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MOSQUITO-BORNE DISEASES IN CANADA

WEST NILE VIRUS

CALIFORNIA SEROGROUP VIRUSES

EASTERN EQUINE ENCEPHALITIS VIRUS 

432
Cases

Deaths

Thirteen horses tested positive for Eastern 
equine encephalitis virus. No human cases 
were reported. 

Horses

2018 SURVEILLANCE 
HIGHLIGHTS

A higher number of WNV-positive birds, 
mosquitoes and horses were observed, when 
compared to the previous five years. 

Twenty-nine deaths associated with WNV were 
reported. 

A total of 72 human cases of California 
serogroup viruses were detected by the 
National Microbiology Laboratory (NML-PHAC).

A total of 432 human cases of West Nile virus 
(WNV) were reported to the Public Health 
Agency of Canada (PHAC). Of these, 55% 
(n=238) were reported as WNV neurological 
syndrome.
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Human cases of WNV in Canada are reported voluntarily to the Public 
Health Agency of Canada (PHAC) by provincial/territorial health ministries/
agencies and Canadian Blood Services (CBS)/Héma-Québec, via the 
Canadian WNV Surveillance Program. Across Canada, human cases are 
classified using the national surveillance case definition. Further information 
about the WNV case definition can be found on Canada.ca. 

In addition, non-human data on early indicators of WNV activity in Canada 
are collected. Information on WNV-positive dead wild birds are provided 
by the Canadian Wildlife Health Cooperative (CWHC), as well as some 
provinces that also provide this data. The Canadian Food Inspection 
Agency (CFIA) collects data on WNV-positive horses. Mosquito pool 
surveillance data is collected and provided by participating provinces 
(Saskatchewan, Manitoba, Ontario, and Québec).

Other mosquito-borne diseases, such as California serogroup viruses 
(CSGV) (e.g., Jamestown Canyon virus, snowshoe hare virus, La Crosse 
virus) and Eastern equine encephalitis virus (EEEV), are known to be present 
in Canada. Testing for CSGV is conducted by the National Microbiology 
Laboratory (NML-PHAC) and occurs when samples submitted for WNV test 
negative, but are further assayed for non-WNV mosquito-borne agents. 
Positive results may indicate current infection or past exposure to these 
viruses. Contrary to WNV, which has an established surveillance system, 
there is no formal surveillance system for CSGV or EEEV. As a result, there 
is no national case definition for CSGV. 

This report is based on the latest data provided to PHAC for the 2018 
transmission season (data extraction: 2019-08-12). Data are subject to 
change as new information is received. Furthermore, data collection 
methods and case definitions may vary within Canada.

METHODS

INTRODUCTION
Zoonotic diseases are infectious diseases caused by bacteria, viruses and 
parasites that spread between animals and humans. West Nile virus (WNV) 
continues to be the leading cause of domestically acquired mosquito-borne 
disease in Canada. West Nile virus circulates between avian hosts and 
competent mosquito vectors. Mosquitoes may then infect a broad-range 
of dead-end hosts (i.e., not able to transmit the disease further) including 
humans, horses, other mammals, and amphibians. As a result, surveillance 
efforts of mosquito-borne diseases require a One Health approach that 
recognizes the health of humans is interconnected to animals and the 
environment. In addition to describing the human health burden of WNV, 
this report will demonstrate the efforts made to strengthen animal health 
surveillance in collaboration with multi-disciplinary health partners with the 
goal of achieving optimal human health outcomes.
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Figure 1. Geographic distribution of West Nile virus human cases reported in Canada by public health region, 
2018

A total of 432 WNV human cases were reported to PHAC during the 2018 season. The cases were reported across 
six provinces including Québec (n=206), Ontario (n=139), Manitoba (n=34), Saskatchewan (n=3), Alberta (n=49), 
and Prince Edward Island (n=1). The majority of cases were geographically distributed in the southern regions of 
these provinces (Figure 1). Approximately 4% of the cases reported to PHAC (n=18) were associated with travel 
outside of the reporting province, some of which were associated with travel outside of Canada. Travel history 
is not always provided and therefore reported cases may not represent location of acquisition, which is of note, 
particularly in regions where WNV is not endemic.

