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Estimating public health risks of infectious 
disease events: A Canadian approach to rapid 
risk assessment
Sai Priya Anand1, Clarence C Tam1, Sharon Calvin1, Dima Ayache1, Lisa Slywchuk1, Irene Lambraki1, 
Rukshanda Ahmad1, Jan Trumble Waddell1, Eleni Galanis1,2,3, Linda Vrbova1*

Abstract

Background: The COVID-19 pandemic highlighted the need for timely, evidence-based rapid 
risk assessments (RRA) of infectious disease events to inform public health action during 
rapidly evolving situations with high uncertainty. In 2022, the Public Health Agency of Canada 
established a coordinated approach to public health risk assessment, including a methodology 
for qualitative RRA of infectious disease threats.

Objective: To describe the RRA methodology and illustrate its use with examples from different 
infectious hazards of public health concern.

Methods: The RRA methodology employs the risk pathway to describe the sequence of events 
leading from a hazard’s source to the adverse event of concern and subsequent impacts; define 
specific questions to be addressed; and identify relevant knowledge gaps, limitations and 
recommendations. Qualitative likelihood and impact estimates are derived through integration 
of evidence review and expert opinion and are communicated together with corresponding 
levels of uncertainty. The impacts of the event are based on an assessment of the most likely 
spread scenario within Canada, considering individual-level impact on affected individuals, the 
impact on the general population and, if relevant, sub-groups at higher risk.

Results: This RRA approach aligns with well-established international methods and provides 
flexibility to accommodate a broad range of risk questions. It has been implemented 
to estimate the risk of various threats of concern to Canada, including mpox, avian 
influenza A(H5N1) and measles.

Conclusion: Given the broad range and complexity of public health hazards, RRAs provide a 
timely, coordinated and systematic process for characterizing and communicating the risk to 
inform risk mitigation and decision-making and to guide appropriate public health response.
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Introduction
The COVID-19 pandemic highlighted the need for a risk- and 
evidence-based approach to implementing public health 
measures in the context of a rapidly evolving situation with 
limited information and high uncertainty. Rapid risk assessments 
(RRAs) provide a systematic approach to gathering, assessing 

and documenting information about a public health hazard, to 
assign a level of risk to inform decision-making within a short 
timeframe (1,2). Rapid risk assessments are, therefore, crucial in 
the early response to a public health event as they provide risk 
managers with a timely and evidence-based assessment of the 

mailto:linda.vrbova@phac-aspc.gc.ca
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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risk and associated levels of uncertainty upon which to base risk 
management, surveillance and research recommendations (3,4). 
Additionally, RRAs can be updated, taking into account new 
information as an event evolves.

Based on recommendations from the Auditor General’s Report 
on Pandemic Preparedness, Surveillance, and Border Control 
Measures (5) and the Global Public Health Intelligence Network 
Independent Review Panel (6), in 2022, the Public Health Agency 
of Canada (PHAC) consolidated risk assessment activities across 
PHAC to establish and coordinate an integrated risk assessment 
approach to RRA. The RRA process is initiated when a threat 
is identified (e.g., through signal detection or surveillance) for 
which an estimation of the associated risk is needed to inform 
public health preparedness and response. Due to the need for 
timely response and the limited information available during the 
early stages of an event, RRAs are typically qualitative in nature, 
involving a combination of evidence review and expert opinion. 
In this paper, we describe the development and methodology 
of PHAC’s qualitative RRA approach and illustrate its use with 
different infectious hazards of public health concern as examples.

Rapid risk assessment methodology

Development
Four qualitative public health RRA approaches (1,2,7,8) were 
initially identified through an informal environmental scan of 
risk assessment approaches utilized by international public 
health organizations (e.g., UK Health Security Agency, European 
Centre for Disease Prevention [ECDC] and Control and 
World Health Organization [WHO]) as well as peer-reviewed 
publications, grey literature and expert input of threat and 
risk assessment frameworks and methodologies. The four 
approaches were subsequently tested in the Canadian context 
using scenarios and historical infectious disease events. Two 
approaches use an algorithm to determine the risk level posed 
by infectious disease events (1,7), while the other two involve 
development of specific questions to be addressed related 
to the likelihood and impact of the event of concern (2,8). 
The RRA approach described herein is largely based on the 
Joint Risk Assessment Operational Tool (JRA OT), developed 
by the Food and Agriculture Organization (FAO), the World 
Organization for Animal Health (WOAH) and the WHO (8), as 
a qualitative approach that can be conducted rapidly to inform 
decision-making for emerging events. The JRA OT was chosen 
based on its 1) flexibility to accommodate a wide range of risk 
questions, 2) high level of scientific validity by employing a risk 
pathway model as a framework to assess likelihood and impact, 
3) ability to incorporate One Health considerations in the risk 
assessment process to address the many hazards that intersect 
human-animal-plant-ecosystem health and 4) ability to provide 
sufficient guidance material for implementation and adaptable 
tools to facilitate the RRA process (e.g., terms of reference 

for committees). The iterative JRA process at-large has been 
adapted based on organizational mechanisms and structures 
in-place and informed by lessons learnt via internal pilot-testing 
with infectious disease events that occurred in 2022.

Overall process
When the RRA process is triggered, an event-specific steering 
committee is formed comprising decision-makers, senior staff 
in key program areas and relevant external partners. The 
steering committee’s role is to determine if a RRA is needed, 
oversee the RRA process, define the scope and key objectives 
of the assessment, review findings and recommendations 
and communicate these to relevant decision-makers. In the 
execution phase, a multidisciplinary technical team comprising 
risk assessors and subject matter experts (SMEs) conducts 
the assessment by mapping a risk pathway; finalizing the 
risk question(s) to be addressed; gathering and synthesizing 
evidence; assigning likelihood, impact and uncertainty levels; 
identifying assumptions, limitations and knowledge gaps; and 
providing recommendations for risk mitigation, surveillance 
and research. These are summarized in a report that includes 
an overall risk statement and recommendations for risk 
management that are approved and communicated to relevant 
stakeholders in the dissemination phase (Box 1).

1.	 Initiation phase: setting the stage
	◦ Establishing a steering committee and technical team
	◦ Risk framing and formulating risk question(s) 

2.	 Execution phase: conducting the assessment
	◦ Diagramming risk pathway(s)
	◦ Finalizing risk question(s) and formulating pathway  

sub-questions
	◦ Gathering and synthesizing evidence
	◦ Assigning likelihood, impact and uncertainty levels
	◦ Identifying assumptions, limitations and knowledge 

gaps
	◦ Formulating risk statement and risk management 

recommendations 

3.	 Closure phase: recommendations, communication and 
update

	◦ Reviewing and approving RRA findings and 
recommendations

	◦ Disseminating RRA outcomes and report
	◦ Developing triggers for re-assessment of risk
	◦ Monitoring emerging evidence and situational 

assessment
	◦ Updating the assessment as the event evolves

Abbreviation: RRA, rapid risk assessment
a This process is situation-dependent and not linear; it is often adapted to the hazard, scope, 
purpose and timelines, as established during risk framing

Box 1: Overall process for conducting a public health 
rapid risk assessment for infectious disease eventsa
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Initiation phase: setting the stage

Risk framing
The steering committee conducts a risk framing (problem 
formulation) exercise to determine whether a RRA is needed 
and outline the scope and key objectives of the assessment. This 
includes defining the following:

•	 The public health hazard (pathogen or other threat) that 
poses a potential risk

•	 The public health concerns related to the hazard
•	 The adverse event of concern (the event to be avoided or 

mitigated); e.g., introduction of an infectious individual with 
disease X into Canada

•	 The source of the hazard
•	 The at-risk population(s) of interest
•	 The timeframe over which the risk should be assessed
•	 The contextual factors that can influence the likelihood or 

impact of the event; e.g., conditions affecting exposure or 
transmission, available countermeasures and resources for 
risk mitigation

•	 The relevant stakeholders (including those whose expertise 
is required to conduct the assessment and those to whom 
the results of the assessment should be communicated)

•	 The risk management decisions that should be informed by 
the RRA; e.g., border health measures, infection prevention 
and control guidance

This risk framing aids in the formulation of the specific risk 
question(s) to be answered during the RRA (see Table 1 for more 
examples).

Execution phase: conducting the 
assessment
Risk pathway
The risk framing informs the development of a risk pathway: a 
diagram describing the sequence of events leading from the 
hazard’s source to the adverse event of concern and its resultant 
impacts. Each box (node) in the diagram represents a step along 
the risk pathway; arrows (edges) depict causal relationships, 
linking each event to its consequences (Figure 1). The likelihood 
of a specific event occurring is, therefore, conditional on 
preceding events. Typically, a risk pathway for an infectious 
disease hazard includes components describing the importation, 
if relevant, of the hazard (pathogen) from the source country, 
exposure to the hazard within Canada, human infection, the most 

Table 1: Risk framing leading to the risk question for assessment for different infectious disease agents of public 
health concern

Hazard
Adverse 
event of 
concern

Source 
population(s) At-risk populations Timeframe Risk question

VHF disease 
outbreak in 
Country X

Introduction of 
infected human 
into Canada

Immigrants resettling 
to Canada, travellers 
including tourists, 
Canadians visiting 
home countries or on 
business trips

Close contacts of infected 
individual, general 
population

4 weeks What is the likelihood and impact 
of a VHF disease introduction 
into Canada from the outbreak 
in Country X within the next four 
weeks?

Avian 
influenza A(H5N1) 
clade 2.3.4.4b 
virus (9)

Human infection 
in Canada

Wild birds, domestic 
birds, wild mammals, 
domestic mammals

Individuals with higher-
level exposurea, 
individuals with  
lower-level exposure, 
general population

Current and 
up to the end 
of the next 
bird migratory 
season in 
Canada

What is the likelihood and impact 
of at least one human infection 
with avian influenza A(H5N1) 
clade 2.3.4.4b due to exposure to 
either birds or mammals in Canada 
up to the end of the 2023 fall bird 
migratory season?

Poliovirus outbreak 
in Country X

Infection of 
an un/under-
vaccinated 
person in 
Canada

Immigrants resettling 
to Canada, travellers 
including tourists, 
Canadians visiting 
home countries or on 
business trips

Un/under-vaccinated close 
contacts,  
un/under-vaccinated 
communities

4 months What is the likelihood and impact 
of poliovirus importation and 
transmission to un/under-vaccinated 
close contacts in Canada associated 
with the poliovirus outbreak in 
Country X within the next four 
months?

2022 global mpox 
outbreak (10)

Human-
to-human 
transmission in 
Canada

Travellers to Canada 
from endemic regions 
at the start of the 
outbreak, limited 
clusters of domestic 
transmission

gbMSM, trans and 
gender-diverse people, 
sex workers in Canada, 
individuals with multiple 
sexual partners and their 
close contacts, general 
population

4 weeks What is the likelihood and impact 
of mpox virus transmission among 
gbMSM with multiple sexual 
partners and their close contacts in 
Canada within the next month?

Abbreviations: gbMSM, gay, bisexual, and other men who have sex with men; VHF, viral hemorrhagic fever
a High intensity contact (within two meters and/or prolonged without use of personal protective equipment) with animals infected with avian influenza A(H5N1) clade 2.3.4.4b virus (i.e., wild birds, 
poultry or mammals), infected materials from these animals (e.g., feces, blood, secretions or tissues) or an environment highly contaminated by infected animals
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likely spread scenario should infection occur and the resulting 
impacts. The adverse event of concern (the event to be avoided 
or mitigated) should be clearly defined, since this is the event for 
which the overall likelihood will be assessed. Other components 
such as potential interventions (e.g., vaccination, treatment) and 

monitoring points (e.g., surveillance systems) can be added to 
the pathway where relevant. Mapping out the risk pathway helps 
to formulate the risk question that is of key concern and the 
types of information that will be needed to address it.

C. Human infection with influenza A(H5N1) clade 2.3.4.4b

B. Poliovirus importation and infection in Canada

A. Viral hemorrhagic fever (VHF) importation into Canada, e.g., Ebola virus

Infection in
wild birds

Human with
lower-level exposure

Human with
higher-level exposure

Infection in
poultry

Infection in
wild mammals

Infection in
domestic mammals

Human susceptibility
to infection Human infected

Question 1
What is the likelihood

that an individual animal
is infected?

Question 2
What is the likelihood that a human

is exposed to a sufficient amount of virus
to potentially cause infection following:

a) a higher-level exposure?
b) a lower-level exposure?

Question 3
What is the likelihood

that an exposed human
will develop infection?

Poliovirus infectious person
in source country

Infectious person
enters Canada

Infectious person
has close contact with

un/under-vaccinated person

Un/under-vaccinated
close contact infected

Question 1
What is the likelihood

that an individual
is infected with poliovirus

in the source country?

Question 2
What is the likelihood

that at least one infectious individual
from the source country

enters Canada?

Question 3
What is the likelihood

that an infectious individual will have
close contact with an

un/under-vaccinated individual
in Canada?

Question 4
If an un/under-vaccinated individual

has close contact with an infectious person,
what is the likelihood that they will

be infected with poliovirus?

VHF infectious person
in source country

Infectious person bound
for Canada

Infectious person not
detected by travel screening

Other traveller(s) exposed
in transit

Infectious person
enters Canada

Question 1
What is the likelihood

that an individual
is infected with Ebola virus

in the source country?

Question 2
What is the likelihood

that an infectious individual
travels to Canada

in the next 4 weeks?

Question 3
What is the likelihood

that an infectious traveller
is not detected by pre-travel

or entry screening?

Figure 1: Risk pathway diagrams depicting the steps from the source of infection to the adverse event of concern
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Risk pathways can vary in complexity depending on the hazard 
and risk question and individual components of the pathway 
can be expanded and assessed in greater detail or simplified 
as needed. For example, in considering the potential for 
importation of a non-endemic disease into Canada (e.g., Ebola 
virus) into Canada, measures such as pre-travel health screening 
could reduce the likelihood of importation by preventing 
symptomatic individuals in the source country from travelling 
(Figure 1A). With infectious diseases that mostly present as 
asymptomatic (e.g., poliovirus), such measures are unlikely to 
meaningfully influence the likelihood of importation; thus, the 
importation component of the risk pathway can be simplified, 
assuming that pre-travel health screening would not detect 
poliovirus infections (Figure 1B). The level of detail in a risk 
pathway are dependent on the time and resources, availability of 
information, complexity of the risk questions, risk management 
needs and sensitivity of the risk to specific steps in the pathway.

Similarly, the risk pathway approach allows for flexibility in 
incorporating components at the human-animal-ecosystem 
interface. For example, when assessing the risk of human 
infection with influenza A(H5N1) clade 2.3.4.4b viruses, the risk 
pathway can include the likelihood of infection in relevant animal 
species and the likelihood of human exposure and infection 
(Figure 1C); depending on the scope, the assessment could 
consider impacts on human health, the economy, wildlife and 
agriculture. Risk pathways are, therefore, useful for incorporating 
multi-sectoral perspectives within a One Health approach.

The risk pathway is used to develop specific sub-questions to 
be answered during the risk assessment. These sub-questions 
correspond to individual steps (nodes) in the pathway influencing 
the likelihood of the event of concern (likelihood sub-questions) 
and steps leading from the event of concern to the impacts 

being assessed (impact sub-questions). For infectious hazards, 
assessing the impacts typically requires an assessment of the 
most likely spread scenario(s) should the event of concern 
occur. It should be noted that the event of concern can differ 
depending on the context and the specific objectives of the 
assessment (Figure 1, orange nodes).

Risk pathways can be adapted to consider at-risk populations or 
settings within the RRA (Figure 2). For example, the risk pathway 
can capture the likelihood and impact of infection in defined 
sub-populations of concern, such as specific occupational, 
demographic or other relevant high-risk groups (Figure 2A). 
A further consideration is that the unit of analysis may differ 
depending on the context. Figure 1 and Figure 2A depict risk 
pathways related to the likelihood of an individual importing, 
transmitting or acquiring a pathogen. Figure 2B depicts a 
risk pathway in which the event of concern is the spread of 
a multidrug-resistant organism between healthcare facilities, 
making a healthcare facility a more appropriate unit of analysis.

Estimation of likelihood and impact
Once the risk pathway is complete, evidence to address each 
pathway sub-question is compiled, reviewed and appraised 
to produce qualitative estimates of likelihood and/or impact 
together with levels of uncertainty (see more on uncertainty 
below). Estimates are informed by a rapid review of relevant 
evidence, which can include scientific literature, published and 
unpublished technical reports and epidemiological investigations, 
event and case-based surveillance data, intelligence obtained 
through international networks and reporting systems and 
scientific expertise. As time and evidence can be limited during 
the early stages of an event, RRAs rely on expert knowledge 
and opinion. Subject matter experts in relevant areas can guide 
the estimation process by providing contextual or privileged 

B. Risk pathway for multi-institution MDRO outbreaks in Canada

A. Risk pathway for mpox transmission in Canada

MDRO-positive person
admitted to healthcare facility

MDRO not detected in
acute care facility

MDRO not detected in
step-down care facility

MDRO not detected in
long-term care facility

MDRO spread within
acute care facility

MDRO spread within
step-down care facility

MDRO spread within
long-term care facility

MDRO introduction
into secondary facility

Spread within
secondary facility

Impact on
directly-affected individuals

Impact on
affected facilities

Impact on
health system

Mpox infectious person
in Canada

Exposure through
sexual contact

Exposure through
non-sexual close contact

Other exposure
(non-close contact)

Person infected
Transmission

within gbMSM community
Impact on

gbMSM community

Impact on
directly affected individuals

Transmission
in general population

Impact on
general population

Figure 2: Risk pathways for mpox and multidrug-resistant organism transmission

Abbreviations: gbMSM, gay, bisexual, and other men who have sex with men; MDRO, multidrug-resistant organism
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information about the hazard being assessed, a nuanced 
interpretation of the evidence and expert judgement on the 
event of interest and surrounding context, such as relevant  
socialcultural factors and industry practices. Uncertainty is 
estimated based on the availability and quality of relevant 
evidence, SME opinion and degree of expert agreement. 
For each pathway sub-question, a qualitative estimate of the 
likelihood or impact is assigned using pre-defined, standardized 
scales describing how likely an event is to occur and what impact 
it is expected to have, both among directly affected individuals 
and the wider population. Each estimate is accompanied by a 
brief, focused rationale summarizing the evidence that supports 
the level assigned. Scales for likelihood and impact estimation 
available in existing risk assessment frameworks (2,8) can be 
adapted to suit the local and situational context (see RRAs of 
measles in Canada and influenza A(H5N1) clade 2.3.4.4b virus for 
current likelihood, magnitude of effect, impact and uncertainty 
scales (11,12).

