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part of a larger study (USDA-National
Wildlife Research Center’s IACUC QA1972) in the DMA (Fig. 1). We captured
and handled coyotes only once. We used
locational data collected from animals (via
radio-tracking and global positioning system [GPS] collars) to classify each individual as exurban or urban and, through
tracking, were able to demonstrate that
none ventured far from human settlement—making them distinct from rural
coyotes (S.B. unpubl. data). These classifications were developed by collapsing
definitions of housing density (Theobald
2005; Poessel et al. 2013) for rural and
exurban into ‘‘exurban’’ and suburban and
urban into ‘‘urban.’’ Labeling a coyote this
way is difficult because of 1) large
movements, especially by dispersing juveniles and 2) the ability of individuals to use
varying degrees of housing density during
a single night. We were not able to attain
location data on three individuals, which
are classified as unknown (Table 1).
At Colorado State University’s Veterinary Diagnostic Laboratory, the following
assays were performed: hemagglutination
inhibition (HI) for antibodies to canine
parvovirus-2 (Carmichael et al. 1980;
positive titer $1:8); serum neutralization
for detection of canine distemper virus
(adapted from Carbrey et al. 1971; positive
titer $1:2); microscopic agglutination test
(MAT) for antibodies against Leptospira
serotypes (Anderson 2009; positive titer
$1:100); and enzyme-linked immunosorbent assay (ELISA) for immunoglobulin G
(IgG) and immunoglobulin M (IgM) antibodies against Toxoplasma gondii (adapted
from Lappin et al. 1989; positive titer
$serum dilution of 1:64). At Kansas State
University, Manhattan, Kansas, USA, a

As coyotes (Canis latrans) adapt to
living in urban environments, the opportunity
for cross-species transmission of pathogens may
increase. We investigated the prevalence of
antibodies to pathogens that are either zoonotic
or affect multiple animal species in urban
coyotes in the Denver metropolitan area,
Colorado, USA, in 2012. We assayed for
antibodies to canine parvovirus-2, canine distemper virus, rabies virus, Toxoplasma gondii,
Yersinia pestis, and serotypes of Leptospira
interrogans. Overall, 84% of the animals had
antibodies to canine parvovirus-2, 44% for
canine distemper virus, 20% for T. gondii
(IgG), 28% for Y. pestis, and 4% for L.
interrogans serotype Grippotyphosa. No neutralizing antibodies were detected to rabies virus,
T. gondii (IgM), or L. interrogans serotypes
other than Grippotyphosa. With 88% of animals
exposed to at least one pathogen, our results
suggest that coyotes may serve as important
reservoirs and sentinels for etiologic agents.
Key words: Coyotes, distemper, Leptospira, parvovirus, rabies, Toxoplasma, urban,
Yersinia.

ABSTRACT:

Coyote (Canis latrans) populations and
ranges have greatly expanded and now
include nearly all major cities of the US
and Canada (Gehrt and Riley 2010). This
population increase creates potential for
interactions with humans and domestic
animals and for spread of disease. Existing
serologic studies investigate a variety of
pathogen exposures in coyotes within rural
settings; however, few assess urban populations. We measured the prevalence of
exposure to multiple pathogens that are
either zoonotic or cause disease in coyotes
in the Denver metropolitan area (DMA),
Colorado, USA.
We collected serum samples from 25
coyotes (16 males, nine females) that we
captured, radio-collared, and released
between April and November 2012 as
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FIGURE 1. Capture locations in relation to land-use categories for coyotes (Canis latrans) tested for
antibodies to several pathogens in the Denver metropolitan area, Colorado, USA.

