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Increased risk of endemic mosquito-borne 
diseases in Canada due to climate change
A Ludwig1*, H Zheng2, L Vrbova3, MA Drebot4, M Iranpour4, LR Lindsay4

Abstract
There are currently over 80 species of mosquito endemic in Canada—although only a few 
of these carry pathogens that can cause disease in humans. West Nile virus, Eastern equine 
encephalitis virus and the California serogroup viruses (including the Jamestown Canyon and 
snowshoe hare viruses) are mosquito-borne viruses that have been found to cause human 
infections in North America, including in Canada. Over the last 20 years, the incidence of 
most of these endemic mosquito-borne diseases (MBD) has increased approximately 10% in 
Canada, due in large part to climate change. It is anticipated that both the mosquito lifecycle 
and virus transmission patterns will be affected by climate change, resulting in an increase 
in both the range and local abundance of several important mosquito species. Laboratory 
studies and mathematical modelling suggest that increased ambient temperatures, changes in 
precipitation and extreme weather events associated with climate change will likely continue 
to drive mosquito vector and MBD range expansion, increasing the duration of transmission 
seasons and leading to MBD-related epidemics. Furthermore, Canada’s endemic MBDs have 
complex transmission cycles, involving multiple reservoir hosts (birds and mammals), multiple 
pathogens and multiple mosquito species—all of which may be sensitive to climate and other 
environmental changes, and making forecasting of potential emerging trends difficult. These 
expected climate-induced changes in mosquitoes and MBDs underline the need for continued 
(and expanded) surveillance and research to ensure timely and accurate evaluation of the risks to 
the public health of Canadians.
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Introduction

The United Nations’ Intergovernmental Panel on Climate 
Change report identified mosquito-borne diseases (MBDs) as 
the infectious diseases that are most sensitive to climate change 
(1). Canada has already experienced climate changes, and the 
observed trends have included warming, increased occurrence of 
extreme heat and heavy rainfall events, and decreased number 
of frost days (2). These changes are expected to intensify in the 
coming decades until greenhouse gas emissions start to decrease 
globally.

These climate changes are expected to influence Canada’s flora 
and fauna in anticipated and unanticipated ways. Included in the 
fauna that are expected to be affected by climate change are the 
diverse and plentiful mosquito populations. In addition to being 
seen as a nuisance due to their bites, a few species can also 
transmit infectious disease organisms. 

This paper focuses on the mosquitoes that are endemic to 
Canada, and the diseases that they can carry, which are referred 

to as endemic mosquito-borne diseases. These are distinct 
from the foreign MBDs that can be acquired outside Canada, 
although these may emerge in Canada in the future (3). The most 
medically-important endemic MBD in Canada is West Nile virus 
(WNV) infection. Other endemic MBDs include Eastern equine 
encephalitis virus (EEEV) and two California serogroup viruses 
(CSGV): Jamestown Canyon virus and snowshoe hare virus 
(4–8). All of these endemic MBDs are transmitted by endemic 
arboviruses (an acronym for ARthropod-BOrne virus, referring 
to any virus transmitted by an arthropod vector). Arthropods 
include mosquitoes, ticks and blackflies; the focus of this paper is 
specifically on mosquitoes. Arthropod vectors are cold-blooded, 
so they are especially sensitive to climatic factors.

The objective of this study is to provide an overview of 
mosquitoes in Canada, summarize how climate change may 
increase the risk of endemic MBDs, discuss what endemic MBDs 
are likely to increase both in urban and rural settings and identify 
what can be done to address these risks.
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Endemic mosquito species in Canada