Likelihood considerations
The overall likelihood is a qualitative statement of probability 
that the adverse event of concern will occur within the time 
period of interest. The overall likelihood for the adverse event 
is conditional on the likelihood estimates for preceding steps 
in the risk pathway and is derived in a manner analogous to the 
quantitative multiplication of probabilities. When multiplying 
conditional probabilities, the overall probability can never be 
higher than the lowest individual probability in the pathway. In 
the qualitative equivalent, the overall likelihood should not be 
higher than (and is thus determined by) the lowest likelihood 
estimate in the pathway (Figure 3) (13).

Considerations for assessing the likelihood of an infectious 
disease event depend on the context and the pathway sub-
question (examples in Appendix, Table A1). For example, 
when considering the likelihood of importation of a disease, 
relevant factors include the prevalence of infection and 
epidemic trajectory in the source country, the volume of 
incoming travellers, health screening measures, the potential for 

transmission of infection during transit, the case-to-infection ratio 
and incubation period (which influence the likelihood of infected 
individuals being detected by surveillance or screening) and 
the duration of infectiousness (which influences the likelihood 
of an individual being infectious at the time of travel). Similarly, 
an assessment of the likelihood of infection in Canada should 
consider the potential for exposure to infectious individuals, the 
intensity of exposure, pathogen infectivity and demographic, 
medical, social and other factors that may influence susceptibility 
to infection.

Impact considerations
The estimation of impact conveys the severity of consequences 
resulting from the adverse event of concern, should it occur. 
The PHAC RRA approach assesses impacts at the individual 
and population levels. Impacts on individuals affected by the 
hazard are informed by evidence regarding disease severity and 
associated sequelae, availability and efficacy of prophylaxis and 
treatment and intrusiveness of control measures (e.g., isolation, 
quarantine). Population-level impacts are additionally dependent 
on the most likely scenario for the extent and duration of spread.

The most likely spread scenario is influenced by the pathogen 
transmissibility (e.g., the reproduction number, R), speed of 
transmission (e.g., serial interval, epidemic doubling time) and 
effectiveness of public health measures (e.g., case detection, 
case isolation, contact tracing) and medical countermeasures 
(e.g., antimicrobials, vaccines). It is not necessarily a description 
of what will happen; in some situations, all spread scenarios may 
be unlikely to occur if they are contingent upon earlier steps in 
the risk pathway that are themselves unlikely. Conveying how 
likely a chosen spread scenario is to occur is useful for providing 
appropriate context for estimated impacts.

Public Health Agency of Canada’s assessments typically focus on 
direct health impacts, but also consider additional impacts on 
wellbeing (e.g., mental health, long-term disability), impacts on 
the health system, impacts arising from implementation of public 
health measures or wider impacts using a social, technological, 

Risk pathway for importation of viral hemorrhagic fever virus, e.g., Ebola virus
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by travel screening
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Impact on
directly affected individuals

Impact on
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Figure 3: Risk pathway for the importation of a viral hemorrhagic fever disease
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economic, environmental, political and regulatory and population 
and health system (STEEPP) framework depending on the risk 
framing (2,14). Balancing these different impacts is challenging 
and the prioritization of impacts to be assessed should be 
clarified at the outset, based on the needs of decision-makers 
and the risk framing exercise. For example, Ebola virus is likely to 
have severe consequences for infected individuals because of the 
high case fatality and the need for case isolation but could have 
minimal population consequences if little onward transmission 
is expected to occur. Conversely, seasonal influenza is not 
expected to cause severe illness in most infected individuals but 
could have major population consequences due to the large 
number of cases and resultant pressure on the health system.

Sub-populations with disproportionate impacts
The effects of an event may not be uniformly distributed 
across the population. Certain population sub-groups may 
be disproportionately affected due to shared risk factors, 
occupational exposures, demographics, medical vulnerabilities or 
socioeconomic circumstances. Infectious disease outbreaks that 
are highly concentrated in certain sub-groups may have minimal 
impact on the general population. Assessing only the general 
population impact may mask significant impacts on specific  
sub-groups and may have downstream health equity implications. 
Furthermore, it is important to distinguish between sub-groups 
that are disproportionately affected because of shared risk 
factors for infection and sub-groups that are more susceptible 
to severe consequences of infection, as these may not always 
be the same groups. For example, during the ongoing global 
outbreak of mpox, transmission has predominantly occurred 
among gay, bisexual and other men who have sex with men (15) 
despite high susceptibility to mpox in the general population. 
Consequently, the health impacts have overwhelmingly affected 
this sub-population, while the impact on the general population 
has been minimal (notwithstanding potential elevated risk 
of severe outcomes in certain sub-groups such as pregnant 
women) (16). In contrast, generalized community transmission 
of SARS-CoV-2 has been the norm throughout the COVID-19 
pandemic, but the health impacts have been disproportionately 
high among the elderly, those with co-morbidities and under-
vaccinated individuals, because of their higher susceptibility 
to severe illness. Assessing the differential impact on specific 
population sub-groups may, therefore, be necessary for certain 
hazards and this should be considered in the risk framing, risk 
pathway and assessment of likelihood, spread and impact.

Integrating evidence and expert opinion
Evidence used to estimate likelihood and impact is triangulated 
with expert knowledge to support the overall assessment. 
Expert opinion is particularly valuable during a RRA when 
evidence is limited or conflicting, as well as to provide contextual 
information about the event based on prior experience. 
Additionally, expert input can help to identify key uncertainties 
and knowledge gaps in relation to the risk question. The overall 

timeframe and number of SMEs involved in a RRA can vary 
depending on the event and the complexity of the issue. For 
events with less complexity, such as the risk associated with 
Ebola virus importation, a smaller group of SMEs may suffice and 
discussion with the aim to build consensus on risk estimates may 
be feasible. For more complex events, such as the risk associated 
with human infection with an influenza A(H5N1) clade 2.3.4.4b 
virus, experts from multiple sectors may be needed, including 
human and veterinary medicine, public health, virology, 
immunology, agriculture and environmental science. In such 
cases, different options can be considered to obtain balanced 
input from experts. Strategies can vary from requesting targeted 
input on sections most relevant to experts’ field of knowledge to 
obtaining initial estimates of risk from experts through surveys 
ahead of group discussions, to help minimize biases and ensure 
that all relevant views are represented.

Levels and drivers of uncertainty and 
knowledge gaps

For each likelihood and impact level assessed, a level of 
uncertainty is assigned based on the availability and strength 
of relevant evidence, as well as expert opinion. As RRAs are 
typically conducted in the context of limited data, outlining the 
level of uncertainty for the likelihood or impact of different steps 
of the risk pathway is crucial for delineating the weight  
of evidence supporting individual estimates and provides 
important contextual information for decision-makers to  
guide appropriate actions (17). In addition to uncertainty  
levels, identifying drivers of uncertainty and variability 
is important for determining when actions based on the 
precautionary principle might be warranted and for defining 
triggers for re-evaluation of the risk, such as changes in 
epidemiology. For example, it is not possible to pinpoint which 
human-adaptive mutations will occur in influenza A(H5) strains 
within a given timeframe; this is inherently unknowable and 
will always be highly uncertain (i.e., has high variability). The 
uncertainty in the likelihood of a viral hemorrhagic fever disease 
importation, on the other hand, is influenced by availability of 
information on the extent of transmission, the specific groups 
in which transmission is occurring, the effectiveness of control 
measures and the expected volume of inbound travel from 
the source country. Identifying information gaps can inform 
surveillance and research recommendations. For example, 
during an assessment of the risk of human infection with avian 
influenza A(H5N1) clade 2.3.4.4b virus, gaps identified included 
lack of evidence regarding the infectious dose in humans and 
the types of exposures necessary for infection. Consequently, 
recommended actions included enhancing and integrating 
surveillance activities for avian influenza across the One Health 
spectrum in Canada to understand infection risk in human 
population groups with higher exposure (e.g., agricultural 
workers) and rapid information sharing of case detections (11).
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Assumptions and limitations
During the assessment, certain assumptions may be necessary 
to make estimation possible in the face of limited information. 
For example, data on the frequency of and risk factors for severe 
illness following human infection with avian influenza A(H5N1) 
clade 2.3.4.4b virus are currently limited, given the small number 
of human infections that have been identified to date. Some 
similarity between this and other influenza A(H5) viruses in the 
propensity to cause severe illness may, therefore, need to be 
assumed. Any assumptions made during the assessment are 
described and any relevant limitations that could influence the 
outcome or limit the scope of the assessment are listed.

Closure phase: recommendations, 
communication and update
Summary statement and recommendations
The key findings of the RRA are described in a risk statement that 
summarizes the likelihood and impact estimates, main drivers 
influencing the estimates and key sources of uncertainty in the 
assessment. The risk statement, identified knowledge gaps and 
recommendations form the main outputs of the RRA report. Risk 
management decisions are outside the scope of RRA and may 
be based on factors other than assessed risk, including the level 
of risk tolerance, resource availability, cost-benefit analyses or 
acceptability of different control measures. However, providing 
recommended actions helps inform decision-makers, risk 
managers and relevant stakeholders on risk management options 
that are proportionate to the risk posed by a given public health 
hazard. These can include specific actions for response, such 
as surveillance, implementation of control measures or risk 
communication to mitigate risk at different levels (e.g., federal, 
provincial or territorial levels in Canada), as well as research to 
address knowledge gaps.

If there is considerable uncertainty regarding the likelihood and 
potential impact of an adverse event beyond the timeframe 
of the RRA (e.g., for pathogens with pandemic potential or for 
which the epidemic trajectory is highly uncertain), a description 
of plausible future scenarios or considerations influencing future 
risk can be included in the assessment to guide preparedness 
planning (11,12).

Updating the rapid risk assessment
As a public health event evolves and more information becomes 
available, a re-assessment of the risk and associated uncertainties 
may be required to ensure that ongoing risk management 
activities are appropriate. As part of the PHAC RRA process, 
monitoring indicators are defined that, if met, would indicate a 
worsening of the situation and trigger a reassessment of whether 
an updated RRA is needed. For example, increase in case counts, 
increased disease severity or case detections in new countries or 
regions of a given infectious disease outbreak could all trigger 
a re-evaluation of the risk. In future iterations of an RRA, the 

risk pathway and risk question(s) may need to be revised if the 
epidemiological situation changes significantly.

Discussion

We have demonstrated the application of a coordinated 
approach to public health RRA in the Canadian context, with 
a focus on infectious disease events. This method uses the risk 
pathway as a flexible framework to characterize the likelihood 
and impact of a public health event of concern, aligned with 
established international RRA frameworks (2,8). As part of the 
RRA, estimates of likelihood and impact are reported separately 
to adequately inform risk management decisions.

Alternative RRA frameworks, such as those used by the  
ECDC (1) and the UK Human Animal Infections and Risk 
Surveillance group (7) algorithms to guide risk assessors through 
a pre-determined decision process to derive estimates of 
likelihood and impact. Algorithm approaches have the advantage 
of using a standardized set of questions for every risk assessment 
and of being intuitively easier to understand for both risk 
assessors and decision-makers. In our experience, however, the 
risk pathway approach provides greater flexibility than a binary 
decision process when a more nuanced assessment is required 
and this approach may be easier to adapt for a broad range of 
hazards. This is primarily made possible with the ability to craft 
risk questions specific to the public health event being assessed 
to ensure that the RRA outputs are practical and relevant for the 
required risk management decisions under consideration by the 
steering committee.

Ongoing developments to PHAC’s RRA methodology include 
enhancing approaches for rapid expert elicitation, broadening 
and improving assessment of impacts beyond health, potentially 
integrating qualitative and quantitative approaches to inform 
assessments, strengthening the assessment of quality of 
evidence, including variability in estimating uncertainty and 
exploring the possibility of expanding the methodology to 
hazards other than infectious diseases. Expert judgement, while 
critical for qualitative RRAs, is known to be prone to various 
biases (18). These can be mitigated through rigorous elicitation 
protocols and training of experts in subjective probability 
judgements, neither of which are easily implemented within 
the timeframe of a RRA. More work in rapid expert elicitation is 
required to develop flexible protocols and training material that 
can be implemented during RRAs.

Although the human health impacts of a public health event 
may be of primary concern in many risk assessments, in some 
situations, the economic and social impacts may be substantial. 
Examples include the economic impacts of highly pathogenic 
avian influenza on the agricultural sector and the wide-ranging 
impacts of the COVID-19 pandemic. Commonly used qualitative 
impact scales, such as that recommended in the JRA OT (8), 
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incorporate some of these dimensions, but can be difficult to use 
in practice because they require judgements about the relative 
importance of health and other impacts. The development of 
separate scales to capture impacts in different domains, such 
as impacts on health, the health system, the environment and 
wider society, could provide a more specific characterization of 
the types of impacts expected from both infectious and non-
infectious hazards (14,19).

Increasingly, developments in mathematical modelling are being 
used to provide simulations and timely forecasts of likelihood 
of importation, epidemic spread and the impact of control 
measures to aid decision-making. Exploring how to integrate 
quantitative approaches into RRAs may help provide additional 
understanding of the potential impacts of an event, the key 
factors influencing those impacts and what public health actions 
should be prioritized to minimize impacts.

Risk assessment, an evolving field within public health, is 
important for informing timely and evidence-based decision-
making. Given the broad range and complexity of public health 
hazards, RRA provides a coordinated approach to characterizing 
and communicating the level of risk to public health posed by an 
event of concern, to help prioritize and inform risk management 
activities. When the public health risks fall at the intersection 
of human-animal-plant-ecosystem health, a multisectoral One 
Health approach to risk assessment can reduce duplication of 
effort, improve timely sharing of information across sectors, 
enhance focus on upstream drivers of health risks and impacts 
across sectors and facilitate engagement of multiple sectors in 
risk management measures.
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Appendix
Table A1: Examples of relevant considerations for different risk pathway steps and types of evidence and 
uncertainties informing the assessment

Example risk  
pathway steps Example considerations Types of evidence  

informing assessment Uncertainty considerations

Infection in source 
country

What is the epidemiological situation?

What is the geographic distribution of 
disease?

Are specific population sub-groups being 
affected?

Case reports, event summaries, 
surveillance data, local and 
international risk assessments, 
intelligence from relevant agencies/
organizations

Extent of under-ascertainment of 
cases, role of asymptomatic and 
pre-clinical infections in transmission, 
delays in reporting of cases and 
deaths through surveillance 
mechanisms, potential biases in 
case detection towards certain 
geographic regions (e.g., urban 
areas) or population sub-groups 
(e.g., children)

How will the epidemic evolve over the 
period of assessment?

Information on the extent, speed 
and potential for epidemic spread; 
epidemic doubling time; evidence 
for widening of geographic range 
or population groups affected; 
immunization coverage (for vaccine-
preventable diseases); effectiveness 
of public health control measures 
being implemented

Effectiveness of control measures 
over the period of assessment, 
changes in epidemiology and/or 
pathogen biology

Importation from 
source country

What is the expected volume of travel 
from the source country over the period of 
assessment?

Data on forecasted air passenger 
travel volumes over the period of 
assessment

Historical trends may not reflect 
travel patterns during period of 
assessment

Limited information or travel by 
other routes (e.g., land, sea)

Are potentially infectious individuals likely 
to travel to Canada?

Quantitative models of importation 
risk

Importation models may not 
accurately capture travel by specific 
population sub-groups of interest or 
through non-air travel routes

Are infectious travellers likely to infect 
others during transit?

Epidemiological, microbiological 
and environmental studies and risk 
assessments of transmission risk 
during transit

The frequency and duration of 
potentially infectious exposure 
events during transit is likely to be 
unknown

Will existing travel health screening and 
border measures reduce likelihood of 
importation?

Incubation period, duration of 
infectiousness, role of asymptomatic 
and pre-symptomatic infection in 
transmission, evidence of importation 
from similar events in the past

Information on what types of 
travel health screening and border 
measures are implemented in 
source, transit and destination 
countries and their effectiveness, 
may be limited

Exposure in Canada What is the size of the population(s) at 
risk?

Census data, immunization coverage 
(for vaccine-preventable diseases), 
information on size of occupational 
groups, representative survey data 
on risk factor prevalence, spatio-
temporal distribution of competent 
vectors (for vector-borne pathogens)

Information may not be available on 
the size and geographic distribution 
of specific population sub-groups of 
interest

What is the frequency and intensity of 
exposure to infectious individuals or 
sources of infection?

Studies of population contact 
patterns or human-animal contact 
patterns (for zoonoses), information 
on types/categories of exposure

Detailed information on patterns of 
contact and other relevant exposures 
may not be available

What is the availability and effectiveness 
of exposure-reduction measures (e.g., 
personal protective equipment)?

