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Abstract

Background: Climate change is likely to increase the risk of human transmission of arboviruses
endemic to Canada, including West Nile virus (WNV), Eastern equine encephalitis virus (EEEV)
and California serogroup virus (CSV), calling for enhanced surveillance, including entomological
surveillance targeting mosquito vectors. A scoping review was carried out to document the
public health contributions of entomological surveillance of arboviruses of importance in
Canada.

Methods: The Ovid® and EBSCO platforms and the grey literature were searched to identify

documents published between 2009 and 2023, in English or French, dealing with entomological
surveillance of arboviruses of interest, conducted annually for human health purposes under the

aegis of a government authority, with specified public health objectives and actions.

Results: The 42 selected publications mainly reported two public health objectives of adult
mosquito surveillance: early warning of viral circulation and assessment of the level of risk of

human transmission. Recommended actions included clinical preparedness, risk communication,

promotion of personal protection measures and vector control. The main objectives of
immature mosquito surveillance were to identify sites with high larval densities, in order to
reduce/eliminate them and target the application of larvicides.

Conclusion: In a context of climate change favouring the spread of arboviruses, this study
highlights the potential public health contributions of regular entomological surveillance of
endemic arboviruses of importance in Canada. It helps support concrete actions to protect the
health of the population from the risks of arboviral transmission.
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Introduction

Increased ambient temperatures and variability in precipitation
patterns associated with climate change are conducive to

an expansion in the geographic range of mosquito vectors

of arboviruses endemic to Canada, an increase in their local

abundance and a reduction in the extrinsic incubation period, (CSV) (1-3).
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enabling them to become infectious earlier (1,2). This greater
dispersion would contribute to an increased risk of human
transmission, particularly of West Nile virus (WNV), Eastern
equine encephalitis virus (EEEV) and California serogroup viruses
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These changes call for enhanced surveillance of such arboviruses
to better assess the health risks to the Canadian population (1)
and target interventions more effectively. To the best of our
knowledge, no synthesis of the public health objectives of
entomological surveillance of mosquito-borne arboviruses has
been published in Canada.

The aim of this scoping review was to document, as
comprehensively as possible, the public health objectives of
the entomological component of surveillance for arboviruses of
interest, namely WNV, EEEV, Cache Valley virus (CVV) and the
CSVs, including Jamestown Canyon virus (JCV) and Snowshoe
Hare virus (SSHV). In other words, the aim was to show how
entomological surveillance data can be used to support various
actions designed to protect the population from the risk of
arbovirus transmission. The purpose of this study is therefore
to support thinking on the potential of surveillance of mosquito
vectors of these arboviruses of importance in Canada by
examining the relevance of such surveillance to concrete action
by the authorities concerned, including the implementation of
appropriate preventive measures and vector control.

Methods

Search strategy

A scoping review was conducted based on the methodological
framework suggested by Arksey and O'Malley (4) and improved
by Levac et al. (5). Its specific aims were 1) to synthesize the
public health objectives targeted by entomological surveillance
of mosquito-borne arboviruses under different arboviral
transmission scenarios as detailed below and 2) to describe
how the resulting data can help support actions to protect the
population. The public health objective implies, in fact, that the
entomological surveillances reported in the literature are carried
out with the aim of supporting concrete actions.

The research question was: “What are the contributions of the
entomological component in the surveillance of WNV, EEEV, CVWV
and the CSVs, including JCV and SSHYV, in a context of climate
change?”. For this research, the term “surveillance” refers to any
process of ongoing data collection, carried out under the aegis
of a governmental authority, particularly a public health authority,
in order to guide its decisions, policies and responses (6). The
research question identified three major concepts that were
combined as follows: “arboviruses transmitted by mosquitoes,”
“surveillance” and “mosquito vectors.”

