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SUMMARY
Periodic outbreaks of West Nile virus (WNV), Eastern equine encephalitis virus (EEEV) and to a
lesser extent, California serogroup viruses (CSGV), have been reported in parts of Canada in the
last decade. This study was designed to provide a broad assessment of arboviral activity in
Quebec, Canada, by conducting serological surveys for these arboviruses in 196 horses, 1442
dogs and 485 humans. Sera were screened by a competitive enzyme linked immunosorbent assay
and positive samples conﬁrmed by plaque reduction neutralisation tests. The percentage of
seropositive samples was 83·7%, 16·5%, 7·1% in horses, 18·8%, 0·6%, 0% in humans, 11·7%,
3·1%, 0% in adult dogs and 2·9%, 0·3%, 0% in juvenile dogs for CSGV, WNV and EEEV,
respectively. Serological results in horses and dogs appeared to provide a meaningful assessment
of risk to public health posed by multiple arboviruses.
Key words: Arboviruses, California encephalitis virus, dogs, eastern equine, encephalomyelitis,
horses, humans, public health, risk assessment, surveillance, West Nile virus.

I N T RO D U C T I O N
In the last two decades, various factors such as globalisation or ecological and climatic changes have driven
the emergence of a number of arboviruses in different
parts of the world [1]. Northern countries like Canada
are no exception to this trend. West Nile virus (WNV)
was introduced in Canada in 2001 [2], Eastern equine
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encephalitis virus (EEEV) is believed to have become
endemic in locations in the Canadian provinces of
Quebec and Ontario in the last decade [3, 4] and two
California serogroup viruses (CSGV), Jamestown
Canyon virus (JCV) and Snowshoe Hare virus (SHV),
have recently shown evidence of emergence and
increased recognition as human pathogens [5]. These
viruses are ampliﬁed and maintained in transmission
cycles involving wildlife reservoir hosts and many different species of mosquitoes that act, with varying degrees
of competence, as vectors. All these viruses have the
potential to cause moderate to severe encephalitis in
humans by a similar pathogenic pathway [6].
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Assessment of viral activity of emerging arboviruses is
essential for the risk assessment for human populations,
which is required to plan efﬁcient, targeted preventive
intervention strategies [7]. However, conducting a
comprehensive assessment of arboviral activity in a
given area is challenging and generally requires the
joint analysis of different types of data [8–10]. These
data include those from targeted entomological surveillance, active or passive surveillance for evidence
of these agents in human or animal clinical cases,
and serological surveillance in wild or domestic
avian species [11–13]. Serological surveys have also
been conducted in the past 15 years in domesticated
animals such as horses, cats and dogs to assess if
these species could act as sentinels for speciﬁc arboviruses [4, 14–16]. Results to-date suggest that serological monitoring in these animals could be a
complementary approach for arbovirus surveillance
and risk assessment. In this view, further seroprevalence data describing viral activity in humans and
domestic species living within the same geographical
area is needed to better articulate the possible
relevance of systematically collecting data from
domesticated animal populations for public health
goals.
In the province of Quebec, Canada, surveillance for
arboviruses has focused mainly on the collection and
testing of mosquitoes for WNV, for which a provincial
public health surveillance program is currently in
place [17, 18], and occasionally for other arboviruses