Epidemiological and other scientific 
studies of the effectiveness of 
exposure-reduction measures, 
information on adherence to and 
appropriate use of exposure-
reduction measures

Scientific evidence may be limited, 
inconclusive or associated with high 
levels of uncertainty
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Example risk  
pathway steps Example considerations Types of evidence  

informing assessment Uncertainty considerations

Susceptibility to 
infection

Is exposure likely to lead to infection? Mode(s) of transmission, infectious 
dose, per-contact transmission 
probability, epidemiological studies of 
transmission in household and other 
contacts

The relative contribution of different 
routes of infection to transmission 
may be unclear, the infectious dose 
may not be well established, the 
probability of infection from different 
types of exposure may not be known

Are there factors that influence the 
likelihood of infection in exposed 
individuals?

Epidemiological studies of risk factors 
for infection, studies of infection 
risk among exposed individuals with 
medical or other vulnerabilities, data 
on vaccine effectiveness in relevant 
population groups (for vaccine-
preventable diseases), pathogen 
mutations/adaptations

Scientific evidence for the risk of 
infection in specific population sub-
groups may be limited, the extent to 
which vaccination prevents infection 
(rather than disease) may be unclear, 
relevant pathogen mutations may 
not be well characterized

Likely spread 
scenario(s)

What would be the likely extent 
of transmission over the period of 
assessment?

Mode(s) of transmission; 
reproduction number (R); serial 
interval and epidemic doubling 
time; population contact patterns 
(including human-animal contacts 
for zoonoses); transmission patterns 
in specific population sub-groups 
or occupational/exposure groups; 
availability and effectiveness of 
public health measures and medical 
countermeasures, including vaccines 
and antimicrobials; seasonal factors 
influencing transmission patterns; 
experience from similar events in the 
past

For novel pathogens, data on 
relevant epidemiological parameters 
of transmissibility may be limited; the 
effectiveness of measures to control 
transmission may be unclear

Impact on directly-
affected individuals

What would be the health consequences 
on infected individuals?

Information on case-to-infection, 
case-to-hospitalization and case-
to-fatality ratios; epidemiological 
studies of risk factors for severe 
outcomes; information on the 
frequency of severe outcomes among 
infected individuals; availability 
and effectiveness of medical 
countermeasures; information on 
the frequency of long-term sequelae 
of infection and consequences of 
infection on well-being

For novel pathogens, illness severity 
and case fatality may be over-
estimated early on if detection is 
biased towards severe cases; the 
frequency and impact of long-term 
sequelae may be unclear; risk factors 
for severe illness may not be well 
established

What additional consequences could there 
be for infected individuals?

Evidence of financial or other 
impacts on affected individuals 
and their families, including stigma 
and discrimination; information 
on additional burdens on affected 
individuals and families resulting from 
control measures

Financial and other impacts may 
be dependent on individual 
circumstances

Population impact What fraction of the population would 
be affected? Would large numbers of 
severe cases and deaths be expected? 
Would health impacts affect the general 
population or be restricted to specific  
sub-groups?

Disease incidence, hospitalization, 
mortality, speed and geographic 
extent of epidemic spread, 
population sub-groups affected,  
long-term consequences of infection

The scale of health impacts may be 
highly dependent on uncertainties in 
the most likely spread scenario

Would there be impacts to the health 
system and/or wider society?

Impacts on the health system, 
including healthcare workforce; 
societal disruption and economic 
impacts resulting from epidemic 
and/or associated control measures; 
public anxiety, social unrest and 
discrimination resulting from 
epidemic and/or associated control 
measures; impacts of epidemic and/or 
associated control measures on health 
inequalities

The range and extent of indirect 
impacts may be difficult to predict

Table A1: Examples of relevant considerations for different risk pathway steps and types of evidence and 
uncertainties informing the assessment (continued)
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Public health contributions of entomological 
surveillance of West Nile virus (WNV) and other 
mosquito-borne arboviruses in a context of 
climate change
Bouchra Bakhiyi1*, Alejandra Irace-Cima1,2, Antoinette Ludwig3,4, Miarisoa Rindra Rakotoarinia1,4, 
Christian Therrien5, Isabelle Dusfour6, Ariane Adam-Poupart1,2

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, 

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 
(CSV) (1–3).

mailto:bouchra.bakhiyi@inspq.qc.ca
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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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, CVV 
and the CSVs, including JCV and SSHV, 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 

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

•	 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

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



Page 296 

SURVEILLANCE

CCDR • September 2024 • Vol. 50 No. 9

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 

examples of entomological indicators that help to achieve the 
targeted objectives.

a 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

Figure 1: Flow chart illustrating the various stages in the 
search for and selection of relevant publicationsa,b
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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

Removal of duplicates
(n=7,720)

7,392 scientific publications

Evaluation of titles and abstracts
(exclusion of 7,271 

scientific publications)

121 scientific publicationsa

Full text evaluation
(exclusion of 88 scientific 

publications and 
10 literature reviews)

23 scientific publications

Knowledge synthesis:
42 scientific and grey literature 

publications 

Inclusion of 19 grey literature publications: 
•  1 extracted from the references of an included scientific    
    publication 
•  18 from complementary sources (Google, Google Scholar   
    and Base search engines, government websites, mainly   
    Canadian and American)

Exclusion criteria (full reading)
• Entomological surveillance of 

arboviruses other than those of 
interest 

• Entomological surveillance in the 
context of animal health 

• Entomological surveillance 
carried out as part of pure 
research activities without 
explicit mention of public health 
aims/actions (e.g., acquisition of 
knowledge on the 
ecology/biology of mosquito 
vectors, improvement of 
predictive models based on 
previously accumulated 
entomological data, advances in 
technical knowledge, including 
trap evaluation, improved 
detection of arboviruses in 
mosquitoes or analysis processes)  

• Literature reviewsb 
• Editorials, commentaries, opinion 

pieces, symposium proceedings 
and conference abstracts 

• Languages other than French or 
English 

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

Public health objectives na

Arboviral transmission  
scenarios concerned Example of entomological  

indicators used
None Sporadic Endemic Epidemic

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

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

Human risk 
assessment

Assessing the level of risk of 
human transmissionb

22 WNV WNV WNV, 
EEEV, JCV -

Spatiotemporal distribution and abundance 
of mosquitoes by identified species, number 
of mosquitoes per trap, number of positive 
mosquito pools, number of traps with 
positive mosquitoes, species type of positive 
mosquitoes (more ornithophilic or more that 
feed on mammals, including mosquitoes 
that feed on humans), number of weeks with 
positive mosquito pools, infection ratec, vector 
indexd (7–19,21,32,34–40)

Mapping levels of viral 
circulation intensity 3 - - WNV -

Mosquito infection rate (maximum likelihood 
estimation and minimum infection rate)c 
(22–24)

Predicting an outbreak of 
human cases 2 - - WNV - Proportion of positive mosquito pools, 

minimum infection rate, vector index (22,33)

Assessing resistance to insecticides used in vector 
control 7 - - WNV, 

EEEV, JCV WNV
Mosquito abundance before and after 
insecticide treatment, presence and frequency 
of mutation genes (9,11,16,17,20,41,42)
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Table 2: Public health objectives of entomological surveillance of arboviruses of interest by arboviral transmission 
scenario of immature mosquito surveillance

Public health objectives na
Arboviral transmission scenarios concerned Example of entomological  

indicators usedNone Sporadic Endemic Epidemic

Identifying larval breeding 
sitesb and determining high 
larval density areas

16 WNV WNV WNV, EEEV, JCV -
Presence of eggs, larvae and pupae; 
abundance (or density) by identified species 
and developmental stagec (7–20,32,37)

Mapping of breeding sitesd 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
a 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
c The abundance of immature mosquitoes is an early indicator of the density of the future adult population
d The collection and examination of topographical maps, aerial photographs, geographic information systems (GIS) technology and local expertise can be used to map breeding sites

Public health objectives na

Arboviral transmission  
scenarios concerned Example of entomological  

indicators used
None Sporadic Endemic Epidemic

Real-time monitoring and support for efforts to 
reduce human transmission 3 - - - WNV, EEEV

Mosquito abundance, number of positive 
mosquito pools, vector index, minimum 
infection rate (43–45)

Contribution to the declaration of a health 
emergency linked to arboviruses 1 - - WNV, 

EEEV -

Proportion of positive mosquito pools (health 
emergency declared as soon as 10% of bridge 
vectore mosquito pools tested positive for 
WNV or EEEV) (14)

Controlling the spread of the Culex population from 
flooded areasf 1 - - WNV -

Abundance of Culex species per trap (35)

Update of the list of potential vector species 1 - - WNV - Adult mosquito abundance by identified 
species, minimum infection rate (46)

Documentation of WNV transmission and 
overwintering mechanisms in competent vectorsg 1 - - WNV - Presence of WNV in hibernating mosquitoes (9)

Documenting the intensity of viral circulation during 
an epidemic year at international airportsh 1 - - - WNV Mosquito abundance by identified species, 

minimum infection rate (47)

Warning of a potentially increased risk of arboviral 
transmission for next year’s mosquito seasoni 1 - - - WNV Mosquito abundance by identified species, 

minimum infection rate (48)
Abbreviations: EEEV, Eastern equine encephalitis virus; JCV, Jamestown Canyon virus; WNV, West Nile virus; -, not applicable
a 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
c 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
d 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
e 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
g 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)
h 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 1: Public health objectives of entomological surveillance of arboviruses of interest by arboviral transmission 
scenario of adult mosquito surveillance (continued)

The majority of public health objectives identified in the 
consulted literature concern the scenario of arboviral 
transmission at endemic level. Those most documented for adult 
mosquito surveillance, and common to WNV, EEEV and JCV, are:

•	 Early warning of viral circulation (n=20) before the first 
human cases appear and thanks to the first positive 
mosquito vectors pools for one and/or another of the 
arboviruses under surveillance.

•	 Assessment of the level of risk of human transmission (n=22) 
based on, among others, entomological indicators such as 
mosquito abundance, infection rate of arbovirus in mosquito 
population and vector index. These risk levels are generally 
described as low, moderate, high or very high.

The main objectives reported for surveillance of immature forms 
of the vectors of one and/or another of these three arboviruses 
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 
that can derive from adult and immature mosquito surveillance 
data, respectively. These actions are presented for each 
surveillance objective. For adult forms, they include:

•	 Clinical preparedness to strengthen human surveillance, 
particularly through greater vigilance in recognizing and 
diagnosing illnesses linked to these three arboviruses, as 
well as increased laboratory resources for confirmatory 
testing of human cases.

•	 Real-time risk communication by the responsible authorities 
to local authorities, healthcare providers, the media and the 
general public.

•	 Ongoing education/awareness campaigns, using a variety of 
communication channels to increase outreach efforts, aimed 
at the general population and healthcare professionals. 
These campaigns focus mainly on personal protection 
measures (e.g., long-sleeved clothing, mosquito nets, use 
of repellents) and participation in source reduction efforts 
by eliminating peridomestic stagnant water (e.g., emptying 
artificial containers, recovering used tires, swimming pool 
maintenance).

•	 Vector control, including the ground-based and/or aerial 
application of larvicidal treatments or even of adulticides, 
when the level of risk of human transmission is deemed high 
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

Surveillance objectives

Public health actions

Clinical 
preparednessa

Risk 
communicationb

Ongoing awareness/
education campaignsc

Vector 
controld

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

Human risk 
assessment

Assessment of the level of risk of human 
transmission

Xe Xe Xe Xe

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 
epidemic transmissiong

Xe Xe Xe Xe

Contribution to the declaration of a health emergency linked to 
arbovirusesh

- Xe Xe Xe

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

Update of the list of potential vector speciesf - - - Xe

Documentation of WNV transmission and overwintering 
mechanisms in competent vectors

- - - Xe

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

- - - Xe

Warning of a potentially increased risk of arboviral transmission for 
next year’s mosquito seasoni

- Xe Xe -

Abbreviations: WNV, West Nile virus; -, not applicable
a 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
b 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
c 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
d 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
e For each of the adult mosquito surveillance objectives, the coloured cells designate the public health actions that can be derived from the surveillance data
f Public health action involves updating vector control programs where necessary
g 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
h 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
i 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

Surveillance objectives

Public health actions

Source 
reductiona

Targeted larvicidal 
treatmentsb

Evaluation 
of larvicidal 
treatmentsc

Real-time monitoring of 
larvicide deploymentd

Identifying larval breeding sites and 
determining high larval density areas

Xe Xe Xe -

Mapping of breeding sitesf - - - Xe

Abbreviation: -, not applicable
a 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
c Includes evaluation of duration and efficacy of larvicidal treatments
d Involves checking the suitability of larvicidal treatments in priority areas with high larval densities
e For each of the immature mosquito surveillance objectives, the coloured cells designate the public health actions that can be derived from the surveillance data
f Enables 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 

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):

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

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

•	 The time of year
•	 Current and projected local weather conditions (degree-day 

accumulation, precipitation, wind speed, etc.)
•	 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).
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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.

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).

•	 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).

•	 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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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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Human echinococcosis incidence in Canada: 
A retrospective descriptive study using 
administrative hospital and ambulatory visit data, 
2000–2020
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Abstract

Background: Echinococcosis is a zoonotic disease caused by the ingestion of tapeworm eggs 
shed by canids. The potential recent establishment of a more virulent European-type strain may 
be impacting human echinococcosis in Canada, yet information is limited.

Objective: Administrative hospital and ambulatory visit data were used to provide a baseline of 
human echinococcosis cases in Canada between 2000–2020.

Methods: Canadian Institute of Health Information’s Discharge Abstract Database, Hospital 
Morbidity Database and National Ambulatory Care Reporting System were combined to 
identify cases. Risk ratios (RR) by demographic factors and cumulative incidences (CIN) over 
place and time were calculated.

Results: A total of 806 echinococcosis cases were identified in Canada between 2000–2020, 
for a mean annual CIN of 1.3 cases per million population. Over the two decades, the mean 
annual CIN of cases increased nationally (1.3–1.4 cases per million), in the Northwest Territories 
(6.3–9.1 cases per million), in Alberta (1.5–2.4 cases per million) and in the Atlantic provinces 
(0.2–0.6 cases per million). Those from the Territories had the highest risk of echinococcosis 
(RR 17.1; 95% confidence interval: 8.7–33.7).

Conclusion: Though explanations are multifactorial, the new European-type strain may have a 
role in the small absolute increase in echinococcosis CIN in Canada observed over the study 
period. The CIN is likely underestimated and the validity of administrative data for analyzing 
zoonoses warrants investigation. Though this study contributes important awareness and a 
baseline, improved data are needed to clarify the effects of the new strain and inform public 
health response.
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Introduction
Echinococcosis is a rare zoonotic disease caused by infection 
with larval Echinococcus tapeworms (1). Tapeworm eggs are 
excreted in the feces of infected canids and can be ingested 
by humans through contaminated food, water or soil, or from 
close contact with infected animals (1). Compared to the general 
population, those who have frequent contact with canids, such as 
dog owners, can face increased risk of echinococcosis (2). Some 

Indigenous Peoples in Canada, Alaska, Russia and Siberia north 
of the Arctic Circle who practise traditional cultural activities, 
such as using sled dogs, hunting, fishing and gathering, may 
also face increased risk (3–5). In isolated areas, use of untreated 
surface water as a potable water source and inaccessible medical 
services can compound risk and contribute to more severe health 
outcomes (5).
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Echinococcosis in humans occurs in two major forms. Cystic 
echinococcosis (CE), caused by Echinococcus granulosus, leads 
to hydatid cysts in organs, often the liver and lungs, that can 
impair physiological function (1). Alveolar echinococcosis (AE), 
caused by Echinococcus multilocularis, produces a tumour-like 
polycystic mass in organs, most often in the liver, that can 
infiltrate adjacent organs and tissues to produce distant 
metastases (1). Treatment generally requires surgical removal 
or chemotherapy (1). Echinococcosis is frequently under or 
misdiagnosed because the disease is rare, awareness is limited, 
both AE and CE have long incubation periods ranging 5–15 years 
and up to 60% of cases are asymptomatic (1).

While both AE and CE have been reported in Canada, AE was 
historically limited to the North American E. multilocularis strain 
and found almost exclusively in wildlife (6). In 2009, a new 
E. multilocularis strain more closely related to European strains 
was detected in a dog from British Columbia with no travel 
history outside of the province (7). Local canid transmission 
was identified thereafter in British Columbia as well as Alberta, 
Manitoba and Ontario (8–11). The first human case of AE with 
the European-type E. multilocularis strain was confirmed in 
Alberta in 2013 (12). Of six subsequent human cases in Alberta, 
molecular typing was available for five, all indicating the 
presence of the European-type strain (13).

European E. multilocularis strains have greater virulence and 
zoonotic potential than North American strains (8). Due to 
the potential establishment of the European-type strain in 
animal hosts, climate change, urbanization and anthropogenic 
activities, human AE is considered an emerging disease threat 
in Canada (4,8). Yet, knowledge about human echinococcosis in 
the country is limited. While AE is a provincially notifiable disease 
in Alberta, Ontario, Nunavut and the Northwest Territories, it is 
currently not nationally notifiable (14).

Absence of information on echinococcosis among people in 
Canada, exacerbated by limited awareness and underdiagnosis, 
as well as increasing evidence of emergence due to the detection 
of a more virulent strain, necessitates the use of alternative 
nationwide data sources to describe echinococcosis. This study 
leveraged administrative hospital and ambulatory visit data to 
provide a baseline for human echinococcosis in Canada between 
2000–2020, relevant for increasing awareness and informing 
public health guidelines. Risk ratios (RRs) by demographic factors 
and incidences over place and time of echinococcosis cases 
were estimated. The authors hypothesized a higher incidence  
in 2011–2020 than 2000–2010, especially in isolated northern 
areas, due to the European-type E. multilocularis strain detected 
in 2009.