For each of these major concepts, a list of synonymous keywords
was drawn up for searching the bibliographic databases of the
Ovid® (Embase, Global Health and MEDLINE®) and EBSCO
(CINAHL® Complete, Environment Complete and GreenFILE)
platforms, as well as CAB Abstracts (CABI), Engineering

Village, Pascal and Francis, PubMed and Web of Science. No
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geographical restrictions were applied and the literature search
covered the period from 2009 to 2023. A complementary search
was carried out in the grey literature for the same time interval.
It considered mainly Google and Google Scholar search engines,
in addition to grey literature resources, including government
websites, notably those of health agencies in Canadian provinces
and US states, among which are those bordering Canada.

Relevant publications were selected initially by evaluating titles
and abstracts, and then by reading the full text, where necessary.
Inclusion and exclusion criteria required that publications

1) be written in English or French; 2) deal with entomological
surveillance for human health purposes of our arboviruses of
interest with field collection of mosquitoes; 3) be regularly
conducted each year during the mosquito season and initiated,
supervised, requested, required or supported by one or more
government entity(ies); and 4) have explicit public health
objectives and possible subsequent actions implemented or
recommended. Publications dealing, for example, with pure
research activities, such as the advancement of knowledge on
the ecology of mosquito vectors or trapping techniques, without
mentioning public health objectives/actions, were excluded.

Descriptive knowledge synthesis

A summary table was developed to report relevant data
extracted from the selected publications. These data include

the arboviruses and developmental stages targeted, the
epidemiological situation during which entomological
surveillance was carried out (i.e., no human cases, sporadic,
endemic or epidemic human cases), the public health objectives
targeted by this surveillance and the subsequent actions that can
derive from the entomological data obtained.

The objectives identified were then classified according to
four types of arboviral transmission scenarios based on the
epidemiological situations described in the literature:

® No arboviral transmission: No human cases reported, no
apparent arboviral transmission to the human population
and low or unknown levels among reservoir hosts

e Sporadic: Human cases reported anecdotally, arboviral
transmission considered sporadic, low level in the human
population and among reservoir hosts

¢ Endemic: Human cases reported on a recurrent basis with
no sign of sudden or rapid increase, arboviral transmission
considered to be persistent in the human population and
among reservoir hosts

e  Epidemic: Sudden and rapid increase in human cases,
arboviral transmission considered high and persistent in the
human population and among reservoir hosts



Results

Figure 1 shows a flow chart illustrating the search and selection
of relevant publications. Bibliographic database queries yielded
15,112 results. After removing duplicates, 7,392 scientific
publications were evaluated by title and abstract. Only 121
were finally screened for eligibility by full text reading, including
10 literature reviews. These reviews were initially retained in

an attempt to find relevant references not detected in the
bibliographic databases. They were afterwards excluded. Of
these 121 scientific publications, 23 were deemed eligible.
Consultation of grey literature sources led to the addition of

18 documents, mainly recent entomological surveillance and
intervention plans or reports. A grey literature document was
also found in one of the accepted scientific articles. A total of
42 publications were included in the knowledge synthesis. The
scientific articles are mainly from European countries, while

the grey literature is more from North America. Most of these
publications focused on two or even three mosquito-borne
arboviruses. However, the vast majority of cases involved WNV

(n=38), with the remainder involving EEEV (n=12) and JCV (n=3).

No relevant documents on SSHV or CVV were identified (n=0).

A summary of the public health objectives of entomological
surveillance of arboviruses of interest is presented in Table 1

(adult mosquitoes) and Table 2 (immature forms of mosquitoes).

Surveillance of these different developmental stages is

usually carried out concomitantly in order to consider the
entire vector lifecycle (7-20). The two tables also include the
number of publications reporting on each of the public health
objectives, the arboviral transmission scenarios concerned and
the arbovirus(es) of interest targeted per scenario, as well as
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examples of entomological indicators that help to achieve the
targeted objectives.