rapid fluorescent focus inhibition test
(RFFIT) was used to detect antibodies to
rabies virus. A positive reportable range was
0.1 to 15.0 IU/mL. A passive hemagglutination/inhibition assay (PHA/HI) for antibodies to Yersinia pestis was performed at the
Centers for Disease Control and Prevention, Fort Collins, Colorado. A titer $1:16
was considered positive. Table 2 summarizes the antibody prevalence as a group.
An 84% antibody prevalence was determined for canine parvovirus-2 (CPV-2).
Titers ranged from 1:512 to $1:16,384. It
is believed that CPV-2 emerged from a
mutated strain of feline panleukopenia
virus in Europe and spread globally within
2 yr during the late 1970s, first reported in
the US in 1978 (Carmichael 2005). Prior
to the 1970s, no antibodies to CPV-2 were
detected in coyotes from Texas, Utah, or
Idaho. Shortly after the introduction of
CPV-2 to the US, $90% prevalence was

found in these states (Thomas et al. 1984).
With the development of an effective
vaccine, the incidence of disease has
dramatically decreased in the domestic
dog population (Carmichael 2005). However, high levels of exposure are still seen
in coyotes in rural areas of Colorado, with
70% antibody prevalence between 1985
and 1988, and 92% prevalence between
1997 and 2001 (Gese et al. 1991, 2004).
The virus is resistant to environmental
degradation and may remain infectious in
the environment for months to years
(Lamm and Rezabek 2008). If CPV-2 is
enzootic in coyote populations, they may
infect other susceptible species directly, or
indirectly by shedding virus and contaminating the environment.
Prevalence of antibody to canine distemper virus (CDV) was 44% (11/25;
seven males, four females). Titers ranged
from 1:2 to 1:2,048. Our results are
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TABLE 1. Individual coyotes (Canis latrans) tested, test results (titers), and urban/exurban status. Urban
status was determined based on location data collected from coyotes (see Methods for details), Denver
metropolitan area, Colorado, USA, 2012.

a

Coyote ID
and sexa

Parvovirus
HI titerb

CDV
SN titerc

Y. pestis
PHA/HId

T. gondii IgG
ELISA titere

L. interrogans
Grippotyphosa
MAT titerf

Urban status

13 M
14 F
24 M
12 F
23 M
27 F
08 F
11 M
07 M
01 M
10 F
06 M
19 M
21 M
04 M
16 M
02 F
03 F
15 M
26 M
07 M
05 F
17 M
18 F
20 M

$1:16,384
$1:16,384
$1:16,384
$1:16,384
$1:16,384
1:8,192
1:8,192
1:4,096
1:4,096
1:2,048
1:2,048
1:2,048
1:2,048
1:2,048
1:1,024
1:1,024
1:1,024
1:1,024
1:1,024
1:512
1:512
Neg
Neg
Neg
Neg

1:512
1:256
1:2
Neg
Neg
Neg
Neg
Neg
Neg
1:256
1:64
Neg
Neg
Neg
1:1,024
1:1,024
1:2
Neg
Neg
1:256
1:16
1:2,048
Neg
Neg
Neg

1:1,024
Neg
1:64
1:16
Neg
Neg
Neg
Neg
1:1,024
1:512
Neg
Neg
Neg
Neg
Neg
1:16
1:16
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

1:64
Neg
Neg
1:128
1:64
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
1:64
Neg
Neg
1:128
Neg
Neg
Neg
Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
1:200
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Unknown
Exurban
Exurban/urban
Unknown
Exurban/urban
Unknown
Urban
Exurban/urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Exurban
Urban
Urban
Urban
Exurban/Urban
Urban

ID 5 identification number; M 5 Male; F 5 female.

b

HI 5 hemagglutination inhibition; Neg 5 negative.

c

CDV 5 canine distemper virus; SN 5 serum neutralization; Neg 5 negative.

d

Y. pestis 5 Yersinia pestis; PHA/HI 5 passive hemagglutination/inhibition assay.

e

T. gondii 5 Toxoplasma gondii; IgG 5 immunoglobulin G; ELISA 5 enzyme-linked immunosorbent assay.

f

L. interrogans 5 Leptospira interrogans; MAT 5 microscopic agglutination test.

T ABLE 2. Prevalence of antibodies to specific
pathogens in coyotes (Canis latrans) in the Denver
metropolitan area, Colorado, USA, 2012.