Methods

Data sources
To identify echinococcosis cases, three Canadian Institute 
for Health Information (CIHI) databases were combined: 
the Discharge Abstract Database (DAD), Hospital Morbidity 
Database (HMDB) and National Ambulatory Care Reporting 
System (NACRS). These databases collect data on an annual 
basis corresponding to the fiscal year (April 1 of one year to 
March 31 of the following year) (15). The DAD and HMDB 
databases similarly capture national administrative, clinical and 
basic demographic information on hospital inpatient events, 
however, the DAD does not include data from Québec (15). The 
NACRS contains complete or partial data on hospital-based 
and community-based ambulatory care from Alberta, British 
Columbia, Manitoba, Nova Scotia, Ontario, Prince Edward Island, 
Québec, Saskatchewan and Yukon (15).

Eligibility criteria
Diagnoses in CIHI databases use the ninth or tenth revision of 
the World Health Organization’s International Classification of 
Diseases (ICD-9 and ICD-10) (16,17). Cases were defined as 
patients visiting hospital or ambulatory care for whom the main 
responsible diagnosis or one of the first five discharge diagnoses 
was echinococcosis (ICD-9 codes 122.0 to 122.9; ICD-10 codes 
B67.0 to B67.9).

To derive the echinococcosis cases dataset, the available DAD, 
HMDB and NACRS data were first merged. Records of cases 
in years with incomplete data due to collection on a fiscal year 
basis were removed. Then, duplicates and records describing 
readmissions for echinococcosis for the same case were removed 
to align with the goal of estimating incidence. Specifically, the 
first chronological record was retained, regardless of which 
database it came from and subsequent records were excluded. 
The CIHI databases contain encrypted health card numbers that 
were used to find records for the same case. The SAS Enterprise 
Guide® 7.1 software for Microsoft Windows was used to merge 
data.

Data analysis
Descriptive analyses were used to characterize echinococcosis 
cases by infecting Echinococcus species, sex, age group and 
region and province/territory (P/T) of health card issuance. 
Bivariate analyses were used to determine the RR, with 95% 
confidence intervals (CI), of echinococcosis by sex, age group, 
region and P/T. Québec was excluded from RR calculations to 
avoid skewed comparisons, as data from the province were only 
available from the HMDB for the first half of the study period 
(2000–2010). Population estimates from Statistics Canada’s 
2011 Census of Population were used as denominators to 
compute RRs (18).
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The cumulative incidence (CIN) of echinococcosis cases 
over 2000–2020 at the national, regional and P/T levels was 
calculated using annual population estimates (fourth quarter) 
from Statistics Canada as denominators (19). The mean annual 
CIN was calculated by taking an average of the yearly CIN 
of echinococcosis cases. Québec was excluded from CIN 
calculations. Data were analyzed using R Statistical Software 
(v4.1.1; R Core Team 2021) and QGIS Geographic Information 
System 3.8 was used to map CIN.

Results

Characteristics and risk ratios
The final dataset comprised 806 records of incident 
echinococcosis cases in Canada between 2000–2020 (Figure 1). 
The demographic characteristics of cases and RRs are 
presented in Table 1. Of the 806 cases, most were unspecified 
(n=669; 82.3%), followed by E. granulosus (n=111; 13.7%) and 
E. multilocularis (n=33; 4.1%). The largest proportion of cases 
(n=371; 46.0%) were from Ontario. Females comprised over 
half of cases (n=501; 62.2%) and were at 1.6 (95% CI: 1.4–1.8) 
times higher risk of echinococcosis compared to males. While 
most cases were aged 35–54 years (n=265; 32.9%), those over 
75 years of age had the highest risk, at 5.6 (95% CI: 3.9–8.0) 
times higher than those aged 0–14 years.

Cases with a health card issued from the Territories region 
(Northwest Territories, Nunavut and Yukon) had a much higher 
risk of echinococcosis (RR 17.1; 95% CI: 8.7–33.7) compared 
to the Atlantic region (New Brunswick, Newfoundland and 
Labrador, Nova Scotia and Prince Edward Island). Cases from 
the Northwest Territories had the highest risk of echinococcosis 

in the country, at 22.9 (95% CI: 2.8–186.4) times that of Prince 
Edward Island. Among provinces, cases from the Western region 
(Alberta, British Columbia, Manitoba and Saskatchewan) (RR 4.0; 
95% CI: 2.5–6.4), compared to the Atlantic region, had the 
highest risk of echinococcosis.

Table 1: Characteristics and risk ratios of echinococcosis 
hospital and ambulatory care visits, as cases, in Canada, 
Canadian Institute for Health Informationa, 2000–2020 
(n=806)

Characteristics
Echinococcosis cases

n (%) Risk ratios 
(95% CI)

Echinococcus speciesb

E. multilocularis 33 (4.1) N/A

E. granulosus 111 (13.7) N/A

Unspecified 669 (82.3) N/A

Sex

Male 305 (37.8) 1.0

Female 501 (62.2) 1.6 (1.4−1.8)

Age group

0–14 years 42 (5.2) 1.0

15–34 years 193 (23.9) 3.0 (2.1−4.1)

35–54 years 265 (32.9) 3.6 (2.6−5.0)

55–74 years 211 (26.2) 4.0 (2.9−5.6)

≥75 years 95 (11.8) 5.6 (3.9−8.0)

Geography

Atlantic region 19 (2.4) 1.0

Prince Edward Island 1 (0.1) 1.0

New Brunswick 7 (0.9) 1.3 (0.2−10.3)

Newfoundland and Labrador 5 (0.6) 1.3 (0.2−11.3)

Nova Scotia 6 (0.7) 0.9 (0.1−7.4)

Eastern region 436 (54.1) 3.5 (2.2−5.6)c

Ontario 371 (46.0) 3.9 (0.6−27.9)

Québec 65 (8.1) N/Ac

Western region 336 (41.7) 4.0 (2.5−6.4)

Alberta 155 (19.2) 5.8 (0.8−41.3)

British Columbia 102 (12.7) 3.2 (0.4−22.6)

Manitoba 37 (4.6) 4.2 (0.6−30.3)

Saskatchewan 42 (5.2) 5.5 (0.8−40.1)

Territories region 15 (1.9) 17.1 (8.7−33.7)

Northwest Territories 7 (0.9) 22.9 (2.8−186.4)

Nunavut 4 (0.5) 17.0 (1.9−152.4)

Yukon 4 (0.5) 16.0 (1.8−143.4)
Abbreviations: CI, confidence interval; E., Echinococcus; N/A, not applicable
a Including the Discharge Abstract Database (2000–2020), Hospital Morbidity Database (2000–
2010) and National Ambulatory Care Reporting System (2003–2020)
b Seven cases reported with multiple diagnoses of echinococcosis in the same record. Therefore, 
Echinococcus species sums to 813 cases
c Québec excluded, as data for the province were unavailable between 2011–2020

Figure 1: Flow diagram of incident human 
echinococcosis hospital and ambulatory care visits, as 
cases, record selection, Canadian Institute for Health 
Information, 2000–2020

Abbreviations: CIHI, Canadian Institute for Health Information; DAD, Discharge Abstract 
Database; HMDB, Hospital Morbidity Database; NACRS, National Ambulatory Care Reporting 
System

Records of echinococcosis cases 
identified from CIHI databases 

(n=1,539)

DAD 1999−2000 to 2020−2021 (n=820)
HMDB 1999−2000 to 2010−2011 (n=231)
NACRS 2002−2003 to 2020−2021 (n=488)

Records after incomplete years removed
(n=1,431)

Final records of incident 
echinococcosis cases

(n=806)
DAD 2000−2020

HMDB 2000−2010
NACRS 2003−2020

Incomplete years removed 
(n=108)

DAD 1999 and 2021
HMDB 1999 and 2011
NACRS 2002 and 2021

Duplicates and readmissions removed 
(n=625)
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Cumulative incidence
As shown in Table 2, the mean annual CIN of echinococcosis 
cases in Canada between 2000–2020 was 1.3 cases per million 
population. There was a slight absolute increase over the two 
decades nationally, from 1.3 cases per million between 2000–
2010 to 1.4 cases per million between 2011–2020. The mean 
annual CIN of cases diagnosed as E. multilocularis increased very 
slightly over the two decades (0.05–0.06 cases per million), while 
cases diagnosed as E. granulosus decreased very slightly (0.19–
0.18 cases per million). Detailed count and CIN by Echinococcus 
species, geography and year is provided in the Appendix as 
Supplemental material.

The Territories region had the absolute highest mean annual 
CIN of echinococcosis cases overall, at 6.2 cases per million 
(Table 2). Though case counts were low, over the two decades, 
there was an increase in the Northwest Territories (6.3–9.1 cases 
per million) but decreases in Nunavut (8.6–2.6 cases per million) 
and Yukon (5.3–5.1 cases per million) (Figure 2), resulting in 
a regional absolute decrease in mean annual CIN from 6.8 to 
5.6 cases per million.

Among provinces, the Western region had the absolute highest 
mean annual CIN of echinococcosis cases, at 1.6 cases per 
million (Table 2). In Alberta, the mean annual CIN increased over 
the two decades from 1.5 to 2.4 cases per million (Figure 2). The 
Eastern region, which only included Ontario due to limited data 
from Québec, had the second absolute highest mean annual 
CIN of echinococcosis cases overall, at 1.3 cases per million. 
In the Atlantic region, the mean annual CIN was low overall at 
0.4 cases per million. However, though case counts were low, 
each province in the Atlantic region experienced an increase in 
the mean annual CIN of cases over the two decades, resulting in 
a regional absolute increase from 0.2 to 0.6 cases per million.

Discussion

This study used administrative data to describe echinococcosis 
incidence and risk in Canada between 2000–2020. The mean 
annual CIN of echinococcosis in Canada over the study period 
was rare at 1.3 cases per million, which was slightly lower 
than the 1.5 cases per million reported by the European 
Surveillance System in 2020 (20). Between 2001–2005 in 
Canada, Gilbert et al. (21) found a lower mean incidence than 
this study, at 0.72 echinococcosis hospitalizations per million. 

Table 2: Mean annual cumulative incidence, per million 
population, of echinococcosis hospital and ambulatory 
care visits, as cases, over place and time in Canada, 
Canadian Institute for Health Informationa, 2000–2020 
(n=741)

Geography

Mean annual CIN (per million population)

Overall 
(2000–2020)

First decade 
(2000–2010)

Second 
decade 

(2011–2020)

National 1.3 1.3 1.4

E. multilocularis 0.06 0.05 0.06

E. granulosus 0.20 0.19 0.18

Unspecified 1.1 1.1 1.1

Atlantic region 0.4 0.2 0.6

New Brunswick 0.4 0.4 0.5

Newfoundland and 
Labrador

0.5 0.4 0.6

Nova Scotia 0.3 0.1 0.5

Prince Edward 
Island

0.3 0 0.6

Eastern region 1.3b 1.4b 1.3b

Ontario 1.3 1.4 1.3

Québec N/Ab N/Ab N/Ab

Western region 1.6 1.6 1.6

Manitoba 1.4 1.4 1.5

Saskatchewan 1.9 2.0 1.8

Alberta 1.9 1.5 2.4

British Columbia 1.1 1.4 0.8

Territories region 6.2 6.8 5.6

Northwest 
Territories

7.6 6.3 9.1

Nunavut 5.8 8.6 2.6

Yukon 5.2 5.3 5.1
Abbreviations: CIN, cumulative incidence; E., Echinococcus; N/A, not applicable
a Including the Discharge Abstract Database (2000–2020), Hospital Morbidity Database  
(2000–2010) and National Ambulatory Care Reporting System (2003–2020)
b Québec excluded as data for the province were unavailable between 2011–2020

Figure 2: Map of the mean annual cumulative incidence, 
per million population, of echinococcosis hospital 
and ambulatory care visits, as cases, by province and 
territory in Canada between 2000–2010 (n=364) and 
2011–2020 (n=377), Canadian Institute for Health 
Informationa

Abbreviations: CIN, cumulative incidence; N/A, not applicable because Québec was excluded 
due to unavailable data between 2011–2020
a Including the Discharge Abstract Database (2000–2020), Hospital Morbidity Database  
(2000–2010) and National Ambulatory Care Reporting System (2003–2020)

a) 2000–2010 b) 2011–2020
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Schurer et al. (22) found a median annual incidence between 
2002–2011 of 1.4 echinococcosis hospital and ambulatory visits 
per million. The Gilbert et al. (21) estimate may be lower because 
they only used HMDB and restricted to cases with only a first or 
second discharge diagnosis of echinococcosis. Schurer et al. (22) 
used the DAD and NACRS and included cases with an 
echinococcosis diagnosis in any of the 25 available discharge 
diagnoses. This study’s use of the DAD, HMDB and NACRS may 
have been beneficial for capturing hospital and ambulatory visits 
more completely.

The results indicated an absolute increase, though small, in the 
mean annual CIN of echinococcosis cases in Canada between 
2011–2020 compared to 2000–2010. Whether this was due 
to the European-type E. multilocularis strain first detected in 
Canada in 2009 remains unclear, as the species-level diagnosis 
for most cases was unspecified. Distinguishing E. multilocularis 
from E. granulosus in humans is not only an epidemiological but 
also a clinical necessity, as there are differences in prognosis, 
treatment, intermediate hosts and regional prevalence (1). 
Species-level diagnosis is complex, involving imaging, 
microscopy and serology (1). Serology is required for early 
stages of infection, while later stages may be diagnosed through 
histopathology (23). For people in Canada, confirmatory 
diagnosis of E. multilocularis demonstrating larval tapeworms in 
histopathology samples can require species-specific polymerase 
chain reaction (PCR) or serologic testing in some provinces (24). 
While this PCR is done at a limited number of laboratories across 
North America, approved serologic testing is only performed 
at the Institute of Parasitology in Switzerland (23). Studies 
have recommended that accessible and standardized testing 
optimized for circulating species of Echinococcus and increased 
awareness of clinical signs among physicians and veterinarians in 
endemic regions, would help improve prognosis and surveillance 
in Canada (12,22).

Over the two decades, there was a notable absolute increase 
in mean annual CIN of echinococcosis cases in the Northwest 
Territories. Having a health card from any of the three Territories 
also posed the highest risk of echinococcosis. The overall mean 
annual CIN for the Territories region (6.2 cases per million) was 
closer to that which has been recorded in European countries 
considered endemic for echinococcosis, like Luxembourg 
(4.8 cases per million) (20,25). Northern parts of Canada may 
be at higher risk of echinococcosis due to some populations 
hunting, consuming untreated surface water, keeping dogs 
as pets and working animals and harvesting potentially 
contaminated food (5,21,22).

There was also an absolute increase in the mean annual CIN 
of echinococcosis cases in Alberta over the two decades. 
Alberta had the second-highest number of cases diagnosed as 
E. multilocularis following Ontario despite having a substantially 
smaller population. Between 2013–2020, 17 cases of human AE 
were identified in Alberta, all likely locally acquired and all five 
of the cases with molecular typing results showing presence of 

the European-type strain (13). Among coyotes in urban areas 
of Alberta, studies have highlighted an increasing prevalence 
of E. multilocularis, ranging from 25% between 2009–2011 (26) 
to 65% between 2016–2018 (8), with histology results from the 
region often confirming the presence of the European-type 
strain (9,27).

The Atlantic region had the lowest mean annual CIN of 
echinococcosis cases, but it increased slightly over the two decades. 
In the past 30 to 40 years, coyotes have reportedly expanded their 
range from the Great Lakes region of southern Canada into eastern 
Canada (28). A recent study recorded the first ever instances of 
E. canadensis, a subtype of E. granulosus, in free-ranging wildlife 
in Atlantic Canada (one coyote and four moose), suggesting that 
coyote natural range expansion has a role in enabling the lifecycle 
of Echinococcus tapeworms in the region (28).

Similar to previous Canadian literature, females in this study 
had a significantly higher risk of echinococcosis compared to 
males, warranting further investigation (21,22). Older age was 
also associated with a significantly higher risk of echinococcosis; 
however, this may be due to the long incubation period 
preceding clinical manifestations of the disease (1).

In the absence of national reporting and surveillance of 
echinococcosis in Canada, CIHI databases were explored as 
an option for monitoring cases of this potentially increasing 
zoonosis. Administrative data are useful for investigating disease 
epidemiology, as they are population-based, timely, accessible, 
provide large sample sizes and have broad jurisdictional coverage. 
However, administrative data are not collected for research 
purposes and may have quality and reliability issues (29). There 
is value in prioritizing future studies to examine the validity of 
administrative data sources for studying zoonoses in the future.

Limitations
There are some limitations of this study. Though it was the 
only available nationwide data source for echinococcosis, 
using hospital and ambulatory data to estimate incidence 
likely resulted in an underestimation. Echinococcosis is rare 
with a long incubation period, increasing the chance of 
under or misdiagnosis and most, but not all, symptomatic 
infections require medical attention (1). The incidence is also 
likely underestimated, both overall and for the Eastern region 
especially, because data for Québec were unavailable between 
2011–2020 and Québec contributed 15% of all cases between 
2000–2010.

Administrative data can have quality and reliability concerns 
and often lack information on potentially relevant indicators. 
For example, we did not have data on travel history and as 
echinococcosis has a long incubation period, this may have been 
relevant for understanding local disease acquisition. Additionally, 
not all P/Ts have mandated reporting to NACRS; those with 
mandated reporting may have contributed more echinococcosis 
cases than those without.
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The RRs of echinococcosis for the Territories had wide CIs, likely 
because of small population sizes and indicate imprecision. Due 
to the small population sizes, the CIN for the Territories were 
also unstable.