Figure 1: Flow chart illustrating the various stages in the
search for and selection of relevant publications®®

Bibliographic databases
Ovid® (Embase, MEDLINE®, Global Health) - EBSCO (CINAHL® Complete, Environment Complete,
GreenFILE) - CAB Abstracts (CABI) - Engineering Village (GeoBase) - Pascal and Francis - PubMed® -
Web of Science

Exclusion criteria (full reading)
 Entomological surveillance of
arboviruses other than those of
interest

Entomological surveillance in the
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Entomological surveillance
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Canadian and American)
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42 scientific and grey literature
publications J /
2 The 121 articles retained following title and abstract evaluation included 111 to be assessed
for eligibility by full text review and 10 literature reviews in an attempt to find any relevant
publications not detected in the bibliographic databases
b Literature reviews were excluded after extracting 13 scientific publications which were not
retained after reading of the full text
Restrictions used: from 2009 to 2023; no geographical restrictions were applied for document
searches

Table 1: Public health objectives of entomological surveillance of arboviruses of interest by arboviral transmission

scenario of adult mosquito surveillance

Public health objectives

Early warning of viral circulation before the first
human cases appear 20 | WNV WNV

Arboviral transmission
scenarios concerned

[ore [ Sporadic | Endonic | Epom

Example of entomological

indicators used

First positive mosquito pools for one and/or
- another of the arboviruses
(7,9-11,14,18,19,21-33)

WNYV,
EEEV, JCV

Assessing the level of risk of
human transmission®

22 | WNV WNV

Human risk
assessment

Spatiotemporal distribution and abundance

of mosquitoes by identified species, number
of mosquitoes per trap, number of positive
mosquito pools, number of traps with

WNV, positive mosquitoes, species type of positive
EEEV, JCV mosquitoes (more ornithophilic or more that
feed on mammals, including mosquitoes

that feed on humans), number of weeks with
positive mosquito pools, infection rate¢, vector
index? (7-19,21,32,34-40)

Mapping levels of viral
circulation intensity 3] - -

Mosquito infection rate (maximum likelihood
estimation and minimum infection rate)®
(22-24)

WNV -

Predicting an outbreak of P
human cases

Proportion of positive mosquito pools,

WNV N minimum infection rate, vector index (22,33)

Assessing resistance to insecticides used in vector
control 71 - -

Mosquito abundance before and after
WNV insecticide treatment, presence and frequency
of mutation genes (9,11,16,17,20,41,42)

WNV,
EEEV, JCV
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Table 1: Public health objectives of entomological surveillance of arboviruses of interest by arboviral transmission
scenario of adult mosquito surveillance (continued)

Arboviral transmission

Public health objectives scenarios concerned Fempple @i e ]
- indicators used
ions [ Sporaic | Endemc | g

Real-time monitoring and support for efforts to Mosquito abundance, number of positive
reduce human transmission 3] - - - WNYV, EEEV | mosquito pools, vector index, minimum

infection rate (43-45)
Contribution to the declaration of a health Proportion of positive mosquito pools (health
emergency linked to arboviruses 1] ) WNV, ) emergency declared as soon as 10% of bridge

EEEV vector® mosquito pools tested positive for

WNV or EEEV) (14)
Controlling the spread of the Culex population from 1 WNV Abundance of Culex species per trap (35)
flooded areasf ) ) )
Update of the list of potential vector species Adult mosquito abundance by identified

11- - WNV - . 4 . .

species, minimum infection rate (46)
Documentation of WNV transmission and 1] . WNV . Presence of WNV in hibernating mosquitoes (9)
overwintering mechanisms in competent vectors?
Documenting the intensity of viral circulation during 1 WNV Mosquito abundance by identified species,

- . - - : h - - - o : -
an epidemic year at international airports minimum infection rate (47)
Warning of a potentially increased risk of arboviral Mosquito abundance by identified species,
2 b . . 11- - - WNV - R X

transmission for next year's mosquito season’ minimum infection rate (48)

