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EDITORIAL

Call for emergency action to limit global
temperature increases, restore biodiversity, and
protect health: wealthy nations must do much
more, much faster
Lukoye Atwoli1, Abdullah H. Baqui2, Thomas Benfield3, Raffaella Bosurgi4, Fiona Godlee5,
Stephen Hancocks6, Richard Horton7, Laurie Laybourn-Langton8*, Carlos Augusto Monteiro9,
Ian Norman10, Kirsten Patrick11, Nigel Praities12, Marcel GM Olde Rikkert13, Eric J Rubin14,
Peush Sahni15, Richard Smith16, Nicholas J. Talley17, Sue Turale18, Damián Vázquez19
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The UN General Assembly in September 2021 will bring countries together at a critical time for
marshalling collective action to tackle the global environmental crisis. They will meet again at the
biodiversity summit in Kunming, China, and the climate conference (COP26) in Glasgow, UK. Ahead
of these pivotal meetings, we—the editors of health journals worldwide—call for urgent action to
keep average global temperature increases below 1.5°C, halt the destruction of nature, and protect
health.
Health is already being harmed by global temperature increases and the destruction of the natural
world, a state of affairs health professionals have been bringing attention to for decades (1).
The science is unequivocal; a global increase of 1.5°C above the pre-industrial average and the
continued loss of biodiversity risk catastrophic harm to health that will be impossible to reverse (2,3).
Despite the world’s necessary preoccupation with covid-19, we cannot wait for the pandemic to pass
to rapidly reduce emissions.
Reflecting the severity of the moment, this editorial appears in health journals across the world. We
are united in recognising that only fundamental and equitable changes to societies will reverse our
current trajectory.
The risks to health of increases above 1.5°C are now well established (2). Indeed, no temperature
rise is “safe.” In the past 20 years, heat related mortality among people aged over 65 has increased
by more than 50% (4). Higher temperatures have brought increased dehydration and renal function
loss, dermatological malignancies, tropical infections, adverse mental health outcomes, pregnancy
complications, allergies, and cardiovascular and pulmonary morbidity and mortality (5,6). Harms
disproportionately affect the most vulnerable, including children, older populations, ethnic
minorities, poorer communities, and those with underlying health problems (2,4).
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Global heating is also contributing to the decline in global yield potential for major crops, falling
by 1.8–5.6% since 1981; this, together with the effects of extreme weather and soil depletion, is
hampering efforts to reduce undernutrition (4). Thriving ecosystems are essential to human health,
and the widespread destruction of nature, including habitats and species, is eroding water and food
security and increasing the chance of pandemics (3,7,8).
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EDITORIAL
The consequences of the environmental crisis fall
disproportionately on those countries and communities that
have contributed least to the problem and are least able to
mitigate the harms. Yet no country, no matter how wealthy, can
shield itself from these impacts. Allowing the consequences
to fall disproportionately on the most vulnerable will breed
more conflict, food insecurity, forced displacement, and
zoonotic disease—with severe implications for all countries and
communities. As with the covid-19 pandemic, we are globally as
strong as our weakest member.

Equity must be at the centre of the global response.
Contributing a fair share to the global effort means that
reduction commitments must account for the cumulative,
historical contribution each country has made to emissions, as
well as its current emissions and capacity to respond. Wealthier
countries will have to cut emissions more quickly, making
reductions by 2030 beyond those currently proposed (20,21)
and reaching net-zero emissions before 2050. Similar targets and
emergency action are needed for biodiversity loss and the wider
destruction of the natural world.

Rises above 1.5°C increase the chance of reaching tipping points
in natural systems that could lock the world into an acutely
unstable state. This would critically impair our ability to mitigate
harms and to prevent catastrophic, runaway environmental
change (9,10).

To achieve these targets, governments must make fundamental
changes to how our societies and economies are organised and
how we live. The current strategy of encouraging markets to
swap dirty for cleaner technologies is not enough. Governments
must intervene to support the redesign of transport systems,
cities, production and distribution of food, markets for
financial investments, health systems, and much more. Global
coordination is needed to ensure that the rush for cleaner
technologies does not come at the cost of more environmental
destruction and human exploitation.

Global targets are not enough
Encouragingly, many governments, financial institutions, and
businesses are setting targets to reach net-zero emissions,
including targets for 2030. The cost of renewable energy is
dropping rapidly. Many countries are aiming to protect at least
30% of the world’s land and oceans by 2030 (11).
These promises are not enough. Targets are easy to set and
hard to achieve. They are yet to be matched with credible shortand longer-term plans to accelerate cleaner technologies and
transform societies. Emissions reduction plans do not adequately
incorporate health considerations (12). Concern is growing
that temperature rises above 1.5°C are beginning to be seen
as inevitable, or even acceptable, to powerful members of the
global community (13). Relatedly, current strategies for reducing
emissions to net zero by the middle of the century implausibly
assume that the world will acquire great capabilities to remove
greenhouse gases from the atmosphere (14,15).
This insufficient action means that temperature increases are
likely to be well in excess of 2°C (16), a catastrophic outcome for
health and environmental stability. Crucially, the destruction of
nature does not have parity of esteem with the climate element
of the crisis, and every single global target to restore biodiversity
loss by 2020 was missed (17). This is an overall environmental
crisis (18).
Health professionals are united with environmental scientists,
businesses, and many others in rejecting that this outcome is
inevitable. More can and must be done now—in Glasgow and
Kunming—and in the immediate years that follow. We join health
professionals worldwide who have already supported calls for
rapid action (1,19).

Many governments met the threat of the covid-19 pandemic
with unprecedented funding. The environmental crisis demands
a similar emergency response. Huge investment will be needed,
beyond what is being considered or delivered anywhere in the
world. But such investments will produce huge positive health
and economic outcomes. These include high quality jobs,
reduced air pollution, increased physical activity, and improved
housing and diet. Better air quality alone would realise health
benefits that easily offset the global costs of emissions reductions
(22).
These measures will also improve the social and economic
determinants of health, the poor state of which may have made
populations more vulnerable to the covid-19 pandemic (23). But
the changes cannot be achieved through a return to damaging
austerity policies or the continuation of the large inequalities of
wealth and power within and between countries.

Cooperation hinges on wealthy nations
doing more
In particular, countries that have disproportionately created the
environmental crisis must do more to support low- and middleincome countries to build cleaner, healthier, and more resilient
societies. High income countries must meet and go beyond
their outstanding commitment to provide US$100 billion a year,
making up for any shortfall in 2020 and increasing contributions
to and beyond 2025. Funding must be equally split between
mitigation and adaptation, including improving the resilience of
health systems.
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Financing should be through grants rather than loans, building
local capabilities and truly empowering communities, and should
come alongside forgiving large debts, which constrain the
agency of so many low-income countries. Additional funding
must be marshalled to compensate for inevitable loss and
damage caused by the consequences of the environmental crisis.
As health professionals, we must do all we can to aid the
transition to a sustainable, fairer, resilient, and healthier world.
Alongside acting to reduce the harm from the environmental
crisis, we should proactively contribute to global prevention of
further damage and action on the root causes of the crisis. We
must hold global leaders to account and continue to educate
others about the health risks of the crisis. We must join in the
work to achieve environmentally sustainable health systems
before 2040, recognising that this will mean changing clinical
practice. Health institutions have already divested more than
US$42 billion of assets from fossil fuels; others should join
them (4).
The greatest threat to global public health is the continued
failure of world leaders to keep the global temperature rise
below 1.5°C and to restore nature. Urgent, society-wide changes
must be made and will lead to a fairer and healthier world. We,
as editors of health journals, call for governments and other
leaders to act, marking 2021 as the year that the world finally
changes course.
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Decision analysis support for evaluating
transmission risk of COVID-19 in places where
people gather
Valerie Hongoh1*, David Maybury2, Jérôme Levesque2, Aamir Fazil3, Ainsley Otten3,
Patricia Turgeon1, Lisa Waddell4, Nicholas H Ogden1
This work is licensed under a Creative
Commons Attribution 4.0 International
License.

Abstract
Background: The coronavirus diseases 2019 (COVID-19) pandemic has presented an
unprecedented public health challenge. Prior to vaccination, non-pharmaceutical interventions,
including closures, were necessary to help control the epidemic. With the arrival of variants of
concern and insufficient population vaccination coverage, ongoing evaluation of transmission
risk in settings and the use of non-pharmaceutical interventions are necessary to help control
the epidemic. This study aimed to produce a framework for evaluating transmission risk in
settings where individuals gather and inform decision-making.
Methods: A multi-criteria decision analysis process was used to structure the framework.
Fifteen criteria were identified as important to consider for COVID-19 transmission risk based
on the literature. This list was ranked by experts and then categorized. The analysis was
structured by the consensus list of criteria and relative positioning of each criteria within the list
to produce sets of factors to consider when assessing transmission risk at gatherings.
Results: Fifteen experts from across Canada participated in ranking the criteria. Strong
consensus was found on the relative importance of criteria and this relative consensus was used
to create four categories: critical (3 criteria); important (6 criteria); good to consider (5 criteria);
and if time permits (1 criterion).
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Conclusion: The resulting consensus list and categories constitutes a set of important
elements that can be applied to any setting as an objective and transparent framework to
assess transmission risk in the venue. In conjunction with further consideration of the local
epidemiology of COVID-19, an overall risk of transmission assessment can be established and
uniformly implemented.
Suggested citation: Hongoh V, Maybury D, Levesque J, Fazil A, Otten A, Turgeon P, Waddell L, Ogden NH.
Decision analysis support for evaluating transmission risk of COVID-19 in places where people gather. Can
Commun Dis Rep 2021;47(11):446–60. https://doi.org/10.14745/ccdr.v47i11a02
Keywords: SARS-CoV-2, COVID-19, transmission risk, gatherings, systematic evaluation

Introduction
The emergence of the novel coronavirus severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and the associated disease
(coronavirus disease 2019; COVID-19) was initially observed
as an outbreak in Wuhan, China in late 2019, and resulted
in the ongoing pandemic (1). The virus was first detected in
Canada in early 2020 and has caused 1,670,241 cases and
28,367 deaths (as of October 13, 2021) (2). The SARS-CoV-2 is
a highly transmissible respiratory virus that can cause a range of
symptoms from none to mild or severe disease and death (3).
This has created an unprecedented disease management
challenge for public health and numerous public health measures
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have been implemented with variable stringency in an attempt
to slow the epidemic and reduce its impact. These include
increased personal physical distancing and non-pharmaceutical
interventions, such as case detection and isolation, tracing of
contacts and quarantine and community masking (4), to reduce
transmission opportunities in the community. However, when and
where transmission is high, a range of restrictive closures have
been imposed by provincial and local governments, including
closures of schools, universities and non-essential businesses,
bans or limitations on gatherings, limitations on travel within
and between jurisdictions and encouragement of teleworking in

OVERVIEW
an attempt to limit transmission opportunities. Together these
actions helped to minimize person-to-person contacts in Canada
and resulted in the epidemic coming under control with low
reported case incidence during summer 2020. However, the
fall 2020 return to school and re-opening of businesses in many
regions of Canada resulted in a resurgence of the epidemic and
a second wave peaking higher in total cases, hospitalizations
and deaths than the spring wave (2). As capacity for control
of the epidemic by testing and tracing alone was surpassed,
re-implementation of some levels of restrictive closures was
deemed necessary to help reduce rates of contact between
Canadians, regain previous levels of epidemic control and limit
the risk of exceeding healthcare capacity. Closures of schools
and businesses have important social and economic impacts on
society. The challenge facing decision-makers is how to navigate
the trade-off between preventing COVID-19 transmission and
the negative potential health, social and economic impacts
of restrictive measures (5–12). A full assessment that includes
negative impacts of closures is outside the scope of this work,
as at this time the focus is restricted to informing assessment of
transmission risk.
The arrival of vaccine doses in Canada in December 2020 raised
hopes that restrictive measures could be eased. However, the
recent emergence of new, more transmissible and in some cases
more virulent variants of concern (VOC) meant that caution
was and will be needed when lifting restrictive measures and
re-opening businesses and places where people gather—
particularly until sufficient vaccination coverage and natural
immunity of the Canadian population has been achieved. Even
then, the capacity to inform decisions on restrictive closures will
remain relevant with the continuing threat of immune escape
VOC and the potential of waning immunity.
This project began in late 2020, prior to vaccine arrival in
Canada, with the aim to explore available evidence on COVID-19
transmission in different settings and contribute to informing
decision-making around closures. Settings are meant to broadly
encompass all locations presenting a transmission risk for
COVID-19 that a decision-maker may wish to assess. These
include transmission at private gatherings in people’s homes,
as well as transmission in public places such as schools, grocery
stores, retail stores, concerts and bars among others. The explicit
consideration of high-risk populations can also be included
in the assessment. While the potential cascading effects of
closures are numerous and still being studied, characteristics of
a setting contributing to transmission risk remains independently
important to evaluate, even as vaccination is being rolled out
since the presence of variants of concern continues to pose an
important transmission risk. The objective of this project was
to produce a framework to assist in ranking settings by the risk
they pose for COVID-19 transmission, and potentially identify
areas where mitigating measures can be targeted to help reduce
transmission risk in these same settings in order to help inform
decision-making.