Conclusion
This study fills an important gap by contributing a baseline 
for human echinococcosis in Canada between 2000–2020. 
Although echinococcosis is rare, there was a small absolute 
increase in the mean annual CIN of cases nationally between 
2011–2020 compared to 2000–2010. Further research is needed 
to determine the role of the new European-type E. multilocularis 
strain, in addition to climate change, urbanization and 
anthropogenic activity, on disease burden. Improved and 
complete data are needed to understand differences across 
provinces and territories, in order to inform engagement with 
and guidelines for, public health partners, key risk groups 
and the general public. Research investigating the validity of 
administrative data for zoonoses is also warranted.
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Abstract

Background: Antimicrobial use (AMU) is a known driver of antimicrobial resistance. Insight into 
prevalence and correlates of AMU can help identify health inequities and areas for targeted 
action. To better understand sociodemographic and medical dimensions of AMU in Canada, 
the Public Health Agency of Canada, in partnership with Statistics Canada, developed a Rapid 
Response Module questionnaire on self-reported oral antibiotic use, to be administered as part 
of the 2018 Canadian Community Health Survey (CCHS).

Objective: To provide data on the proportion of people in Canada that self-report the use of 
antibiotics and sociodemographic and health factors associated with use.

Methods: This cross-sectional study used data from the CCHS, a national survey of 
24,176 people with a clustered multi-stage stratified random sampling design. In 2018, an 
antibiotic use module was administered to CCHS participants.

Results: Among respondents 18 years and older, 26% reported receipt of at least one oral 
antibiotic over the past year. Several sociodemographic and health factors had higher adjusted 
odds of receiving an antibiotic prescription, including those aged 18 years compared to 
aged 48 years (mean), women compared to men, immigrants compared to non-immigrants 
(excluding Indigenous), current and former smokers compared to those who have never 
smoked, and those with comorbidities (asthma, chronic obstructive pulmonary disease, arthritis, 
heart disease, cancer, bowel disorder and urinary incontinence).

Conclusion: Variations in AMU across different key populations and sociodemographic groups 
highlight the need to improve our understanding of different drivers of AMU and for tailored 
interventions to reduce inequitable risks of antimicrobial resistance.
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Introduction

Antimicrobial resistance (AMR) is an increasing threat to global 
health (1). In Canada, resistance is increasing for most human 
pathogens of concern (2). Antibiotic use is associated with 
the development of antibiotic resistance at the individual, 
community, and country levels, making it imperative to identify 
and reduce use that is unnecessary or inappropriate (3,4). 
While there are no national-level data, studies in Ontario and 
Alberta have found that 15.4% and 39.2% of antibiotics were 

inappropriately prescribed, respectively (5,6). For older adults 
(over the age of 65 years), evidence from Ontario and British 
Columbia suggests that 50% of antibiotics in the community are 
prescribed for conditions not requiring antibiotics (7).

There is robust evidence of sociodemographic differences in 
antibiotic use in high-income countries, with a dominant trend 
of higher use among the elderly, people with underlying medical 
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conditions, women, people with a low income, people with low 
formal education and various ethnic groups (8). This suggests 
differential drivers of antibiotic use some of which may be linked 
to health inequities such as disparities in the burden of infection 
among different population groups or differential rates of 
inappropriate prescriptions. 

While national surveillance of human antimicrobial use (AMU) 
in Canada reports on the tonnage of antibiotics and number of 
antibiotic prescriptions dispensed by Canadian pharmacies (2), 
this study provides self-reported data on the proportion 
of people in Canada reporting use of antibiotics and 
sociodemographic and health factors associated with AMU. 
These data are key to elucidating drivers of AMU, developing 
strategies for community-based antibiotic stewardship and 
preventing AMR health inequities.

Methods

Data source, study design and sample 
population

This cross-sectional study used data from the Canadian 
Community Health Survey (CCHS), a voluntary national survey 
with a clustered multi-stage stratified random sampling design 
that collects information on health status, determinants of health 
and healthcare utilization (9). There are certain limitations to the 
sampling methodology, as it excludes those living on reserves or 
other Indigenous settlements, institutionalized populations  
(e.g., residents of healthcare facilities, prisons, convents),      
full-time members of the Canadian Forces, children living in 
foster care and residents of the remote Québec regions of 
Nunavik and Terres-Cries-de-la-Baie-James (9). Altogether, these 
exclusions represent less than 3% of the Canadian population 
aged 12 years and over (9).

Along with the core questions of the CCHS, the rapid response 
component is offered to organizations interested in national 
estimates on an emerging or specific issue related to the 
population’s health (9). To gain further insights into antibiotic 
use in humans within Canada, the Public Health Agency of 
Canada, in partnership with Statistics Canada, developed a Rapid 
Response Module questionnaire on AMU. Between January 2 
and June 30, 2018, a nine-question antimicrobial use Rapid 
Response Module with a focus on antibiotics was administered 
to 24,176 consenting CCHS participants from all provinces 
(the territories were excluded). We excluded participants who 
responded with “don’t know”, “not stated”, or “refused” when 
asked if they had received antibiotic prescriptions in the past 
year (n=250), resulting in a final total of 23,926 Canadians aged 
18 years and older. Relevant information, including prescribing 
facility, whether guidance on use was provided, adherence, type 
of non-adherence, medical reason for prescription and the fate 
of leftover antibiotics was associated with each outcome. For the 

complete list of the AMU Rapid Response Module items, please 
refer to Appendix.

Outcome variable
The outcome for the logistic regression was receipt of one or 
more outpatient oral antibiotic medication prescription(s) in the 
12 months prior to survey administration, regardless of whether 
the participant filled the prescription.

Exposure variables
Pre-selected sociodemographic exposure variables were 
chosen based on clinical plausibility and previous literature. 
They included age, sex, highest household level of education, 
household income, smoking status, marital status and specific 
chronic medical conditions captured in the CCHS (9). Body mass 
index, immigrant/Indigenous status, receipt of previous year 
influenza vaccination, access to a regular healthcare provider 
and insurance for prescription medications was also explored. 
Perceived physical and mental health, as well as perceived stress 
were also assessed.

Statistical analysis
Descriptive statistics were used to summarize responses from 
the AMU Rapid Response Module. Adjusted and unadjusted 
multivariable logistic regression analyses were performed to 
evaluate the association between previous year AMU and 
the pre-selected exposure variables. Age was defined using 
a five-knot restricted cubic spline (10) and all other variables 
were treated as categorical. Each variable was included in a 
separate logistic regression model to examine its unadjusted 
effect on AMU in the previous 12 months. A final model, with 
all predefined exposure variables, was used to determine which 
factors maintained their association with AMU in the previous 
12 months, adjusting for all other variables. The model included 
the following variables: sex, age, highest level of education, 
smoking status, Indigenous status (off-reserve), immigrant 
status, total household income (in thousands), perceived health, 
perceived life stress, having asthma, having chronic obstructive 
pulmonary disease, having arthritis, having high blood pressure, 
having high blood cholesterol/lipids, having heart disease, ever 
having been diagnosed with cancer, having a bowel disorder 
(Crohn’s disease, ulcerative colitis, irritable bowel syndrome, 
incontinence), having urinary incontinence, usual place for 
immediate care for minor problems, regular provider type, 
province of residence, marital status, body mass index, type 
of drinker, level of physical activity, insurance for prescription 
medications, language most often spoken at home, perceived 
mental health, having received a seasonal flu shot, having had 
a stroke, having diabetes, having a mood disorder and having 
an anxiety disorder. Statistical significance was set at a p-value 
of ≤0.05.

Given the complex sampling strategy of the CCHS, participants 
had unequal probabilities of being selected for the survey. 
To account for this, the logistic regression applied sampling 
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weights provided by Statistics Canada to extrapolate the results 
to the overall Canadian population represented by the CCHS. 
Bootstrapping weights were used to estimate 95% confidence 
intervals through a bootstrap variance estimation method 
(1,000 replications).

All analyses were conducted using SAS Enterprise Guide 7.1 
(SAS Institute, Cary, North Carolina, United States). To allow for 
the proper application of the sampling and bootstrap replicate 
weights, SAS survey analysis procedures were used.

Results

Among the CCHS survey respondents 18 years of age or 
older who completed the 2018 AMU Rapid Response Module 
(n=23,926, representing a weighted national population of 
29,020,553), 26.0% (95% CI: 24.96%–26.99%) reported receipt 
of at least one oral antibiotic during the previous year (Table 1). 
Of these, 38.2% (95% CI: 36.16%–40.21%) reported receiving 
more than one prescription. The majority of patients received 
their antibiotic prescription from community physician clinics 
(81.8%, 95% CI: 78.19%–85.36%). The reason for prescription 

Table 1: Responses to antimicrobial use questions asked in the Canadian Community Health Survey

Responses
Unweighted Weighted

Frequency Percent (%) Frequency Percent (%)

Did you receive a prescription for antibiotics in the past 12 months (oral antibiotic)?

Yes 6,407 26.78 7,537,172 
(7,243,253–7,831,091)

25.97 
(24.96–26.99)

Did not fill prescriptiona 61 0.95 49,548 
(33,225–65,872)

0.66 
(0.44–0.88)

Still taking it 189 2.95 200,614 
(153,032–248,195)

2.66 
(2.04–3.29)

No 17,519 73.22 21,483,380 
(21,189,461–21,777,300)

74.03 
(73.01–75.04)

Did you receive more than one prescription in the past 12 months?

Yes 2,541 39.66 2,878,101 
(2,691,207–3,064,995)

38.19 
(36.16–40.21)

No, just one 3,866 60.34 4,659,071 
(4,420,023–4,898,120)

61.81 
(59.79–63.84)

Why were you given a prescription for antibiotics?

Chest infection 1,430 21.90 1,617,409 
(1,445,932–1,788,885)

21.46 
(19.41–23.51)

Ear/nose/throat/sinus/eye infection 1,467 22.90 1,750,049 
(1,604,002–1,896,095)

23.22

(21.41–25.02)

Urinary tract infection 978 15.26 1,122,468 
(1,002,702–1,242,234)

14.89

(13.39–16.39)

Skin infection 484 7.55 608,859 
(502,866–714,851)

8.08 
(6.72–9.43)

Gastrointestinal infection 253 3.95 325,678 
(259,782–391,573)

4.32 
(3.46–5.18)

Other 1,822 28.44 2,112,711 
(1,948,239–2,277,183)

28.03 
(26.1–29.96)

Where did you receive the prescription?

Walk-in/doctor’s office 4,227 65.97 5,243,770  
(4,986,062–5,501,478)

69.57 
(67.47–71.67)

Outpatient clinic 991 15.47 919,754 
(799,370–1,040,139)

12.2 
(10.72–13.69)

Inpatient 272 4.25 263,550 
(213,118–313,982)

3.5 
(2.83–4.17)

Dentist 745 11.63 877,336 
(770,540–984,133)

11.64 
(10.27–13.01)

Another place 172 2.68 232,762 
(170,137–295,387)

3.09 
(2.26–3.92)

a Weighted frequencies have limited interpretation due to small response rates
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was most commonly for infections of the upper respiratory tract 
(nose, throat or sinus), ear and eye (23.2% combined, 95% CI: 
21.41%–25.02%), followed by chest infections (21.5%, 95% CI: 
19.41%–23.51%).

The mean age of respondents was 48.1 years old, which served 
as the reference for the logistic regression models. After 

adjusting for all other exposure variables, those aged 18 years 
had much higher odds, 1.70 (95% CI: 1.29–2.23) compared to 
those aged 48 years (Table 2). Adults aged 30 years had odds of 
1.42 (95% CI: 1.23–1.63); at age 60, the odds were 1.01 (95% CI: 
0.88–1.16) and at age 80, the odds were 1.11 (95% CI: 0.89–1.37) 
compared to those aged 48 years (see Figure 1 for unadjusted 
odds and Figure 2 for adjusted odds).

Table 2: Characteristics associated with receiving an antibiotic prescription in the previous 12 months

Characteristics
Unweighted

p-value
Odds ratio

Frequency Percent (%) Unadjusted Adjusted

Age (years)

Mean (SEM) 48.11 (48.0–48.22) <0.0001 See Figure 1 and Figure 2

18–29 5,472,681 
(5,303,207–5,642,156)

18.86 
(18.27–19.44)

- Not included in model, age was 
treated as continuous

30–39 5,255,468 
(5,017,771–5,493,165)

18.11 
(17.29–18.93)

40–49 4,668,792 
(4,508,772–4,828,812)

 

50–59 5,013,909 
(4,856,837–5,170,981)

17.28 
(16.74–17.82)

60–69 4,698,262 
(4,497,236–4,899,288)

16.19 
(15.5–16.88)

70–79 2,693,963 
(2,572,919–2,815,007)

9.28 
(8.87–9.7)

80+ 1,217,479 
(1,125,974–1,308,983)

4.2 
(3.88–4.51)

Sex <0.0001

Female 14,742,425 
(14,742,424–14,742,426)

50.8 
(50.8–50.8)

- 1.65 
(1.49–1.83)

1.55 
(1.38–1.72)

Male 14,278,128 
(14,278,127–14,278,128)

49.2 
(49.2–49.2)

Ref.

Highest level of education 0.0029

High school 10,333,492 
(9,999,596–10,667,387)

35.61 
(34.46–36.76)

- 0.91 
(0.79–1.05)

0.77 
(0.66–0.89)

Diploma 10,371,261 
(10,058,907–10,683,616)

35.74 
(34.66–36.82)

0.95 
(0.84–1.07)

0.88 
(0.77–1.01)

University 8,315,800 
(7,987,390–8,644,210)

28.65 
(27.52–29.79) Ref.

Smoking status 0.0063

Current 4,872,020 
(4,617,655–5,126,385)

16.79 
(15.91–17.67)

- 1.31 
(1.13–1.51)

1.3 
(1.11–1.53)

Experiment 3,914,117 
(3,696,472–4,131,761)

13.49 
(12.74–14.24)

1.11 
(0.94–1.29)

1.14 
(0.97–1.34)

Former 7,704,652 
(7,421,722–7,987,581)

26.55 
(25.57–27.53)

1.2 
(1.06–1.36)

1.22 
(1.06–1.4)

Never 12,529,764 
(12,185,432–12,874,096)

43.18 
(41.99–44.36)

Ref.

Indigenous (off-reserve)/immigrant status 0.1067

Indigenous (off-reserve) 978,508 
(870,556–1,086,460)

3.37 
(3.0–3.74)

- 1.2 
(0.94–1.53)

1.04 
(0.81–1.34)

Immigrant 7,492,618 
(7,126,684–7,858,551)

25.82 
(24.56–27.08)

- 0.94 
(0.82–1.08)

1.21 
(1.01–1.45)

Non-Indigenous/non-immigrant 20,549,427 
(20,193,939–20,904,9150

70.81 
(69.58–72.04)

- Ref.

  16.09
(15.54–16.64)
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Characteristics
Unweighted

p-value
Odds ratio

Frequency Percent (%) Unadjusted Adjusted

Total household income (thousands) 0.7555

<50 7,588,111 
(7,288,500–7,887,721)

26.15 
(25.11–27.18)

- 1.11 
(0.93–1.31)

0.94 
(0.78–1.14)

50–100 9,303,183 
(9,011,645–9,594,722)

32.06 
(31.05–33.06)

0.99 
(0.84–1.16)

0.92 
(0.78–1.09)

100–149 6,033,084 
(5,772,751–6,293,418)

20.79 
(19.89–21.69)

0.97 
(0.82–1.15)

0.92 
(0.77–1.09)

>150 6,096,174 
(5,804,118–6,388,231)

21.01 
(20.00–22.01)

Ref.

Perceived health <0.0001

Poor/fair 3,487,551 
(3,276,377–3,698,725)

12.02 
(11.29–12.75)

- 2.82 
(2.36–3.38)

1.89 
(1.45–2.46)

Good 8,341,719 
(8,033,243–8,650,196)

28.74 
(27.68–29.81)

1.75 
(1.51–2.04)

1.47 
(1.22–1.75)

Very good 10,588,084 
(10,279,864–10,896,303)

36.48 
(35.42–37.55)

1.47 
(1.27–1.7)

1.34 
(1.14–1.57)

Excellent 6,603,198 
(6,323,648–6,882,749)

22.75 
(21.79–23.72)

Ref.

Perceived life stress 0.0003

Not at all stressful 3,957,912 
(3,760,455–4,155,369)

13.64 
(12.96–14.32)

- Ref.

Not very stressful 6,783,011 
(6,515,591–7,050,432)

23.37 
(22.45–24.3)

1.35 
(1.13–1.61)

1.29 
(1.07–1.55)

A bit stressful 11,999,017 
(11,679,691–12,318,343)

41.35 
(40.24–42.45)

1.61 
(1.36–1.91)

1.42 
(1.18–1.72)

Stressful 6,280,612 
(5,995,955–6,565,269)

21.64 
(20.66–22.62)

2.05 
(1.68–2.51)

1.62 
(1.29–2.04)

Chronic medical condition(s)

Has asthma 2,413,833 
(2,237,478–2,590,188)

8.32 
(7.71–8.93)

0.0001 1.88 
(1.58–2.24)

1.44 
(1.2–1.74)

Has chronic obstructive 
pulmonary disease

838,936 
(743,407–934,466)

2.89 
(2.56–3.22)

<0.0001 2.83 
(2.23–3.59)

1.92 
(1.45–2.53)

Has arthritis 5,790,867 
(5,564,474–6,017,260)

19.95 
(19.17–20.74)

0.0001 1.57 
(1.4–1.75)

1.29 
(1.13–1.47)

Has high blood pressure 5,326,295 
(5,092,116–5,560,473)

18.35 
(17.55–19.16)

0.0249 1.08 
(0.96–1.21)

0.85 
(0.74–0.98)

Has high blood cholesterol/
lipids

3,686,570 
(3,491,111–5,560,473)

12.7 
(12.03–13.38)

0.4780 1.21 
(1.06–1.39)

1.06 
(0.9–1.25)

Has heart disease 1,382,509 
(1,248,851–1,516,167)

4.76 
(4.3–5.23)

0.0004 1.72 
(1.43–2.07)

1.45 
(1.18–1.79)

Ever been diagnosed with 
cancer

2,175,846 
(2,030,344–2,321,349)

7.5 
(7.0–8.0)

0.0157 1.41 
(1.22–1.62)

1.23 
(1.04–1.46)

Has a bowel disorder 
(Crohn’s disease, ulcerative 
colitis, irritable bowel 
syndrome, incontinence)

1,558,896 
(1,431,507–1,686,285)

5.37 
(4.93–5.81)

0.0080 1.91 
(1.63–2.24)

1.27 
(1.07–1.52)

Has urinary incontinence 1,146,488 
(1,028,631–1,265,228)

3.95 
(3.54–4.36)

0.0265 1.85 
(1.5–2.27)

1.31 
(1.03–1.67)

Usual place for immediate care for minor problems <0.0001

Community health centre 1,146,488 
(1,030,584–1,262,392)

3.95 
(3.55–4.35)

- 0.77 
(0.6–0.98)

0.78 
(0.6–1.02)

Doctor’s office 14,534,280 
(14,210,494–14,858,067)

50.08 
(48.97–51.2)

Ref.