Abbreviations: EEEV, Eastern equine encephalitis virus; JCV, Jamestown Canyon virus; WNV, West Nile virus; -, not applicable

2 n is the number of publications having documented the public health objective. The same publication could report on several public health objectives. The sum of these numbers is therefore greater than 42
b Also known as the probability of locally acquired human diseases in the states of Massachusetts and Rhode Island, or the probability of human illness in the state of New Hampshire. Risk levels for
human transmission are generally classified as low, moderate, high or very high

¢ The infection rate corresponds to the number of infected mosquitoes per 1,000 tested. It can be expressed using two indicators: maximum likelihood estimation, which assumes that one or more
mosquitoes are infected in a pool tested positive for the targeted arbovirus, or minimum infection rate, which is a simple approximation of the prevalence of infected mosquitoes, since it assumes that
only one mosquito is positive in each positive pool

9 The vector index, or risk index, is the estimated proportion of infected mosquitoes of a particular species in a specific area. It corresponds to the product of the number of mosquitoes collected and
their infection rate

¢ A bridge vector mosquito is capable of carrying the pathogen and transmitting it to another species (including humans) other than the one involved in the enzootic cycle

f Culex mosquitoes are strongly influenced by temperature, precipitation and humidity

¢ Based on the hypothesis that some Culex pipiens may survive the winter as adults while infected. Adult mosquitoes are collected during the off-season (from November to the end of March)

" During epidemic years, the ecological habitats of airports can favour WNV transmission and increase the risk of mosquitoes and/or viruses spreading to non-endemic regions

i This higher risk is associated with a milder winter combined with the ability of the main infected mosquito vectors to spend the winter season in the geographical area where entomological
surveillance takes place

Table 2: Public health objectives of entomological surveillance of arboviruses of interest by arboviral transmission
scenario of immature mosquito surveillance

Example of entomological

Public health objectives indicators used

Identifying larval breeding Presence of eggs, larvae and pupae;

sites® and determining high 16 | WNV WNV WNYV, EEEV, JCV | - abundance (or density) by identified species
larval density areas and developmental stagec (7-20,32,37)
Mapping of breeding sites? 6| - - WNV, EEEV, JCV | - Presence of breeding sites (12,15,17-20)

Abbreviations: EEEV, Eastern equine encephalitis virus; JCV, Jamestown Canyon virus; WNV, West Nile virus; -, not applicable

n is the number of publications having documented the public health objective. The same publication could report on both of the public health objectives described. The sum of these numbers is
therefore greater than 16

b The location of artificial and natural breeding sites is linked to the specific ecology of each mosquito vector

< The abundance of immature mosquitoes is an early indicator of the density of the future adult population

9 The collection and examination of topographical maps, aerial photographs, geographic information systems (GIS) technology and local expertise can be used to map breeding sites

The majority of public health objectives identified in the e Assessment of the level of risk of human transmission (n=22)
consulted literature concern the scenario of arboviral based on, among others, entomological indicators such as
transmission at endemic level. Those most documented for adult mosquito abundance, infection rate of arbovirus in mosquito
mosquito surveillance, and common to WNV, EEEV and JCV, are: population and vector index. These risk levels are generally

described as low, moderate, high or very high.
e Early warning of viral circulation (n=20) before the first

human cases appear and thanks to the first positive The main objectives reported for surveillance of immature forms
mosquito vectors pools for one and/or another of the of the vectors of one and/or another of these three arboviruses
arboviruses under surveillance. are the identification of artificial and natural breeding sites and

the determination of areas with high larval densities (n=16).
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Table 3 and Table 4 summarize the main public health actions e Ongoing education/awareness campaigns, using a variety of

that can derive from adult and immature mosquito surveillance communication channels to increase outreach efforts, aimed

data, respectively. These actions are presented for each at the general population and healthcare professionals.

