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ABSTRACT: Five species of Bolivian carnivores,
including nine Geoffroy’s cats (Oncifelis geof-
froyi), ten ocelots (Leopardus pardalis), one
jaguarundi (Herpailurus yaguarondi), nine
pampas foxes (Pseudalopex gymnocercus), and
five crab-eating foxes (Cerdocyon thous) were
sampled between March 2001 and April 2005
and tested for antibodies to common pathogens
of domestic carnivores. Carnivores were
trapped in three areas: a village, the region
between human settlements and a protected
area, and within Kaa-Iya National Park, Bolivia.
Antibodies to canine distemper virus were
detected in ocelots and pampas foxes. Anti-
bodies to canine parvovirus were detected in
pampas foxes and crab-eating foxes. Geoffroy’s
cats and all of the ocelots tested positive for
antibodies to feline calicivirus (FCV), while
fewer than half of Geoffroy’s cats and no ocelots
had antibodies to feline panleukopenia (FPV).
These results confirm that these species of
Bolivian carnivores are not na1̈ve to common
pathogens of domestic carnivores, and seropos-
itive animals were found in villages as well as in
the national park.

Key words: Bolivia, calicivirus, canine
distemper virus, carnivores, Chaco, conserva-
tion, parvovirus, serology.

Baseline information on potential path-
ogen exposure is critical for monitoring
the population health of threatened wild-
life species (Munson and Karesh, 2002).
Nonnative species, including domestic
animals, are frequently implicated as
reservoirs of diseases that may cause
significant population declines of wildlife
(Alexander et al., 1993; Laurenson et al.,
1998; Cleaveland et al., 2000). Carnivores
are at special risk from disease because of
their close phylogenetic relationship with
domestic dogs and cats (Cleaveland et al.,
2001). Antibody prevalences to common
carnivore pathogens are high in Bolivian

dogs and cats (Fiorello et al., 2004, 2006),
indicating that wild carnivores in contact
with domestic carnivores may be exposed
to numerous pathogens.

Bolivia’s Kaa-Iya del Gran Chaco Na-
tional Park, a large protected area of
tropical dry forest, has a high diversity of
carnivores, including Geoffroy’s cats (On-
cifelis geoffroyi), pumas (Puma concolor),
ocelots (Leopardus pardalis), jaguarundis
(Herpailurus yaguarondi), jaguars (Pan-
thera onca), pampas foxes (Pseudalopex
gymnocercus), and crab-eating foxes (Cer-
docyon thous) (Taber et al., 1997; Maffei
et al., 2004). The western border of the
park is contiguous with the Isoseño-
Guaranı́ indigenous territory (Tierra de
Comunitaria Origen, or TCO). Human
activities, especially hunting, are relatively
intense in the area of the TCO between
the park and the villages (here termed the
buffer zone) (Noss, 1999; Noss et al.,
2003).

There is evidence that wild and domes-
tic carnivores overlap in space in the
communities and buffer zone. Hunting in
the Isoso almost always involves dogs, and
hunters report frequent encounters with
foxes on hunting trips (Fiorello et al.,
2006). Hunters and their dogs kill wild
cats when encountered during hunting,
and both local residents and researchers
have observed foxes and wild felids enter
communities to take chickens and goats
(Noss, 1999; Cuéllar, 2000; Noss et al.,
2003). Domestic cats are uncommon as
pets; however, when they are kept, they
live exclusively outdoors (Fiorello, un-
publ.). Both wild carnivores and Isoseño
hunters preferentially use trails and roads
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when traveling through the forest, thereby
increasing the likelihood of direct and
indirect contact (Maffei et al., 2002, 2003).