Pathogen

Parvovirus-2
Canine distemper virus
Yersinia pestis
Toxoplasma gondii IgG
Leptospira interrogans
Grippotyphosa
With detectable antibody
to at least one
pathogen

Prevalence, %
(no. positive) n525

84
44
28
20

(21)
(11)
(7)
(5)

4 (1)

88 (22)

consistent with those of investigators in
southern Colorado who found 57% and
40% prevalences (Gese et al. 1991, 2004).
It has been proposed that, like CPV-2,
CDV is enzootic in coyotes. Many species
are susceptible to both CPV-2 and CDV.
In the multifaceted territorial overlap of
urban environments, outbreaks are most
likely multifactorial with complicated disease ecologies.
We measured a 20% (5/20; three males,
two females) prevalence of T. gondii IgG
antibody. No coyotes had detectable IgM.
Our results are lower when compared to
studies in other states: 28–62% in California,
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Indiana, Missouri, Kansas, Kentucky, Ohio,
and Texas (Lindsay et al. 1996; Dubey et al.
1999). Unlike previous studies, we used an
ELISA that allowed us to differentiate
between acute and historical exposure by
measuring IgG (historical) and IgM (acute).
No coyotes had detectable IgM, suggesting
that all exposure was historical.
Toxoplasma gondii is a public health
concern because humans can be aberrant
intermediate hosts. The most common
routes of human infection are through
consumption of contaminated foods or
undercooked meat, but infection can also
occur when exposed to environmental
oocysts. Toxoplasma gondii has a complex
life cycle involving cats as the definitive
host (Dubey 1998). The role of coyotes in
the zoonotic component of T. gondii is
probably small; canids do not support the
cycling of oocysts, and coyotes are not
consumed by humans. However, dogs
given sporulated oocysts orally can pass
oocysts in their feces, serving as mechanical vectors (Lindsay et al. 1997). Thus,
coyotes may ingest oocysts and spread
them to other areas.
Prevalence of antibody to Y. pestis was
28% (7/25; five males, two females). Titers
ranged from 1:16 to 1:1,024. These results
are within ranges previously reported. Gese
et al. (2004) reported a prevalence of 82%
in northern Colorado in 1997–2001. Salkeld and Stapp (2006) found an average of
15% prevalence across the western US in
1973–2004, while Brinkerhoff et al. (2009)
detected no antibodies in coyotes in
Boulder County, Colorado, in 2009.
Coyotes have been used as sentinel
species for Y. pestis because they are
resistant to disease yet seroconvert (Salkeld and Stapp 2006). While low antibody
prevalence is generally maintained in
coyote populations, an increase in prevalence may indicate an epizootic. Coyotes
become infected with Y. pestis by consuming diseased prey or from the bite of
an infected flea. The role of coyotes in the
direct transmission of Y. pestis is probably
small because they may not efficiently
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transmit the bacterium to the flea vector;
however, they may play a significant role
in distributing plague laden fleas to
different areas and therefor are important
to the disease ecology (Salkeld and Stapp
2006).
One female coyote (ID 02F; Table 1)
had a titer of 1:200 for L. interrogans
serovar Grippotyphosa using MAT. No
antibodies were detected to the other
serovars: Canicola, Hardjo, Icterhaeorrhagiae, Pomona, or Bratislava. Investigators
in states surrounding Colorado reported
a range in antibody prevalences to L.
interrogans of 0–27%, and our findings
are consistent with those from Nebraska,
Wyoming, and Arizona (Gese et al. 1997;
Grinder and Krausman 2001; Bischof and
Rogers 2005). Because L. interrogans may
infect a wide range of species by direct or
indirect means, multiple urban wildlife
species may play a role in disease ecology.
In Colorado, rabies virus is most
commonly diagnosed in skunks and bats,
but spillover can occur to other species.
Because the disease is highly fatal, it was
expected that none of the sampled coyotes
had rabies virus antibodies using the
RFFIT (Smith 1996).
Serologic surveys are useful for understanding the prevalence of pathogens in a
population and to guide further investigation. Our prevalences were similar to
those reported in the literature in rural
settings, even though the environmental
pressures between urban and rural settings are different. Urban environments
provide an interesting landscape in which
to study disease transmission because of
the interfaces among wildlife, humans,
and domestic animals. Concerns about
disease transmission will continue to
remain near the forefront as urban areas
continue to grow and wildlife adapt,
increasing the importance of understanding these interactions. With 84% of the
animals in our study having detectable
antibody to at least one pathogen, our
results reinforce the importance of better
understanding this ecologic niche.
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