surveillance objective. For adult forms, they include: These campaigns focus mainly on personal protection

measures (e.g., long-sleeved clothing, mosquito nets, use

e  Clinical preparedness to strengthen human surveillance, of repellents) and participation in source reduction efforts
particularly through greater vigilance in recognizing and by eliminating peridomestic stagnant water (e.g., emptying
diagnosing illnesses linked to these three arboviruses, as artificial containers, recovering used tires, swimming pool
well as increased laboratory resources for confirmatory maintenance).
testing of human cases. e Vector control, including the ground-based and/or aerial

e  Real-time risk communication by the responsible authorities application of larvicidal treatments or even of adulticides,
to local authorities, healthcare providers, the media and the when the level of risk of human transmission is deemed high
general public. or critical.

Public health actions guided by data from immature forms
surveillance essentially include source reduction aimed at
eliminating/reducing natural and artificial larval breeding

sites (e.g., elimination of stagnant water and vegetation
management), targeted larvicidal treatments focusing on areas
of high larval density and evaluation of the effectiveness of such
treatments.

Table 3: Public health actions that can derive from adult mosquito surveillance data

Public health actions

Surveillance objectives Clinical Risk Ongoing awareness/ | Vector

preparedness® | communication® | education campaigns© | control®

Early warning of viral circulation before the first human cases appear Xe Xe Xe Xe

Assessment of the level of risk of human Xe Xe Xe Xe
. transmission

Human risk - — — -

assessment Mapping levels of viral circulation intensity - - - Xe
Predicting an outbreak of human cases - - - Xe

Evaluation of resistance to insecticides used in vector controlf - - - Xe

Real-time monitoring and support for efforts to reduce human Xe Xe Xe Xe

epidemic transmission?

Contribution to the declaration of a health emergency linked to - Xe Xe Xe

arboviruses"

Controlling the spread of the Culex population from flooded areas - Xe Xe Xe

Update of the list of potential vector species’ - - - Xe

Documentation of WNV transmission and overwintering - - - Xe

mechanisms in competent vectors

Documenting the intensity of viral circulation during an epidemic - - - Xe
year at international airports

Warning of a potentially increased risk of arboviral transmission for - Xe Xe -
next year's mosquito season’

Abbreviations: WNV, West Nile virus; -, not applicable

2 Includes increased vigilance in the recognition and diagnosis of arboviruses, an expansion of technical laboratory resources for confirmatory testing of human cases, the strengthening of veterinary
surveillance and the activation of the procedure guaranteeing the safety of blood transfusions

® Includes real-time, regular and constantly updated communication of the levels of risk of human transmission to local authorities, health care providers, the media (e.g., publication of national press
releases) and the general public

¢ Includes awareness-raising and ongoing education of human healthcare providers and the general population, especially those at risk, on personal protection measures (e.g., long-sleeved

clothing, mosquito nets, use of repellents) and source reduction by eliminating peridomestic and urban stagnant water (e.g., emptying of artificial containers, recovery of used tires, swimming pool
maintenance), while multiplying communication platforms (e.g., websites of health authorities and other relevant government entities, press releases in local newspapers, interviews on various cable
channels, social networks, information leaflets in different languages in schools and community organizations, workshops in retirement homes) to increase outreach efforts

9 Includes source reduction, ground and/or aerial application of larvicides and even of adulticides, when the level of risk of human transmission have been deemed high or even critical

¢ For each of the adult mosquito surveillance objectives, the coloured cells designate the public health actions that can be derived from the surveillance data

fPublic health action involves updating vector control programs where necessary

9 Public health action consists of an increase in confirmatory testing of human cases and an intensification of risk communication strategies, personal protection awareness/education campaigns and
vector control in the most at-risk areas

" Public health actions can include the creation of a panel of experts and the setting up of an emergency operations centre for coordinated, faster and more effective responses

" Public health actions consist of a sustained, ongoing education/awareness campaign for the general population and risk communication to public health authorities in neighbouring states and regions
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Table 4: Public health actions that can derive from immature mosquito surveillance data

Public health actions

Surveillance objectives

Source
reduction®

Targeted larvicidal

Evaluation
of larvicidal
treatments®

Real-time monitoring of

treatments® larvicide deployment?

