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ABSTRACT: Canine influenza virus (CIV) subtypes
H3N8 and H3N2 are endemic among domestic
dog (Canis lupus familiaris) populations in the
northeastern US. Infection of free-ranging carni-
vores with influenza virus has been sporadically
reported. Generalist mesocarnivores that exploit
anthropogenic, peri-urban habitats share a wide
interface with domestic dogs that allows for the
transmission of infectious disease. To investigate
the potential exposure of free-ranging canids to
CIV in Pennsylvania, US, serum samples were
obtained from freshly killed coyotes (Canis
latrans, n¼67), grey foxes (Urocyon cinereoargen-
teus, n¼8), and red foxes (Vulpes vulpes, n¼5)
from 24 counties. Animals were harvested during
the January–February 2017 hunting season. We
failed to detect antibodies to CIV subtypes H3N2
and H3N8 by using hemagglutination inhibition
assays validated for domestic dogs. Results
suggest CIV was not endemic in free-ranging
canid populations in Pennsylvania or that preva-
lence was too low to be detected by our limited
sample size.

Key words: Canine influenza virus, Canis
latrans, coyote, fox, hemagglutination inhibition,
Urocyon cinereoargenteus, Vulpes vulpes.

Influenza A virus is a disease of global
concern known to infect domestic and free-
ranging birds and mammals across diverse
genera (Beeler 2009). A diversity of subtypes,
high mutation rates, and the potential for
reassortment in coinfected hosts makes this
virus particularly challenging to monitor,
prevent, and control when outbreaks occur
in domestic species. When novel subtypes are
transmissible between individuals, they can
become endemic in populations of even novel
host species (Reperant et al. 2009).

In 2004, equine influenza virus subtype
H3N8 was found to cause disease and be
transmissible between domestic dogs (Canis
lupus familiaris), and within several years, this

strain, known as canine influenza virus (CIV),
was endemic in domestic dog populations in
the northeast US (Harder and Vahlenkamp
2010; Rivailler et al. 2010). In 2016, an
epidemic of CIV subtype H3N2, previously
documented only in dogs in southeast Asia
(Song et al. 2008), occurred among domestic
dogs in the Chicago area (Newbury et al.
2016). Experimental and naturally occurring
influenza virus infection has been reported in
domestic dogs (Canis lupus familiaris), cats
(Felis silvestris catus), ferrets (Mustela putor-
ius furo), captive tigers (Panthera tigris), and
several free-ranging mustelids and viverrids
(Zitzow et al. 2002; Keawcharoen et al. 2004;
Thanawongnuwech et al. 2005; Roberton et al.
2006; Thiry et al. 2007). However, the
potential role of free-ranging canids in the
epidemiology of an influenza virus has not
been studied.

Across anthropogenic, peridomestic land-
scapes, generalist mesocarnivores, such as
coyotes and foxes, are exposed to free-ranging
wildlife and domestic animals (Kowalski et al.
2015). Sympatry of free-ranging and domestic
canids can potentiate the transmission of
infectious diseases between these populations
and in the northeast US has allowed for
hybridization between coyotes (Canis latrans)
and domestic dogs (Monzón et al. 2014).
Infectious diseases of domestic dogs, includ-
ing canine parvovirus, canine distemper virus,
and canine adenovirus, require direct or
indirect contact for transmission and are
endemic in some free-ranging coyote (Chit-
wood et al. 2015), grey fox (Urocyon ciner-
eoargenteus; Davidson et al. 1992), and red
fox (Vulpes vulpes; Little et al. 1998) popula-
tions. Since the emergence of CIV subtypes
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H3N8 and H3N2 in the domestic dog
population of the northeastern US, little is
known of its possible impact on free-ranging
populations of potential canid hosts. To
investigate potential exposure of free-ranging
canids to CIV subtypes H3N8 and H3N2, we
tested coyotes, grey foxes, and red foxes for
antibodies to these CIV subtypes.

Blood samples were obtained from the
cardiac ventricles of freshly killed animals
harvested by recreational hunters during the
coyote- and fox-hunting season (January
through February) from 24 counties in
Pennsylvania, US. Only fresh cadavers with
minimal gross evidence of autolysis were
sampled. The sex and age class (juvenile,
subadult, or adult) were recorded for each
individual. Age class was estimated on the
basis of body size and gross evaluation of tooth
wear (Landon et al. 1998). Serum was
collected following centrifugation and stored
at 4 C for several days prior to freezing at�80
C until analysis. All federal, state, and local
permits were secured prior to field work, and
the project was approved by the Pennsylvania
Game Commission (Special Use Permit
39894).