All four of the important endemic to Canada arboviruses (WNV, 
EEEV, Jamestown Canyon virus and snowshoe hare virus) are 
transmitted through bites of infected female mosquitoes that 
have acquired pathogens from specific mammalian or avian 
reservoir hosts (9). The main mosquito vectors for WNV are 
Culex pipiens and Cx. restuans in eastern Canada and Cx. 
tarsalis in western Canada (10). The main vector for EEEV is 
Culiseta melanura (11,12) and the main vectors for CSGV are a 
variety of non-Culex mosquitoes species (e.g. Aedes, Culiseta 
and Anopheles species) (13–15). Included in the CSGV are 
Jamestown Canyon and snowshoe hare viruses. The reservoirs 
for these pathogens vary between the mosquito species; for 
example, the main animal reservoir of Jamestown Canyon virus 
is the white-tailed deer (16), while for snowshoe hare virus it is 
(not surprisingly) the snowshoe hare and other small mammals 
(8). Humans are incidental or “dead-end” hosts for the endemic 
arboviruses; meaning that although they can be infected, they 
cannot subsequently transmit viruses to feeding mosquitoes with 
any efficiency due to low and transient viremia (4,10). Arboviruses 
can also occasionally be transmitted by blood transfusion or 
tissue transplants (17,18).

In addition to these traditionally endemic mosquitoes, many 
additional species have been introduced into Canada over the 
past few decades. In the 1970s, a comprehensive review of the 
insects and arachnids of Canada reported that there were 74 
mosquito species (19). In the intervening 40 years, six species 
have been reported as newly established in Canada: Ochlerotatus 
ventrovittis; Oc. japonicus; Cx. salinarius; Cx. erraticus; An. 
perplexens; and An. crucians [(20), and M Iranpour unpublished 
data]. In addition, the geographic range of 10 species has 
expanded in Canada: Uranotaenia sapphirina; Cs. melanura; Cs. 
minnesotae; Cx. tarsalis; Oc. sticticus; Oc. spencerii; Oc. dorsalis; 
Oc. nigromaculis; Oc. campestris; and Oc. cataphylla (21). So 
there are now approximately 80 mosquito species in Canada. 

Recently, invasive Aedes species have been found in southern 
Ontario and southern Quebec. Small numbers of Aedes 
albopictus were detected in parts of Windsor-Essex County in 
southern Ontario in 2016, 2017 and 2018 (22). The repeated 
detection of this species, over a number of collections sites, 
suggests that this species is now becoming endemic in this part 
of Canada. Specimens of Ae. aegypti were also collected at 
some of the same sites in Windsor, Ontario in 2016 and 2017 
and at a single site in southern Quebec in 2017. Although these 
two Aedes strains are well known for transmission of exotic 
(non-native to Canada) MBD (3), they can also be a vector for 
MBDs already endemic to Canada, including WNV.

Climate change will increase the risk of 
endemic mosquito-borne diseases
The key aspects of climate change that affect endemic 
mosquitoes are increases in temperature, and changes in 
rainfall patterns. An increase in precipitation generally increases 
the potential egg-laying and larval habitat for mosquitoes 
in the environment. The relationship is often non-linear, with 
above average rainfall generally increasing the abundance of 
mosquitoes by increasing the availability of standing water, 
while excessive or violent precipitation can play a leaching role 
and destroy the eggs and flush larvae from selected habitats 
(23). Elevated temperatures can increase rates of development 
of immature stages of the mosquito lifecycle, leading to higher 
reproductive rates and exponential population increases (24,25). 
These elevated temperatures shorten the extrinsic incubation 
period, so mosquitoes that have acquired infection become 
infectious sooner; for example, outbreaks of WNV infection 
appear to occur more frequently in Canada when seasonal 
temperatures are above average, as these conditions promote 
rapid build-up of virus in vector mosquitoes and favour extended 
host-seeking by potentially infected female mosquitoes (26). 
It has been reported that in Korea and Japan, the duration of 
the transmission season can be extended by several months 
when average summer temperatures increase by as little as 5°C 
(27). Changes in rainfall affect the availability of standing water, 
which is where mosquitoes lay their eggs and where immature 
mosquitoes live. Consequently, changes in rainfall strongly affect 
mosquito reproduction (28,29).

The impact of climate change on WNV transmission in Canada 
has been investigated in two studies with similar conclusions 
(30,31). Chen and colleagues (30) examined WNV transmission 
in the Prairies (where Cx. tarsalis is the main vector) and have 
projected an extension of seasonal activity of WNV-infected Cx. 
tarsalis from three months (June to August) to five months (May 
to September) by the 2080s. These authors also predicted a 
northward range expansion for Cx. tarsalis and WNV. Hongoh 
et al. (31) modelled the potential distribution of Cx. pipiens 
populations in eastern Canada and predicted a similar northward 
range expansion for this eastern vector of WNV. 