Identifying larval breeding sites and Xe
determining high larval density areas

Xe Xe -

Mapping of breeding sites' -

Abbreviation: -, not applicable

2 Includes elimination of stagnant water (e.g., percolation, recirculation, drainage), vegetation management (e.g., controlling algae growth) and saltmarsh water management

b Involves targeting priority areas with high larval densities
¢ Includes evaluation of duration and efficacy of larvicidal treatments

4 Involves checking the suitability of larvicidal treatments in priority areas with high larval densities

¢ For each of the immature mosquito surveillance objectives, the coloured cells designate the public health actions that can be derived from the surveillance data
fEnables improved surveillance of breeding sites for the following year's mosquito season by allowing the responsible authorities to decide where to concentrate this surveillance

Discussion

Entomological surveillance of mosquito-borne
arboviruses: a valuable contribution to public
health

This literature review has documented the public health
objectives that can be achieved through entomological
surveillance of arboviruses of interest, as well as the subsequent
actions that can derive from the resulting data. These objectives
were reported by developmental stage monitored, i.e., adult and
immature mosquitoes, and by arboviral transmission scenario.
This strategic breakdown of public health objectives/actions
according to various scenarios offers some avenues for reflection
to carry out mosquito surveillance. Any authority concerned
could then, according to its priorities, opt for the appropriate
objective(s) in line with the arboviral transmission scenario
prevailing in the region targeted for entomological surveillance
of mosquito-borne arboviruses.

The major finding of this study is that mosquito surveillance

can help support the implementation of actions to protect
human health from the risk of arboviral transmission. Real-

time exploitation of entomological data from adult mosquito
surveillance provides useful and rapid information to the
authorities concerned by contributing to early warning of

viral circulation and by helping to assess the level of risk of
human transmission to support more prompt and informed
management. The aim is to decrease arboviral transmission and
limit human cases by implementing a range of preventive public
health actions, including vector control. The latter intends to
reduce the abundance of infected or potentially infected vectors,
thereby lowering the environmental viral load.

Early warning of viral circulation is based on the detection of
the first positive mosquito pools for the arboviruses under
surveillance, which usually occur a few days or even several
weeks before human cases appear (9,22,23,26,30,31,42). In New
York City, for example, data collected between 2000 and 2022
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showed that WNV was detected in mosquitoes weeks before
any risk of human transmission became significant (9). The main
purpose of this alert is to rapidly initiate clinical preparedness
activities, as described above, risk communication, coordination
and training of local health officials and personnel involved

in entomological surveillance, as well as the development

of materials for public awareness/education campaigns on
preventive measures. Early warning also enables vector control
to be initiated, including source reduction, to limit the spread
of infected mosquitoes to densely populated areas (7-9,14,17-
19,21-33).

The level of risk of human transmission is assessed throughout
the mosquito season using real-time entomological data from
the current year, often combined with those from previous
years (10-13,16-18). These data are most often also combined
with other parameters, as no single indicator can provide an
accurate measure of risk (10,18). These parameters include
(9,11,13,14,16-18,35):

e Immature mosquito surveillance data, including type and
location of breeding sites and their proximity to the human
population at risk and larval abundance

e  Human and animal surveillance data (wild birds, chickens,
horses, etc.)

e The time of year

e  Current and projected local weather conditions (degree-day
accumulation, precipitation, wind speed, etc.)

e  The density of the human population at risk, particularly
those close to larval breeding sites

The use of entomological data to estimate the level of risk

of human transmission is justified by the statistically positive
correlation between mosquito abundance, vector index and/
or mosquito infection rate, on the one hand, and the number
of human cases, on the other. This correlation has been well
documented for WNV in Canada (49,50) and elsewhere in the
world (33,44,51,52).