Table 2: Characteristics associated with receiving an antibiotic prescription in the previous 12 months (continued)
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In the adjusted model, women had higher odds of reporting 
receipt of an antibiotic prescription in the previous 12 months 
compared to men (OR 1.55; 95% CI: 1.38–1.72) (Table 2). Using 
the adjusted logistic regression model, immigrants were 1.21 
(95% CI: 1.01–1.45) times more likely than those who were both 
non-Indigenous and non-immigrants to report receiving an 
antibiotic prescription. For Indigenous respondents (off-reserve), 
the odds were 1.04 (95% CI: 0.81–1.34) times higher, however, 
it was not possible to determine if this difference was significant 
due to the small number of Indigenous respondents (3.37%).

Respondents who reported having no usual place of care for 
minor medical problems (OR 0.66; 95% CI: 0.54–0.80) or no 
regular healthcare provider (OR 0.71; 95% CI: 0.60–0.84) were 
less likely to receive an antibiotic prescription after adjusting for 
all other covariates (Table 2).

Those who self-reported less than excellent health and 
perceived life stress had greater odds of receiving an antibiotic 
prescription. Both current and former smokers had higher odds 
compared to those who had never smoked. Asthma, chronic 
obstructive pulmonary disease, arthritis, heart disease, cancer, 
bowel disorders and urinary incontinence were associated with 
an increased odds of receiving a prescription. Hypertension was 
associated with lower odds. The frequency of responses was too 
low to include receipt of seasonal influenza vaccination in the 
model.

Characteristics
Unweighted

p-value
Odds ratio

Frequency Percent (%) Unadjusted Adjusted

Usual place for immediate care for minor problems (continued) <0.0001

Emergency room 1,944,944 
(1,792,576–2,097,311)

6.7 
(6.18–7.23)

- 0.91 
(0.74–1.11)

1 
(0.8–1.23)

Hospital outpatient 725,183 
(642,555–807,811)

2.5 
(2.21–2.78)

0.82 
(0.64–1.06)

0.83 
(0.63–1.08)

Walk-in clinic 6,889,707 
(6,603,742–7,175,672)

23.74 
(22.75–24.73)

0.99 
(0.87–1.13)

1.1 
(0.95–1.26)

No usual place of care 3,779,951 
(3,566,350–3,993,551)

13.03 
(12.29–13.76)

0.56 
(0.46–0.66)

0.66 
(0.54–0.8)

Regular provider type 0.0004

FP/GP 23,941,588 
(23,683,672–24,199,503)

82.5 
(81.61–83.39)

- Ref.

Non-FP/GP 732,110 
(605,057–859,163)

2.52 
(2.08–2.96)

0.87 
(0.62–1.23)

0.84 
(0.58–1.23)

No usual provider 4,346,855 
(4,123,637–4,570,073)

14.98 
(14.21–15.75)

0.61 
(0.53–0.71)

0.71 
(0.6–0.84)

Abbreviations: FP, family practitioner; GP, general practitioner; Ref., reference; SEM, standard error of the mean
Note: These additional covariates were also included in the model: province of residence, marital status, body mass index, type of drinker, physical activity, insurance for prescription medications, 
language most often spoken at home, perceived mental health, seasonal flu shot, stroke, diabetes, mood disorder and anxiety disorder. Adjusted and unadjusted results for these covariates can be 
found in the Appendix

Table 2: Characteristics associated with receiving an antibiotic prescription in the previous 12 months (continued)
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Figure 1: Unadjusted odds ratio for oral antibiotic use in 
the past 12 months by age
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Figure 2: Adjusted odds ratio for oral antibiotic use in 
the past 12 months by age
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Discussion

This study revealed that about one-quarter of Canadians (26.0%) 
received at least one systemic (oral) antibiotic prescription over 
a one-year period, of whom 38% received more than one. One 
in five of these prescriptions (21.5%) was reported to be for a 
chest infection. This is concerning given that bronchitis has been 
found to be associated with high levels of unnecessary antibiotic 
prescribing in other research (52% in British Columbia (11); 53% 
in Ontario) (5). The high proportion of reported prescriptions for 
ear/nose/throat/sinus/eye infections (23.2%) is similarly notable, 
given that previous research has found a high rate of unnecessary 
prescribing for sinus infections (48% in British Columbia; 48% 
in Ontario), throat infections (42% in British Columbia) and ear 
infections (39% in Ontario) (5,11).

After controlling for medical conditions, the odds of those aged 
18 years and those aged 30 years having received a prescription 
were higher than those aged 48 years, 60 years and 80 years. 
It is expected for antibiotic use to rise with age and for much 
of it to be attributable to greater morbidity, however, it is 
unclear what underpins young adults’ odds of use such that 
it surpasses the odds for middle-age and older adults when 
controlling for medical conditions. Younger adults may be 
more likely to have a faulty understanding of what constitutes 
an oral antibiotic. As well, this survey does not capture the 
frailest older adults, such as long-term care residents or those 
in hospital, possibly eliminating a large portion of antibiotic use 
in these disproportionately elderly groups. Population usage 
metrics show a greater burden of antibiotic use among older 
age groups (2). Taken together, these different measures might 
also indicate that those older adults who use antibiotics use a 
high quantity (by tonnage or by prescription) while young adults 
may have more evenly distributed use across their age groups 
or shorter prescriptions. These findings are similar to those 
of other surveys on antibiotic use in Canada that found high 
reported use among young adults (12,13). Younger age groups 
also have a much higher burden of conditions that are frequently 
treated with antibiotics that were not controlled for in our study, 
such as sexually transmitted infections (14) and acne (15). The 
widespread and intensive use of systemic antibiotics for acne, 
particularly among young adults, has notably been challenged 
in recent scientific literature and guidelines have been changed 
in many regions to reduce their use to limit AMR (16−19). Young 
adults may also be parents and are more likely to be exposed 
to respiratory infections through their children (20,21). In some 
contexts, young adults have a higher rate of inappropriate 
prescriptions for upper respiratory tract infections than other 
adult age groups (22,23).

In line with previously published findings in the literature  
and Canadian dispensation data (2,8), antibiotic use is higher 
among women. This may be for reasons linked to biology  
(e.g., a higher risk of urinary tract infections) or gendered social 
dynamics (e.g., a higher likelihood to seek medical care (24) 

and very high representation in work with exposure to patients, 
children or food-labour sectors associated with higher rates of 
infections (25)).

Contrary to other studies from high-income countries, neither 
income nor education were significant in either adjusted or 
unadjusted analyses (8). This may be because we were able 
to control for other variables that are often co-linear with 
socioeconomic status such as comorbidities (positively associated 
with use) and low levels of access to regular medical care 
(negatively associated with use).

We found very slightly higher use among Indigenous populations 
off-reserve. This contrasts with other studies that have found 
high dispensation rates of antibiotics to Indigenous populations 
on-reserve and in the Arctic (26,27). However, it is in line with 
studies that have found that antibiotic use is not highly different 
in regions with higher Indigenous populations, though the latter 
studies also appear to have excluded on-reserve dispensations, 
potentially skewing regional use and its associations (28,29).

The finding of higher use among immigrant populations in 
Canada departs from a study that found that regions in Ontario 
with a higher proportion of immigrants had neither higher nor 
lower use (28).

In accordance with many other findings, several medical 
conditions were associated with higher antibiotic use, which 
is potentially explained by the need for invasive devices with 
elevated risk of infection, depressed immunity, symptoms of 
unclear etiology or frequent interactions with medical care. 
The finding that hypertension was associated with lower odds 
of prescriptions may be explained by known contraindications 
of blood pressure medications with use of certain 
antibiotics (30,31).

Limitations
The results are based on self-reported survey data, and 
responses may reflect recall bias or social desirability bias. 
Respondents may also have a faulty understanding of what 
an antibiotic is. This is a common and well-known limitation in 
surveys of antibiotic use (32−35). While restricting participation 
to respondents who demonstrate knowledge of antibiotic use 
could mitigate this issue, it would introduce selection bias (32).

These results do not include the Territories or residents of the 
remote Québec regions of Nunavik and Terres-Cries-de-la-Baie-
James, Indigenous communities, institutionalized populations 
(e.g., residents of healthcare facilities, long-term care, prisons, 
convents) and full-time members of the Canadian Armed Forces. 
This survey does not include unprescribed antibiotic use, which 
in other contexts has been found to be higher among certain 
demographics, including migrant workers, men who have sex 
with men and people who inject drugs (22,36). Additionally, 
telephone surveys may not capture the frailest community-
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dwelling adults and will not capture people without a phone, 
which may both be key populations for high antibiotic use (8). 
As well, recent research has highlighted very elevated levels 
of antibiotic prescribing to gay, bisexual, and other men who 
have sex with men in an urban sexual health clinic (37), to 
people living in Arctic communities (27) and to First Nations 
individuals accessing health care at nursing stations on-reserve in 
Canada (26). Further research should further inquire into levels of 
AMU among these populations at a national level.

Conclusion
These results suggest that efforts to reduce unnecessary 
antibiotic use through stewardship and policy initiatives need 
to target the whole age spectrum. More data are necessary 
to understand and address the drivers of antibiotic use and 
to elucidate why young people have higher odds of being 
prescribed an antibiotic than those in middle-age when 
controlling for other factors, similar to what has been seen in 
other studies (12,13). Medical record data may help elucidate 
why certain comorbidities are associated with higher antibiotic 
use and help capture if it is appropriate or not to better tailor 
stewardship interventions.

In order to best tailor interventions on antibiotic use for 
immigrant communities, further research is necessary to identify 
which ethnocultural and linguistic groups are most affected. 
As well, more research and better data are needed on key 
populations not included in this study of AMU, including 
Indigenous people on-reserve and in the Arctic, individuals in 
long-term care establishments, two-spirit, gay, and bisexual men 
who have sex with men, transgender populations, incarcerated 
populations and people who use drugs, particularly by injection.

Notably, just over a quarter of respondents reported having 
taken systemic oral antibiotics, most frequently for indications 
for which close to half of prescriptions are known to be 
inappropriate. This points to the need for better education 
of prescribers and Canadians on the role of judicious AMU in 
protecting individual health and the health of the community.
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Appendix
Table A1: Characteristics associated with receiving an antibiotic prescription in the previous 12 months with all 
variables

Characteristics
Weighted Odds ratio

Frequency Percent (%) Unadjusted Adjusted

Age (years)

Mean (SEM) 48.11 (48.0–48.22) See Figure 1

18–29 5,472,681 
(5,303,207–5,642,156)

18.86 
(18.27–19.44)

Not included in model, age was treated as 
continuous

30–39 5,255,468 
(5,017,771–5,493,165)

18.11 
(17.29–18.93)

40–49 4,668,792 
(4,508,772–4,828,812)

16.09 
(15.54–16.64)

50–59 5,013,909 
(4,856,837–5,170,981)

17.28 
(16.74–17.82)

60–69 4,698,262 
(4,497,236–4,899,288)

16.19 
(15.5–16.88)

70–79 2,693,963 
(2,572,919–2,815,007)

9.28 
(8.87–9.7)

80+ 1,217,479 
(1,125,974–1,308,983)

4.2 
(3.88–4.51)

Sex

Female 14,742,425 
(14,742,424–14,742,426)

50.8 
(50.8–50.8)

1.65 
(1.49–1.83)

1.55 
(1.38–1.72)

Male 14,278,128 
(14,278,127–14,278,128)

49.2 
(49.2–49.2)

Ref.

Marital status

Married/common-law 18,199,194 
(17,888,721–18,509,667)

62.71 
(61.64–63.78)

Ref.

Single 7,070,640 
(6,828,042–7,313,238)

24.36 
(23.53–25.2)

1.03 
(0.89–1.18)

0.95 
(0.8–1.14)

Widowed/separated/divorced 3,750,719 
(3,567,739–3,933,700)

12.92 
(12.29–13.56)

1.11 
(0.97–1.26)

0.94 
(0.8–1.09)

Highest level of education

High school 10,333,492 
(9,999,596–10,667,387)

35.61 
(34.46–36.76)

0.91 
(0.79–1.05)

0.77 
(0.66–0.89)

Diploma 10,371,261 
(10,058,907–10,683,616)

35.74 
(34.66–36.82)

0.95 
(0.84–1.07)

0.88 
(0.77–1.01)

University 8,315,800 
(7,987,390–8,644,210)

28.65 
(27.52–29.79)

Ref.

Body mass index

Underweight 420,444 
(330,287–510,601)

1.45 
(1.14–1.76)

0.98 
(0.6–1.61)

0.79 
(0.46–1.33)

Normal weight 9,389,187 
(9,068,169–9,710,205)

32.35 
(31.25–33.46)

Ref.

Overweight 10,036,834 
(9,720,884–10,352,785)

34.59 
(33.5–35.68)

0.91 
(0.8–1.03)

0.97 
(0.84–1.11)

Obese I 4,724,310 
(4,496,430–4,952,190)

16.28 
(15.49–17.07)

1.07 
(0.92–1.23)

1.03 
(0.88–1.21)

Obese II 1,645,989 
(1,503,982–1,787,997)

5.67 
(5.18–6.16)

1.38 
(1.13–1.69)

1.24 
(1.0–1.54)

Obese III 897,816 
(788,814–1,006,819)

3.09 
(2.72–3.47)

1.49 
(1.14–1.95)

1.18 
(0.89–1.56)

Unknown 1,905,972 
(1,730,180–2,081,763)

6.57 
(5.96–7.17)

0.99 
(0.79–1.23)

0.84 
(0.66–1.07)
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Characteristics
Weighted Odds ratio

Frequency Percent (%) Unadjusted Adjusted

Smoking status

Current 4,872,020 
(4,617,655–5,126,385)

16.79 
(15.91–17.67)

1.31 
(1.13–1.51)

1.3 
(1.11–1.53)

Experiment 3,914,117 
(3,696,472–4,131,761)

13.49 
(12.74–14.24)

1.11 
(0.94–1.29)

1.14 
(0.97–1.34)

Former 7,704,652 
(7,421,722–7,987,581)

26.55 
(25.57–27.53)

1.2 
(1.06–1.36)

1.22 
(1.06–1.4)

Never 12,529,764 
(12,185,432–12,874,096)

43.18 
(41.99–44.36)

Ref.

Type of drinker (last 12 months)

Never 6,098,171 
(5,786,026–6,410,317)

21.01 
(19.94–22.09)

Ref.

Occasional 4,861,665 
(4,609,049–5,114,282)

16.75 
(15.88–17.62)

1.04 
(0.88–1.22)

1.0 
(0.84–1.19)

Regular 18,060,716 
(17,708,394–18,413,038)

62.23 
(61.02–63.45)

0.93 
(0.81–1.06)

1.0 
(0.86–1.15)

Physical activity

Active 10,675,829 
(10,346,693–11,004,965)

36.79 
(35.65–37.92)

Ref.

Moderately active 4,926,604 
(4,685,618–5,167,590)

16.98 
(16.14–17.81)

1.15 
(0.99–1.34)

1.08 
(0.93–1.26)

Somewhat active 6,472,529 
(6,191,847–6,753,211)

22.3 
(21.33–23.27)

1.14 
(1.0–1.31)

1.05 
(0.91–1.21)

Sedentary 6,945,590 
(6,672,435–7,218,745)

23.93 
(22.99–24.88)

1.14 
(1.0–1.3)

1.0 
(0.86–1.16)

Indigenous (off-reserve)/immigrant status

Indigenous (off-reserve) 978,508 
(870,556–1,086,460)

3.37 
(3.0–3.74)

1.2 
(0.94–1.53)

1.04 
(0.81–1.34)

Immigrant 7,492,618 
(7,126,684–7,858,551)

25.82 
(24.56–27.08)

0.94 
(0.82–1.08)

1.21 
(1.01–1.45)

Non-Indigenous/non-immigrant 20,549,427 
(20,193,939–20,904,915)

70.81 
(69.58–72.04)

Ref.

Language most often spoken at home (first answer)

English 18,759,089 
(18,414,234–19,103,944)

64.64 
(63.45–65.83)

Ref.

French 5,915,950 
(5,767,569–6,064,331)

20.39 
(19.87–20.9)

0.97 
(0.87–1.08)

1.05 
(0.82–1.35)

Other 4,345,514 
(3,998,878–4,692,150)

14.97 
(13.78–16.17)

0.82 
(0.69–0.98)

0.89 
(0.7–1.12)

Total household income (thousands)

<50 7,588,111 
(7,288,500–7,887,721)

26.15 
(25.11–27.18)

1.11 
(0.93–1.31)

0.94 
(0.78–1.14)

50–100 9,303,183 
(9,011,645–9,594,722)

32.06 
(31.05–33.06)

0.99 
(0.84–1.16)

0.92 
(0.78–1.09)

100–149 6,033,084 
(5,772,751–6,293,418)

20.79 
(19.89–21.69)

0.97 
(0.82–1.15)

0.92 
(0.77–1.09)

>150 6,096,174 
(5,804,118–6,388,231)

21.01 
(20.0–22.01)

Ref.

