regulating wolverine popula-
tions is poorly understood, and the occur-
rence of CDV, CPV-2, and CAV-1 in wol-
verine populations has not been docu-
mented (Murray et al., 1999). Wolverines
typically scavenge carcasses of large un-
gulates (Magoun, 1987) and potentially
share carcasses with other carnivore spe-
cies, such as red foxes (Vulpes vulpes) and
gray wolves (Canis lupus). Carcasses could
therefore act as transmission sites between
wild canids and wolverines. In Alaska,
CDV, CPV-2, and CAV-1 are known to oc-
cur in gray wolf populations (Zarnke et al.,
2004). To investigate if wolverines are also
infected or exposed to these viruses, we
conducted a serologic survey for antibod-
ies to CDV, CPV-2, and canine adenovirus
(CAV) among wild wolverines from the
Noatak and Kobuk river drainages in the
western Brooks Range, Alaska. Apart from
a recently published survey of Canadian
carnivores (Philippa et al., 2004), this is, to
our knowledge, the first serologic survey
for these viral agents in this species.

Samples were collected from two sourc-
es. As part of a radiotelemetry research
program, wolverines were captured either
by darting them from a helicopter or by
trapping them in steel-barrel traps. We
anesthetized 23 animals from 1998 to 2002
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(Golden et al., 2002), and blood was col-
lected from the cephalic vein. Serum sam-
ples were stored at 2208 C until analysis.
We also purchased carcasses of harvested
wolverines from hunters. During 2001 and
2002, we collected blood from 41 carcass-
es on Nobuto blood filter strips (Toyo Ro-
shi Kaisha Ltd., Tokyo, Japan). Filters
were air-dried and were eluted in 500 ml
of phosphate-buffered saline (pH57.4) at
room temperature for 1 hr. Eluted samples
were stored at 2808 C until analysis. All
surveyed animals were from the Noatak or
Kobuk river drainages, in the western
Brooks Range (688359N–658159N; 1628559W–
1598159W). We estimated the age of 34 of
the harvested animals by using cementum
annuli counts from canine teeth (Matson’s
Laboratory, LLC, PO Box 308, Milltown,
Montana, USA), as previously described
(Matson, 1981).

All serologic tests were conducted at the
Washington Animal Disease Diagnostic
Laboratory (WADDL, Washington State
University, Pullman, Washington, USA).
Serum samples were tested for antibodies
to CDV using virus neutralization; eluted
samples from Nobutu strips were tested by
an immunofluorescent assay (Guo et al.,
1986). Serum and eluted samples were
tested for antibodies to CPV-2 using an
immunofluorescent assay (Evermann et
al., 1980; Helfer-Baker et al., 1980). Sera
were tested for antibodies to CAV by virus
neutralization (Foreyt et al., 1986). This
test does not distinguish between CAV
type 1 and type 2. Positive threshold an-
tibody titers were 50, 25, and 4 for serum
tested for CDV, CPV-2, and CAV, respec-
tively. For eluted samples, a 1:1 dilution
for CDV and CPV-2 and a 1:2 dilution for
CAV were considered positive.

Our sample was biased toward young
animals, with 73% of surveyed wolverines
estimated at ,2 yr of age; 58% of the sam-
ples were from males and 42% from fe-
males. Four animals tested positive for an-
tibodies to CDV (7%); positive antibody
titers ranged from 48 to 768 for eluted
samples and 16 for serum. One animal

tested seropositive for CPV-2 (2%) with an
antibody titer of 94. Antibodies to CAV
were not detected. Because 27 samples
were cytotoxic for the CAV neutralization
test, these negative results are based on a
sample size of 37 (23 serum samples and
14 Nobutu strip samples). Two of the
CDV-seropositive animals were males and
two were females; the two males were
aged at 2 and 3 yr, one female was aged
at 1 yr, and the age of the other female
was unknown. The CPV-2-positive animal
was a yearling male. None of the seropos-
itive animals were caught or harvested in
immediate proximity to any of the local vil-
lages.

To our knowledge, this survey provides
the first reported evidence for occurrence
of CDV and CPV-2 in wild wolverines.
The prevalence of antibodies to CDV in
this population was lower or similar to
what has been found in grizzly bears (14%)
and gray wolves (2–8%) in similar environ-
ments (Deem et al., 2000). It is also similar
to CDV antibody prevalence reported for
a population of North American river ot-
ters (Lontra canadensis) (4.7%) from east-
ern New York (Kimber et al., 2000).