The objective of this survey was to
determine if small carnivores in the
Bolivian Chaco are exposed to common
domestic carnivore pathogens. Wild carni-
vores were captured between March 2001
and April 2005 using box traps and were
serologically tested for antibodies to these
pathogens. Baited traps were placed along
dirt roads and trails at five locations:

within the community of Iyobi (IYB); in
the buffer zone (BZ) at three research
camps; and within the park (Fig. 1). Iyobi
has a human population of several hun-
dred and an economy based on subsis-
tence hunting and agriculture. Two of the
research camps were located west of the
park, and the third was on the southwest
border of the park. Tucavaca is well within
the park and at least 30 km from the
nearest cattle ranch. The prohibition of
hunting at Tucavaca appears well-en-

FIGURE 1. Location of Isoseño communities in relation to Kaa-Iya del Gran Chaco National Park, the
Parapetı́ River, and the Isoso indigenous territory. Tucavaca is the park site, Iyobi is the village, and Cerro
Cortado, Cerro Colorado, and Guanacos represent buffer zone sites. Inset shows position of detailed area in
Bolivia. TCO5Tierra de Comunitarı́a Origen (indigenous territory).
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forced at this time, although hunting did
occur there throughout the 1980s.

Isoseño parabiologists and hunters as-
sisted in choosing sites for the traps to
maximize captures. Trapped carnivores
were immobilized with either a combina-
tion of medetomidine and ketamine (oce-
lots and Geoffroy’s cats), or a premixed
combination of tiletamine and zolazepam
(TelazolH, Fort Dodge Animal Health,
Fort Dodge, Iowa; canids and jaguarundi).
Details of trapping, immobilization, and
sampling can be found elsewhere (Fior-
ello, 2004). Blood in serum separator
tubes was centrifuged within 2–4 hr of
collection. Serum was removed, placed
into cryotubes, and stored in liquid
nitrogen until transport to the USA.
Cryotubes were packed in ice for transport
and then stored at 280 C until analysis.

Serologic test methods used by com-
mercial laboratories are listed in Table 1.
None of the tests used has been validated
for nondomestic carnivores. All species
were tested for canine distemper virus
(CDV), and Leptospirosis interrogans
(serovars pomona, icterohaemorrhagiae,
hardjo, grippotyphosa, and canicola). Ca-
nids were additionally tested for canine

adenovirus (CAV), canine coronavirus
(CCV), canine herpesvirus (CHV), canine
parvovirus (CPV), and Brucella canis.
Felids were additionally tested for feline
calicivirus (FCV), feline coronavirus
(FCoV), feline herpesvirus (FHV), feline
immunodeficiency virus (FIV), feline leu-
kemia virus (FeLV), and feline panleuko-
penia virus (FPV). Due to limited serum
quantities, not all tests were performed on
all individuals.

Carnivores were captured at all loca-
tions, but species were not randomly
distributed across sites. Geoffroy’s cats
and pampas foxes were captured in the
village and the BZ; ocelots and crab-eating
foxes were captured in the BZ and the
park; and the jaguarundi was captured in
the BZ. Thirty-four individuals of five
species (ocelots n510, Geoffroy’s cats
n59, pampas foxes n59, crab-eating foxes
n55, and jaguarundi n51) were sampled.

None of the canids had detectable
antibodies to CCV (n514), CHV (n514),
or B. canis (n53). None of the felids
sampled had detectable antigen from
FeLV (n520), or antibodies to FIV
(n520), FCoV (n520), or L. interrogans
(n518). Results for assays that included at

TABLE 1. Methodologies and positive cutoff values used by commercial laboratories to detect disease
exposure or infection. All tests were performed on serum at the Cornell Veterinary Diagnostic Laboratory,
Ithaca, New York, USA.

Pathogen Methodologya Positive cutoff

Canine adenovirus antibody SN 1:4
Canine coronavirus antibody SN 1:8
Canine distemper virus antibody SN 1:8
Canine herpesvirus antibody SN 1:8
Canine parvovirus antibody HAI 1:10
Feline calicivirus antibody SN 1:8
Feline coronavirus antibody KELA 1:8
Feline herpesvirus antibody SN 1:8
Feline immunodeficiency virus antibody ELISA P/N
FIV confirmatory Western blot P/N
Feline leukemia virus antigen ELISA P/N
Feline panleukopenia virus antibody HAI 1:10
Leptospira interrogans antibody MA 1:100
Brucella canis slide agglutination/AGID P/N

a SN 5 serum neutralization, HAI 5 hemagglutination-inhibition, KELA 5 kinetic enzyme-linked immunosorbent assay,
ELISA 5 enzyme-linked immunosorbent assay, MA 5 micro-agglutination, AGID 5 agar gel immunodiffusion, P/N 5

test scored as positive or negative.
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least one positive individual are shown in
Table 2.