Province of residence

Alberta 3,319,229 
(3,319,228–3,319,229)

11.44 
(11.44–11.44)

1.02 
(0.87–1.2)

1.05 
(0.89–1.24)

Table A1: Characteristics associated with receiving an antibiotic prescription in the previous 12 months with all 
variables (continued)
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Characteristics
Weighted Odds ratio

Frequency Percent (%) Unadjusted Adjusted

Province of residence (continued)

British Columbia 3,867,378 
(3,867,377–3,867,378)

13.33 
(13.33–13.33)

1.02 
(0.87–1.19)

1.07 
(0.9–1.27)

Manitoba 977,254 
(977,254–977,254)

3.37 
(3.37–3.37)

0.99 
(0.8–1.22)

1.11 
(0.88–1.39)

New Brunswick 603,559 
(603,559–603,560)

2.08 
(2.08–2.08)

1.1 
(0.87–1.38)

1.12 
(0.87–1.44)

Newfoundland and Labrador 428,946 
(428,946–428,947)

1.48 
(1.48–1.48)

1.27 
(1.0–1.6)

1.42 
(1.1–1.84)

Nova Scotia 768,501 
(768,501–768,501)

2.65 
(2.65–2.65)

1.19 
(0.98–1.44)

1.17 
(0.94–1.45)

Ontario 11,377,324 
(11,377,324–11,377,324)

39.2 
(39.2–39.2)

Ref.

Prince Edward Island 120,209 
(120,209–120,209)

0.41 
(0.41–0.41)

1.29 
(1.0–1.67)

1.39 
(1.04–1.86)

Québec 6,712,348 
(6,712,347–6,712,348)

23.13 
(23.13–23.13)

0.99 
(0.87–1.13)

1.1 
(0.86–1.42)

Saskatchewan 845,805 
(845,805–845,805)

2.91 
(2.91–2.91)

1.07 
(0.87–1.33)

1.12 
(0.89–1.41)

Perceived health

Poor/fair 3,487,551 
(3,276,377–3,698,725)

12.02 
(11.29–12.75)

2.82 
(2.36–3.38)

1.89 
(1.45–2.46)

Good 8,341,719 
(8,033,243–8,650,196)

28.74 
(27.68–29.81)

1.75 
(1.51–2.04)

1.47 
(1.22–1.75)

Very good 10,588,084 
(10,279,864–10,896,303)

36.48 
(35.42–37.55)

1.47 
(1.27–1.7)

1.34 
(1.14–1.57)

Excellent 6,603,198 
(6,323,648–6,882,749)

22.75 
(21.79–23.72)

Ref.

Perceived mental health

Poor/fair 2,103,157 
(1,926,551–2,279,763)

7.25 
(6.64–7.86)

2.01 
(1.64–2.48)

1.03 
(0.79–1.33)

Good 7,680,865 
(7,390,689–7,971,041)

26.47 
(25.47–27.47)

1.45 
(1.26–1.67)

1.07 
(0.91–1.26)

Very good 10,430,576 
(10,111,131–10,750,020)

35.94 
(34.84–37.04)

1.08 
(0.95–1.22)

0.9 
(0.78–1.03)

Excellent 8,805,955 
(8,505,460–9,106,450)

30.34 
(29.31–31.38)

Ref.

Perceived life stress

Not at all stressful 3,957,912 
(3,760,455–4,155,369)

13.64 
(12.96–14.32)

Ref.

Not very stressful 6,783,011 
(6,515,591–7,050,432)

23.37 
(22.45–24.3)

1.35 
(1.13–1.61)

1.29 
(1.07–1.55)

A bit stressful 11,999,017 
(11,679,691–12,318,343)

41.35 
(40.24–42.45)

1.61 
(1.36–1.91)

1.42 
(1.18–1.72)

Stressful 6,280,612 
(5,995,955–6,565,269)

21.64 
(20.66–22.62)

2.05 
(1.68–2.51)

1.62 
(1.29–2.04)

Had a seasonal flu shot 
(current/last year)

56,010 
(36,132–75,888)

0.19 
(0.12–0.26)

Chronic medical condition(s)

Has asthma 2,413,833 
(2,237,478–2,590,188)

8.32 
(7.71–8.93)

1.88 
(1.58–2.24)

1.44 
(1.2–1.74)

Table A1: Characteristics associated with receiving an antibiotic prescription in the previous 12 months with all 
variables (continued)

Frequency too low to include in model
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Characteristics
Weighted Odds ratio

Frequency Percent (%) Unadjusted Adjusted

Chronic medical condition(s) (continued)

Has chronic obstructive pulmonary 
disease

838,936 
(743,407–934,466)

2.89 
(2.56–3.22)

2.83 
(2.23–3.59)

1.92 
(1.45–2.53)

Has arthritis 5,790,867 
(5,564,474–6,017,260)

19.95 
(19.17–20.74)

1.57 
(1.4–1.75)

1.29 
(1.13–1.47)

Has high blood pressure 5,326,295 
(5,092,116–5,560,473)

18.35 
(17.55–19.16)

1.08 
(0.96–1.21)

0.85 
(0.74–0.98)

Has high blood cholesterol/lipids 3,686,570 
(3,491,111–3,882,029)

12.7 
(12.03–13.38)

1.21 
(1.06–1.39)

1.06 
(0.9–1.25)

Has heart disease 1,382,509 
(1,248,851–1,516,167)

4.76 
(4.3–5.23)

1.72 
(1.43–2.07)

1.45 
(1.18–1.79)

Suffers from the effects of a stroke 376,726 
(310,763–442,688)

1.3 
(1.07–1.53)

1.36 
(0.95–1.94)

0.88 
(0.58–1.33)

Has diabetes 2,221,519 
(2,062,356–2,380,683)

7.65 
(7.11–8.2)

1.3 
(1.11–1.53)

1.08 
(0.9–1.29)

Ever been diagnosed with cancer 2,175,846 
(2,030,344–2,321,349)

7.5 
(7.0–8.0)

1.41 
(1.22–1.62)

1.23 
(1.04–1.46)

Has a bowel disorder 
(Crohn’s disease, ulcerative 
colitis, irritable bowel syndrome, 
incontinence)

1,558,896 
(1,431,507–1,686,285)

5.37 
(4.93–5.81)

1.91 
(1.63–2.24)

1.27 
(1.07–1.52)

Has urinary incontinence 1,146,930 
(1,028,631–1,265,228)

3.95 
(3.54–4.36)

1.85 
(1.5–2.27)

1.31 
(1.03–1.67)

Has a mood disorder 
(depression, bipolar, mania, 
dysthmia)

2,620,823 
(2,425,021–2,816,626)

9.03 
(8.36–9.71)

1.85 
(1.57–2.18)

1.15 
(0.93–1.42)

Has an anxiety disorder 
(phobia, obsessive compulsive 
disorder, panic disorder)

2,615,767 
(2,424,766–2,806,769)

9.01 
(8.35–9.67)

1.68 
(1.44–1.97)

1.02 
(0.86–1.22)

Usual place for immediate care for minor problems

Community health centre 1,146,488 
(1,030,584–1,262,392)

3.95 
(3.55–4.35)

0.77 
(0.6–0.98)

0.78 
(0.6–1.02)

Doctor’s office 14,534,280 
(14,210,494–14,858,067)

50.08 
(48.97–51.2)

Ref.

Emergency room 1,944,944 
(1,792,576–2,097,311)

6.7 
(6.18–7.23)

0.91 
(0.74–1.11)

1.0 
(0.8–1.23)

Hospital outpatient 725,183 
(642,555–807,811)

2.5 
(2.21–2.78)

0.82 
(0.64–1.06)

0.83 
(0.63–1.08)

Walk-in clinic 6,889,707 
(6,603,742–7,175,672)

23.74 
(22.75–24.73)

0.99 
(0.87–1.13)

1.1 
(0.95–1.26)

No usual place of care 3,779,951 
(3,566,350–3,993,551)

13.03 
(12.29–13.76)

0.56 
(0.46–0.66)

0.66 
(0.54–0.8)

Regular provider type

FP/GP 23,941,588 
(23,683,672–24,199,503)

82.5 
(81.61–83.39)

Ref.

Non-FP/GP 732,110 
(605,057–859,163)

2.52 
(2.08–2.96)

0.87 
(0.62–1.23)

0.84 
(0.58–1.23)

No usual provider 4,346,855 
(4,123,637–4,570,073)

14.98 
(14.21–15.75)

0.61 
(0.53–0.71)

0.71 
(0.6–0.84)

Insurance for prescription 
medications (all or part coverage)

22,877,375 
(22,616,076–23,138,674)

78.83 
(77.93–79.73)

1.27 
(1.11–1.45)

1.15 
(1.0–1.32)

Abbreviations: FP, family practitioner; GP, general practitioner; Ref., reference; SEM, standard error of the mean

Table A1: Characteristics associated with receiving an antibiotic prescription in the previous 12 months with all 
variables (continued)
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Epidemiology of sporadic and outbreak-
associated hepatitis A infections in Ontario, 
Canada: A descriptive summary, 2015–2022
Katherine Paphitis1*, Janica A Adams1, Christine Navarro1

Abstract

Background: Hepatitis A is a disease of public health significance that typically causes acute, 
self-limiting infection. Understanding the risk factors and demographics associated with 
individual infections and outbreaks can guide public health communication and interventions.

Objective: To assess the number of hepatitis A cases and outbreaks in Ontario from January 1, 
2015, to November 22, 2022, and to identify common risk factors associated with sporadic and 
outbreak-associated infections in Ontario.

Methods: Confirmed and probable hepatitis A cases reported between January 1, 2015, and 
November 22, 2022, were extracted from the Ontario electronic reporting system. Descriptive 
analyses were used to summarize and compare risk factors reported by sporadic and outbreak-
associated hepatitis A cases. Annual rates of infection for individual public health units were 
calculated using annual population estimates for Ontario health regions.

Results: During the study period, 938 cases of hepatitis A were reported in Ontario (an average 
annual rate of 0.9 cases per 100,000 population), with 31.3% (n=294) of cases linked to one of 
18 unique outbreaks of hepatitis A. Four of 13 local outbreaks were associated with elementary 
school settings. Reported risk factors differed between sporadic cases (predominantly travel-
related) and cases linked to known outbreaks (anal-oral contact, illicit drug use, diapering/
assisting in toileting, close contact with a case). Rates of sporadic infection differed across 
public health units in Ontario over the study period.

Conclusion: Public health interventions that aim to increase awareness of hepatitis A risk factors 
and increase vaccine uptake among those at increased risk of exposure could help to reduce 
the incidence of both locally acquired and travel-related sporadic infections and outbreaks.
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Introduction
Hepatitis A is typically spread via the fecal-oral route and 
through direct or indirect contact (including anal-oral contact) 
or ingestion of contaminated food, typically causing acute, 
self-limiting infection in those who are infected (1). Following 
exposure to hepatitis A virus (HAV), signs and symptoms typically 
develop within 28–30 days, although symptoms may occur 
15–50 days following exposure (1). Transmission of infection can 
occur from two weeks prior to symptom onset and up to seven 
days after onset of jaundice; thus, transmission of infection may 

occur before a case is aware they are ill (1). While children under 
six years of age are usually asymptomatic, severity of infection 
increases with age (1–4).

Hepatitis A incidence is low in developed countries, such as 
Canada, where most individuals have access to clean water and 
adequate sanitation (3). Individuals considered to be at increased 
risk of exposure to hepatitis A in developed countries include 
men who have sex with men (MSM), people who use drugs 

mailto:katherine.paphitis@oahpp.ca
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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(including people who inject drugs), household or sexual contacts 
of a confirmed case, individuals experiencing homelessness, 
individuals anticipating close contact with international adoptees 
and travellers to HAV endemic areas (3,5–7). Hepatitis A virus 
exposure may also occur through the ingestion of contaminated 
food, including ready-to-eat foods, shellfish and foods imported 
from areas with high hepatitis A endemicity (1,3,8–11).

In Ontario, all confirmed and probable cases of hepatitis A are 
reported to local public health units (PHUs) for investigation (12). 
Through case interviews using a standardized questionnaire, 
PHUs collect information on symptoms, medical and behavioural 
risk factors and relevant exposures during the incubation 
period (13). Confirmed cases are those with laboratory 
confirmation of infection (a serum or plasma sample positive for 
HAV IgM antibody) without recent vaccination for hepatitis A 
and either acute symptomatic illness or an epidemiologic link to 
a confirmed case (1). Probable cases are those with acute illness 
and an epidemiologic link to a confirmed case, but without 
laboratory confirmation of infection (1). Where two or more 
cases share a common exposure, an outbreak may be declared. 
Multijurisdictional outbreaks involve more than one PHU and in 
some situations, for example, outbreaks linked to consumption 
of a widely distributed food product, a national outbreak may be 
declared.

Case management of confirmed and probable cases includes 
providing education on disease transmission and prevention, 
excluding cases who work in high-risk settings (such as food 
handlers, childcare staff and healthcare workers) from work 
until 14 days after symptom onset or seven days after the onset 
of jaundice and recommending post-exposure prophylaxis for 
household and close contacts of HAV cases to minimize risk of 
transmission (1).

In Ontario, HAV vaccination is not part of the routine childhood 
immunization schedule but is available to travellers (for a fee) 
and is publicly funded for individuals at high risk of exposure 
or severe outcomes, including MSM, people who inject drugs 
and individuals with chronic liver disease, including hepatitis B 
and C (14). While individuals at high risk of exposure to 
hepatitis A are eligible to receive two doses of publicly funded 
vaccine as a means of primary prevention, a single dose of 
vaccine may be offered to contacts of cases as post-exposure 
prophylaxis (1,14,15).

This study aimed to assess the number of reported hepatitis A 
cases and outbreaks in Ontario from January 1, 2015, 
to November 22, 2022, and to identify and to compare 
demographics and reported risk factors for sporadic and 
outbreak-associated cases. Awareness of specific risk factors 
associated with sporadic infections and outbreaks can help to 
target public health communication and interventions aimed at 
disease prevention.

Methods

Cases meeting the confirmed or probable case definition for 
hepatitis A infection in Ontario and reported via the integrated 
Public Health Information System (iPHIS) by local PHUs from 
January 1, 2015, to November 22, 2022, were extracted for 
analyses. Data for 2022 were incomplete as data extraction was 
performed on November 22, 2022, in response to an internal 
data request and reanalyzed as a convenience sample. Where 
case onset date was unavailable, the episode date was used 
as a proxy per the following hierarchy: onset date, followed 
by specimen collection date, then laboratory test date, then 
reported date. Cases were categorized by the reporting PHU as 
outbreak-confirmed if a common exposure or contact with an 
infectious case of hepatitis A was known to have occurred, or 
as sporadic if no linkages to other cases or common exposures 
were identified at the time of initial case investigation. Outbreak-
associated case counts were compared to published outbreak 
summaries for known outbreaks and, where observed to be 
misclassified as sporadic in the surveillance system, cases were 
reassigned to the correct outbreak.

Descriptive analyses were performed using SAS Enterprise 
Guide 8.2 (SAS Institute Inc., Cary, North Carolina) and Microsoft 
Excel 2013 (Redmond, Washington). Case data included age, 
gender (reported as male, female, transgender or unknown), 
risk factor/exposure information and PHU (based on home 
address). Annual rates of hepatitis A per 100,000 population 
were calculated for each PHU using annual population estimates 
for health regions in Ontario (16). Infection rates were calculated 
for each PHU (by year and averaged over the study period) 
to determine which PHUs had the highest rates of sporadic 
hepatitis A infections. Responses for individual risk factors were 
assessed separately for sporadic and outbreak-associated cases 
to explore associations between age or gender and individual 
risk factors. The Wilcoxon-Mann-Whitney test, Fisher’s exact 
test or Mantel-Haenszel chi-square test were used to assess the 
significance of differences between outbreak-confirmed and 
sporadic hepatitis A cases and case demographics or risk factors 
(as applicable). Statistical significance for all analyses was 5% 
(α=0.05).

Research ethics committee approval was not required for this 
project as the activities described here are considered routine 
surveillance at Public Health Ontario.

Results

Hepatitis A cases and outbreaks
A total of 938 hepatitis A cases (n=917 confirmed, 
n=21 probable) were reported from all 34 PHUs in Ontario 
between January 1, 2015, and November 22, 2022, representing 
an average annual rate of 0.9 cases per 100,000 population. 
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Of the reported cases, 39 cases that were entered into 
iPHIS as sporadic but known to be linked to an outbreak of 
hepatitis A were reassigned to the correct outbreak number. 
Subsequent analyses were based on corrected sporadic and 
outbreak-associated case counts. Most cases (68.7%, n=644) 
were reported as sporadic by the investigating PHU and 31.3% 
(n=294) were linked to an outbreak of hepatitis A. The number of 
sporadic and outbreak-associated cases generally increased each 
year prior to the COVID-19 pandemic (Figure 1). The number 
of reported outbreaks also generally increased each year, with 
one outbreak in each of 2015 and 2016, three in 2017, two in 
2018 and five in each of 2019 and 2020 before declining during 
pandemic-impacted years.

There was a significant association between sporadic versus 
outbreak-associated cases and age group (p<0.0001). Almost 
two thirds of sporadic cases were younger than 30 years of 
age (n=421, 65.4%) compared to 36.7% (n=108) of outbreak-
associated cases (Table 1).

Sporadic cases ranged in age from one to 96 years, with a 
median of 24.3 years (Table 1). Just over half (54.4%, n=350) of 
sporadic cases were male. Sporadic cases were significantly more 
likely than outbreak-associated cases to report travel outside of 
Ontario 15–50 days prior to symptom onset (p<0.0001) (Table 2).