Birds and some mammals are important reservoirs for WNV and 
other MBDs. For WNV, a wide range of bird species serve as 
reservoirs, including corvids (i.e. crows, jays and magpies) and 
passerines (i.e. robins, sparrows, finches and starlings) (10,32–34). 
For other MBDs, mammals, such as deer, squirrels, chipmunks 
and hares, are the reservoir hosts. Climate change could affect 
these reservoir host populations in several ways, influencing their 
abundance and species distributions. It is possible that climate 
change could also affect individual and population health of the 
reservoir hosts as the more abundant viruses could also harm 
them directly. 
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It is important to note that proliferation of mosquitoes and MBDs 
can also be affected by other environmental changes, including 
land-use changes, as well as vector control activities (35,36). 
Habitat loss and fragmentation (37) can also impact avian and 
mammal reservoirs (38).

Current and emerging endemic 
mosquito-borne diseases

Different mosquito species have different characteristics with 
respect to preferred habitats and pathogen load. With climate 
change, WNV may increase in both urban and rural areas whereas 
other MBDs, such as EEEV and CSGV, may increase, particularly 
in rural areas. The following provides a short description of the 
current and emerging endemic MBDs. 

West Nile virus may increase in both rural and 
urban areas 

West Nile virus is transmitted by Cx. pipiens, which is largely 
an urban mosquito, and Cx. tarsalis, which is largely a rural 
mosquito. Effects of climate change may affect WNV risk, 
particularly in urban areas in the east, and rural areas in the 
Prairies. The increase of number of mosquitoes, including 
those infected with MBDs, will have a more significant impact 
on public health in urban areas because that is where the vast 
majority of Canadian resides. Early symptoms of WNV include 
fever, headache, skin rash, nausea and muscle aches. Most 
affected people recover fully, but approximately 1% develops 
severe illness (meningitis, encephalitis, acute flaccid paralysis 
and poliomyelitis). Those over 70 years of age with underlying 
medical conditions and those who are immunocompromised are 
at greater risk of severe illness (39–42).

Since 2002, the annual reported incidence of WNV human cases 
has fluctuated significantly, ranging from 1,481 in 2003 to five 
cases in 2010 and 2,215 cases in 2007, which may be due in part 
to variations in weather affecting mosquito reproduction and 
virus transmission and variation in reporting (43). Geographical 
variation in the number of reported human cases of WNV 
has been dramatic as well: in 2003 and 2007 most human 
cases of WNV were reported from the Prairie regions (Alberta, 
Saskatchewan and Manitoba), but in 2002, 2012 and 2018 most 
cases occurred in Ontario and Quebec (43). This geographic 
variation is likely associated with local effects of weather on the 
different vectors, and on virus transmission and again, to some 
variation in reporting (28,29,44). 

Eastern equine encephalitis and California 
serogroup viruses will increase in rural areas

Eastern equine encephalitis virus is transmitted by C. melanura 
mosquitoes, which thrive in freshwater swamps (11,12). The 
reservoir for this virus is avian hosts. Eastern equine encephalitis 
infection can be asymptomatic, or present as one of two types 

of illness: systemic or encephalitic. Approximately a third of all 
people with encephalitis will die from the disease (45). A single 
human EEEV case was reported in Ontario in 2016 (43). Eastern 
equine encephalitis has been responsible for sporadic outbreaks 
in horses (and exotic birds) in Ontario since 1939 (46). Atypically 
large outbreaks of EEEV in horses were reported in Ontario, 
Quebec and Nova Scotia in 2008, 2009 and 2010 (46).