Methods
Multi-criteria decision analysis (MCDA) is part of a family of
decision aid tools from the field of operations research and used
in numerous sectors to systematically evaluate alternatives over
multiple criteria (13). Multi-criteria decision analysis approaches
help to structure reflection around a decision problem by
allowing the integration of multiple types of evaluations and
the highlighting of strengths and weaknesses of the alternatives
under evaluation. Participatory MCDA processes generally
consist of a multi-step problem structuring phase where the
problem is defined, stakeholders identified, criteria defined
and weighted, items to be ranked identified and evaluated
over the criteria, followed by a decision analysis phase where
the multi-criteria analysis is carried out along with a sensitivity
analysis and interpretation of results (Table 1). In this article, a
“rapid and light” version of a participatory MCDA process was
used to structure a framework for the evaluation of settings at
risk for COVID-19 transmission, while taking into account time
constraints of stakeholders and considerable data gaps in the
literature. The objective was to identify criteria and indicators
that would be most informative for assessing transmission risk
in settings and produce a consensus ranking of these criteria by
experts. The results of this exercise are presented along with
a discussion of how the results could be used to help assess
settings for transmission risk.

Table 1: Summary of steps in participatory and “light”
multi-criteria decision analysis process
Phase

Problem
structuring

Decision
analysis

#

Steps included in
the participatory
process

Steps included in
the “light” processa

1

Definition of the
problem of interest

x

2

Identification of
stakeholders

x

3

Identification of
alternativesb

–

4

Definition of criteria

x

5

Weighting of criteria

x

6

Evaluation of
alternativesb based on
criteria

–

7

Decision analysis

–

8

Sensitivity analysis

–

9

Interpretation of results

–

Steps included in the “light” process are marked with an “X”. Dashes, “-“, indicate step not
included
b
“Alternatives” in this context would be the settings (e.g. bars, indoor concerts, etc.) under
evaluation
a

Four steps from a participatory MCDA methodology were
adapted to allow for the construction of an expert-ranked
consensus list of criteria that could be used as a decision-aid. A
quick scan of the literature was conducted to search for broad
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factors contributing to COVID-19 transmission risk and produce
a preliminary list of key criteria. The scan was conducted in an
evergreen database of COVID-19 literature maintained within
the Public Health Agency of Canada that compiles citations daily
from seven databases. The search was used to draft an initial list
of twenty-three criteria, and indicators for their rapid evaluation.
A limited number of studies were available and consisted
primarily of rapid reviews of reports where clusters had occurred
with many of the early outbreaks reported having occurred
before widespread use of public health measures. Preliminary
criteria related to common factors present in settings where
outbreaks had occurred. Droplet and aerosol transmission was
thought to account for most transmissions and pointed towards
elements favoring close contact in closed and crowded spaces as
primary drivers of transmission.

The preliminary list of criteria was presented to a group of 62
provincial public health experts for review and comment. The
list was condensed to 15 criteria, including 10 site and event
characteristics, one participant-level characteristic and four
potential mitigation measures (Table 2). In order to keep the
final number of criteria manageable, a number of criteria from
the original list were combined (e.g. indoor/outdoor location
and ventilation) and criteria to evaluate secondary activities at
settings were not included (e.g. shared dining or break rooms).
This list was then presented to a group of experts within the
Pan-Canadian Public Health Network involved in the COVID-19
response, for ranking during December 2020 via an online tool
created explicitly for this purpose. The individual expert-ranked
lists were combined using general Mallows models (14) to
produce a consensus ranking (see Appendix for more details on
the general Mallows models). The R package PerMallows (15)
was used to analyze the rankings.

Table 2: Criteria for evaluating transmission risk in settings
Criteria
Location and
ventilation

Level (from lower to
higher risk)
1. Outdoors
2. Indoors good
ventilation (welldesigned mechanical
- HVAC)
3. Indoors with
moderate ventilation
(windows)
4. Indoors poor
ventilation

Summary: What is known
Risk of transmission generally thought to be lower
outdoors depending on nature of setting, activity type,
duration, circulation and providing physical distancing at or
around 2 meter can be maintained.
Weed et al. report limited evidence of outdoor
transmission based on reviewed studies. Some outdoor
transmission has occurred when physical distancing was
breached or in high density conditions, low circulation,
large size of gatherings over extended duration has taken
place (e.g. outdoor concerts, festivals, some physical
activities, sporting events).
Risk of transmission in closed environments reported to be
higher than in open-air environments (OR 18.7 (6.0–57.9)).
Note: cases in study occurred when social interactions
were unrestricted.
ECDC concluded that well maintained HVAC systems
adapted for use in COVID-19 pandemic may help to
decrease airborne transmission.

Examples
Indoor examples:

References
(16–23)

Gyms, fitness class,
recreational sports,
workplaces. Nightclubs
with poor ventilation,
crowding and loud music
leading to attendees
potentially yelling and
leaning very close
together to communicate;
Karaoke rooms
Parties, restaurants,
healthcare facilities
Outdoor examples:
Local festivals, events with
tented eating spaces with
poor ventilation

HVAC - contamination in air samples and HVAC system
surfaces in healthcare settings indicate possible spread but
virus viability not established.
Some early case clusters were attributed to air
conditioning units and air recirculation. Air jets from AC
and recirculation of indoor air considered likely modes of
transmission.
Other coronavirus infections have been associated with
poor ventilation (insufficient movement and clearance of
contaminated indoor air).
Duration of
event (time)

1. Interaction less than
5 minutes
2. 5–14 minutes
3. 15–60 minutes
4. More than 60
minutes
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In a review of outdoor transmission events, crowding
was a common factor among outbreaks, but circulation
(mixing) of participants, close range interactions with loud
conversations, shouting or singing and duration were
found to be important factors (Weed & Foad).
A rapid synthesis by found that large clusters occurred in
settings where individuals were confined for prolonged
periods of time (e.g. shared accommodations, food
processing plants, religious services).
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Table 2: Criteria for evaluating transmission risk in settings (continued)
Criteria
Contact
between
participants
during activity

Density of
crowd

Level (from lower to
higher risk)
1. No physical contact
2. Within 2 meter
3. Some physical
contact, within 1 meter
of participants, sharing
of surfaces

Summary: What is known
Transmission of SARS-CoV-2 is primarily via prolonged
close contact and exposure to respiratory secretions.
Close proximity contacts between individuals increases
the likelihood of transmission of virus with contact
interactions ranging from face-to-face interactions to
direct physical contact either. Transmission risk can be
mitigated to some extent by use of masks, and other PPE.

4. Close physical
contact, skin contact

Workplace infections have been facilitated by close
contact and duration of interaction. For example,
grocery store employees with direct customer exposure,
paramedics and firefighters with physical contact with
potentially infected individuals at higher risk.

1. Low (more than
2 meter distancing
regularly maintained)

Dalton et al. suggest an 8-fold increase in risk of viral
dose excretion and inhalation from communicating at a
distance of 30 cm vs 1 meter.

2. Medium (2 meter
distancing)

Settings where physical distancing at or around 2 meter
not possible linked with increased risk of transmission.

3. High (less than
2 meter between
participants)

Examples

References

N/A

(24,25)

Nightclubs with poor
ventilation, crowding
and loud music leading
to attendees potentially
yelling and leaning
very close together to
communicate; Karaoke
rooms

(17,21)

Mixing of
networks/
bubbles at
event (closed
small groups
vs random
participants
every time)

1. Closed small group
From predictive modeling studies:
Ski resorts due to their
with no outside contacts
- Small closed community networks where groups of
attraction of global
people
only
interact
with
a
chosen
group
of
other
travellers
2. Closed group with
people and there is limited interaction outside network
some outside contacts
have lower risk. Risk increases with bridges to other
3. Random mixing of
networks.
large groups
- Random mixing events (e.g. public transport, bars and
sporting events) are higher risk because of mixing from
many small networks.
- Could also include settings where exposed to multiple
clients (for example transport workers, sales people,
cleaners).
A review of workplace related transmission risk found that
drivers and transport workers, service and sales workers,
food industry, personal care occupations, food production,
preschool occupations, community and social services,
construction and related trades occupations and public
safety workers were most at risk of infection (these groups
are highly exposed to random individuals/clients in their
line of work).

(26–28)

Mixing of
participants
(circulation
and mixing of
participants
within the
event)

1. None

(21)

2. Moderate
3. High

In a review of outdoor transmission events, crowding
(number and density) was a common factor among
outbreaks, but circulation (mixing) of participants, close
range interactions with loud conversations, shouting or
singing and duration were important factors.

N/A
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Table 2: Criteria for evaluating transmission risk in settings (continued)
Criteria
Number of
individuals
(per gathering
or event or
venue)

Level (from lower to
higher risk)
1. 1
2. 1-2
3. Less than 5
4. Less than 10
5. Less than 100
6. Less than 1,000
7. More than 1,000

Summary: What is known

Examples

Large crowd size increases the probability that an infected
individual is present, increases crowding, contact and thus
transmission likelihood, even in outdoor settings.

Carnival outbreak in
Germany with 1,700
cases

Of fifty-five studies reviewed in recent PHAC evidence
brief, clear relationship found between increased
gathering size and risk, but size threshold was
inconsistent. When physical distancing breached, density
is high, circulation of participants occurs and gathering
takes place over extended duration of time, risk of
transmission increases.

Sporting events also
associated with outbreaks

References
(21,22,24,
29–33)

Weddings, religious
gatherings, bars linked to
clusters in Hong Kong

An ecological study estimated a 36% reduction in Ro if
the cut-off for gathering size was 10 people, compared
to 21% if it was 100 people, and a 2% reduction in Ro
if the cut-off for gathering size was 1,000 people. In an
evaluation of NPIs at a global scale, Esra et al. estimated
overall 10% reduction in infections associated with
gathering size restrictions.
In indoor environments in particular, larger numbers
of individuals increases the potential concentration of
airborne virus-carrying particles and number of individuals
that can be exposed at any given time.
Related activity 1. None
(e.g. shared/
2. Yes, related activity
group travel to with transmission risk
setting)

Congregate work and living increase the risk of
transmission.

N/A

(34)

Ease of contact
tracing should
an outbreak
occur

Timely test, trace and isolation have been shown to
be important NPI strategies for working to contain
transmission of COVID-19.

N/A

(21,35,36)

Successful prevention of transmission in the workplace
linked to limited physical contact, including cohorting or
staggering of employees.

N/A

(37,38)

Dalton et al. suggest a 3 to 10-fold increase in risk of
viral dose excretion due to louder vocalization (yelling or
singing) in environments with loud music.

Example of transmission
in singing group/choir

(17,39–45)

1. Participants’ details
available and can be
easily reached should
the need arise
2. Inconsistent tracking
of participants may be
difficult to follow-up

Modelling studies show delays in tracing (three or more
days) fail to bring Rt under 1.

3. None
Cohorting
and physical
distancing
to reduce
contacts

1. Cohorting to reduce
mixing of networks and
density/numbers

Level of
expelled air

1. Silent

2. None

2. Talking
3. Singing or shouting
4. Moderate to intense
physical exercise

Dalton et al. further suggest a 3-fold increase in risk of
viral dose excretion due to light exercise (compared to
talking).

Gyms

5. Aerosol-forming
medical procedures
Age structure
of the
participant
population

1. Low risk—mostly
children
2. Medium risk—mixed
adults and children
3. High risk—all adults

Environmental
cleaning/other
transmission
mitigation
efforts

1. Yes, use of
plexiglass or other
non-permeable barrier
between individuals;
hand washing and
consistent cleaning
of shared surface and
environment after every
individual use

Analysis of data from Wuhan found greatest model fit
for testing of hypothesis that children show more mild
symptoms.

(46–49)

N/A

(26)

Infection fatality rate estimates close to zero for children
and younger adults and rise exponentially with age.
Public health interventions most effective when combined.
Modelling shows hand hygiene, use of masks, and limiting
individual contacts help to reduce transmission in larger
gatherings of random individuals.