like EEEV [19]. Although a few EEEV clinical cases
in horses have been reported from Quebec since
2008 [4] and CSGV activity has been sporadically
reported in this area since the mid-seventies [5], no
human clinical cases of EEEV and only one laboratory conﬁrmed human clinical case attributable to
JCV have been reported in this province in the last
decade [20]. The rarity or absence of laboratory
conﬁrmed clinical cases of EEEV and CSGV may
be the result of physicians being unaware that diagnostic testing is available for these pathogens and as
a result, outcomes from humans would signiﬁcantly
underestimate the level of arbovirus activity. In this
context, this study aimed to provide an assessment
of viral activity for WNV, CSGV and EEEV in southern Quebec by estimating the regional prevalence of
antibodies to these arboviruses in humans, horses
and dogs, with the perspective of evaluating whether
serology in these two animal species provides meaningful information about public health risk for these
arboviruses.
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M AT E R IA L A ND ME T H O D S
Study design and study area
A cross-sectional study was conducted on horses, dogs
and humans located within the same geographical
region between 2012 and 2014. The study area encompassed ﬁve administrative regions in southern Quebec:
Montreal, Laval, Montérégie, Lanaudière and
Laurentides (Fig. 1), which were selected based on
reported WNV and EEEV activity since 2008 [21, 22].
The study area had a human population of approximately 4·7 million people in 2011 [23].
Sampling
Horses
Blood samples from horses >18 months of age were
collected in 2012 as described previously [4]. All
horses resided within Montérégie, Lanaudière or
Laurentides regions (Fig. 1) and none of the animals
had been vaccinated against EEEV or WNV [4].
Sampling design was a convenience cluster sampling
with barns as the primary sampling unit.
Dogs
Blood samples were collected from dogs between 27
May and 2 October 2013 by veterinarians or their
technicians in veterinary clinics and hospitals distributed in the ﬁve selected regions (Fig. 1). Veterinary
clinics and hospitals were identiﬁed based on a provincial registry and approximately 20 dogs were then
selected by convenience by veterinary staff in each establishment. Dogs were categorized as ‘adults’ if they were
born before 1 November 2012 and as ‘juvenile’ otherwise. These categories were chosen to account for possible exposure of dogs to mosquitoes before or only
during the 2013 summer season when samples were collected from the animals. Veterinary staff was asked to
sample adult dogs in June 2013 and to sample juvenile
dogs regularly from July to October 2013. All dogs 4
months old or younger were excluded from sampling
to avoid detecting antibodies from passive maternal
immunity transfer [24].
Humans
Owners of sampled dogs were contacted by phone
between February and May 2014 and asked to participate in the study. All adults living at the same address
as one of the sampled dogs were asked to participate
(Fig. 1). Blood samples were collected at home by a
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Fig. 1. The study area and geographical sampling distribution for serological surveys in horses, dogs and humans in ﬁve
administrative regions of southern Quebec, 2012–2014. (a) Five administrative regions of Quebec where sampling was
conducted; (b) geographical distribution of barns where horses were housed at the time of sampling in 2012; (c)
geographical distribution of the place of residence of dogs at the time of sampling in 2013; (d) geographical distribution of
the place of residence of humans at the time of sampling in 2014.