HUMAN EPIDEMIOLOGY

WEST NILE VIRUS

In Canada, the earliest WNV human case in 2018 occurred with an onset date between April 22-28, 2018 in 
Québec (surveillance week 17). A peak number of cases (approximately 50%) were reported with episode dates 
between August 12 to September 1, 2018, corresponding with surveillance weeks 34 and 35 (Figure 2). The time 
period of the peak is consistent with previous seasons (Figure 3). However, acquisition of infection would be 
earlier as individuals bitten by a WNV-infected mosquito develop symptoms 2 to 14 days later. In addition, when 
episode dates rely on diagnosis date, laboratory sample date or reporting date (when symptom onset dates are 
otherwise absent), this further increases the time interval from infection acquisition to the recorded episode date.
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Figure 2. West Nile virus human cases reported by province and episode week in Canada, 2018
± Episode week is calculated using the earliest available date based on the following hierarchy: symptom onset date, diagnosis date, 	
   laboratory sample date or reporting date. 
* Saskatchewan’s WNV surveillance system monitors neurological syndrome cases only.

Figure 3. West Nile virus human cases reported by episode week in Canada, 2013-2018  
± Episode week is calculated using the earliest available date based on the following hierarchy: symptom onset date, diagnosis date 	
   laboratory sample date or reporting date. 
* Saskatchewan’s WNV surveillance system monitors neurological syndrome cases only

The number of human cases observed in 2018 represents the highest number of cases reported in each of the 
preceding five seasons (2013 – 2017) (Figure 3). Compared with 2017 there was a 2.1 fold increase in the number 
of human cases reported to PHAC for 2018. The largest increase was observed in Québec (7.6-fold), followed by 
Alberta (7.1-fold), and Manitoba (6.8-fold). In both Ontario and Saskatchewan, the number of cases was similar 
between 2017 and 2018.

Of the 432 cases (both confirmed and probable), 55% (n=238) were classified as WNV neurological syndrome, 31% 
(n=132) as non-neurological syndrome, 8% (n=34) as unclassified/unspecified, and 6% (n=28) as asymptomatic. 
Among these cases, 29 WNV-associated deaths were reported in Canada, 93% of which were classified as 
neurological syndrome.
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In 2018, the incidence rate of reported cases (clinical and asymptomatic) increased with age, and was higher for 
males than females in those ≥ 50 years of age. For both sexes, the age group with the highest rate was those age 
70 years or older (Figure 4).

1 Satisfies WNV diagnostic test criteria in the absence of clinical criteria. This category could include asymptomatic blood donors whose 
  blood is screened using a nucleic acid amplification test, by blood operators (i.e. Canadian Blood Services or Héma-Québec) and is 
  subsequently brought to the attention of public health officials. Blood operators in Canada perform a supplementary WNV specific nucleic 
  acid amplification test following any positive donor screen test result.
2 Rate estimates based on a small number of cases may be subject to random variation and therefore, may be unreliable. Rates were 
  calculated using 2018 Statistics Canada population estimates.
3 Saskatchewan’s WNV surveillance system monitors neurological syndrome cases only.

Province
Clinical Cases

Asymptomatic 
Infection1 Total

Rate2 

(per 
100,000)

Neurological 
Syndrome

Non-neurological 
Syndrome

Unclassified/
Unspecified

Alberta 7 37 0 5 49 1.17
Saskatchewan3 3 - - - 3 0.26
Manitoba 14 18 0 2 34 1.78
Ontario 60 38 30 11 139 0.97
Québec 154 39 3 10 206 2.47
Prince Edward Island 0 0 1 0 1 0.65
Canada 238 (55%) 132 (31%) 34 (8%) 28 (6%) 432 (100%) 1.17