2. None
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Table 2: Criteria for evaluating transmission risk in settings (continued)
Criteria
Use of masks
or face
coverings

Level (from lower to
higher risk)
1. Masks or face
coverings consistently
used properly
2. Masks or face
coverings poorly used
3. No masks nor face
coverings worn

Shared
equipment or
surfaces

1. None
2. Some shared
equipment or surfaces
but disinfected regularly
3. Some shared surfaces
(e.g. elevator buttons,
door handles, pens),
individuals encouraged
to disinfect self before
use
4. Activity entails
shared equipment and
surfaces that cannot be
disinfected continuously
for practical reasons

Summary: What is known

Examples

Much of the research on use of face masks was done prior
to COVID-19 and the use of surgical masks. Observational
studies on the use of protective effects of face masks
against influenza like illness have been demonstrated.

Shared transport by bus
example in China where
infected traveller wore no
mask during first bus ride
and infected five other
travellers, but wore mask
during second bus ride
with no secondary cases
arising from last trip (Liu
& Zhang)

(26,50,51)

Religious gatherings can
present opportunities to
pass around offerings,
sacramental objects
or sharing of food and
refreshments. Outbreaks
reported in South Korea
and Arkansas, United
States. Note that singing,
indoor facility and
ventilation also described
as having taken place in
Arkansas outbreak

(17,52–54)

Studies on healthcare worker use of non-medical masks
has demonstrated protection compared to no mask.
Modelling shows hand hygiene, use of masks, and limiting
individual contacts help to reduce transmission in larger
gatherings of random individuals
Transmission of SARS-CoV-2 is primarily via prolonged
close contact and exposure to respiratory secretions.
However, SARS-CoV-2 can survive on various surfaces for
limited amounts of time. Fomite transmission is known
to occur with MERS-CoV and SARS. SARS-CoV-2 virus
survival shown to be dependent on relative humidity and
nature of contact surface (survival likelihood greater on
plastic and stainless steel versus copper or cardboard
surfaces). Transmission via contaminated surfaces appears
possible.
Environmental samples taken from an infected patient’s
room (door handle, toilet bowl, sink, air outlet fans) in
Singapore found to be positive for SARS-CoV-2. Two other
infected patient’s room samples all negative. First patient
had higher viral load than later two. Tests did not assess
virus viability from samples.

References

Abbreviations: COVID-19, coronavirus disease 2019; ECDC, European Centre for Disease Prevention and Control; HVAC, heating, ventilation, and air conditioning; MERS-CoV, Middle East respiratory
syndrome coronavirus; N/A, not applicable; NPI, non-pharmaceutical interventions; PHAC, Public Health Agency of Canada; PPE, personal protective equipment; Ro, reproduction number; SARS,
severe acute respiratory syndrome; SARS-CoV-2, severe acute respiratory syndrome coronavirus

Fifteen characteristics (i.e. criteria) were presented to a set of
experts for ranking from highest to lowest level of importance
when evaluating transmission risk of COVID-19 in various
settings. Fifteen experts returned rankings by the deadline,
and while the number of respondents was low, the respondents
represented the geographic regions in Canada most affected by
COVID-19 at the time.

Consensus ranking by means of generalized
Mallows models
A generally good consensus emerged among experts on
the relative importance of the criteria with some individual
variations in specific ranking positions (Figure 1). Table 3
shows the rankings created by each participant. The consensus
ranking resulting from the generalized Mallows models with the
Kendall and Hamming distance is shown in Table 4. While there
was broad agreement between the two consensus rankings,
differences emerged as a result of wider variation in respondent
rankings for some criteria.

Figure 1: Rank cross-entropy and Hamming thetaa from
the generalized Mallows modelb
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Abbreviations: AGE, age structure of participants; BAR, engineering controls—use of physical
barriers and environmental cleaning; CTC, contact between participants; COH, use of
cohorting; DEN, density of crowd; DUR, duration of event; ECT, ease of contact tracing; EXP,
level of expelled air; LOC, location and ventilation; MXN, mixing of networks; MXP, mixing of
participants; NBI, number of households; PPE, personal protective equipment; REL, related
activity; SUR, shared equipment or surfaces
a
Hamming theta (θi=1:15)
b
Criteria are color coded by category: critical criteria in red, important criteria in orange, good to
consider criteria in green and if time permits criterion in purple. Consensus among respondents
on the absolute ranking positions of criteria increases for criteria located in the lower right
quadrant
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Table 3: Expert rankings of COVID-19 transmission criteriaa
Expert

Criteria ranking
1

2

3

4

6

7

8

9

10

12

13

1

LOC

DUR

CTC

DEN

MXN

5

MXP

NBI

REL

ECT

COH

EXP

11

AGE

BAR

PPE

14

SUR

15

2

LOC

AGE

CTC

MXN

NBI

MXP

EXP

ECT

SUR

PPE

DUR

REL

BAR

DEN

COH

3

LOC

ECT

EXP

DUR

NBI

REL

CTC

SUR

AGE

COH

MXN

MXP

PPE

DEN

BAR

4

AGE

MXP

LOC

DUR

EXP

COH

CTC

ECT

SUR

BAR

NBI

REL

MXN

DEN

PPE

5

MXN

CTC

NBI

DUR

REL

DEN

LOC

AGE

SUR

BAR

ECT

PPE

COH

MXP

EXP

6

NBI

DEN

DUR

LOC

MXN

MXP

ECT

REL

PPE

BAR

COH

SUR

EXP

CTC

AGE

7

MXP

MXN

LOC

DUR

ECT

REL

DEN

SUR

EXP

COH

CTC

AGE

PPE

NBI

BAR

8

MXP

NBI

DUR

LOC

ECT

DEN

MXN

CTC

BAR

AGE

REL

EXP

PPE

SUR

COH

9

COH

DEN

LOC

DUR

MXP

MXN

REL

NBI

SUR

BAR

CTC

EXP

AGE

PPE

ECT

10

CTC

DUR

MXN

LOC

REL

NBI

MXP

ECT

SUR

BAR

DEN

PPE

AGE

COH

EXP

11

LOC

EXP

NBI

DEN

ECT

REL

COH

PPE

AGE

CTC

MXP

SUR

DUR

MXN

BAR

12

LOC

NBI

CTC

DEN

MXN

EXP

DUR

AGE

SUR

ECT

REL

PPE

MXP

COH

BAR

13

LOC

EXP

MXP

CTC

NBI

REL

DEN

AGE

SUR

MXN

COH

PPE

ECT

DUR

BAR

14

LOC

COH

DUR

CTC

BAR

REL

ECT

SUR

AGE

PPE

DEN

NBI

MXP

MXN

EXP

15

LOC

MXP

DUR

DEN

REL

ECT

BAR

EXP

SUR

NBI

MXN

COH

AGE

CTC

PPE

Abbreviations: AGE, age structure of participants; BAR, engineering controls—use of physical barriers and environmental cleaning; CTC, contact between participants; COH, use of cohorting;
DEN, density of crowd; DUR, duration of event; ECT, ease of contact tracing; EXP, level of expelled air; LOC, location and ventilation; MXN, mixing of networks; MXP, mixing of participants;
NBI, number of households; PPE, personal protective equipment; REL, related activity; SUR, shared equipment or surfaces
a
Responses correspond to individual expert rankings

Table 4: Consensus ranking (mode) of criteria under generalized Mallows models using the Kendall and Hamming
distance
Category
Critical

Important

Good to
consider

If time permits

Code

Criteria

Kendall

Hamming

DEN

Density of crowd

1

2

CTC

Contact between participants

2

3

LOC

Location and ventilation

3

1

NBI

Number of households (or individuals)

4

4

EXP

Level of expelled air (of activity)

5

10

DUR

Duration of event

6

6

PPE

Personal protective equipment—use of masks or face coverings

7

5

MXP

Mixing of participants

8

8

MXN

Mixing of networks

9

7

BAR

Engineering controls—use of physical barriers and environmental cleaning

10

12

REL

Related activity (e.g. shared group travel)

11

9

COH

Administrative scheduling—use of cohorting to stagger participants and reduce contacts

12

13

AGE

Age structure of participants in population

13

14

SUR

Shared equipment or surfaces

14

11

ECT

Ease of contact tracing should an outbreak occur

15

15

Abbreviations: AGE, age structure of participants; BAR, engineering controls—use of physical barriers and environmental cleaning; CTC, contact between participants; COH, use of cohorting;
DEN, density of crowd; DUR, duration of event; ECT, ease of contact tracing; EXP, level of expelled air; LOC, location and ventilation; MXN, mixing of networks; MXP, mixing of participants;
NBI, number of households; PPE, personal protective equipment; REL, related activity; SUR, shared equipment or surfaces
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Location and ventilation and ease of contact tracing were the
criteria on which experts most strongly agreed in terms of
absolute rank ordering (i.e. most important and least important
criteria). Location and ventilation appears exclusively in the
first seven ranks and almost always (n=14/15 times) in the first
four ranks. Criteria with stronger disagreement among experts
regarding absolute rank position were number of households or
individuals and level of expelled air.

Criteria categorization based on combined
consensus rankings
Criteria were placed into categories based on their level
of agreement between experts and combined Kendall and
Hamming rank orderings (Table 4). Four categories were
created as a result of these ranking agreements among experts:
“critical”; “important”; “good to consider”; and “if time
permits”.

Categories 1 and 2: Critical and important
criteria
The first set of criteria (“critical”) consisted of three criteria that
were consistently ranked within the first few positions by experts:
1) density of the crowd; 2) contact between participants; and 3)
location and ventilation.
The second set of criteria (“important”) were almost consistently
ranked within the top half of the ranking by experts (with the
exception of level of expelled air), though some variability
in specific rank positioning was observed among experts:
1) number of households; 2) level of expelled air (of activity);
3) duration of the event or activity; 4) use of personal protective
equipment; 5) mixing of networks; and 6) mixing of participants.
While level of expelled air showed wide variation in expert
ranking (present in the top half for some experts and the bottom
half for others); given available literature data on this criterion, it
was placed in the “important” category.

Categories 3 and 4: Good to consider and if
time permits criteria
The third set (“good to consider”) consisted of five criteria.
Experts generally ranked these criteria in the lower half of
their rankings, though relative importance attributed to each
criteria varied between experts. This set included the following:
1) the use of engineering controls and environmental cleaning;
2) related activity; 3) administrative scheduling; 4) age structure
of participants; and 5) shared equipment or surfaces. Finally,
given very strong agreement for the rank positioning of the last
criterion, ease of contact tracing, which was almost consistently
ranked last among experts, this criterion was placed in the “if
time permits” category.

Discussion
This project aimed to identify key factors (criteria) to consider
when making decisions around COVID-19 transmission risk in
various settings where people gather. The use of generalized
Mallows models allowed for the analysis and quantification
of the consensus among experts on the rank importance of
different transmission risk factors (criteria). A lack of approximate
consensus on a given criterion can lead to large differences
between models with different metrics; however, using the
Kendall and Hamming metrics, broad consensus was found
among the most important and least important criteria.
The consensus-ranked list of transmission criteria and
corresponding categories resulting from this exercise contribute
to a framework for ranking settings for COVID-19 transmission
risk based on criteria identified from both the literature and
expert opinion. How a setting is evaluated or scored with respect
to a specific criterion will depend on a range of factors specific
to the local community where the evaluation is undertaken,
including local transmission, public health measures in place,
current adoption of those measures by the local population and
setting-specific characteristics.
Although this framework is intended to assist in evaluating
transmission risk, all risk assessments should be performed in
the context of the local epidemiology and with consideration of
the specific characteristics of the gathering/event/venue being
evaluated. A ranking of transmission risk of settings produced
in one geographical location will not necessarily be the same as
that performed in another geographical location due to local
epidemiological variation even if the same criteria are used.
Based on the formative research conducted, the consensus list
captures elements that are most directly related to transmission
risk. When evaluating settings and their risk for transmission,
it is important to keep in mind the activities performed on site
and their related contexts since related activities may affect
transmission risk; e.g. shared transport to the setting or shared
accommodations. These related activities may present additional
opportunities for transmission that may be important to consider
for inclusion in the risk assessment.
Many of the criteria presented are inter-related or synergistic
and, as a result, may be difficult to evaluate individually (e.g.
the number of participants at an event and the density of the
crowd). The use of scenarios may help tease apart some of these
factors. For example, a scenario could be defined to evaluate
transmission risk when a certain percentage of the population
is vaccinated, and a separate scenario defined to consider a
different target vaccination percentage. Alternate scenarios
could be defined to consider different levels of community
transmission as local prevalence of COVID-19 will change the
likelihood of encountering an infected individual. Expert review
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and discussion of the evaluations is also important as it will
promote cross-examination and consideration of a broad set of
local factors.
Operationalization of this list and resulting categories is left to
the discretion of regional public health experts, though some
suggestions are discussed. Assessment as part of a multi-step
MCDA process would enable a systematic evaluation between
settings; however, a full illustration of this approach is beyond
the scope of this article.