nurse between 27 March and 10 June 2014 and all
study participants provided informed consent under
human research ethics approval (ethics approval number 13-130-CERES-D) from the Université de
Montréal. The age of participants, by 10 year intervals, was collected upon sampling.
Human, equine, and canine blood samples were
centrifuged for 10 min at 3000 rpm and serum was
removed, frozen at −20 °C and shipped to the
National Microbiology Laboratory (NML) of the
Public Health Agency of Canada for testing.

randomly selected. Sera were ﬁrst tested for antibodies
to WNV, EEEV and CSGV by competitive enzyme
linked immunosorbent assays (cELISA), except
equine sera, which were tested directly by a plaque
reduction neutralisation test (PRNT) for CSGV and
EEEV antibodies. All sera that were positive by
cELISA were subsequently tested by virus-speciﬁc
PRNT. In all species and for all arboviruses studied,
a positive PRNT result was required for classifying
an animal as seropositive. The testing protocol chosen
for each arbovirus in each species is summarized in
Table 1.

Laboratory analyses

Viruses

All sera were tested for WNV and EEEV, but only a
random subsample of sera were tested for CSGV as
higher seroprevalences were expected. Subsamples of
horses and humans were selected randomly. The
dogs owned by all selected humans were then included
for CSGV testing plus 88 additional dogs, which were

All viral antigens were produced in-house at the
National Microbiology Laboratory, Public Health
Agency of Canada, Winnipeg, Canada. WNV antigen
was generated in suckling mice and prepared as
β-propiolactone-inactivated sucrose-acetone extracts
by the method of Clarke and Casals [25], for use in
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Table 1. Serological essays for California serogroup viruses, West Nile Virus and Eastern equine encephalitis virus in
horses, dogs and humans from ﬁve administrative regions of Quebec, Canada, 2012–2014
Test

CSGV
Horse
Dogs – juveniles
Dogs – adults
Humans
WNV
Horse
Dogs – juveniles
Dogs – adults
Humans
EEEV
Horse
Dogs – juveniles
Dogs – adults
Humans

Number of
sample tested

Years of
sampling

Screening

Conﬁrmatory

105
170
214
400

2012
2013
2013
2014

Not done
cELISA*
cELISA*
cELISA*

PRNT
PRNT
PRNT
PRNT†

196
665
777
485

2012
2013
2013
2014

cELISA*
cELISA*
cELISA*
cELISA*

PRNT
PRNT
PRNT
PRNT

196
665
777
485

2012
2013
2013
2014

Not done
cELISA*
cELISA*
cELISA*

PRNT
Not done‡
Not done‡
Not done‡

CSGV, California serogroup viruses (Jamestown Canyon virus and Snowshoe hare virus only); WNV, West Nile virus;
EEEV, Eastern Equine Encephalitis virus; cELISA, competitive enzyme linked immunosorbent assay; PRNT, plaque reduction neutralisation test – when used in combination with the cELISA, the PRNT was used to conﬁrm all cELISA positive
samples, except for CSGV in humans (see †).
* Cut-off of 30% for positivity.
† PRNT processed on a subsample of 20 human cELISA seropositive samples to report adjusted percentages in humans;
‡ Because positive samples were not detected in the screening assay, PRNT were not performed on these samples.

the cELISA. The remaining viruses, EEEV, JCV and
SHV were propagated on Vero E6 cells. Normal
mouse brain antigen or Vero cell lysate was used as
a control in all cELISAs.
Monoclonal antibodies (MAbs)
The panel of monoclonal antibodies used in this study
consisted of MAB8152 (Millipore, Temecula, CA)
and MAB7H2 (BioReliance, Rockville, MD),
MAB2A2C-3 (Alphavirus group-speciﬁc conjugate,
Centers for Disease Control and Prevention) and
MAB10G5-4 (La Crosse encephalitis virus conjugate,
Centers for Disease Control and Prevention). All
MAbs detect E protein epitopes except MAB8152,
which detects an NS1 epitope. Monoclonal antibodies
for CSGV and EEEV were labelled with horseradish
peroxidase (HRP) while WNV MAbs were unlabeled.
cELISA
Competitive ELISAs were based on the protocol of
Blitvich et al. [26]. This assay was modiﬁed slightly
for the detection of antibodies to WNV, and served