The failure to find any animals seropos-
itive for CAV, as well as our low seroprev-
alence of CPV-2, agrees with a serologic
survey of Alaska grizzly bears (Chomel et
al., 1998). In that study, bears from south-
ern Alaska had substantially higher sero-
prevalence of CAV-1 than bears from in-
terior Alaska where our wolverine samples
were sampled. Antibodies to both CPV-2
and CAV-1 are common in populations of
Alaska wolves (Zarnke et al., 2004). Anti-
bodies to CPV-2 have been reported from
31% of European brown bears (Madic et
al., 1993) and 16% of American black
bears (Dunbar et al., 1998), indicating the
ability of the virus to infect noncanid spe-
cies.

These serologic results may underesti-
mate the actual rate of infection in the
wolverine population. For example, a high
mortality rate associated with these viruses
in this species would leave few seropositive
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animals in the population. Antibody prev-
alence may also be underestimated by low
test sensitivity or through loss of antibody
titers over time. Although the technique of
using filter strips to collect blood for se-
rologic analysis routinely has been used to
detect antibodies to several pathogens in a
wide range of species (Ahlm et al., 1997;
Mueller-Anneling et al., 2000), we did not
validate the technique specifically for the
serologic techniques applied to wolverines
in this study.

Our results suggest that both CDV and
CPV-2 were present in this wolverine pop-
ulation and antibody prevalence to CDV
and CPV-2 appeared similar or somewhat
lower than reported in other medium and
large carnivores in North America. We
suggest that future efforts should be made
to investigate potential pathologic effects
of CDV and CPV-2 in wolverines to better
understand serologic results and to deter-
mine whether these viruses can potentially
limit or regulate these populations.

We are grateful to local hunters in the
Kotzebue area for providing harvested
wolverines. Dan Stevenson and Alfred
Weyiouanna provided valuable field assis-
tance. Financial support was received from
the Royal Swedish Academy of Sciences,
the Silen Foundation, and the US National
Park Service.
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WADELL, A. TÄRNVIK, P. JUTO, AND T. PALO

1997. High seroprevalence of hantavirus anti-
bodies in bank-voles (Clethrionomys glarioulus)
captured in vicinity of households afflicted with
nephropatia epidemica. American Journal of
Tropical Medicine and Hygiene 56: 674–678.

APPEL, M. J. (ed.). 1987. Virus infections of carni-
vores. Elsevier Science Publishers, New York,
New York, 500 pp.

BANCI, V. A. 1994. Wolverine. In The scientific basis
for conserving forest carnivores, American mar-
ten, Fisher, Lynx and Wolverine, L. F. Ruggiero,
K. B. Aubry, S. B. Buskirk, L. J. Lyon, and W. J.
Zielinski (eds.). US Department of Agriculture,
Forest Service, Rocky Mountain Range Experi-
mental Station, General Technical Report, RM-
254, Fort Collins, Colorado, pp. 99–127.

CHOMEL, B. B., R. W. KASTEN, G. CHAPPUIS, M.

SOULIER, AND Y. KIKUCHI. 1998. Serologic sur-
vey of selected canine viral pathogens and zoo-
noses in grizzly bears (Ursus arctos horribilis)
and black bears (Ursus americanus) from Alaska.
Revieu Scientifique et Technique de’l Office In-
ternational des Epizooties 17: 756–766.

DEEM, L. S., L. H. SPELMAN, R. A. YATES, AND M.
R. MONTALI. 2000. Canine distemper in terres-
trial carnivores: A review. Journal of Zoo and
Wildlife Medicine 31: 441–451.

DUNBAR, M. R., M. W. CUNNINGHAM, AND J. C.
ROOF. 1998. Seroprevalence of selected disease
agents from free-ranging black bears in Florida.
Journal of Wildlife Diseases 34: 612–619.

EVERMANN, J. F., W. J. FOREYT, L. MAAG-MILLER,
C. W. LEATHERS, A. J. MCKEIRNAN, AND B. LEA-
MASTER. 1980. Acute hemorrhagic enteritis as-
sociated with canine coronavirus and parvovirus
infections in a captive coyote population. Journal
of the American Veterinary Medical Association
177: 784–786.

FOREYT, W. J., J. F. EVERMANN, AND J. HICKMAN.
1986. Serologic survey for adenovirus infection
in wild bears in Washington. Journal of Wildlife
Management 50: 273–274.

GOLDEN, H., B. SHULTS, AND K. KUNKEL. 2002. Im-
mobilization of wolverines with Telazol from a
helicopter. Wildlife Society Bulletin 30: 492–497.

GRATE, S. J., C. R. BARTZ, AND R. J. MONTALI. 1987.
Canine adenovirus type 1. In Virus infections of
carnivores, M. J. Appel (ed.). Elsevier Science
Publishers, New York, New York, pp. 407–416.

GUO, W., J. F. EVERMANN, W. J. FOREYT, F. F.
KNOWLTON, AND M. S. WINDBERG. 1986. Ca-
nine distemper virus in coyotes: A serologic sur-
vey. Journal of the American Veterinary Medical
Association 189: 1099–1100.