Variant of concern considerations
Transmission risk evaluation will continue to be necessary until
sufficient vaccination coverage can be reached to achieve herd
immunity. With the emergence of VOCs across the country,
additional waves of cases may continue to threaten healthcare
capacity in Canada despite vaccine rollout. As such, our experts
were consulted once again in March 2021 to see if their rankings
of the criteria would change given the emergence of VOCs.
Given a lack of evidence that VOCs affect transmission risk
differently, the experts that responded (n=10/15) left their
rankings unchanged. This should be monitored as further
knowledge is gathered on the subject.

Using the criteria for evaluation of settings
and gatherings and limitations
Although a full multi-criteria evaluation of settings is outside
of the scope of the current paper, some guidelines on the use
of the criteria for evaluating settings are suggested below.
Software packages exist for MCDA analysis, including a
recently developed free package for R (https://cran.r-project.
org/web/packages/MCDA/MCDA.pdf) and other academic or
paid software options. These software packages allow MCDA
analysis without the need for statistical experts to carry out the
evaluations.
Before undertaking an evaluation of settings, the scope and scale
of the assessment should be clearly defined. For example, it is
important to define whether the evaluation is being performed
to assess the daily exposure of individuals to transmission at
any given setting versus assessment of the daily exposure of
individuals working all day at a setting since a setting may pose
different risks to a casual visitor versus an employee who is
exposed over several hours. It is important to consider whether
specific subgroups are to be considered in the assessment;
for example, are clinically-vulnerable individuals included in
the scope or is a separate assessment required to properly
assess this subgroup? As settings are considered for inclusion,
creating a description of the setting in the context being
assessed is useful (e.g. in a grocery store—where a typical visit
generally lasts approximately 15 minutes—masks are currently
mandatory). Additional variations of settings can be added to
assess variations that may be relevant to consider (e.g. variations
where mask use is not mandatory, etc.). A quick review of the
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criteria should be undertaken by the experts participating in the
process to assess whether all proposed criteria remain relevant
to the local context (e.g. a criterion for which all settings have
the same score is not discriminating and may be omitted from
the evaluation).
Depending on the data available to a decision-maker for
assessing settings, and taking into account levels of uncertainty,
variability and missing data, the essential and important
criteria should be evaluated where possible as a first level of
assessment of COVID-19 transmission risk between settings.
Expert judgement and opinion can be used to fill in missing
data. If sufficient information is available or can be appropriately
assessed by experts, a more complete MCDA-style assessment
of settings can be undertaken. A systematic evaluation process,
such as offered by an MCDA evaluation, can be used to better
understand the relative transmission risk between settings and,
in particular, to highlight the strongest contributing factors
as well as strongest protective factors for transmission risk
between settings. This type of evaluation could help inform
where mitigation measures should be considered to help reduce
transmission risk. A setting that has criteria that score as poor
or insufficient should be considered for mitigation and potential
monitoring of transmission risk. As previously suggested, the
use of scenarios can also be used to consider the changing
epidemiology and its impact on transmission. For example,
scenarios with different levels of vaccination, new levels of
dominance of a VOC and levels of community transmission can
be defined and used to evaluate how they may affect relative
transmission risk of settings.
Depending on the data available and levels of uncertainty around
these data, any resulting ranking will not represent a strict
absolute assessment or ranking of settings, but rather a working
local evaluation that reflects the information available and the
relevant experts participating in the process.
As a reminder, the use of this framework is meant to help
inform decision-making around transmission risk rather than
make decisions, since other factors should be considered in a
decision-making process around closures. To conduct a more
complete assessment of closures/re-openings, additional
dimensions beyond transmission risk factors alone such as social
considerations, economic and other health factors could be
considered for inclusion in a multi-step participatory MCDA
process.

Conclusion
This project drew upon the latest evidence concerning
transmission risk factors for COVID-19 in venues from which
criteria for the evaluation of transmission risk was developed
and then evaluated by experts. The resulting consensus list
constitutes a set of important generic elements that can
be applied to any setting as an objective and transparent
framework to assess transmission risk in the venue. With further
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consideration of the local epidemiology of COVID-19, an
overall risk of transmission assessment can be established. This
work focused on the factors most directly related to COVID-19
transmission as a first level of concern in evaluating settings.
Depending on the decision-making context (e.g. decisions
around closures or re-openings) additional factors should
be considered for inclusion in the decision-making process,
including economic and social impacts. Additional layers of
information could be added to the participatory MCDA process
to include economic, social and health criteria so that tradeoffs could be more fully examined, allowing for more informed
decisions by decision-makers around closures and re-openings to
reduce the transmission risk of COVID-19.
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Appendix
A1: Rank orderings and generalized Mallows
models
Imagine that we have a set of N rankings over n choices. In our
case, N represents the number of experts and n denotes the
criteria (items). The problem is to find the consensus ranking
among the experts, which best agrees with the N rankings
offered by the experts.
Consensus ranking finds application in social welfare analysis.
In 1950, Kenneth Arrow showed (55) that if a decision-making
body consists of at least two members with at least three
options to decide among, then it is impossible to design a social
welfare function that simultaneously satisfies all the reasonable
requirements of a fair system:
•
If every voter prefers alternative X over alternative Y, then
the group prefers X over Y
•
If every voter’s preference between X and Y remains
unchanged, then the group’s preference between X and
Y will also remain unchanged (even if voters’ preferences
between other pairs like X and Z, Y and Z, or Z and W
change)
•
There is no dictator: no single voter possesses the power to
always determine the group’s preference

The Kendall distance between two ranking π and σ is defined by,
Equation 1:

l
dk (π, σ) =  1 j ≺
σ
l≺ j
π

The notation l ≺π j means that item l precedes j in ranking π. The
Kendall distance counts the number of pairwise discrepancies
between rankings. With n items, the largest Kendall distance
between any two rankings is n(n – 1)/2. On the other hand, the
Hamming distance dh (π, σ) counts the number of positions that
disagree between two rankings,
Equation 2:

dk π, σ = 1  π j ≠ σ j
j =1
Thus, the Hamming distance takes values between 2 and n
inclusively. The Kendall and Hamming distance measures have
the important property that they can be decomposed as a sum
over n – 1 and n terms respectively,
Equation 3

Arrow’s impossibility theorem has several technical conditions
in its formal statement (see section A3) which defines the
“fair” system. While the theorem tells us that no deterministic
preferential voting system exists which satisfies the technical
fairness requirements, in practice all systems do not work poorly
at all times. The impossibility theorem finds application in the
study of voting systems and important results can be found in
(14,56).
Rankings consist of bijections of the set of integers {1,2,3, ..., n}
onto themselves. We will denote rankings with the symbols π
and σ. For example, the ranking π ={2,4,1,3} means that item 1 is
ranked second, which we denote as π(1) = 2; item two is ranked
fourth, π(2) = 4. Every ranking has an inverse π–1 which gives the
items in terms of the ranks: π · π–1 = e = {1,2,3, ..., n}. Given a set
of rankings, we would like to find the center or the consensus
of the set over some distance measure between rankings. There
are many distance metric for rankings, but in this article we will
focus on two of the most popular: the Kendall distance and the
Hamming distance. For any distance measure d(·,·) we have
d(σ,π) = d(σπ–1, e). When the reference ranking is the identity
ranking e, we use the notion d(σ,e) = d(σ).
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n

n–1

dk π, σ =  Vj πσ – 1,
j =1
n

dh π, σ =  Hj πσ – 1 ,
j =1
where,
Equation 4:

Vj σ =  1ɭ ˂σ j,
ɭ˃j

Equation 5:

Hj σ =  0, iff σj = j,
1, otherwise.

OVERVIEW
Given a metric for computing distances between rankings,
we can build a probability measure over the space. Mallows
model (14) is an exponential location probability model over
the rankings defined by a central ranking, σ0, and a dispersion
parameter, θ, namely,
Equation 6:

P π =

e –θ dk,hπ,σ0

θ

A2: Hamming parameters
To better see the strength of consensus in the rankings across
items, the Hamming θj parameters against the cross-entropy
of a criterion’s rank is shown in Figure A1. The cross-entropy
measures the amount of impurity in the ranks,
15

ej = –  pij logpij

,

where ψ(θ) is a normalization constant. In a sense, the Mallows
model is the extension of the Gaussian distribution to rankings.
When θ > 0, the ranking σ0 is the mode of the distribution—the
consensus—and as θ increases the distribution becomes more
sharply peaked around σ0. If θ > 0, σ0 becomes the anti-mode.

We see that in the Mallows model, all rankings with the same
distance from σ0 are degenerate in probability. With distance
measures that decomposed as a sum like those in equation 3,
we can break the degeneracy by attaching θj to each component
of the sum (57). For the Kendall and Hamming distance, the
Mallows model generalizes using discrepancy measures

i =1

where j is the item label, i denotes the rank, and pij gives the
probability of the i-th rank for item j. Criteria with large rank
dispersion have high cross-entropy. The Hamming θj parameters
also measure the strength of consensus at a given rank.
Figure A1 shows criteria separating into three basic clusters with
increasing consensus appearing towards the southeast corner
of the plot. Under the Hamming model, the respondents have
particularity strong agreement on the criteria at rank 1, 2 and 15.

Figure A1: Kendall and Hamming distances of each
respondent’s ranking from the generalized Mallows
model rankings
Kendall

Hamming

respondent 15
respondent 14

Equation 7:

n–1

–1
dkπ, π0;θ =  ѲjVj ππ0 ,
j =1
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respondent 12
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distance

respondent 9

n

dhπ, π0;θ =  ѲjHj ππ0–1,
j =1
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Equation 8:

P π =

respondent 1

e

d π,σ₀;θ
k,h

θ

0

,

where θ = (θ1,θ2, ⋯). The central ranking σ0 and θ can be
estimated by maximum likelihood or other approximate
techniques.
The value of Vj(σ) in equation 3 gives the number of items in
j + 1:n which are ranked before j in σ. Therefore, the parameters
θj reflect the strength of a ranking around the consensus
σ0(j) = i in that the larger θj the larger the probability that
π (j) ≤ i. That is, large θj in the generalized Mallows model with
the Kendall distance implies that item j is ranking in the first i
positions with high probability across all the rankings. Similarly,
Hj(σ) of the Hamming distance counts the rank discrepancies.
Thus, the parameter θj corresponds to the strength of consensus
at rank j; large θj implies high agreement on the item at the j-th
rank.
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A3: Formal conditions of Arrow’s Impossibility
Theorem
Suppose that we are asked to extract a preference order on
a given set of options for society. Each individual provides a
preference order on the set of outcomes. We desire a ranked
voting electoral system, the preference aggregation rule or social
welfare function, which transforms the set of preferences into
a single global societal preference order. Arrow’s theorem says
that if there are at least two members in the society and at least
three options to decide among, then it is impossible to design
a preference aggregation rule that satisfies all of the conditions
below at once (conditions assumed to define a “fair system”):
•
Non-dictatorship: The social welfare function should
account for the wishes of all voters
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•

Unrestricted domain, or universality: Each set of individual
voter preferences should produce a unique and complete
ranking of societal choices from the social welfare function.
Thus:
o It must result in a complete ranking of preferences for
society
o It must be deterministic; each time the preferences are
presented in the same way, the welfare function generates
the same societal preference order

•

•

•
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Independence of irrelevant alternatives (IIA): The social
preference between two choices should depend only on
the individual preferences between changes in rankings of
irrelevant alternatives should have no impact on the societal
ranking
Monotonicity, or positive association of social and
individual values: If any individual changes a preference
order by promoting a choice, then the societal preference
order should either promote that same choice in the new
ranking or leave it at the same position. An individual should
not be able to penalize a choice by increasing its preference
Non-imposition, or citizen sovereignty: Every possible
societal preference order should be achievable by some set
of individual preferences

RAPID COMMUNICATION

Multisystem inflammatory syndrome in children in
Canada
Meghan Laverty1, Marina Salvadori1, Susan G Squires1, May Ahmed2, Lisa Eisenbeis3, Santina Lee4,
Annick Des Cormiers5, Y Anita Li1*
This work is licensed under a Creative
Commons Attribution 4.0 International
License.

