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A B S T R A C T

Wild canids represent a potential reservoir host for Dirofilaria immitis infection in dogs in Ontario. Since wild
canids are not protected by chemoprophylaxis, understanding the epidemiology of D. immmitis in these popu-
lations may help elucidate the background risk of infection for dogs. The aim of this study was to determine the
prevalence and distribution of D. immitis infection in wild canids across southern Ontario. From February 2016 to
March 2017, 290 wild canid carcasses (273 coyotes and 17 foxes) were collected from across the region and
assessed for the presence of D. immitis at the time of necropsy. Overall, D. immitis infection was identified in 4.8%
(95% CI 2.8–8.0%) of these wild canid carcasses. Among coyotes, 5.1% (95% CI 3.0–8.5%) were positive; no
evidence of D. immitis was found in the 17 foxes. Dirofilaria immitis infections in wild canids were detected in two
regions of southern Ontario: 12 of the 14 D. immitis infections were detected in the south-western region and two
were detected in the eastern region. Our findings provide preliminary insights into the prevalence and geo-
graphical distribution of D. immitis in coyotes and foxes in southern Ontario.

1. Introduction

Dirofilaria immitis (heartworm) has been recognized as endemic in
Canada since 1977, with the majority of cases occurring in Ontario
(Slocombe, 1978). As such, Ontario has been a major focus of D. immitis
chemoprophylaxis and surveillance programs for dogs in Canada
(Klotins et al., 2000). What is known about D. immitis infection in dogs
in the province is largely based on two sources. The first consists of
survey data from 1977 to 2010 that describes the number of D. immitis
cases, the number of dogs tested, and the number of dogs on chemo-
prophylaxis, as voluntarily reported by veterinary clinics across the
province (Slocombe, 1978; McGill et al., 2019). The second consists of
D. immitis antigen test results from in-clinic testing and submissions to
diagnostic laboratories from 2007 to 2016 (Herrin et al., 2017; Evason
et al., 2019); preventive medication and travel history is not available
for the dogs included in this data set. Based on these data, the pre-
valence of D. immitis infection in dogs in the province is low, with the
most recent reported infection prevalence of 0.12% in dogs from 2008
to 2015 (Evason et al., 2019). However, the above data sources are
from dogs that visit veterinary clinics; dogs that do not visit veterinary

clinics are naturally underrepresented. This latter subset of dogs is
unlikely to be on heartworm chemoprophylaxis as all heartworm pre-
ventive products in Canada are prescription-only medications. Since
such dogs are at greater risk for D. immitis infection, it is likely that the
true transmission rates and background risk of infection for dogs in
Ontario are being underestimated.

With respect to spatial distribution, the risk of D. immitis infection in
dogs in Canada varies geographically and is considered highest in
southern Ontario. Historically, an endemic focus for D. immitis infection
in dogs in southern Ontario has been the south-western region. A
second endemic focus in the eastern region was recognized in the early
1990's (Slocombe and Villeneuve, 1993). These foci continue to re-
present higher risk areas for dogs in Ontario; McGill et al. (2019) found
that the risk of D. immitis infection for dogs was 7 times and 2.6 times
greater in census divisions from the south-western and eastern regions,
respectively, of southern Ontario compared to dogs from the rest of
Ontario.

Untreated dogs and wild canids, including coyotes (Canis latrans),
which thrive in rural and urban regions, are potential sources of D.
immitis infection for dogs in North America (Brown et al., 2012). The
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presence of wildlife reservoirs increases the risk of D. immitis infection
in dogs, even if most dogs in the area are on chemoprophylaxis
(Bowman and Atkins, 2009). Since these wild populations are not
protected by chemoprophylaxis, infection prevalence data are im-
portant for understanding the true transmission dynamics in a region;
such information could help assess the background risk of infection for
dogs (Brown et al., 2012; Wang et al., 2014).

In contrast to the data available for D. immitis infection in dogs,
there is a paucity of knowledge regarding the infection in wildlife in
Ontario. Dirofilaria immitis infections have been reported in foxes
(Vulpes vulpes) and coyotes in southern Ontario since 1979 (Slocombe
and McMillan, 1980; Slocombe, 2002, 2011); however, to the authors'
knowledge, no large-scale survey appears to have been conducted.
Thus, the role of wild canids in the epidemiology of D. immitis in the
region is unknown. The objectives of the present work were to describe
the prevalence and spatial distribution of D. immitis infection in coyotes
and foxes across southern Ontario.

2. Methods

2.1. Study population

Wild canid carcasses were obtained as part of a study investigating
Echinococcus multilocularis in wild canids in southern Ontario. Details
pertaining to sample collection are described by Kotwa et al. (2019).
Briefly, from February 2016 to March 2017, wild canid carcasses were
collected from across southern Ontario and were obtained through
collaboration with licensed hunters and trappers and the Ontario
Ministry of Natural Resources and Forestry. The geographic location of
origin (i.e., latitude and longitude) was recorded for each carcass.

The D. immitis infection status of each wild canid was determined at
the time of necropsy by examining for the presence of D. immitis. This
method is considered the gold standard for D. immitis diagnosis (Atkins,
2003). Starting at the caudal vena cava, the heart was dissected fol-
lowing the blood flow; the right atrium and the right ventricle were
dissected along the septum into the pulmonary artery (Henry et al.,
2018). Dissection continued following major pulmonary arterial bran-
ches and terminated at the branching of the left and right lobar arteries
(Henry et al., 2018). Worm burdens were quantified when the parasites
were not damaged by the hunting process. Wild canids were excluded
from the study if the heart was destroyed by the hunting process.