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

HORN, AND L. MUNSON. 2004. Antibodies to ca-
nine and feline viruses in spotted hyenas (Cro-
cuta crocuta) in the Masai Mara National Re-
serve. Journal of Wildlife Diseases 40: 1–10.

HELFER-BAKER, C., J. F. EVERMANN, A. J. MC-
KEIRNAN, W. B. MORRISON, R. L. SLACK, AND

C. W. MILLER. 1980. Serological studies on the
incidence of canine enteritis viruses. Canine
Practice 7: 37–42.

KIMBER, K. R., G. V. KOLLIAS, AND D. J. DUBOVI.
2000. Serologic survey of selected viral agents in
recently captured wild North American river ot-
ters (Lontra canadensis). Journal of Zoo and
Wildlife Medicine 31: 168–175.

KYLE, C. J., AND C. STOBECK. 2001. Genetic struc-
ture of North American wolverine (Gulo gulo)
populations. Molecular Ecology 10: 337–347.

LANDA, A., M. LINDEN, AND I. KOJOLA. 1999. Ac-
tion plan for wolverines in Europe. Council of
Europe, Strasbourg, Switzerland, 45 pp.

MADIC, J., D. HUBER, AND B. LUGOVIC. 1993. Se-

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 02 Sep 2024
Terms of Use: https://bioone.org/terms-of-use



SHORT COMMUNICATION 795

rologic survey for selected viral and rickettsial
agents of brown bears (Ursus arctos) in Croatia.
Journal of Wildlife Diseases 29: 572–576.

MAGOUN, A. J. 1987. Summer and winter diets of
wolverines, Gulo gulo, in arctic Alaska. Canadian
Field-Naturalist 101: 392–397.

MAINKA, S. A., X. M. QUI, T. M. HE, AND M. J.
APPEL. 1994. Serologic survey of giant pandas
(Ailuropoda Melanoleuca), and domestic dogs
and cats in the Wrolong Reserve, China. Journal
of Wildlife Diseases 30: 86–89.

MARSILIO, F., P. G. TISCAR, L. GENTILE, H. U. ROTH,
G. BOSCALI, M. TEMPESTA, AND A. GATTI. 1997.
Serologic survey for selected viral agents in
brown bears from Italy. Journal of Wildlife Dis-
eases 33: 304–307.

MATSON, G. M. 1981. A workbook for cementum
analysis. Matson’s Laboratory, Milltown, Mon-
tana, 30 pp.

MUELLER-ANNELING, L., M. J. GILCHRIST, AND P. S.
THORNE. 2000. Ehrlichia chaffeensis antibodies
in white tailed dear, Iowa, 1994 and 1996.
Emerging Infectious Diseases 6: 397–400.

MURRAY, D. L., C. A. KAPKE, J. F. EVEREMANN, AND

T. F. FULLER. 1999. Infectious disease and the
conservation of free ranging large carnivores. An-
imal Conservation 2: 241–254.

PHILLIPPA, J. D. W., F. A. LEIGHTON, P.Y. DAOUST,
O. NIELSON, M. PAGLIARULO, H. SCHWANTJE, T.
SHURY, R. VAN HERWIJEN, B. E. E. MARTINA, I.
KUIKEN, M. W. G. VAN DER BILDT, AND A. D.

M. E. OSTERHAUS. 2004. Antibodies to selected
pathogens in free-ranging terrestrial carnivores
and marine mammals in Canada. Veterinary Re-
cord 155: 135–140.

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

STEINEL, A., C. R. PARRISH, M. E. BLOOM, AND U.
TRUYEN. 2001. Parvovirus infections in wild car-
nivores. Journal of Wildlife Diseases 37: 594–
607.

STEPHENSON, R. O., D. G. RITTER, AND C. A. NIEL-
SEN. 1982. Serologic survey for canine distem-
per and infectious canine hepatitis in wolves in
Alaska. Journal of Wildlife Diseases 18: 419–424.

WILLIAMS, E. S., E. T. THORNE, M. G. J. APPEL, AND

D. W. BELISKY. 1988. Canine distemper in
black-footed ferrets (Mustela nigripes) from Wy-
oming. Journal of Wildlife Diseases 24: 385–398.

ZARNKE, R. L., J. M. V. HOEF, AND R. A. DELONG.
2004. Serologic survey for selected disease
agents in wolves (Canis lupus) from Alaska and
the Yukon Territory, 1984–2000. Journal of Wild-
life Diseases 40: 362–638.

Received for publication 20 July 2004.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 02 Sep 2024
Terms of Use: https://bioone.org/terms-of-use