Abstract
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syndrome that temporally follows coronavirus disease 2019 (COVID-19). Symptoms may include
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were more likely to occur in males than females (58% vs 42%, respectively; p=0.006). Almost all
MIS-C cases (99%) required hospitalization and 36% required intensive care unit admission. No
deaths have been reported to date. The time trend of MIS-C aligns with the incidence rate time
trend of COVID-19 reported in children, with a two to six-week lag.
Suggested citation: Laverty M, Salvadori MI, Squires SG, Ahmed MA, Eisenbeis L, Lee SJ, Des Cormiers A, Li YA.
Multisystem inflammatory syndrome in children in Canada. Can Commun Dis Rep 2021;47(11):461–5.
https://doi.org/10.14745/ccdr.v47i11a03
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Introduction
Since the emergence of the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) that causes coronavirus
disease 2019 (COVID-19), data on children and youth aged
19 years and younger infected with SARS-CoV-2 indicate that
they usually experience mild disease with less severe outcomes
compared with adults. However, on April 26, 2020, clinicians
in the United Kingdom reported an increase in accounts of
previously healthy children presenting with a severe inflammatory
syndrome with features similar to toxic shock syndrome and
incomplete Kawasaki disease (1). These cases occurred in
children who tested positive for recent or current infection with
SARS-CoV-2 or who had an epidemiological link to a COVID-19
case (1). Since then, additional cases of children presenting with
a severe inflammatory syndrome with evidence of COVID-19
infection have been reported worldwide. This illness has been
labelled multisystem inflammatory syndrome in children (MIS-C)
by the Centers for Disease Control and Prevention and the World
Health Organization (WHO), and is defined by the WHO as
follows (2):

AND

Children and adolescents 0–19 years of age with fever for three
or more days

AND

Two of the following:
•
Rash or bilateral non-purulent conjunctivitis or
mucocutaneous inflammation signs (oral, hands or feet)
•
Hypotension or shock
•
Features of myocardial dysfunction, pericarditis, valvulitis,
or coronary abnormalities (including ECHO findings or
elevated troponin/N-terminal pro-brain natriuretic peptide
(NT-proBNP)
•
Evidence of coagulopathy (by prothrombin time, partial
thromboplastin time, elevated D-dimer)
•
Acute gastrointestinal problems (diarrhea, vomiting or
abdominal pain)
AND
Elevated markers of inflammation such as C-reactive protein,
erythrocyte sedimentation rate or procalcitonin

No other obvious microbial cause of inflammation, including
bacterial sepsis, staphylococcal or streptococcal shock
syndromes
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AND
Evidence of COVID-19 (reverse transcription polymerase chain
reaction; RT-PCR, antigen test or serology positive) or likely
contact with patients with COVID-19.
Canada expanded this case definition to include cases that
met the WHO criteria for MIS-C, with and without COVID-19
diagnosis. This was done to capture possible cases that may have
had RT-PCR testing too late in their course of infection (false
negatives), and those who, more commonly in the early stages of
the pandemic, may not have had access to COVID-19 testing or
serology testing (3).
The Public Health Agency of Canada began collecting data on
June 30, 2020 on cases of MIS-C dating back to March 11, 2020,
when the pandemic was first declared. This report presents
cases with illness onset from March 11, 2020 to October 2, 2021
(epidemiological week 11 of 2020 to week 39 of 2021).

Current situation
A total of 269 cases of MIS-C were reported to the Public
Health Agency of Canada during the surveillance period.
Data from March 11, 2020 to May 31, 2021 were available
from 12 of 13 provinces and territories (PTs), of which,
11 reported lab-confirmed, epi-linked and non-COVID-19-related
cases and one reported lab-confirmed cases only. Data were
available from 11 PTs for the rest of surveillance period. Of

the 269 cases, 127 (47%) tested positive for COVID-19 via
RT-PCR, antigen test or serology and an additional 15 (6%) were
epidemiologically-linked to a lab-confirmed COVID-19 case. The
remaining 127 (47%) either tested negative or were not tested
for COVID-19. Details on the COVID-19 testing conducted for
each case were not available. The proportion of MIS-C cases
among confirmed COVID-19 cases in children aged 19 years and
younger was 0.039% in Canada during the surveillance period.
The characteristics of MIS-C cases reported in Canada are
summarized in Table 1. The median age was six years old
(range one week to 18 years), with 58% of cases in children
ages five years and older. When cases are restricted to those
with a positive COVID-19 test or epidemiological link to a
confirmed case of COVID-19, the median age is eight years
old (range one week to 18 years), with 70% of cases aged
five years or older. This differs from Kawasaki disease, which
primarily affects children younger than five years of age (4).
Multisystem inflammatory syndrome in children was more likely
to occur in males than females (p=0.006), with over half (58%) of
reported cases in males. Nearly all (99%) of MIS-C cases required
hospitalization, with 36% requiring intensive care unit admission.
Where outcome information was available, the majority of cases
had recovered. The remaining cases were either convalescing
or stable at the time of the most recent case report update. No
deaths were reported to date.
To date, the number of cases of MIS-C reported in Canada were
highest from December 2020 to early March 2021. This followed
a peak in the incidence of COVID-19 reported in children and

Table 1: Characteristics of reported cases of multisystem inflammatory syndrome in children according to
SARS-CoV-2a infection status, Canada, March 11, 2020 to October 2, 2021

Characteristic

n

No known evidence of
SARS-CoV-2 infection or
exposure
(n=127)

Lab-confirmed and/or
epidemiological link
(n=142)

Lab-confirmed only
(n=127)
%b

n

%

n

%

All patients
(n=269)
n

%

Sex
Male

82

65

92

65

65

51

157

58

Female

45

35

50

35

62

49

112

42

1

1

1

1

15

12

16

6

1–4

36

28

41

29

55

43

96

36

5–9

46

36

51

36

30

24

81

30

10–14

30

24

34

24

15

12

49

18

15–19

14

11

15

11

12

9

27

10

Age category (years)
Younger than 1

Range
Median age
(range in years)

8 (0–18)

8 (0–18)

4 (0–17)

6 (0–18)

Hospitalizedc
Yes

127

100

142

100

125

98

267

99

No

0

0

0

0

2

2

2

1

Page 462

CCDR • November 2021 • Vol. 47 No. 11

RAPID COMMUNICATION
Table 1: Characteristics of reported cases of multisystem inflammatory syndrome in children according to
SARS-CoV-2a infection status, Canada, March 11, 2020 to October 2, 2021 (continued)

Characteristic

n

No known evidence of
SARS-CoV-2 infection or
exposure
(n=127)

Lab-confirmed and/or
epidemiological link
(n=142)

Lab-confirmed only
(n=127)
%b

n

%

n

All patients
(n=269)

%

n

%

ICU admission
Yes

98

57

76

54

22

17

98

36

No

54

43

66

46

102

80

168

62

0

0

0

0

3

2

3

1

Recovered

72

57

82

58

102

80

184

68

Convalescing/
stable

53

42

58

41

22

17

80

30

Deteriorating

1

1

1

1

0

0

1

0

Unknown

1

1

1

1

3

2

4

1

Unknown
Outcome

d

Abbreviations: ICU, intensive care unit; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2
a
Severe acute respiratory syndrome coronavirus 2
b
Percentages are rounded to the nearest whole number. The sum of a category’s percentages therefore may not add up to 100%
c
One province or territory reported hospitalized cases only
d
Patient outcomes were updated by provincial and territorial health authorities when possible. Data presented here were at the time of the most recent update

youth in December 2020 and early January 2021 (Figure 1).
Although the incidence of COVID-19 declined from January
2021 to early March 2021, the number of MIS-C cases reported
remained elevated for several reasons. First, MIS-C is a post-viral
syndrome and literature reports suggest it typically manifests
2–6 weeks after SARS-CoV-2 infection (5–7). It is, therefore,
expected that case numbers may remain high in the weeks

following a high incidence of COVID-19. Second, COVID-19 case
counts among children and youth in Canada were still high in
the months of February and March 2021. As COVID-19 cases in
children and youth have risen again in late March and April 2021,
we can expect to see additional MIS-C cases reported following
these periods.

COVID-19 positive c
Epidemiologically linked to a COVID-19 case
Not COVID-19 related d
COVID-19 case count (0–19 years)

14
13
12
11

14,000

12,000

10

10,000

9
8

8,000

7
6

6,000
MIS-C surveillance
system
was implemented

5
4

4,000

3
2

2,000

1
0

11121314151617181920212223242526272829303132333435363738394041424344454647484950515253 1 2 3 4 5 6 7 8 9 101112131415161718192021222324252627282930313233343536373839
Mar

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

June

July

Aug

0

Number of reported COVID-19 casesb

Number of reported MIS-C casesa

Figure 1: Reported cases of multisystem inflammatory syndrome in children by epidemiological week of symptom
onset compared with cases of COVID-19 in children and youth aged 0–19 years, Canada, March 11, 2020 to
October 2, 2021(N=269)

Sept

Epidemiological week of symptom onset
Abbreviations: COVID-19, coronavirus disease 2019; MIS-C, multisystem inflammatory syndrome in children
a
Data source: MIS-C National reporting from provinces and territories
b
Data source: Coronavirus diseases 2019 national surveillance system
c
COVID-19 positive via RT-PCR, antigen test or serology
d
No known evidence of SARS-CoV-2 infection or exposure to a COVID-19 case
Note: The shaded area represents a period of time where it is expected that cases have occurred but have not yet been reported nationally
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Strengths and limitations
The data in this report are subject to several limitations.
First, data are incomplete as not all provinces and territories
participated in the national surveillance of MIS-C and one
province only reported cases that were lab-confirmed. Second,
case reporting may also be delayed due to limited capacity at
provincial and territorial health authorities. Case counts for the
most recent couple of months in particular should be interpreted
with caution. Third, it is difficult to discern whether cases were
infected with COVID-19 or not due to several factors: RT-PCR
testing may be negative if completed too late in the course
of infection; serology testing may not be available; there are
inherent challenges in interpreting serology results; and patients
may not know that they have been in contact with a case of
COVID-19. For this reason, cases with no known evidence of
SARS-CoV-2 infection or exposure to a COVID-19 case were
included in the analysis; however, these cases may not be
COVID-19-related and, therefore, not true cases of MIS-C. Due
to similarities between the symptoms of MIS-C and Kawasaki
disease and the difficulties in diagnosing these diseases, there
may be misclassification of cases, especially the cases without
a known COVID-19 link. More detailed laboratory testing data
is needed to further differentiate between cases related and
unrelated to COVID-19.

Conclusion
Cases of MIS-C in Canada are rare; however, when illness does
occur it is severe, with nearly all cases requiring hospitalization
and one third requiring admission to the intensive care unit. All
children in Canada with MIS-C have recovered or are recovering,
with no deaths reported. The time trend of MIS-C aligns with
the time trend of the incidence of COVID-19 in children, with
a two- to six-week lag. This pattern has been reported in other
publications, supporting 1) the temporal association of MIS-C
with COVID-19 and 2) the current understanding that MIS-C
results from a delayed immunologic response to SARS-CoV-2
infection (7). In Canada, MIS-C is more likely to occur in males
then females.
Although MIS-C is rare, it is serious, and it is not yet known
why some children develop this syndrome and others do not.
Furthermore, the long-term effects of MIS-C remain largely
unknown. The most effective way to prevent cases of serious
illness in children is to follow public health measures that prevent
the spread of COVID-19, including physical distancing, wearing
masks, hand hygiene, staying home when sick and getting
vaccinated against COVID-19 when eligible. The Public Health
Agency of Canada will continue to work with provincial and
territorial partners to monitor cases of serious inflammatory
illness in children and keep the public informed of the risk to
children and youth.
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Rapid review of multisystem inflammatory
syndrome in paediatrics: What we know one year
later
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Abstract
Background: Multisystem inflammatory syndrome in children (MIS-C) associated with
coronavirus disease 2019 (COVID-19) is an emerging condition that was first identified in
paediatrics at the onset of the COVID-19 pandemic. The condition is also known as pediatric
inflammatory multisystem syndrome temporally associated with severe acute respiratory
syndrome coronavirus 2 (PIMS-TS or PIMS), and multiple definitions have been established for
this condition that share overlapping features with Kawasaki Disease and toxic shock syndrome.
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Methods: A review was conducted to identify literature describing the epidemiology of MIS-C,
published up until March 9, 2021. A database established at the Public Health Agency of
Canada with COVID-19 literature was searched for articles referencing MIS-C, PIMS or Kawasaki
Disease in relation to COVID-19.
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Results: A total of 195 out of 988 articles were included in the review. The median age of MIS-C
patients was between seven and 10 years of age, although children of all ages (and adults) can
be affected. Multisystem inflammatory syndrome in children disproportionately affected males
(58% patients), and Black and Hispanic children seem to be at an elevated risk for developing
MIS-C. Roughly 62% of MIS-C patients required admission to an intensive care unit, with one
in five patients requiring mechanical ventilation. Between 0% and 2% of MIS-C patients died,
depending on the population and available interventions.
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Conclusion: Multisystem inflammatory syndrome in children can affect children of all ages. A
significant proportion of patients required intensive care unit and mechanical ventilation and
0%–2% of cases resulted in fatalities. More evidence is needed on the role of race, ethnicity and
comorbidities in the development of MIS-C.
Suggested citation: Striha M, Edjoc R, Bresee N, Atchessi N, Waddell L, Bennett T-L, Thompson E, El Jaouhari M,
Bonti-Ankomah S. Rapid review of multisystem inflammatory syndrome in paediatrics: What we know one year later.
Can Commun Dis Rep 2021;47(11):466–72. https://doi.org/10.14745/ccdr.v47i11a04
Keywords: multisystem inflammatory syndrome in children, pediatric multisystem inflammatory syndrome,
COVID-19, MIS-C, PIMS, PIMS-TS