During the study period, five multijurisdictional outbreaks (four 
national outbreaks, one Ontario-only outbreak) and 13 local 
(single PHU) outbreaks were reported. These ranged in size 
from three to 166 cases with a median of four cases. Outbreak-

associated cases ranged in age from younger than one year to 
80 years, with a median of 33.5 years. Most outbreak-associated 
cases (28.9%) were aged 30–39 years and most (62.2%) were 
male (Table 1). One of the five multijurisdictional outbreaks was 
linked to consumption of a nationally distributed, contaminated 
frozen fruit product (2016, n=19 Ontario cases) and one large 
Ontario-only outbreak (2017–2019, n=166 cases linked through 
HAV genotyping and genetic sequencing; 92% of cases occurring 
in four PHUs) was linked through case interviewing and outbreak 

2015 2016 2017 2018 2019 2020 2021 2022

Sporadic 69 81 82 97 146 44 51 74

Outbreak−associated 1 22 47 126 58 36 4 0

Rate per 100,000 population 0.5 0.7 0.9 1.6 1.4 0.5 0.4 0.5
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Figure 1: Number of sporadic and outbreak-associated 
cases of hepatitis A and rates of infection (per 
100,000 population) in Ontario, Canada (n=938), 
January 1, 2015, to November 22, 2022

Table 1: Age and gender distribution for confirmed and probable cases of hepatitis A reported in Ontario, Canada, 
January 1, 2015, to November 22, 2022

Characteristics Outbreak-associated cases 
(number, %)

Sporadic cases 
(number, %)

Total cases 
(number, %) p-value

Age (years), median (IQRa) 33.5 (23.5) 24.3 (25.9) 27.1 (27.4) N/A

Age group <0.0001b

Younger than 10 years 34 (11.6) 110 (17.1) 144 (15.4) N/A

10–19 years 22 (7.5) 139 (21.6) 161 (17.2) N/A

20–29 years 52 (17.7) 172 (26.7) 224 (23.9) N/A

30–39 years 85 (28.9) 64 (9.9) 149 (15.9) N/A

40–49 years 44 (15.0) 40 (6.2) 84 (9.0) N/A

50–59 years 37 (12.6) 41 (6.4) 78 (8.3) N/A

60 years or older 20 (6.8) 78 (12.1) 98 (10.5) N/A

Total 294 (100.0) 644 (100.0) 938 (100.0) N/A

Gender 0.02b,c

Male 183 (62.2) 350 (54.4) 533 (56.8) N/A

Female 109 (37.1) 289 (44.9) 398 (42.4) N/A

Transgender/unknown 2 (0.7) 5 (0.8) 7 (0.8) N/A

Total 294 (100.0) 644 (100.0) 938 (100.0) N/A
Abbreviations: IQR, interquartile range; N/A, not applicable
a Interquartile range from the 25th to 75th percentile
b Significant at p<0.05
c Chi-square value determined using “male” and “female” responses only
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investigation by local PHUs to illicit drug use (reported by 67% 
of cases), MSM (15%) and person-to-person transmission among 
individuals experiencing homelessness (27%), in various settings 
utilized by the under-housed population, including shelters and 
drop-in centres. The remaining three outbreaks did not have an 
identified source; however, one was suspected to be associated 
with a contaminated food product.

Of the 13 locally occurring outbreaks, four (30.8%) were 
reported to be associated with elementary school settings, three 
(23.1%) were linked to a food handler or food premises, with 
the remaining six (46.2%) either having an unspecified source 
or linked to various settings, including private homes and local 
group home or shelter settings. Outbreak-associated cases, 

particularly those older than 18 years, were significantly more 
likely than sporadic cases to report anal-oral contact, close 
contact with a case of hepatitis A, illicit drug use and diapering 
a child or assisting an individual with bathroom use (Table 2). 
Female outbreak-associated cases were significantly more 
likely to report diapering a child or assisting with bathroom 
use compared to males (p=0.04). Comparatively, males were 
significantly more likely to report illicit drug use compared to 
females (p=0.04).

Of 459 cases with a “yes” or “no” response available, 47 (10.2%) 
reported asymptomatic hepatitis A infection. Of those individuals 
who reported being asymptomatic, 21.3% were children younger 
than 10 years of age and 21.3% were aged 60 years or older, 
with the remainder aged 10–59 years. Of 775 cases with a “yes” 
or “no” response available, most cases (86.6%, n=671) reported 
jaundice as a symptom. Of 701 cases with a “yes” or “no” 
response available, most cases (75.6%; n=530) reported being 
unimmunized for hepatitis A at the time of case interview.

Geographic distribution
Rates of sporadic infection varied by PHU, with the highest rates 
observed in predominantly urban areas (Table 3). Peel Public 
Health and Toronto Public Health had high rates of infection, 
above the provincial average, across all study years, with the 
Region of Waterloo Public Health and Paramedic Services and 
Middlesex-London Health Unit also having high rates in some 
years (Figure 2). While rates of reported infection in Porcupine 
Health Unit, located in northern Ontario, were below the 
provincial average for most years examined, this PHU had the 
highest rate of sporadic hepatitis A infections in 2018 (Figure 2).

Table 2: Individual risk factors reported by sporadic and 
outbreak-associated cases of hepatitis A in Ontario, 
Canada, January 1, 2015, and November 22, 2022

Risk factor
Outbreak-
associated 
cases (%)a

Sporadic 
cases (%)a p-value

Anal-oral contact 60 (26.8) 22 (5.4) <0.0001b

Close contact with case 72 (37.1) 61 (14.7) <0.0001b

Diapering a child, or 
assisting a child or adult 
with bathroom use

32 (16.1) 37 (8.9) 0.008b

Illicit drug usec 123 (48.6) 16 (3.6) <0.0001b

Travel outside of Ontario 
during the incubation 
period

33 (13.9) 413 (70.4) <0.0001b

a Of those with a “yes” or “no” response available for each risk factor
b Significant at p<0.05
c Illicit drug use includes but is not limited to injection drug use

Table 3: Annual rates of sporadic hepatitis A infection per 100,000 population, by public health unit and compared 
to the provincial average, January 1, 2015, to November 22, 2022

Public health unit

Annual rates of sporadic hepatitis A infection (per 100,000 population)

2015 2016 2017 2018 2019 2020 2021 2022
Public 

health unit 
average

Algoma Public Health 0.0 1.7 0.0 1.7 0.0 0.0 0.0 0.0 0.4

Brant County Health Unit 0.0 0.0 0.0 0.0 1.3 1.3 0.0 0.0 0.3

Chatham-Kent Public Health 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

City of Hamilton Public Health Services 0.2 0.0 0.4 0.4 0.7 0.2 0.2 0.3 0.3

Durham Region Health Department 0.2 0.8 0.9 0.7 0.9 0.3 0.1 0.0 0.5

Eastern Ontario Health Unit 0.5 0.0 0.0 0.0 0.9 0.0 0.9 0.5 0.4

Grey Bruce Health Unit 0.0 0.6 1.8 0.6 0.6 0.0 0.0 0.0 0.5

Haldimand-Norfolk Health Unit 0.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.2

Haliburton, Kawartha, Pine Ridge District Health Unit 0.0 0.0 0.0 0.5 0.0 0.0 0.5 0.0 0.1

Halton Region Public Health 0.2 0.5 0.2 0.7 1.0 0.5 0.3 0.6 0.5

Hastings Prince Edward Public Health 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.1

Huron Perth Public Health 0.0 0.7 0.0 0.0 0.0 0.0 0.7 0.0 0.2

Kingston, Frontenac and Lennox & Addington Public Health 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.1
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Discussion

Since 2015, reported cases of hepatitis A in Ontario have 
increased each year, with the exception of 2020–2022 when 
case reporting for all diseases of public health significance 
was impacted by the COVID-19 pandemic (17). Interestingly, 
almost one third of local outbreaks were associated with an 
elementary school setting and female outbreak-associated 
cases were significantly more likely to report diapering a child 
or assisting an individual with bathroom use. Predominance of 
females employed in childcare or elementary school settings 
may have contributed to the observed association between 
gender and diapering or toileting as a risk factor; however, data 
regarding case occupation was not available. Children may be 
more likely to transmit hepatitis A in communal settings such 
as schools and daycares due to poor hand hygiene and the 
tendency of infants and younger children to mouth objects (18). 
Children, including those attending childcare settings, have been 
linked to the spread of hepatitis A, with attendees and their 
contacts/relatives at increased risk of infection (4,15,19). The 

Public health unit

Annual rates of sporadic hepatitis A infection (per 100,000 population)

2015 2016 2017 2018 2019 2020 2021 2022
Public 

health unit 
average

Lambton Public Health 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Leeds, Grenville & Lanark District Health Unit 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.5 0.1

Middlesex-London Health Unit 0.2 0.0 1.5 0.4 1.2 1.0 0.6 1.1 0.8

Niagara Region Public Health 0.4 0.2 0.0 0.2 0.4 0.2 0.2 0.4 0.3

North Bay Parry Sound District Health Unit 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.0 0.2

Northwestern Health Unit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Ottawa Public Health 0.5 0.3 0.4 0.5 1.0 0.2 0.8 0.5 0.5

Peel Public Health 1.2 1.3 1.5 0.9 2.0 0.6 0.6 1.6 1.2

Peterborough Public Health 0.0 0.0 0.0 2.0 0.0 0.7 0.0 0.0 0.3

Porcupine Health Unit 1.2 0.0 0.0 3.5 1.2 0.0 0.0 0.0 0.7

Public Health Sudbury & Districts 1.0 0.0 0.0 0.5 0.0 0.0 0.0 0.5 0.3

Region of Waterloo Public Health and Emergency Services 0.2 0.7 0.4 1.7 2.2 0.0 0.2 0.8 0.8

Renfrew County and District Health Unit 0.9 0.0 0.0 1.9 0.0 0.0 0.0 0.0 0.4

Simcoe Muskoka District Health Unit 0.0 0.2 0.0 0.5 0.5 0.0 0.2 0.2 0.2

Southwestern Public Health 0.0 1.0 0.0 0.5 0.9 0.0 0.0 0.4 0.4

Thunder Bay District Health Unit 0.6 0.0 0.0 0.0 0.0 0.0 1.3 0.6 0.3

Timiskaming Health Unit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Toronto Public Health 0.9 0.9 0.9 0.8 1.7 0.3 0.5 0.4 0.8

Wellington-Dufferin-Guelph Public Health 0.7 0.7 0.0 1.0 0.3 0.3 0.0 0.3 0.4

Windsor-Essex County Health Unit 0.2 0.7 0.0 0.5 0.2 1.2 0.2 0.9 0.5

York Region Public Health 0.5 0.5 0.7 0.6 0.3 0.2 0.1 0.1 0.4

Provincial (Ontario) average 0.5 0.6 0.6 0.7 1.0 0.3 0.3 0.5 0.6

Table 3: Annual rates of sporadic hepatitis A infection per 100,000 population, by public health unit and compared 
to the provincial average, January 1, 2015, to November 22, 2022 (continued)
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Figure 2: Annual rates of sporadic hepatitis A per 
100,000 population, by public health unit and 
compared to the provincial average, January 1, 2015, to 
November 22, 2022
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United States Advisory Committee on Immunization Practices 
recommends HAV vaccination for children aged 12–23 months 
and unvaccinated children and youth aged two to 18 years (20). 
Routine vaccination of children in the United States has resulted 
in HAV infections being rare (20). Currently, Québec is the only 
jurisdiction in Canada that offers hepatitis A (combined with 
hepatitis B) vaccine at 18 months of age as part of their routine 
childhood immunization program (21).

Most cases in our study (76%) were unimmunized for hepatitis A 
at the time of case interview. Hepatitis A vaccination is not 
part of the routine immunization schedule in Ontario, however, 
it is recommended by the National Advisory Committee on 
Immunization for individuals aged six months and older who are 
at high risk of exposure or severe outcomes, including travellers 
to hepatitis A endemic countries, MSM, people who use 
intravenous drugs and individuals with chronic liver disease (22). 
Similar to the current literature (5–7,20,23,24), our study found 
that illicit drug use, close contact with a confirmed case and 
anal-oral contact were commonly reported risk factors among 
outbreak-associated cases, potentially indicating suboptimal 
vaccine uptake by eligible individuals. The finding that male 
outbreak-associated cases were more likely to report illicit 
drug use than female outbreak-associated cases was likely 
influenced by the large Ontario-only outbreak that occurred 
during the study period (2017–2019), for which illicit drug use 
was a predominant risk factor and many of the cases (almost 
two thirds) were male. The United States Advisory Committee 
on Immunization Practices also recommends routine HAV 
vaccination for persons experiencing homelessness (20), another 
important risk factor related to outbreak-associated cases in 
Ontario.

Sporadic cases were significantly more likely to report travel 
outside Ontario during the exposure period, with infection in 
many cases likely acquired during travel. From 2020 to 2022, 
there was a significant decrease in the number of hepatitis A 
cases reported in Ontario and elsewhere, with restrictions on 
travel likely having a substantial impact on travel-associated 
hepatitis A acquisition rates (25). The World Health Organization 
considers several regions to be endemic for hepatitis A, including 
most countries in South Asia, South America, Africa, the Middle 
East and Oceania, with unvaccinated travellers to these areas at 
increased risk of exposure (22,26). Outbreaks of hepatitis A have 
previously occurred in Canada and elsewhere following travel to 
endemic regions (27,28), or due to consumption of contaminated 
food (10,29); for example, in 2016, 25 cases of hepatitis A linked 
to consumption of a frozen fruit product were identified from 
three provinces (30).

Compared to sporadic cases, only a small proportion of 
outbreak-associated cases reported travel outside of Ontario, 
indicating local acquisition of infection. Previous studies have 
explored the under-reporting of hepatitis A in non-endemic 
countries, including in Canada (27), and noted around 15% 

of cases may be asymptomatic, contributing to missed 
opportunities for diagnosis and case reporting, particularly 
as up to 70%–90% of children younger than six years of age 
may be asymptomatic (4,31,32). Under-reporting may also 
occur if symptomatic individuals do not seek medical care or 
testing. Asymptomatic infections can contribute to undetected 
transmission of infection and may result in outbreaks, particularly 
in susceptible populations where most individuals are 
unimmunized for hepatitis A.

The finding that the highest overall rates of sporadic infection 
disproportionately occurred within Peel Region and the City 
of Toronto was likely influenced by the proportion of new 
immigrants that reside in these areas (33). According to the 
2016 census, about 76% of new immigrants to Ontario from 2011 
to 2016 settled within the Toronto census metropolitan area, one 
of the most culturally diverse areas in Canada (33). Additionally, 
municipalities within Toronto, Peel Region and the Kitchener-
Cambridge-Waterloo areas were among the top 10 census 
metropolitan areas in Canada with the highest proportion of the 
population being foreign-born (33). Although reported cases 
of hepatitis A in Ontario are not explicitly asked about recent 
immigration, those who arrived in Ontario within the 50 days 
prior to symptom onset would likely have been captured as 
having travelled during the incubation period. Individuals whose 
parents or grandparents previously immigrated to Canada from 
a hepatitis A-endemic country may also be more likely to return 
to these countries to visit friends and family, increasing their risk 
of hepatitis A acquisition, particularly if they are not vaccinated 
for hepatitis A (31). Prince Edward Island is currently the only 
Canadian province that identifies immigrants from endemic areas 
as eligible for publicly funded HAV vaccine (34).

The unusually high rate of sporadic hepatitis A infections in 
Porcupine Health Unit in 2018 was driven by a small number of 
cases (fewer than five) in this PHU, which has a small population 
size compared to other PHUs in Ontario. The high rate of 
sporadic hepatitis A infections in Middlesex-London Health 
Unit over the study period was unexpected and was above the 
provincial average for most years examined. Further investigation 
may be warranted to ascertain local or other factors that may 
contribute to observed rates in this region.

Limitations
This study had several limitations. The data only represented 
cases reported in iPHIS. As a result, all counts could be subject to 
varying degrees of under-reporting due to several factors, such 
as the presence and severity of symptoms, access to health care 
and healthcare seeking behaviours. Similarly, data for certain 
risk factors and symptoms may have been incomplete or missing 
for some cases due to individual case investigator and PHU 
interviewing and data entry practices. The proportion of cases 
who were under-housed or homeless or who recently immigrated 
to Canada are likely underestimated in the dataset as these risk 
factors are not routinely asked of cases or reported by PHUs. 
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Due to the impact of the COVID-19 pandemic on testing and 
reporting of diseases of public health significance in Ontario, 
cases may have been under-ascertained and data for 2020 and 
2021 should be interpreted with caution. The standardized 
questionnaire for hepatitis A only asks cases to self-report if they 
were ”unimmunized” for hepatitis A at the time of infection, 
which may be subject to recall bias. For those who report 
previous vaccination, no information is obtained regarding the 
number of doses received, date(s) of administration or the reason 
for vaccination (e.g., post-exposure prophylaxis, anticipated 
travel). Hepatitis A vaccination data is not routinely entered 
into a provincial immunization registry; thus, vaccination status 
could not be verified. Lastly, as this study was intended to be 
descriptive in nature, analyses were not adjusted to control for 
potential confounding or effect modification.

Conclusion
Asymptomatic infection among children and youth in Ontario 
may be an important contributor to local transmission of HAV 
within settings such as schools, daycares and private households. 
While travel to endemic areas for hepatitis A infection increases 
the risk of sporadic illness, various risk factors, including being 
under-housed or homeless, using drugs and self-identifying 
as MSM, may also increase the risk of both acquisition and 
transmission of infection. Interventions that increase awareness 
of risk factors and vaccine uptake among individuals at high risk 
of exposure, including consideration for publicly funded vaccine 
programs for additional populations (e.g., under-housed persons) 
and universal vaccination of children, could help to reduce the 
incidence of hepatitis A infections in Ontario.
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