This risk level assessment helps guide the rapid implementation
and gradual, targeted and proportionate intensification of
public health actions, including regular risk communication and
updates, education/awareness-raising through public outreach
campaign on preventive measures and vector control. The
focus is put on a gradual reinforcement of personal protection
measures for humans and source reduction measures, or even a
possible restriction of outdoor activities to decrease exposure
risks (10,13,16-18,34-38). The states of Massachusetts (10),
Vermont (17), New Hampshire (18) and Rhode Island (38) have,
in fact, developed guidelines revealing the entomological data,
combined or not with other parameters, that define levels of
risk of human transmission and the subsequent public health
responses.

Outbreak risk assessment is generally based on the vector index,
which predicts an increase in the number of human cases over
the following two to three weeks (33,43,50). This predictive
effort can be used to guide vector control strategies in order to
prioritize areas identified as being most at risk (32,33).

Other public health objectives were identified in the consulted
literature. Although few publications have reported on them,
they remain relevant. One example is the assessment of
resistance to insecticides used in vector control, which is essential
for evidence-based strategy revision. Another example would be
the contribution to the declaration of a health emergency linked
to arboviruses, prompting the creation of a panel of experts
(epidemiologists, veterinarians, vector control experts, biologists,
local representatives) and the setting up of an emergency
operations centre for coordinated, faster and more effective
public health interventions (14).

Finally, surveillance of immature mosquitoes is essential, as it
enables targeted larvicidal treatments to help reduce the adult
mosquito population, particularly when the level of risk of human
transmission is deemed high (11,17). Detailed documentation

of the presence and abundance of immature mosquitoes, the
developmental stages treated by larvicides, the size of breeding
sites and the effectiveness of vector control is considered of
great value in continuously estimating the likely size of future
adult mosquito populations (10,14,18).

Optimal conditions for more effective
entomological surveillance

The literature review also identified relevant information on
the optimal conditions for strengthening the efficiency of
entomological surveillance strategies for adult mosquitoes to
achieve the main public health objectives documented.
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As an early warning tool for viral circulation

As reported for WNV, early warning of viral circulation depends
on certain operational modalities, in particular:

* Intensive trapping to increase the number of mosquitoes
to be collected and tested, as this parameter is crucial for
the sensitivity of early arbovirus detection (21,28,30). This
condition implies a substantial number of mosquito traps
located in “hot spots,” selected according to a multifactorial
approach (e.g., presence of wetlands and other water
bodies, human population density, meteorological
parameters) (21,30). Thomas-Bachli et al. (53) demonstrated
that increasing the number of traps in Ontario, combined
with shifting their locations to areas where WNV had
been detected in previous years, improved detection
times for arbovirus in mosquitoes, which became similar
to or even shorter than those associated with dead corvid
surveillance (53). A judicious choice of the type of mosquito
traps and their wide deployment also enhances the ability of
entomological surveillance to provide early warning of viral
circulation (25).

*  Rapid acquisition, ideally within a few days, of results of
WNV screening in mosquito population (9,26,27).

®  Maintain regular surveillance on an annual basis, preferably
from May until the end of the mosquito season (usually late
September), in order to improve strategy and refine early
detection capabilities and sensitivity (24).

e Collaboration between veterinary and human health
services, as well as between medical entomologists
and ornithologists, in addition to coordination and data
management at national, regional and local levels (24).

e Regular updating of the entomological surveillance program
in line with available data (results from the previous year
and those obtained from research studies) and funding
opportunities (24,27).