Introduction
On March 11th, 2020 the World Health Organization declared
a global pandemic of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Soon after, in April 2020,
multisystem inflammatory syndrome in children (MIS-C)
associated with SARS-CoV-2 virus was identified in the United
Kingdom (UK) (1). Multisystem inflammatory syndrome in
children is an acute illness that is characterized by immune
dysregulation with multisystem involvement and severe
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symptoms typically requiring hospitalization. The syndrome is
thought to occur in children two to six weeks following infection
with SARS‑CoV-2 (2).
The syndrome is also known as pediatric inflammatory
multisystem syndrome temporally associated with SARS‑CoV-2
(PIMS-TS or PIMS). Multiple definitions have been established for
this condition, including by the World Health Organization (3),

RAPID COMMUNICATION
Figure 1: Article exclusion tree
Publications reviewed
for inclusion
(n=998)

There is no definitive diagnostic test for MIS-C and MIS-C is
considered a separate but similar clinical syndrome to Kawasaki
Disease (complete, incomplete, atypical or shock syndrome),
toxic shock syndrome and macrophage activated syndrome (8).

Articles excluded
(n=803)
- Not available in English or French
- Off-topic
- Review articles
- No epidemiological data from MIS-C
patients

Current situation

In the cohort articles, 50 of 72 (70%) articles reported the median
age of MIS-C patients as between seven and 10 years (Figure 2).
In addition, the median age of 184 patients reported in case
reports was 8.8 years, ranging from one month to 20 years
(23 cases did not have individual age data). However, MIS-C has
been reported in all paediatric age groups, with wide ranges in
many articles (Figure 3).

Figure 2: Median age of multisystem inflammatory
syndrome in children cases presented in cohort articles
(n=72)

Most articles originated in the US (n=78) and the UK (n=23),
with a smaller number from India (n=18) and European
countries (France n=12, Italy n=10, Spain n=7). There were
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6.

A total of 195 articles were included in this review. The vast
majority of articles were cohorts (prospective n=15, retrospective
n=70 or ambi-directional n=4) and case reports (n=101), with a
minority being case-controls (n=3) or natural experiments (n=2).

Age and sex

9

Results

Case reports were summarized together (articles=101, MIS-C
cases=207), as individual patient information was often available.
The cohorts, case-controls and natural experiment articles
were also summarized together and are referred to as cohorts
in the results section (articles=94, MIS-C cases=4,630). Article
summaries are available in Supplemental material.

6.

Articles (n=998) were screened for relevance and were included
if epidemiological descriptions of MIS-C, PIMS, PIMS-TS or
Kawasaki Disease related to COVID-19 were present. Articles
(n=803) were excluded if they were not available in English or
French, they were off-topic, they were review article or they
did not contain epidemiological data from MIS-C patients. In
total, 195 articles were deemed relevant and included in this
review (Figure 1). Multiple articles could potentially refer to the
same cases, and therefore double counting is a limitation of this
review.

far fewer studies from Africa (South Africa n=2, Algeria n=1,
Nigeria n=1, Egypt n=1) and Asia (South Korea n=2, Japan n=1,
Indonesia n=1).

.9

A database maintained by the Public Health Agency of Canada
is populated daily with new COVID-19 literature and includes
studies published since the start of the pandemic until March 9,
2021, in PubMed, Scopus, BioRxiv, MedRxiv, ArXiv, SSRN
and Research Square. Articles were cross-referenced with the
COVID-19 information centers centres run by Lancet, BMJ,
Elsevier and Wiley. These COVID-19 studies were gathered in an
Excel spreadsheet database and were searched to retrieve MIS-C
literature.

Abbreviation: MIS-C, multisystem inflammatory syndrome in children

≤5

Methods

Included
(n=195)

Number of articles

More than a year has elapsed since MIS-C was first identified
during the ongoing coronavirus disease 2019 (COVID-19)
pandemic and a large body of evidence is now available. This
review aims to synthesize what is currently known and what is
still unclear about the epidemiological characteristics of this
emerging disease.

0–

United States (US) Centers for Disease Control and
Prevention (4), the Royal College of Paediatrics and Child Health
in the UK (5) and the Canadian Paediatric Society (6,7). The
definitions, which are similar but not identical, are provided in
Appendix A.

Median age in years
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Figure 3: Age of multisystem inflammatory syndrome
in children patients reported in case report articles
(n=101, MIS-C cases=185)
Number of MIS-C patients

20
18

Figure 4: Relationshipa between general population,
COVID-19 and MIS-C cases
General
population

1

COVID-19 cases

2

MIS-C cases

Abbreviations: COVID-19, coronavirus disease 2019; MIS-C, multisystem inflammatory syndrome
in children
a
There is evidence that racial and ethnic minority groups are disproportionately affected by
COVID-19 (arrow 1). The effect of race and ethnicity on arrow 2 is less clear
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Abbreviation: MIS-C, multisystem inflammatory syndrome in children

More male than female MIS-C cases were identified in this
review. Cohort articles that report on sex gave an overall average
of 58% male, with 64 of 89 (72%) reporting more male MIS-C
cases than female. Additionally, there were 115 males out of
197 patients identified in case reports, for a total of 58% male
(10 cases did not have sex data).

Race, ethnicity and comorbidities
The distribution of race, ethnicity and comorbidities in MIS-C
cases is less clear than of age and sex. This is in part because of
the varied general population of the geographies represented
in the articles and in part due to issues with incomplete data
collection. In addition, race and ethnicity are known to affect
the likelihood of becoming infected with COVID-19 initially
(9–13) and could also affect the likelihood of developing MIS-C
subsequently (Figure 4). This is a complex relationship, which
few articles have sought to disentangle.

In the United States, the US Centers for Disease Control and
Prevention states that, compared with White people, Black
people are 1.1 times more likely to be infected and 2.8 times
more likely to be hospitalized with COVID-19, while Hispanic
people are 2.0 times more likely to be infected and 3.0 times
more likely to be hospitalized with COVID-19 (10). Many factors
have been identified as causes of these disparities. Racial and
ethnic minorities face several issues, including discrimination,
access to health care and income inequality. Black and Hispanic
people are also more likely to live in crowded housing and
have a higher likelihood of being frontline workers, leading to
higher risk of COVID-19 infections (11). These disparities and the
resulting high burden of COVID-19 cases may partially or wholly
explain the disproportionately high rates of MIS-C sometimes
reported among Black and Hispanic populations.
Three articles describing large cohorts took a closer look at the
relationship between race, ethnicity and MIS-C cases (Table 1).
Overall, one article found a disproportionately high incidence
of MIS-C in Black and Hispanic children compared to White
children (incidence rate ratio of 3.15 and 1.70 respectively) (14).
If race and ethnicity play no role in the development of MIS-C
after COVID-19 (arrow 2 in Figure 4), the expectation is that a
proportionate number of children of every race and ethnicity
will develop MIS-C after COVID-19. Three studies suggest that
this is not the case, and that Black children are overrepresented
among MIS-C cases when compared to those hospitalized
with COVID-19 (14–16). Conversely, Hispanic children are

Table 1: Comparison of the racial and ethnic composition of the general population, hospitalized coronavirus
disease 2019 cases and multisystem inflammatory syndrome in paediatric cases
Racial and ethnic composition

Black
children

Hispanic
children

White
children

Percentage of Black children in the general paediatric population
Percentage of Black children among hospitalized paediatric COVID-19
cases
Percentage of Black children among MIS-C cases
Percentage of Hispanic children in the general paediatric population
Percentage of Hispanic children among hospitalized paediatric
COVID-19 cases
Percentage of Hispanic children among MIS-C cases
Percentage of White children in the general paediatric population
Percentage of White children among hospitalized paediatric COVID-19
cases
Percentage of White children among MIS-C cases

Lee et al. (14)
(US)a

% Composition
Feldstein et al. (15)
(US)b

Swann et al. (16)
(UK)

(n=182)

(n=421)

(n=651)

22.2%

N/A

N/A

19.9%

21.5%

7.4%

34.4%
35.6%

32.3%
N/A

17.3%
N/A

40.0%

45.4%

N/A

29.8%
26.1%

35.8%
N/A

N/A
N/A

13.8%

18.4%

51.2%

12.8%

11.7%

30.8%

Abbreviations: COVID-19, coronavirus disease 2019; MIS-C, multisystem inflammatory syndrome in children; UK, United Kingdom; US, United States
a
New York, New York
b
31 states across US
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The most commonly reported comorbidities in the articles of
children with MIS-C were asthma and obesity. However, one
article found that MIS-C patients were more likely to have no
comorbidities than acute COVID-19 patients (15), while a second
found that MIS-C patients are slightly more likely to be obese
than those in the general population (17). Overall, the evidence
on comorbidities in MIS-C patients is relatively underdeveloped.

Figure 6: Percent of cases of multisystem inflammatory
syndrome in paediatrics patients that were intubated in
cohort articles where the study design did not require
ICU/PICU admission (n=45)
10

Number of articles

underrepresented among MIS-C cases when compared to those
hospitalized with COVID-19 (14,15). There is also some evidence
that White children are underrepresented among MIS-C cases
when compared to those hospitalized with COVID-19 (15,16).

8
6
4
2
0

Outcomes

0%

A large proportion of MIS-C patients (generally more than
half) were admitted to an intensive care unit (ICU) or pediatric
intensive care unit (PICU). In articles where ICU/PICU admission
was not required as part of the study design, 56 cohort articles
reported 62% of patients were admitted to ICU (Figure 5), while
80 case reports stated 78% of patients were admitted to ICU.

Figure 5: Percent of cases of multisystem inflammatory
syndrome in paediatric patients admitted to ICU/PICU
in cohort articles where ICU/PICU admission was not
required by the study design (n=56)

Number of articles

16
14
12
10
8
6
4

1%–9% 10%–19% 20%–29% 30%–39% 40%–49%

≥50%

Percentage of patients intubated
(ICU/PICU not required by study)
Abbreviations: ICU, intensive care unit; PICU, paediatric intensive care unit

Discussion
There is a growing body of evidence outlining the
epidemiological characteristics of MIS-C patients. It is clear that
MIS-C affects children of all ages, with median age reported
between seven and 10 years in 70% of articles. There seems to
be proportionally fewer cases reported in children and young
adults 16 years and older relative to rates of COVID-19 infection
in these groups, but this may be due to many of the articles
being based on work in paediatric hospitals. When compared
with rates of COVID-19 cases, older teenagers and young adults
in the US are more likely to be infected (or tested and identified
as cases) than children, contrary to what has been reported
about MIS-C rates so far (18).

2
0

<30%

30%–39% 40%–49% 50%–59% 60%–69% 70%–79%

≥80%

Percent of patients admitted to the ICU/PICU
Abbreviations: ICU, intensive care unit; PICU, paediatric intensive care unit

In addition, approximately one in five MIS-C patients required
intubation. In articles where ICU admission was not required
as part of the study design, 45 cohort articles reported 22% of
patients were intubated (Figure 6). In addition, in 14 cohort
studies that did require ICU/PICU admission, 32% of patients
were intubated. Finally, 76 case reports stated 34% of patients
required intubation.
Generally, approximately 2% of MIS-C patients died. In 72
cohort articles that reported on outcomes, 2.0% of all patients
died (n=78/3,977 cases), although 48 of 72 articles reported no
deaths at all. In 88 case reports, 6.4% of all patients died. The
case reports tend to highlight unique or more serious cases,
which may explain why the overall mortality rate in these articles
was much higher than in the cohort articles.