Among the Geoffroy’s cats captured in
the village, most were positive for FCV (4/
4) and FPV (3/4) antibodies (Table 2). In
contrast, only one of five Geoffroy’s cats
captured in the BZ had antibodies to any
disease agent. None of the Geoffroy’s cats
had antibodies to CDV. Most ocelots were
positive for FCV (9/10) and CDV (7/10)
antibodies, but none had antibodies to
FPV or FHV. Exposure to feline herpes-
virus was found in one Geoffroy’s cat.
Interestingly, antibodies to FHV were not
found in any domestic cats in Bolivia
(Fiorello, unpubl.; Fiorello et al., 2004).

Antibodies to CPV were common in
both canid species, but only pampas foxes
had detectable CDV antibodies (Table 2).
Antibodies to L. interrogans, serovar
grippotyphosa were found in one pampas
fox captured in the BZ. The only CAV-
positive animal was a crab-eating fox
captured in the park.

Feline panleukopenia virus infection
appears to be endemic in the Bolivian
domestic cat population. All six domestic
cats sampled from the Isoso villages
had positive titers to FPV (Fiorello,
unpubl.); similarly, all 14 domestic cats
sampled in northwestern Bolivia were
positive (Fiorello et al., 2004). Although
no ocelots in this study had positive FPV
titers, there is no doubt that ocelots will
mount measurable titers to FPV; in fact,
two ocelots from the Santa Cruz Zoolog-
ical Park were sampled in 2002 and both

had high positive titers to FPV (Fiorello,
unpubl.).

Ocelots from both the BZ and park,
where domestic cats are absent, were
positive for FCV. This suggests that FCV
is endemic in the ocelot population and
infection is not acquired via contact with
domestic cats. Like FPV, antibodies to
FCV were found in all six domestic cats
sampled in the Chaco (Fiorello, unpubl.)
and 13 of 14 cats sampled in northwestern
Bolivia (Fiorello et al., 2004).

The jaguarundi was negative on all tests.
This may indicate either a true lack of
exposure to disease agents or a failure of
the assays to detect jaguarundi antibodies.
Although some serosurveys have included
captive jaguarundis (Carpenter and
O’Brien, 1995; Filoni et al., 2003), very
little information on serology of this
species is available.

Exposure to canine pathogens was
common; this is consistent with results
reported from similar studies of wild
canids in North America and Africa
(Garcelon et al., 1992; Holzman et al.,
1992; Standley and McCue, 1997; Laur-
enson et al., 1998). Our findings contrast
with results reported for crab-eating foxes
in the Brazilian Amazon, where none of 37
foxes had CDV or CPV antibodies (Cour-
tenay et al., 2001). A recent survey of free-
ranging maned wolves captured in Bolivia
found evidence of exposure to CDV, CAV,
CPV, CCV, and Leptospira interrogans
(Deem and Emmons, 2005).

Two surveys of domestic dogs in Bolivia

TABLE 2. Number of seropositive animals over number tested for each serologic test for all carnivore species
captured in the Bolivian Chaco during the study.

Species n

Agenta

CAV CDV CPV FCV FHV FPV Lepto

Ocelot 10 n/a 7/10 n/a 10/10 0/10 0/10 0/8
Geoffroy’s cat 9 n/a 0/9 n/a 4/9 1/9 4/9 0/9
Jaguarundi 1 n/a 0/1 n/a 0/1 0/1 0/1 0/1
Crab-eating fox 5 1/5 0/5 4/5 n/a n/a n/a 0/5
Pampas fox 9 0/9 4/9 5/9 n/a n/a n/a 1/9

a CAV 5 canine adenovirus, CDV 5 canine distemper virus, CPV 5 canine parvovirus, FCV 5 feline calicivirus, FHV 5