Table 1. West Nile virus human cases (probable and confirmed) by province and disease classification  
in Canada, 2018 

Figure 4. Age- and sex-specific incidence rate (per 100,000 population) of reported clinical and asymptomatic 
cases (combined) in Canada, 2018
*Incidence was calculated using 2018 Statistics Canada population estimates.
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MOSQUITO, BIRD AND HORSE EPIDEMIOLOGY

During the 2018 transmission season, 19,114 mosquito pools were tested for WNV in four provinces: Québec 
(n=1,769), Ontario (n=14,648), Manitoba (n=1,924), and Saskatchewan (n=773). Of these, 571 (3.0%) tested 
positive for WNV: 46 in Québec, 305 in Ontario, 168 in Manitoba, and 52 in Saskatchewan (Table 2). In 2018, the 
percent of mosquito pools positive for WNV infection was highest in Manitoba (8.7%) and Saskatchewan (6.7%). 
Similar to human cases, percent positivity for tested mosquitoes was highest in 2018 (3.0%), compared to the 
average of the previous five years (1.9%) (Figure 5).

The CWHC tested 323 dead wild birds for WNV. Of these, 170 (53%) were positive for WNV across nine provinces 
(Table 3, Figure 5). Overall, WNV activity was detected in dead wild birds from June to late October in Canada. 
West Nile virus positive birds were identified in a greater number of provinces than previously observed in the last  
decade, including three Maritime Provinces.

The CFIA was notified of 123 cases of WNV in domestic horses in the following six provinces: British Columbia 
(n=1), Alberta (n=72), Saskatchewan (n=32), Manitoba (n=5), Ontario (n=11) and Québec (n=2) (Table 3). This is 
the highest number observed in Canada since 2003 (Figure 5).

Table 2. Number of mosquito pools tested for West Nile virus  and number of positive mosquito pools in 
Canada*, 2018

Province No. of Positive Pools No. of Pools Tested Percent Positive Pools 
Saskatchewan 52 773 6.7%
Manitoba 168 1,924 8.7%
Ontario 305 14,648 2.1%
Québec 46 1,769 2.6%
Canada 571 19,114 3.0%

*In 2018, mosquito surveillance was conducted by the following four provinces: Quebec, Ontario, Manitoba, and Saskatchewan.

Table 3. Number of West Nile virus positive dead wild birds and horses in Canada, 2018
Province No. of Positive Birds (%) No. of Positive Horses (%)

British Columbia 3 (2%) 1 (<1 %)
Alberta 1 (<1 %) 72 (59%)
Saskatchewan 5(3%) 32 (26%)
Manitoba 36 (21%) 5 (4%)
Ontario 41 (24%) 11 (9%)
Québec 73 (40%) 2 (<1%)
New Brunswick 3 (2%) 0 (0%)
Nova Scotia 3 (2%) 0 (0%)
Prince Edward Island 5 (3%) 0 (0%)
Canada 170 (100%) 123 (100%)
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CALIFORNIA SEROGROUP VIRUSES
The NML detected 72 human cases of CSGV in seven provinces during the 2018 season (Table 4).  Of 
these, the majority (67%) were further characterized as Jamestown Canyon virus (JCV), 11% were snowshoe 
hare virus and the remainder (22%) were unclassified.  In 2017, a total of 122 cases of CSGV were  
identified, 73% which were JCV. 

EASTERN EQUINE ENCEPHALITIS VIRUS
In 2018, the CFIA reported 13 horses testing positive for the EEEV. No human cases of EEEV were reported in 
Canada. 

The last report of an EEEV human case occurred in Ontario in 2016.  