as the model for the development of in-house
cELISAs for antibodies to EEEV and CSGV.
Brieﬂy, 96 well microtitre plates (Dynatech Immulon
H2B, VWR, Mississauga, ON, Cat. # 62402-972)
were coated overnight with suckling mouse brain or
Vero E6 cell-derived viral antigen and control antigen
diluted in carbonate-bicarbonate buffer, pH 9·6. Wells
were blocked with PBS containing 5% skim milk,
washed, and test sera diluted 1:10 for WNV and
EEEV or 1:20 for CSGV cELISA, were then added.
Virus-speciﬁc conjugated MAbs MAB2A2C-3/HRP
and 10G5-4-HRP targeting EEEV and CSGV,
respectively, were then applied to each well. For
WNV antibody detection, unconjugated MAbs
MAB8152 and MAB7H2 were used, followed by a
peroxidase-labelled
anti-mouse
IgM
(Mandel
Scientiﬁc, Guelph, ON, (KPL), Cat. # 074-1803)
and anti-mouse IgG (Fisher Scientiﬁc, (Pierce), Cat.
# 31430) conjugates, respectively. A chromogenic substrate, 3,3′,5,5′-tetramethylbenzidine (SureBlue TMB,
Mandel (KPL)), Cat. # 52-00-00) was added for colour development, which was subsequently stopped
by the addition of 1N sulphuric acid. The optical
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density was read at 450 nm and percent inhibition calculated. Samples which inhibited binding of the MAbs
by 530% were considered positive.
PRNTs
PRNTs on serum specimens were performed as previously described [27]. Brieﬂy, a constant number of plaque forming units (PFU) of WNV, EEEV or CSGV
(SHV and JCV), was incubated with various dilutions
of test sera for 1 h at 37 °C with 5% CO2 to allow virus
neutralization. An aliquot of this mixture was then
added to 6-well plates containing conﬂuent Vero E6
cell monolayers and further incubated for 1 h at 37 °
C at which point a nutrient agar overlay was added.
The plates were incubated at 37 °C with 5% CO2 for
approximately 3 days, and another overlay containing
neutral red as a vital stain was added to visualize plaque formation. Serum samples inhibiting at least 90%
of possible plaque formation relative to virus controls
were deemed positive for viral antibodies. The highest
serum dilution with a plaque reduction of at least 90%
was deﬁned as the titration endpoint. The PRNT
results were considered positive if neutralizing antibody titre was greater than or equal to 1:20. Since
some serological cross reactivity between CSG viruses
can occur, speciﬁc virus exposures were assigned if
fourfold or greater neutralization titres to either JCV
or SHV were identiﬁed upon completion of PRNT
assays.
Data analyses
All study subjects were geolocated according to their
street address with GeoPinpoint software (DMTI
Spatial Inc, ON, Canada) and mapped in ArcGIS
10·2·2 (ESRI, Redlands, CA, USA). The proportion
of males and females and the median age, along
with its interquartile range (IQR), were reported for
each species. IQR were not given for age in humans
considering the categorical nature of this variable.
The percentages of seropositive samples were reported
for each virus. Regional seroprevalence estimates and
95% conﬁdence intervals were estimated with standard
errors adjusted for clustered sampling (household or
barns) using the surveyfreq procedure in SAS 9·4.
R E S ULTS
Serum samples were taken from 196 unvaccinated
horses housed within 92 barns as described in
Rocheleau et al. [4]. For dogs, a total of 260 veterinary

clinics and hospitals were identiﬁed in the study area.
The owners of these 260 clinics were reached by
phone. A total of 47 clinics were excluded because
their dog-owning clientele was too small to allow participation in the study. Among the 213 remaining veterinary clinics and hospitals, 89 (42%) agreed to
participate. A total of 1627 dogs, from 1582 different
households, were sampled. Age and address were
available for 1442 of the 1627 dogs. Of these 1442
dogs, 777 were adult dogs sampled in June and the
ﬁrst week of July 2013, and 665 were juvenile dogs
sampled from late June to September 2013. A total
of 485 humans, living in 374 households, were sampled
in 2014.
The geographical distribution of the study subjects
is presented in Figure 1. Median age of study subjects
was 9·0 years old for horses (IQR = 6·0), 4·6 years old
for adult dogs (IQR = 4·8), 0·49 years old for juvenile
dogs (IQR = 0·18) and approximately 45 years old for
humans. A third of the humans that were tested were
males while approximately 50% of dogs and horses
from which samples were collected were males.
The percentage of seropositive samples was 83·7%,
16·5%, 7·1% in horses, 18·8%, 0·6%, 0% in humans,
11·7%, 3·1%, 0% in adult dogs and 2·9%, 0·3%, 0%
in juvenile dogs for CSGV, WNV and EEEV, respectively. For CSGV, subsamples of 105 horses, 384 dogs
and 400 humans were randomly selected for testing.
For CSGV in humans, among the 20 sera that were
positive on the cELISA and which were tested by
PRNT, four (20%) were negative, seven (35%) were
speciﬁcally assigned to JCV, four (20%) were assigned
to SHV and ﬁve (25%) were positive to both JCV and
SHV and could not be assigned speciﬁcally to one of
these two viruses. For CSGV in dogs, among the 32
sera that were positive on the cELISA, 5 (16%) were
negative on PRNT, 14 (44%) were speciﬁcally
assigned to JCV, one (3%) was assigned to SHV and
12 (37%) were positive to both JCV and SHV. In
both humans and dogs, a positive PRNT for both
SHV and JCV could indicate either exposure to both
viruses or cross-reaction between the two viruses.
Given the high percentage of CSGV positive sera
that could not be assigned to a speciﬁc virus in
humans and dogs, seroprevalence results were
reported jointly for JCV and SHV. Regional seroprevalence estimates for WNV, CSGV and EEEV
are given in Table 2 for each species in which antibodies were detected. In humans, seroprevalence estimates were higher for CSGV than for WNV in all
regions, without overlapping conﬁdence intervals for
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Table 2. Regional seroprevalence estimates for antibodies to West Nile virus and California serogroup viruses in
horses, dogs and humans from southern Quebec, 2012–2014