For each sample, serum was incubated with
receptor-destroying enzyme (Denka Seiken
Co., Tokyo, Japan) in a 1:3 (v/v) ratio for 16 h
at 37 C prior to heat inactivation for 60 min at
56 C, and hemagglutination inhibition (HI)
assays were performed (Crawford et al. 2005;
Anderson et al. 2013). Briefly, at room
temperature, four hemagglutinating units of
CIV virus subtypes H3N8 and H3N2 (A/
canine/FL/43/2004 and A/canine/IL/11613/
2015, respectively) were added to an equal

volume of serially diluted serum in 96-well
plastic plates and incubated for 30 min prior
to the addition of an equal volume of 0.5% (v/
v) of turkey erythrocytes and incubation for an
additional 30 min. The end point antibody
titer was defined as the reciprocal of the
highest dilution of serum that completely
inhibited hemagglutination. A negative con-
trol included sera from specific-pathogen-free
dogs from a research facility, and a positive
control included sera from dogs with con-
firmed H3N8 and H3N2 CIV infections.

Eighty serum samples were obtained from
67 coyotes, five red foxes, and eight grey foxes
harvested across 24 counties in Pennsylvania
(Table 1). One sample was collected from
each animal. We failed to detect circulating
specific antibodies to CIV subtypes H3N8 and
H3N2 (titers ,8) in any sample by HI assay.
Positive and negative control sera performed
as expected. On the basis of the results of our
sample, the mean true prevalence of CIV
infection among coyotes was estimated to be
,0.01% (SD60.041, 95% confidence interval
�0.00972 to 0.00992 when simulated over
10,000 iterations (Rogan and Gladen 1978) by
using EpiTools software (Sergeant 2016).
True prevalence among grey and red foxes
was not estimated due to the limited sample
size for these species. Sensitivity and specific-
ity of the HI assay for coyote and fox sera were
assumed to be 99.6% and 94.6%, respectively,
the same as those for dog serum (Anderson et
al. 2012).

Our results did not yield evidence of
endemic CIV in free-ranging canids in Penn-
sylvania. This study assumed that coyote and
fox are susceptible to CIV due to their close

TABLE 1. The numbers of adult, subadult, and juvenile coyotes (Canis latrans), grey foxes (Urocyon
cinereoargenteus), and red foxes (Vulpes vulpes) harvested and sampled in 2017 across 24 counties in
Pennsylvania, USA, for detection of canine influenza virus subtypes H3N8 and H3N2 antibodies by
hemagglutination inhibition assay.

Species

Adult Subadult Juvenile

TotalMale Female Male Female Male Female

Coyote (C. latrans) 17 15 9 10 11 5 67

Grey fox (U. cinereoargenteus) 3 5 0 0 0 0 8

Red fox (V. vulpes) 2 0 1 1 0 1 5
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phylogenetic relationship to domestic dogs,
coyote and fox infected with CIV mount a
specific immune response to the virus, anti-
bodies could persist to the time of sample
collection, and these antibodies are detectable
by an assay validated for a closely related
species. Although the HI assay is highly
sensitive and specific for detecting CIV
antibodies in dog samples (Anderson et al.
2012), it has not been validated for other
canids.

Despite a wide potential interface between
free-ranging canid and domestic dog popula-
tions, the low prevalence of CIV in dog
populations may mitigate risk of exposure of
free-ranging canids to CIV. Further studies
are required to obtain samples representative
of coyote and fox populations in Pennsylvania.
Opportunistic sampling was limited to 24 of
67 of the state’s counties and biased toward
those individuals selected by hunters. Because
hunting takes place outside of human centers,
our sample may have also been biased toward
individuals less likely to have contact with
domestic dogs. Furthermore, in dogs, CIV
transmission is facilitated by communal hous-
ing (Holt et al. 2010; Newbury et al. 2016).
Therefore, transient contact between individ-
ual free-ranging canids and dogs also may
limit the risk of CIV transmission.

Morbidity and mortality due to CIV vary by
subtype among host species, with novel
subtypes often able to expand host range
and exhibit high virulence in naı̈ve species and
populations (Maines et al. 2005). Because the
mortality of coyotes and foxes due to CIV is
unknown, death of free-ranging canids that
contract CIV prior to transmission of the
disease to conspecifics and to the time of
sample collection must also be considered.
We conclude that free-ranging canids har-
vested in Pennsylvania were either unexposed
to CIV subtypes H3N8 and H3N2 or that true
prevalence in the population is too low to be
detected by our small sample size.

We thank Rebecca Revay for her assistance
in this research. The use of trade, firm, or
product names is for descriptive purposes only
and does not imply endorsement by the US
Government.
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