Province No. of Human Cases/Exposures (%)
Alberta 1 (1%)
Saskatchewan 5 (7%)
Manitoba 3 (4%)
Ontario 10 (14%)
Québec 45 (63%)
Nova Scotia 3 (4%)
New Brunswick 5 (7%)
Canada 72 (100%)

Table 4. Number of human exposures of California serogroup viruses in Canada, 2018

Figure 5. Reported number of West Nile virus positive humans (probable and confirmed) compared with  
positive dead wild birds, horses and percent positive mosquito pools in Canada, 2013-2018
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DISCUSSION
In 2018, 432 WNV human cases were reported to PHAC, the highest yearly total since 2007. Furthermore, 
29 WNV-associated deaths occurred in Canada in 2018 which is higher than the yearly average of four in the 
preceding five years (2013 – 2017). The high number of WNV human cases in 2018 may be attributed to several 
factors, including favourable weather conditions (temperature and precipitation) affecting mosquito abundance 
and activity, the immunological status of the wild bird populations that are the natural animal hosts of WNV, and 
human exposure to WNV-infected mosquito bites. Another significant result to note is the widespread impact 
of WNV infection in birds and horses across multiple jurisdictions. The detection of WNV-positive birds in the 
Maritime Provinces for the first time is particularly noteworthy.

A large number of WNV infections were also seen in jurisdictions outside of Canada. The United States Centers 
for Disease Control and Prevention (CDC) reported a total of 2,647 cases of WNV infection in humans in 2018, 
the highest number of WNV infections in humans reported since 2012 (1). Similarly, the European Centre for 
Disease Control (ECDC) reported an unusually large number of WNV infections in humans in 2018, noting a 3.4-
fold increase, compared to the previous 2017 season (n=1,240) (2). According to the ECDC, this suggests a high 
level of virus circulation in affected countries (2). 

The overall rate of reported WNV cases in humans during the 2018 season was 1.17 per 100,000 in Canada. 
Québec and Manitoba experienced the highest rates of WNV infection in Canada. However, due to possible 
variability in surveillance and reporting of human cases, we cannot conclude that risk of WNV is lower in other 
provinces. Underreporting is common with WNV, as many cases are asymptomatic, and would not be captured 
within the WNV passive surveillance system. Published literature reports indicate that for every case of WNV 
neurological syndrome that occurs, there may be as many as 150 WNV infections in humans (3-5). With 238 WNV 
neurological cases in 2018, this estimate would amount to approximately 35,700 WNV infections in humans for 
2018.

In Canada, fewer CSGV cases were reported in 2018, compared to 2017, despite the increase in the  
number of WNV cases observed in 2018. However, some of the mosquito species that are competent vectors for 
CSGV are different from those for WNV, and may have responded differently to the weather in 2018. California 
serogroup viruses may be under-detected in Canada as there is no formal surveillance system in place to monitor, 
track and report cases, and the decrease in cases from 2017 to 2018 may reflect variations in data collection and 
testing practices.  

PUBLIC HEALTH CONCLUSIONS
West Nile virus continues to be the leading cause of domestically acquired mosquito-borne illness and death in 
Canadians. The use of multi-species surveillance for WNV and other mosquito-borne diseases (MBD) is desirable 
to i) assess risk to the public; ii) provide the data that will support development of disease forecasting; and iii) 
provide understanding of disease transmission needed to predict future trajectories of these diseases, all of which 
ultimately inform public health action for prevention.

As there is no specific treatment or vaccine for WNV, patients are treated for their symptoms. Advanced age 
is one of the most important risk factors for severe neurological disease after infection with WNV (6). In some 
cases, patients who develop severe neurological illness demonstrate slow recovery and significant long-term  
sequelae (e.g., muscle weakness, fatigue, headache, and effects on cognitive function) (6). Further collaboration with  
surveillance partners and healthcare practitioners to determine long-term health impacts of WNV and other MBD 
in patients is needed.
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Because of the serious and sometimes fatal consequences of WNV infection and lack of treatment, it is important 
to focus on prevention strategies. The best way to avoid becoming infected with WNV and other MBD is to 
prevent mosquito bites, by covering exposed skin, using insect repellent and/or other forms of mosquito control. 
For more information including populations-at-risk, symptoms and treatment, please refer to Canada.ca.
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