California serogroup viruses are transmitted via a number of 
mosquito species. The CSGV can cause febrile illness and 
neurologic disease (47). New testing methods were introduced 
in 2005 and over 200 probable and confirmed cases of CSGV 
were reported to the Public Health Agency of Canada and/or 
provincial public health laboratories from 2005 to 2014 (M Drebot 
unpublished data). Cases have been identified in all provinces 
as well as in the Northwest Territories and other northern 
regions. As well, seroprevalence studies have identified rates of 
exposure as high as 20%–40% or greater in specific regions of 
Canada [(48–50), and M Drebot unpublished data]. Since 2015, 
between 20 and 40 human cases have been observed annually 
in Canada, with the exception of 2017, when 122 cases were 
reported (43). This dramatic increase may be due, at least in part, 
to enhanced testing of those who presented with a WNV-like 
illness (patients were negative when tested for WNV, so further 
testing was requested). Based on the National WNV and other 
Arbovirus Report, there were more than 100 cases of Jamestown 
Canyon and snowshoe hare viruses in Quebec in 2017 (H Zheng, 
H Wood and M Drebot, National WNV and other Arbovirus 
Report, unpublished report). It is quite likely that CSGV cases 
are under-diagnosed due to the low level awareness of these 
pathogens among physicians and other health care practitioners.

Current clinical and public health 
response

In the absence of vaccines or specific treatments, reducing 
mosquito habitat, reducing mosquito bites, early and accurate 
testing for MBDs in humans and ongoing surveillance form the 
core of the clinical and public health response. 

Preventive measures: preventing mosquito 
bites prevents infection

There is no vaccine or specific treatment for WNV, EEEV or 
CSGV infections, so prevention of infective mosquito bites is the 
cornerstone of control (43). Bites can be reduce by covering the 
skin (e.g. wearing long pants and loose-fitting shirts with long 
sleeves) and/or by using insect repellent containing the chemicals 
N,N-diethyl-3-methylbenzamide (DEET) or icaridin (51). Reducing 
mosquito habitat near homes, mainly by removing standing 
water, is also important. Municipalities, often in collaboration with 
provincial governments, have also funded mosquito abatement 
programs designed to reduce the size of nuisance and vector 
mosquito populations. The scope of these programs is highly 
variable across Canada but typically involve source reduction 
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(removal of standing water), application of larvicides to standing 
water and, less frequently, aerial or vegetative treatments with 
products designed to kill adult mosquitoes.

Early diagnosis and testing of arboviruses
Early detection of MBDs is important to avoid potentially 
severe complications. Diagnosis of arbovirus infections can be 
challenging as patients often initially present with non-specific 
symptoms. The diagnosis of MBDs must be confirmed with 
laboratory testing. The National Microbiology Laboratory 
(Winnipeg) is the reference lab for EEEV and CSGV testing 
and for WNV for the provinces with low WNV occurrences (i.e. 
Newfoundland and Labrador, Prince Edward Island, Nova Scotia 
and New Brunswick). The provinces with higher WNV occurrences 
do their own testing.

Surveillance
The World Health Organization has highlighted the importance 
of identifying and monitoring various vector populations as a 
component of global surveillance, including mosquitoes that may 
carry and transmit arboviruses, as surveillance for risk in mosquito 
populations is more timely than waiting for human disease cases 
to appear (52). 

Currently, surveillance for arboviruses varies somewhat across 
jurisdictions in Canada and much of the effort has focused in the 
Prairies, Ontario and Quebec, where disease incidence is typically 
highest. For WNV, mosquito surveillance involves the counting of 
the different species of mosquitoes and calculating the infectivity 
rate in species that carry WNV. This surveillance approach needs 
to be expanded in terms of the geographical areas and the MBDs 
that are monitored. By doing this, changing boundaries of WNV 
can be tracked and the emergence of mosquitoes infected with 
EEEV, Jamestown Canyon virus, snowshoe hare virus and more 
can be detected to inform public health action. 

Since WNV is currently a notifiable disease in Canada, 
surveillance includes monitoring the incidence of human 
infections, including detection the presence of WNV in blood 
donations (all donations are tested for a wide range of diseases 
and pathogens). In addition, mortality and morbidity trends in 
wild bird populations and in horses and other domesticated 
animals are monitored. These data are collected by provinces 
and territories for action by these jurisdictions, but surveillance 
information is also transferred to, synthesized and analyzed by 
the Public Health Agency of Canada, to provide a national picture 
that is disseminated to provincial and territorial partners on a 
weekly basis (43). 