The overrepresentation of male MIS-C cases is not seen in
the rates of COVID-19 in children. In the US, male and female
children are affected by COVID-19 roughly equally, with slightly
higher rates in girls (18). However, the slight overrepresentation
of male children is also seen in Kawasaki Disease, a closely
related condition that has a better-developed body of
evidence available. There is some suggestion that the male
overrepresentation is due to genetic factors in Kawasaki Disease
(19), which could be explored further to determine if this is also
the case for MIS-C.
In regard to race and ethnicity, it is well established that racial
and ethnic minority groups are disproportionately burdened by
COVID-19 cases because of sociodemographic and other related
factors (11–13). There is some evidence that Black and Hispanic
children are disproportionately affected by MIS-C as well. The
evidence presented here is from only two US and one UK study,
and further studies are needed to verify these observations.
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There is some evidence from studies on Kawasaki Disease that
suggest genetic factors might play a role, with certain Asian
groups being overrepresented amongst Kawasaki cases (20).
Exploration of similar mechanisms in MIS-C would provide
further insight.
In addition, comorbidities were inconsistently reported and are
interrelated with other epidemiological factors, such as race
and ethnicity. It is thus less clear how obesity, asthma and other
comorbidities contribute to the development of MIS-C.

Supplemental material
Summary of evidence on multisystem inflammatory syndrome in
children (n=195)
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Appendix A: Definitions of multisystem inflammatory syndrome in children
The definition of multisystem inflammatory syndrome (MIS-C)
published by the World Health Organization (3) states:
•
Children and adolescents 0–19 years of age with fever for
more than three days
AND
•
Two of the following:
o Rash or bilateral non-purulent conjunctivitis or mucocutaneous inflammation signs (oral, hands or feet)
o Hypotension or shock
o Features of myocardial dysfunction, pericarditis, valvulitis,
or coronary abnormalities (including ECHO findings or
elevated Troponin/NT-proBNP)
o Evidence of coagulopathy (by PT, PTT, elevated
d-Dimers)
o Acute gastrointestinal problems (diarrhoea, vomiting, or
abdominal pain)
AND
•
Elevated markers of inflammation such as erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), or
procalcitonin
AND
•
No other obvious microbial cause of inflammation, including
bacterial sepsis, staphylococcal or streptococcal shock
syndromes
AND
•
Evidence of the coronavirus disease 2019 (COVID-19)
(reverse transcription polymerase chain reaction (RT-PCR),
antigen test or serology positive), or likely contact with
patients with COVID-19
The case definition of MIS-C published by the United States
Centers for Disease Control (4) states:
•
An individual aged younger than 21 years presenting with
fever (greater than 38.0°C for greater than or equal to 24
hours, or report of subjective fever lasting greater than or
equal to 24 hours), laboratory evidence of inflammation, and
evidence of clinically severe illness requiring hospitalization,
with multisystem (more than two) organ involvement
(cardiac, renal, respiratory, hematologic, gastrointestinal,
dermatologic or neurological)
AND
•
No alternative plausible diagnoses
AND
•
Positive for current or recent severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection by RT-PCR,
serology, or antigen test; or exposure to a suspected or
confirmed COVID-19 case within the four weeks prior to the
onset of symptoms
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The definition of pediatric inflammatory multisystem syndrome
(PIMS) released by the United Kingdome Royal College of
Paediatrics and Child Health (RCPCH) (5) states:
•
A child presenting with persistent fever, inflammation
(neutrophilia, elevated CRP and lymphopenia) and evidence
of single or multi-organ dysfunction (shock, cardiac,
respiratory, renal, gastrointestinal or neurological disorder)
with additional features. This may include children fulfilling
full or partial criteria for Kawasaki disease
AND
•
Exclusion of any other microbial cause, including bacterial
sepsis, staphylococcal or streptococcal shock syndromes,
infections associated with myocarditis such as enterovirus
(waiting for results of these investigations should not delay
seeking expert advice)
AND
•
SARS-CoV-2 PCR testing may be positive or negative
The definition of PIMS released by the Canadian Paediatric
Society (6,7) states:
•
Persistent fever (higher than 38.0°C for three or more days)
and elevated inflammatory markers (CRP, ESR, or ferritin)
AND one of both of the following:
•
Features of Kawasaki disease (complete or incomplete)
•
Toxic shock syndrome (typical or atypical)
AND
•
No alternative etiology to explain the clinical presentation
AND
•
Patients need not have positive SARS-CoV-2 status for
consideration
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Abstract
Governments worldwide are looking for ways to safely enable international travel while
mitigating the spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and
the associated coronavirus disease 2019 (COVID-19). However, few data describe the impact of
vaccination on importation of COVID-19. We took advantage of the sequential introduction of
two government policies in Canada to evaluate the real-world evidence of vaccine effectiveness
among 30,361 international travellers arriving by air in Alberta, Canada. The proportion of
COVID-19-positive results for travellers who were either fully vaccinated or partially vaccinated
was 0.02% (95% CI: 0.00–0.10) (i.e. one positive case among 5,817 travellers). In contrast,
1.42% (95% CI: 1.27–1.58) of unvaccinated travellers tested positive for SARS-CoV-2 (341
cases among 24,034 travellers). These findings suggest that COVID-19 vaccinations approved
in Canada, substantially reduced the risk of travel-related importation of COVID-19 when
combined with other public health measures. The low absolute rate of infection among fully
vaccinated or partially vaccinated international travellers may inform quarantine requirements in
this population.
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Introduction
Governments worldwide are looking for ways to safely enable
international travel while mitigating the spread of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), and the
associated coronavirus disease 2019 (COVID-19). Vaccination
campaigns are well underway in many high-income countries,
and accumulating evidence suggests that vaccinated people
are less likely to become infected. Few data describe the
impact of vaccination on importation of COVID-19, a potentially
useful indicator to inform border policy. Using data from two
government-sponsored border testing programs, we provide
real-world evidence on vaccine effectiveness among 30,361
international travellers arriving by air at the Calgary International
Airport.

Current situation
In March 2020, the Canadian federal government closed
borders to everyone except people meeting certain criteria (1).
Of those allowed to cross the border, one group was termed
“exempt travellers”, and included members of flight crews, those
transporting goods across the Canada-United States border,
and others providing certain essential services. The remainder
of those allowed to cross the border were termed “non-exempt

travellers”, including Canadian citizens; permanent residents; the
immediate families of citizens/permanent residents; and others
with a specific reason for travel, such as family reunification.
The Calgary International Airport was one of four airports that
remained open to flights from outside of Canada, the United
States and the Caribbean, along with airports in Montréal,
Toronto and Vancouver.
Data from January 6, 2021 to February 21, 2021 were obtained
from non-exempt travellers who were eligible to enter Canada,
arrived by air, and participated in the voluntary Alberta Border
Testing Pilot Program (ABTPP) (2). The ABTPP was suspended
at 11:59 p.m. EST on February 21, 2021 and all international
travellers arriving in Alberta by air thereafter were subject to
a mandatory border entry procedure (3). We report here on
travellers from both the ABTPP and the mandatory program
from January 6, 2021 to May 23, 2021.These travellers are called
thereafter the `participants`.
All travellers in the current report were required to present
proof of a negative molecular test for SARS-CoV-2 (e.g.
Polymerase chain reaction (PCR), Nucleic acid test (NAT),
Reverse transcription loop-mediated isothermal amplification
(RT-LAMP), etc.), done fewer than 72 hours before the scheduled
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Conclusion

departure to Canada (4), and to undergo molecular testing
again 7–8 days after arrival. Full-vaccination status was defined
by self-reported receipt of two doses of a COVID-19 vaccine
approved in Canada (5) at least 14 days prior to arrival date.
Partial vaccination was defined by self-reported receipt of one
Canadian-approved COVID-19 vaccine dose prior to arrival date
or two Canadian-approved COVID-19 vaccine doses less than
14 days prior to arrival date. Recipients of a single-dose vaccine
were considered partially vaccinated. Those with no self-reported
vaccination status were linked, where possible, to the provincial
vaccination registry to determine their status at time of arrival
date. Most of the international travellers were Alberta residents
returning from abroad and provided a provincial healthcare
number.

These findings suggest that Canadian-approved COVID-19
vaccinations substantially reduce the risk of travel-related
importation of COVID-19 when combined with other public
health measures. The low absolute rate of infection among
vaccinated or partially vaccinated non-exempt travellers may
inform quarantine requirements in this population. However,
recognizing the timeframe of this report, future work should
investigate whether the effectiveness of vaccinations in
mitigating case importation among international travellers has
changed following the recent increase in variants of concern
(particularly the Delta variant).
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Table 1: COVID-19 test results among non-exempt international travellers arriving in Alberta by air between
January 6, 2021 and May 23, 2021
Test
results
Positive

a

Negative
No test
Total

Vaccinated
n

%

Partially vaccinated

95% CI

n

%

95% CI

Unvaccinated
n

%

95% CI

n

%

95% CI

Total
n

%

95% CI

1

0.02

0.00–0.13

0

0.00

0.00–0.23

341

1.42

1.27–1.58

0

0.00

0.00–7.11

342

1.14

1.03–1.27

4,224

99.98

–

1,592

100

–

23,693

98.58

–

50

100

–

29,559

98.85

–

2

–

–

3

–

–

455

–

–

0

–

–

460

–

–

4,227

13.92

–

1,595

5.25

–

24,489

80.66

–

50

0.16

–

30,361

100

–

Abbreviations: CI, confidence interval; –, not reported
a
Proportion of positive results for participants who were either vaccinated or partially vaccinated was 0.02% (0.00%, 0.10%)
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Introduction

Affiliations

Elimination, in the context of measles, rubella and congenital rubella syndrome (CRS), refers to the
absence of endemic measles/rubella virus transmission in a region or other defined geographic area
for at least 12 months, in the presence of a high-quality surveillance system that meets targets of
key performance indicators. In 1994, Canada and other countries of the World Health Organization
(WHO) region of the Americas committed to the objectives of measles elimination by 2000 and
rubella and CRS by 2010. Canada met these targets: eliminating measles transmission in 1998;
rubella transmission in 2005; and endemically-acquired CRS in 2000. The WHO region of Americas
was declared free of endemic rubella/CRS in 2015 and endemic measles in 2016.
At the request of the Pan American Health Organization (PAHO), Canada’s elimination status
of measles, rubella and CRS was verified in 2012 and again in 2017. Prior to submission to
PAHO, the verification reports were reviewed, approved and endorsed by Canada’s National
Certification Committee (NCC). The NCC is a group of experts who are not directly involved with
the management of vaccine preventable diseases or immunization program implementation at the
national level, but who have the expertise to assist in ensuring that Canada is meeting PAHO’S
goals of elimination and eradication. Members are responsible for reviewing Canada’s current
mechanisms of surveillance and progress towards elimination of targeted vaccine preventable
diseases in Canada. Members have expertise in the fields of public health, infectious diseases
and/or laboratory sciences.

Current situation
In early January 2021, Canada received notification from PAHO
requesting a country report presenting updated data analyses
related to the sustainability of measles, rubella and CRS
elimination for the 2016–2020 period. A template was provided
by PAHO using a set of indicators and questions related to five
main areas: epidemiology of the diseases; quality of surveillance;
laboratory surveillance; analysis of cohort population including
vaccine coverage; and sustainability.
In the scope of this request, the NCC was called upon to review
the report entitled Re-verification of the Elimination of Measles,
Rubella and Congenital Rubella Syndrome (CRS) Elimination,
2016-2020 (1). Specifically, the NCC reviewed the evidence and
determined whether the collation of the evidence answered the
following questions:
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Had Canada sustained the elimination of measles, rubella
and CRS since the Region of the Americas was declared a
region free of these diseases in 2016 and 2015, respectively?
Is Canada ready to apply for re-verification of the elimination
of measles and/or rubella if it has established that there had
been endemic transmission of any of these two diseases?

The report was prepared by the Centre for Immunization and
Respiratory Infectious Diseases and the National Microbiology
Laboratory, with contributions from the COVID-19 Immunization
Readiness Centre (COVID-19; coronavirus disease 2019) and
the Centre for COVID-19 Vaccine Surveillance within the Public
Health Agency of Canada. The report and supporting documents
were approved by the Minister of Health of Canada in early
May and then endorsed by the NCC. Canada submitted the
NCC‑endorsed report, along with supporting documents, to
PAHO on June 14, 2021 as requested.
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Results
Between 2016 and 2020, 199 cases of measles, two cases
of rubella and one case of CRS were reported in Canada
(Table 1). The range in measles cases reported annually was
one to 113, with only one case reported in 2020—prior to the
start of the COVID-19 pandemic. Slightly more females than
males were affected by measles (n=111/199). Among cases
where vaccination status was available, 53% were unvaccinated
compared with 46% of cases who were up-to-date on
vaccination. Among the reported measles cases, 80 (40%) were
imported. Nineteen measles outbreaks were reported. The
median age of measles outbreak cases was 17 years old (range
0–58 years). The majority of index cases (n=17) reported travel
outside of Canada during their incubation period. The other
two index cases included one case who did not travel outside
Canada but was potentially exposed to an international case
at a Canadian port and one case who did not report any travel
outside Canada or exposure to a traveller. Measles strains of
genotypes B3 and D8 were detected in Canada between 2016
and 2020 with the genotype D8 named strain MVs/Gir Somnath.
IND/42.16/ reported throughout 2019.