WNV
Horse
Juv. Dogs
Adult dogs
Humans
CSGV
Horse
Juv. dogs
Adult dogs
Humans
EEEV
Horses

Lanaudière

Laurentides

Montérégie

Laval

Montreal

n

SP% (95% CI)

n

SP% (95% CI)

n

SP% (95% CI)

n

72
149
109
112

11·9 (5·3–22·2)
0·7 (0·02–3·7)
2·8 (0·6–7·8)
0·0 (0·0–3·2)

18
66
68
19

16·7 (3·6– 41·4)
0·0 (0·0–5·4)
5·9 (1·6–14·4)
5·3 (0·1–26·0)

104
331
372
256

20·2 (12·5–27·9)
0·3 (0·01–1·7)
3·2 (1·7–5·6)
0·8 (0·09–2·8)

NA
26 0·0 (0·0–13·2)
36 2·8 (0·07–14·5)
11 0·0 (0·0–28·5)

NA
88 0·0 (0·0–4·1)
182 2·2 (0·6–5·5)
85 0·0 (0·0–4·25)

48
15
30
89

77·1 (62·7–88·0)
9·8 (2·7–23·1)
20·0 (7·7–38·6)
32·6 (23·0–43·3)

NA
41 0·0 (0·0–21·8)
17 5·9 (0·2–28·7)
16 31·2 (11·0–58·7)

56
85
113
212

89·3 (78·1–96·0)
1·2 (0·03–6·4)
12·4 (7·9–19·9)
21·2 (15·9–27·4)

NA
6 0·0 (0·0–45·9)
3 0·0 (0·0–70·8)
10 10·0 (0·3–44·5)

NA
23 0·0 (0·0–14·8)
46 6·5 (1·4–17·9)
71 15·5 (8·0–26·0)

72

11·8 (2·6–20·9)

18 0·0 (0·0–19·0)

104 6·7 (1·5–12·0)

NA

NA

SP% (95% CI) n

SP% (95% CI)

n, regional sample size; SP, seroprevalence; WNV, West Nile virus; CSGV, California serogroup viruses (Jamestown Canyon
virus and Snowshoe hare virus only); NA, no estimate available since no horse were tested; Juv, juvenile.

the regions of Lanaudière, Montérégie and Montréal
where sample sizes were larger. In all regions where
horses were sampled, we observed higher seroprevalence estimates in horses than in other species for all
the arboviruses studied. We noted higher seroprevalence estimates for WNV for adult dogs and humans
in the region of Laurentides compared with the
other regions.