Since EEEV, Jamestown Canyon and snowshoe hare virus 
infections are not currently nationally notifiable diseases in 
Canada, there are no national surveillance programs to monitor 
their activity in mosquitoes, reservoirs or human populations. 
Nevertheless, the National Microbiology Laboratory tested for 
these arboviruses in patients who presented with symptoms 

consistent with arboviral infections; identifying cases of both 
Jamestown Canyon and snowshoe hare virus infections (8,43). 
The National Microbiology Laboratory has also carried out 
seroprevalence studies for other orthobunyaviruses, such as 
Cache Valley virus. Cache Valley virus can cause neurological 
disease in both humans and livestock (53) and cases of 
symptomatic illness have been associated with positive serology 
in patients from Manitoba, Saskatchewan and Alberta (M Drebot 
unpublished data).

Discussion

Climate change will undoubtedly influence the extent to 
which viruses are spread by endemic mosquitoes in the 
future, with increases in numbers and populations of endemic 
species (including those associated with arboviruses) and with 
introduction of new species (and associated pathogens) into 
Canada. Predicting how MBDs will respond to changes in climate 
is challenging: mosquitoes, reservoirs and the environment differ 
in their dependencies on climate change (54,55). This means 
that even modest climate changes may drive large increases in 
arbovirus transmission (1,56).

In addition, each MBD has unique transmission cycles, reservoirs 
and vectors. These may exist only in selected regions of Canada, 
so changes in prevalence of MBDs will be different from one 
region/landscape/habitat to another. It is anticipated that WNV 
will increase in both the rural and urban areas and the other 
currently endemic arboviruses (i.e. EEEV and CSGV) will increase 
in the rural areas.

There is a need to further explore the possible impacts of climate 
change on WNV, EEEV and CSGV in Canada. Ideally, these 
studies should consider and model each transmission cycle as 
a whole, not focusing only on one aspect, such as mosquito 
density or reservoir population dynamics. It will be important to 
advance our surveillance capacity not only for the expansion of 
existing arboviruses into new geographical areas but also for the 
appearance of new arboviruses, and to conduct research studies 
to better understand the changing and potentially expanding 
dynamics of arbovirus transmission dynamics.

The portrait of endemic mosquito species in Canada is always 
changing, and these changes in mosquito species (type, 
distribution and activity) are exacerbated by changes in our 
climate; clinicians and public health professionals will need to be 
aware of how these changes may impact MBD across Canada. 
We expect that the mean number of cases will increase, in 
conjunction with an increase in the number of different types of 
endemic arboviruses, in a relatively sporadic and unpredictable 
way. This will require a heightened vigilance from front line public 
health professionals as well as testing/surveillance laboratories. 
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Conclusion 
Climate change is anticipated to have significant effects on 
Canada’s endemic mosquito populations and thus on MBDs 
such as WNV, EEEV and CSGV. MBDs have complex transmission 
cycles, involving multiple reservoir hosts (birds and mammals), 
and sometimes multiple mosquito species—all of which may all 
be differentially sensitive to climate and other environmental 
changes. Since WNV is a reportable disease, some data exists 
on disease prevalence and how this has changed over time, 
but much less is known about EEEV and CSGV. Reporting, 
and adequate treatment, is complicated by the symptoms of 
the MBDs, which may be less than definitive. The sporadic 
appearance of some MBDs has hampered the implementation 
of diagnostic testing for selected arboviruses at the provincial 
level and centralization of testing (at the National Microbiology 
Laboratory) is more cost effective for some arboviruses.

The expected climate-induced changes in mosquitoes and MBDs 
underline the need for continued surveillance and research to 
ensure timely and accurate evaluation of the public health risks 
to Canadians. Public health professionals and clinicians need to 

promote awareness among Canadians of this important public 
health risk and be vigilant for the emergence and spread of new 
strains of mosquitoes and new mosquito-borne diseases.
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