2.2. Statistical analyses

Confidence intervals (CI) for D. immitis prevalence were estimated
using the Agresti-Coull CI method (Agresti and Coull, 1998). Resultant
diagnostic data were plotted on a map of southern Ontario according to
the latitude and longitude of each D. immitis-positive and -negative wild
canid. Graphic displays were produced via QGIS 2.14.3 (Quantum GIS
Development Team; http://www.qgis.org). All statistical analyses were
conducted using Stata/SE 15.1 (StataCorp, College Station, Texas, USA;
http://www.stata.com).

3. Results

Of the 310 wild canids collected, 290 were suitable for examination.
These included 91 (86 coyotes and 5 foxes) collected in 2016 and 199
(187 coyotes and 12 foxes) collected in 2017. Wild canids were col-
lected between January and May each year; 92% were collected be-
tween January and March.

Dirofilaria immitis infections were identified in 4.8% (14/290; 95%
CI 2.8–8.0%) of the wild canids examined. Among coyotes, 5.1% (14/
273; 95% CI 3.0–8.5%) were positive; no evidence of D. immitis para-
sites were found in the 17 foxes examined (95% CI 0–21.6%). Of the 14
D. immitis infections identified, worm burden was assessed for 9 infec-
tions. The median worm burden for the infections that were assessed

was 5 adult parasites (range 3 to 27) (Table 1); no immature parasites
were detected. Dirofilaria immitis infections were found primarily in
carcasses from two regions of southern Ontario: 12 of the infections
were detected in census subdivisions in the south-western region and
two were detected in the eastern region (Fig. 1).

4. Discussion

To the best of the authors' knowledge, this is the first survey of D.
immitis infection in wild canids in southern Ontario. Overall, D. immitis
infection was detected in 4.8% (14/290) of the wild canids examined.
The overall prevalence is low compared to studies in the south-eastern
United States that have reported prevalence estimates ranging from
16% to 100% in wild canids, depending on geographic area and age
class considered (Custer and Pence, 1981; Nelson et al., 2003). How-
ever, the latter region is a major endemic focus for D. immitis infection
in North America (Bowman et al., 2009) because the warmer, more
humid, climate creates environments conducive to faster parasite de-
velopment in the vector host and longer transmission periods (Bowman
and Atkins, 2009). In contrast, the cooler climate in southern Ontario
hinders D. immitis development for parts of the year and limits the
transmission period of the parasite from June to October (Slocombe
et al., 1995).

Notably, D. immitis infection was not detected in any of the 17 foxes
examined in the present study. It is possible this reflects a lack of power
as a result of the small number of foxes sampled. Alternatively, our
negative findings may support work which suggests that foxes are un-
important reservoir hosts for D. immitis, largely due to low burdens of
adult D. immitis that are typically found in surveyed fox populations
(Simmons et al., 1980; King and Bohning, 1984; McCall et al., 2008).
Nevertheless, although we did not find evidence of the parasite in the
foxes we examined, a large confidence interval associated with our
small sample size makes it difficult to draw any reasonable conclusions
concerning the parasite in Ontario foxes.

The prevalence of infection in wild canids in southern Ontario ob-
served in the present study is considerably higher than the estimated
0.12% prevalence in dogs from 2008 to 2015, as determined by antigen
testing of dogs across this region (Evason et al., 2019). However, that
prevalence estimate for dogs is likely biased by dogs on chemopro-
phylaxis and does not indicate the true risk for dogs in the province
(Herrin et al., 2017; Evason et al., 2019). Thus, it would be more ap-
propriate to compare infection in wild canids to infection in un-
protected dogs since neither population is protected by chemoprophy-
laxis (Wang et al., 2014). Unfortunately, recent data pertaining to D.
immitis infection in unprotected dogs in Ontario are currently limited.

Lastly, it should be mentioned that 12 of the 14 D. immitis infections
were detected in wild canids within the south-western region of
southern Ontario (Fig. 1). As previously mentioned, this region is
considered an endemic focus for D. immitis infection in dogs in the
province (McGill et al., 2019); the concentration of D. immitis-positive
wild canids in this area suggests that spatial patterns of infection may
be similar among wild canids and dogs in the western region of
southern Ontario. Additionally, two of the 14 D. immitis infections in
wild canids were identified in the eastern region of the study area,
another endemic focus for D. immitis infection in dogs (McGill et al.,

Table 1
Median number and range of Dirofilaria immits parasites identified in the heart
and pulmonary arteries from 9 wild canids in southern Ontario, from 2016 to
2017.

D. immitis parasites Median Range

Total 5 3–27
Female 2 1–8
Male 3 1–19
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2019). However, it should be noted that while the aforementioned data
for dogs were obtained throughout southern Ontario, the data in this
study were sparsely distributed as we obtained wild canids mainly from
the western and eastern regions of southern Ontario. The spatial gaps in
our sample distribution make it difficult to compare spatial patterns of
infection between dogs and wild canids in the region. It is therefore
unclear how the spatial pattern of infection in wild canids relates to
those observed in dogs.

5. Conclusion

Our findings provide preliminary insights into the prevalence and
geographical distribution of D. immitis in coyotes and foxes in southern
Ontario. However, sample collection focused on two discreet areas
which limited our ability to compare spatial patterns of infection be-
tween wild canids and domestic dogs across the region. Future in-
vestigations that focus on a direct comparison between D. immitis in-
fection in wild canids and unprotected dogs across southern Ontario
from the same geographic areas would help elucidate the relationship
between these two populations.
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