D I SC US S IO N
The seroprevalence estimates in horses, adult dogs,
and humans provided evidence of sustained arboviral
activity in the southern region of Quebec. In addition,
these estimates in juvenile dogs indicated that, at least
for CSGV and WNV, virus transmission occurred
during the summer of 2013.
In all species, the regional seroprevalences for
CSGV were high and generally higher than for
WNV. Similar seroprevalences for JCV and SHV
were previously reported in animals and humans
from other locations in Canada. Goff et al. [28]
reported a seroprevalence of 76% in horses from
Newfoundland in 2008 and Artsob [29] reported seroprevalences ranging from 0·5% to 32% in humans
from different locations across Canada between 1970
and 1980. When considered along with the reported
ratios of asymptomatic to neuro-invasive infections
for each arbovirus in humans (approximately 1500:1
for CSGV and from 150:1 to 250:1 for WNV [5,
30]), these ﬁndings suggest that physicians should

include CSGV as well as WNV in their differential
diagnosis of acute human encephalitis even though
the risk of developing clinical signs when infected by
CSGV seems to be low [5]. Relatively to other regions,
seroprevalence estimates observed for the region of
Lanaudière suggest that this region has ecological
characteristics that favour CSGV and EEEV
transmission.
The high seroprevalence in horses reported for
EEEV, WNV and CSGV suggests that horses are
highly exposed to various arboviruses and that serology in horses may be a very sensitive indicator of
arboviral activity in a given area. In this regard, monitoring seroconversion or assessing seroprevalence in
horses on a regular basis could allow for early detection or trend assessment for various emerging arboviral threats even for arboviruses to which horses are
not clinically sensitive. Although regional seroprevalence estimates in domestic dogs were much lower
than in horses, dogs also provided a sensitive indication of past or ongoing arboviral activity. Previous
serosurveys for WNV in dogs suggested that dogs
could act as sensitive indicators of WNV activity
[14]. The current results extend this notion to CSGV.
Two ﬁndings were made after exploration of our
seroprevalence estimates. On the one hand, for the
three arboviruses, the proportion of seropositive subjects was generally lower in young dogs, intermediate
in adult dogs and humans and higher in horses. On
the other hand, in all species, the proportion of seropositive subjects was generally higher for CSGV,
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intermediate for WNV and low for EEEV. Thus, the
risk of being exposed to one arbovirus compared
with another seems to be relatively consistent between
species. Although these ﬁndings would need to be
conﬁrmed with larger and randomly selected samples,
we may hypothesise (1) that exposure to mosquito
bites in general varies greatly across species but (2)
that horses, dogs and humans have similar relative
contact rates with each of the different vector species
associated with arboviral transmission in Quebec.
This second hypothesis is consistent with the fact
that each of the arboviruses studied is transmitted by
speciﬁc competent vector species (mainly vectors of
genus Aedes and Ochlerotatus for CSGV [5, 28],
Culiseta for EEEV [4] and Culex for WNV [2]).
Therefore, contact rates with infected Aedes or
Ochlerotatus vectors seem relatively high in horses,
dogs and humans while contact rates with infected
Culex or Culiseta vectors are probably relatively low
in the three animal species. Similar feeding preferences
of mosquitoes towards horses, dogs, and humans have
previously been reported [31–33].
Exposure to mosquito bites may be related to various factors such as the time spent outside daily, the
breed characteristics or natural or acquired protective
behaviours. Among these factors, the time spent outside daily may be a key factor contributing to the differences between seroprevalence estimates in horses,
dogs and humans. For example, in a serosurvey of
companion animals conducted in 2002 in Louisiana,
Kile et al. reported a 19-fold greater probability of
seropositivity for WNV in outdoor-only family dogs
compared with indoor family dogs [16]. While this factor can bias seroprevalence estimates in seroprevalence studies, it may represent an advantage in other
contexts. For example, selecting animals based on
their outdoor exposure could improve the sensitivity
of a surveillance system based on serology. In addition
to the factors mentioned, some differences in seroprevalence estimates between species may relate to
the fact that temporal opportunities for exposure to
the different arboviruses were not the same among
viruses and target species. For example, CSGV have
been circulating in Canada for centuries if not longer
[29, 34], and antibodies to these viruses would be
expected to persist for many years in naturally infected
humans [35]. Since the humans surveyed were a
median age of approximately 45 years old and could
have been exposed to CSGV at any time point over
their lifetime and since the median age of sampled
dogs was only 4·6 years old, the timeframe for possible