feline herpesvirus, FPV 5 feline panleukopenia virus, Lepto 5 Leptospira interrogans.
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found that over 90% had antibodies to
both CDV and CPV (Fiorello et al., 2004,
2006), and contact between wild carni-
vores and domestic hunting dogs is
common (Fiorello et al., 2006). Based on
the present study, we cannot determine if
CDV and CPV are endemic in the wild
carnivore populations or spilling over from
the domestic dog population. The assay
used in this study was not validated for
crab-eating foxes, but it seems unlikely
that the assay would recognize antibodies
in pampas foxes but not in the closely
related crab-eating foxes. Crab-eating
foxes may be less susceptible to infection
with CDV, or highly susceptible to fatal
disease and unlikely to survive and pro-
duce antibodies. In the southeastern
United States, sympatric gray and red
foxes have very different susceptibilities to
CDV; gray foxes are highly susceptible,
whereas red foxes are not (Davidson and
Nettles, 1997).

The significance of CDV-seropositive
ocelots is unknown. Small cats, unlike
jaguars and other large cats, are not
thought to be susceptible to disease
caused by CDV, although some species
may seroconvert when infected (Ikeda et
al., 2001). Seroconversion of Geoffroy’s
cats and jaguarundis has not been re-
ported. In the Chaco, the presence of
CDV antibodies in felids may serve as
a marker of contact with canids, either
domestic or wild. If this is so, it provides
an alternate explanation for the lack of
CDV-positive Geoffroy’s cats. Geoffroy’s
cats discovered in the villages are killed by
Isoseño hunting dogs; therefore, these
small felids are unlikely to survive an
encounter with a dog. They are also likely
to avoid interactions with sympatric ca-
nids, as their small size (2.5–3.5 kg) makes
them vulnerable to predation or interfer-
ence competition.

We found no evidence of exposure to
CCV, CHV, and B. canis among the wild
canids. North American surveys of coyotes
(Holzman et al., 1992), and kit foxes
(Standley and McCue, 1997) also failed

to find evidence of CCV (coyotes) and B.
canis (kit foxes and coyotes). Antibodies to
CCV and CHV were found in one study of
the island fox in California, but the
prevalence of both pathogens was low
(Garcelon et al., 1992). Only one animal in
our study, a crab-eating fox, had anti-
bodies against CAV. The prevalence of
antibodies to this virus was moderate to
high in coyotes (41%), kit foxes (27%), and
island foxes (59%) in the studies cited
above.

A single pampas fox had detectable
antibodies to Leptospira interrogans. Lep-
tospirosis is increasing in both dogs (Ward
et al., 2002) and humans (Ochoa et al.,
2000), and antibodies to Leptospira spp.
have been reported for deer, domestic
cattle, and domestic dogs in Bolivia
(Deem et al., 2004; Fiorello et al., 2004,
2006). Leptospira interrogans serovar
grippotyphosa is relatively common in
domestic dogs in the United States, where
it is maintained in a variety of subclinically
infected wildlife hosts (Langston and
Heuter, 2003).

Additional studies are required to de-
termine the impact of disease on wild
carnivore populations in the Chaco, as
well as the role of domestic carnivores in
the ecology of these pathogens. In the
absence of more definitive data, however,
it is prudent to consider management
strategies that will minimize the risk to
wildlife in the park and the BZ. Vaccina-
tion of domestic carnivores against com-
mon disease agents such as CDV and FPV
is a safe and effective method of protect-
ing dogs and cats from serious disease.
Although CPV and other viruses may
already be endemic in wild carnivore
populations, the large domestic carnivore
population may facilitate the evolution and
spread of different and more virulent
strains of these agents. Limiting incursion
of dogs into the park and BZ, and
vaccinating dogs that regularly enter the
BZ, may serve to protect wild carnivores
from some pathogens.

Our results document the presence of
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antibodies to common canine and feline
pathogens in wild carnivores living in
disturbed and pristine portions of the
Bolivian Chaco. The use of serology limits
us to discussing exposure, and not disease,
but it appears that carnivore populations
in the Chaco are not na1̈ve to numerous
pathogens of conservation concern.
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