As a tool for assessing the level of risk of human transmission

The development of appropriate models for assessing human
transmission risk levels, using entomological data, also requires
ongoing surveillance carried out every year during the mosquito
season. It also calls for rapid processing and analysis of
entomological data, so that the necessary preventive measures
can be implemented without delay (27,50). It is also strongly
recommended that monitoring programs include permanent
traps placed at fixed stations, with a long-term perspective,

in order to develop a historical baseline for detecting
spatiotemporal trends in mosquito abundance and arbovirus
prevalence within their populations. In fact, the assessment of
the level of risk of human transmission generally incorporates
the results of mosquito surveillance from previous years.

The constant accumulation of entomological data, year after
year, also offers the opportunity to improve the robustness of
predictive models for more accurate estimates of human risk,
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including the occurrence of outbreaks (10,14,18,19,24,27). In
New York City, comprehensive vector and human surveillance
data collected over the years 2006 to 2022 enabled health
authorities to develop a more sensitive protocol for assessing
the level of WNV activity and human disease risk across the
entire city (9). In Massachusetts, routine seasonal data collection
over a period of several years also considerably improved the
accuracy of assessing the level of risk of human transmission at
the municipal level (10).

Karki et al. (54) have demonstrated, for the state of lllinois, that
the power of predictive models based on vector index increases
in regions with abundant entomological data. The authors also
highlighted their usefulness, when collected over the long term,
for developing risk assessments at specific times and in specific
regions to guide an appropriate public health response (54).

On the other hand, Kilpatrick and Pape (52) warned against

the loss of data resulting from discontinuous entomological
surveillance. Thus, a pronounced decline in the predictive power
of the models used is expected in the absence of arbovirus
prevalence and mosquito abundance data for the surveillance
year. Moreover, the decline in predictive power is exacerbated by
delays in processing and analyzing entomological data (52).

Finally, it should be noted that the consulted literature also
highlighted the importance of sharing roles and responsibilities
for the smooth running of entomological surveillance programs,
including the operational aspect (e.g., selection of locations and
installation of mosquito traps), the assessment of the level of risk
of human transmission and the resulting public health responses,
particularly the application of larvicides and adulticides.
Mosquito surveillance programs can therefore involve various
levels of health authorities, as well as other government bodies,
notably from the agricultural and environmental sectors, and
local administrations such as municipalities (14,16,17,19,38,45).

Strengths and limitations

The main strength of this work lies in the inclusion of publications
dealing with entomological surveillance carried out annually, on
a regular and uninterrupted basis, while involving government
authorities at the national, regional or local level. This approach
lent greater weight to the public health objectives of this
surveillance and subsequent actions documented in the
literature. Furthermore, the surveillance programs described

are still underway in the countries/regions concerned, as they
are considered to be relevant, which further strengthens this
knowledge synthesis. However, this review cannot claim to be
exhaustive, as additional results could have been identified with
less stringent inclusion criteria. In addition, there have been few
publications on EEEV and the CSVs and no relevant literature
on SSHV or CVV has been identified. These factors could make
it harder to infer about these arboviruses, which, however, are
likely to grow in importance in the coming years. Beyond these
limitations, we are confident in the relevance and significance of
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the results obtained and believe that this review remains a first
description of the synthesis of the objectives of entomological
surveillance of arboviruses of public health interest and endemic
to Canada.

Conclusion

In a context of climate change conducive to the spread of
arboviruses, this knowledge synthesis supports the usefulness
and relevance of entomological surveillance of arboviruses of
interest in Canada, namely WNV, EEEV and JCV. Its contribution
to public health is nevertheless grounded in a regular annual
deployment during the mosquito season, according to the
objectives pursued by the authorities concerned, while using a
judicious number and locations of mosquito traps. For optimum
benefit, it is also vital that entomological data are analyzed and
shared rapidly to support effective actions, integrating clinical
preparedness, real-time and ongoing risk communication as well
as timely implementation of preventive measures. Entomological
surveillance of arboviruses of public health importance should
be maintained and strengthened, taking into consideration
expected changes, due to climate variations, in mosquito
populations and the diseases they carry in Canada.
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