exposure to arboviruses was much shorter in dogs
than in humans. In addition, WNV was only introduced into Quebec in 2001, with the largest WNV outbreak in humans reported in 2012. This outbreak gave
rise to 134 of the 268 (50%) human clinical cases
reported from 2002 to 2014 [36]. Most of the adult
dogs that were sampled were born at the onset of
the 2012 WNV outbreak.
Although the sensitivity and speciﬁcity of the serological tests that we used in this study were not formally assessed, the number of false positive reactions
is expected to be low for all arboviruses studied for
the following reasons. The MAbs used for WNV
ELISA were previously reported to be highly speciﬁc
for WNV with no cross-reaction with Saint-Louis
encephalitis virus, which is the only other mosquitoborne ﬂavivirus reported in Canada so far [26].
Moreover, the known geographical distribution of
other alphaviruses such as Western or Venezuelan
equine encephalitis does not extend to the province
of Quebec, limiting the possibility of cross-reactions
directed against EEEV. Finally, in addition to JCV
and SHV, Trivitattus virus is the only orthobunyavirus reported in Canada to date and was only identiﬁed in three Ontario mosquitoes in 1976 [29],
suggesting a low probability of cross-reactions
between JCV/SHV and other CSGV in the sampled
populations. The reported sensitivity for the WNV
cELISA is usually superior to 90% [26, 27].
However, no sensitivity estimate is currently available
for EEEV or CSGV. Hence, given the (1) probable
imperfect sensitivity of the cELISA, (2) use of
PRNT as a conﬁrmatory test for all samples seropositive on cELISA and (3) high speciﬁcity expected for
PRNT [37], seroprevalence estimates reported in this
study should be interpreted as conservative estimates.
As samples could not be randomized in any of the
studied populations, caution is required about potential
biases in seroprevalence estimates if the aim is to
extrapolate these seroprevalence estimates to the
whole population of humans, dogs or horses from southern Quebec. For example, in the context of this study,
differential outdoor exposure in males and females
may have biased seroprevalence estimates in humans
given that males were underrepresented in the sample.
However, the seroprevalence of antibodies to WNV in
humans in this study was relatively comparable with
the results from a serosurvey conducted in southern
Ontario after the 2002 WNV outbreak in humans
(3·1% [38]) and helps support the notion that humans
are rarely bitten by WNV-infected mosquitoes in eastern
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Canada. Moreover, as discussed in Rocheleau et al. [4],
there are speciﬁc limitations to the use of serology in
horses pertaining to the fact that clear information on
vaccination status must be obtained in each horse for
adequately interpreting WNV and EEEV serological
results. However, to our knowledge, current vaccination
protocols have no impact on serological status for
CSGV since no vaccines are currently available for
these mosquito-borne bunyaviruses.
This study was conducted from a public health perspective. Evidence for transmission of multiple arboviruses was detected, and the approach was designed
to target easily accessible animals with the aim to
compare results with serological data in humans
from a similar geographical and temporal frame.
Operational and ethical considerations linked with
performing epidemiological assessments involving
human subjects may lead to more challenging study
implementation than one involving non-human subjects. Assuming a reliable correspondence between
animal exposures for public health, studies in selected
domestic animal species may thus lead to an efﬁcient
approach for building knowledge, exploring emergence and providing an early assessment of the
regional risk posed by arboviruses to human populations. As CSGV, WNV and EEEV are not the only
arboviruses with potential to emerge or re-emerge in
Canada and as serological surveillance in the selected
animal species seems to be adaptable to various arboviruses, this approach might eventually allow for surveillance of multiple arboviruses based on readily
available samples from the veterinary network.
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