Table 1: Pan American Health Organization essential
criteria for the verification of the elimination of measles
Criteriona

Indicator

Description

Verify the
interruption
of endemic
measles cases
for a period of
at least three
years from the
last known
endemic case,
in the presence
of high-quality
surveillance

Zero cases
of endemic
transmission

A total of 199 cases of measles, two
cases of rubella and one case of CRS
were reported between 2016 and
2020. The following is a breakdown
of measles cases by source of
transmission:

Maintain
high-quality
surveillance
sensitive enough
to detect
imported and
import-related
cases

More than
two suspect
cases per
100,000
population
adequately

Canada does not investigate on
suspected cases of measles, rubella
or CRS. The criterion is met for
laboratory-confirmed cases.

Verify the
absence of
endemic
measles virus
strains through
viral surveillance

Measles
genotype
assessed
in 80% of
outbreaks

100% (n=20/20) of measles
outbreaks had a genotype and
lineage identified.

Outside Canada: n=80
Within Canada: n=94
Within Canada, linked to case/chain
of unknown origin: n=11

Table 1: Pan American Health Organization essential
criteria for the verification of the elimination of measles
(continued)
Criteriona
Verify adequate
immunization in
the population

Indicator
95% of
population
cohorts
aged 1–40
years have
received a
measlescontaining
vaccine

Description
Canada currently measures
(biennially) measles vaccination
coverage rates at two and seven
years of age, and therefore
is unable to assess measles
vaccination coverage for all ages
1–40 years. The 2019 childhood
National Immunization Coverage
Survey estimated first dose
measles‑containing vaccine
coverage in two-year-olds to
be 90%.

Abbreviation: CRS, congenital rubella syndrome
a
Data from Pan American Health Organization (2)

Conclusion
The epidemiological and virological evidence presented in the
report support that Canada has sustained the elimination of
measles, rubella and CRS since the WHO region of the Americas
was declared a region free of these diseases in 2016 and 2015,
respectively. Despite eliminating measles, rubella and CRS,
cases and outbreaks were reported in Canada in the last five
years. This is expected to continue until circulation of these
viruses is eliminated in all World Health Organization regions.
Canadians travelling abroad should continue to ensure they are
up-to date on their vaccinations for measles and rubella. Health
professionals should remain alert to symptoms of measles and
rubella, especially as international travel restrictions related to
COVID-19 begin to ease. Canada remains committed to measles
and rubella elimination; therefore, continued epidemiological
surveillance, including laboratory testing on suspected cases of
measles and rubella, is essential.

Unknown source: n=14

No outbreaks of rubella occurred
although two sporadic cases
occurred with genotype information
for one.
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Abstract
Background: The tuberculosis (TB) incidence rate for northern Saskatchewan First Nations
on‑reserve is 1.5 higher than the national average. In December 2018 a member of one of these
communities was diagnosed with 4+ smear-positive TB, spurring an outbreak investigation.
Objectives: To describe the public health response to TB outbreak investigation and highlight
the risk factors associated with TB transmission in northern Saskatchewan; and to highlight the
relevance of social network contact investigation tool in outbreak management.
Methods: Descriptive analysis included active TB cases and latent TB infection (LTBI) cases
linked by contact investigation to the index case. Data were collected from active TB case files.
Statistical analyses were performed and social network analysis conducted using household
locations as points of contact between cases.
Results: A total of eight active TB cases and 41 LTBI cases were identified as part of the
outbreak between December 2018 and May 2019. Half of the cases (4/8) were 25 to 34 years
old, and five were smear negative. One-third of the people with LTBI were 15 to 24 years old,
and about a half tested positive to the new tuberculin skin test (TST). The commonly reported
risk factors for TB and LTBI cases were alcohol use, cigarette use, marijuana use, previous TB
infection and homelessness. Social network analysis indicated a relationship between increased
node centrality and becoming an active case.
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Conclusion: Real-time social network contact investigation used in active-case finding was very
successful in identifying cases, and enhanced nursing support, mobile clinics and mobile X-ray
worked well as a means of confirming cases and offering treatment. TB outbreaks in northern
Saskatchewan First Nations on-reserve communities are facilitated by population-specific
factors. Efforts to implement context-specific interventions are paramount in managing TB
outbreaks and preventing future transmission.
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Introduction
Worldwide, tuberculosis (TB) is a major health problem with
approximately 10 million people diagnosed in 2017 alone (1). In
response, the World Health Organization (WHO) has outlined a
collaborative global effort to reduce TB incidence to less than
10 cases per 100,000 by 2035 (2). Incidence rates in Canada
have remained relatively stable over the last decade, with
1,737 new cases of active TB reported in 2016 (3), equating to

an incidence rate of 4.8 per 100,000. However, the national rate
does not accurately represent certain subsets of the Canadian
population (2,3).
TB incidence rates in Saskatchewan are continually above the
national average, at 7.9 active TB cases per 100,000 in 2016 (4).
The same year there were 91 active cases of TB in Saskatchewan;
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39 (43%) were in northern Saskatchewan, despite that only
3.6% of the province’s population lives in this region (4,5). Of
the 39 cases in northern Saskatchewan, 31 were on-reserve First
Nations; this equates to an incidence rate of 87.1 per 100,000 in
this population (4,6).
In Saskatchewan, all cases of active TB are reported by
the local health authority to TB Prevention and Control
Saskatchewan (TBPCS). Following diagnosis of active TB, contact
tracing investigations are initiated to identify anyone who
has been exposed for assessment and follow-up. Most of the
northern Saskatchewan First Nations on-reserve population are
managed by the Northern Inter-Tribal Health Authority (NITHA),
who works with TBPCS as well as with the First Nations and Inuit
Health Branch, Indigenous Services Canada.
In December 2018, a member of a NITHA community was
diagnosed with 4+ smear-positive TB after being admitted to the
hospital with severe complications related to TB. This person had
been symptomatic for approximately eight months. Upon further
investigation, it was found that they had been diagnosed with
latent TB infection (LTBI) during a prior TB outbreak but had not
completed treatment. It was concluded that this was a case of
reactivation, not ongoing transmission, and could be considered
to be an index case. The NITHA TB nurses immediately initiated
contact tracing and social network contact investigation to
identify exposed people. As of June 2019, an additional seven
active TB cases and 41 LTBI cases with links to the index case had
been diagnosed, prompting an outbreak investigation.

performed); and potential exposure to an active TB case from
the outbreak.

Data collection
We extracted data from case files completed by TB nurses during
case and contact investigations and follow-up assessments. The
information in the case files included data on sociodemographic
variables, clinical characteristics, risk factors, social networks and
public health interventions.
Sociodemographic variables included age and sex, while the
clinical characteristics included site of infection, sputum smear
status, TST status and treatment status. Risk factors included
cigarette use, alcohol use, marijuana use, homelessness and
comorbidities. Social network data comprised the connections
between active TB cases, LTBI cases and exposed households.
We assessed public health interventions using data on case
detection methods, numbers of individuals assessed, cases
started on treatment and healthcare access.

Data analysis
Descriptive analysis of the outbreak cases was performed using
statistical package R version 3.4.3 (R Foundation for Statistical
Computing, Vienna, Austria), and the epidemic curve was
created in Excel version 2019 (Microsoft Corp., Redmond,
Washington, United States). Active TB cases and LTBI cases
were separated for the purposes of the analysis. The cases were
described using proportions for each of the sociodemographic,
clinical and risk factor variables assessed.

The objective of this report is to describe the sociodemographic
and clinical characteristics of the outbreak cases as well as
their risk factors and social network. The report also intends
to highlight the integral public health interventions that
helped mitigate the magnitude of this outbreak in a northern
Saskatchewan First Nations on-reserve community.

Social network analysis was conducted using the software
program Gephi version 0.9.2 (Gephi Consortium, Compiegne,
France). All people with active TB and LTBI were linked to the
households they were known to visit, stay with or live with during
the periods of infectivity. Averages on the number of edges for
households and cases were also calculated.

Methods

Interventions were assessed using basic descriptive statistics
of relevant indicators, which included both proportions and
averages calculated in statistical package R.

Case identification
Both active and latent TB cases were included in this analysis.
Cases were considered active if TB was confirmed clinically
or in a laboratory or if the person had been potentially
exposed to someone else with active TB, as identified through
contact investigations. Laboratory confirmation required
a culture, from sputum, body fluid or tissue that contains
Mycobacterium tuberculosis complex. Clinical diagnosis includes
a chest radiograph showing pulmonary changes indicative of TB,
or histopathologic evidence of active TB, or response to anti-TB
treatment, or active non-respiratory TB symptoms.
LTBI cases met the following requirements: a tuberculin skin
test (TST) that confirms the presence of M. tuberculosis; no
evidence of clinically active disease; no radiographic changes
suggestive of active disease; negative microbiologic tests (if
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Results
Eight active TB cases and 41 LTBI cases diagnosed between
December 2018 and May 2019 met the inclusion criteria for
the outbreak. The epidemic curve illustrates the amplification
in cases following the diagnosis of the index case with a 4+
smear‑positive TB infection on December 13, 2018 (Figure 1).
All 8 active TB cases had been diagnosed by March 2019, while
the number of LTBI cases diagnosed increased steadily to a peak
of 15 cases in March and then declined noticeably.

EPIDEMIOLOGIC STUDIES
Figure 1: Epidemic curve of a tuberculosis outbreak
in a northern Saskatchewan First Nations on-reserve
community, between December 2018 and May 2019

Table 1: Sociodemographic and clinical characteristics
of community members with active TB and LTBI in the
December 2018 to May 2019 outbreak (continued)

18

Variables

16

Number

Number of cases

14
12

Site of infection

10

15
LTBI case

8

2
0

Ac�ve TB case

10

6
4

Cases with
active TB (n=8)

3

2
Dec

3
Jan

2

1
Feb

Mar

3
Apr

May

Abbreviations: LTBI, latent tuberculosis infection; TB, tuberculosis

Sociodemographic and clinical characteristics
Six of the eight people with active TB were male, and four were
25 to 34 years old (Table 1). Six were new TST positive test
performed for the first time had a positive result, and only two
were diagnosed with 4+ smear-positive TB. Six were diagnosed
with pulmonary TB; two had TB lymphadenitis. All started the
prescribed treatment.

Number
Sex

Age group

TST statusb

%a

N/A

N/A

Lymphatic
Yes

2

25

N/A

N/A

8

100

31

76

No/declined

0

0

7

17

Risk factor analysis
People with active TB had a high prevalence of risk factors; five
used cigarettes and alcohol and four used marijuana (Table 2).
Two of those who did not use any substances were less than
15 years old. Two were experiencing homelessness; of note, one
was the index case. Only two had had previous TB infection.

Table 1: Sociodemographic and clinical characteristics
of community members with active TB and LTBI in the
December 2018 to May 2019 outbreak
Cases with
active TB (n=8)

75

Equal portions of the people with LTBI were males (20/41; 49%)
and females (21/41; 51%). The majority were 15 to 24 years
old (14/41; 34%), and slightly over half were new TST positive
(23/41; 56%). Only a few (7/41; 17%) declined treatment,
on the recommendation of physicians, because of potential
complications with other medications or pregnancy.

Month

Variables

6

Abbreviations: LTBI, latent tuberculosis infection; N/A, not applicable; TB, tuberculosis;
TST, tuberculin skin test
a
Totals may not equal 100% due to rounding to the nearest whole number
b
“New TST positive” refers to a person testing positive for a TST test for the first time; “past TST
positive” refers to a person testing positive after previous positive TST tests

8

2

Treatment

Pulmonary

%a

Cases with
LTBI (n=41)
a
Number %

Table 2: Risk factors of community members with
active TB and LTBI in the December 2018 to May 2019
outbreak

Cases with
LTBI (n=41)
a
Number %

Variables

Male

6

75

20

49

Female

2

25

21

51

<5

1

13

2

5

5–14

1

13

5

15–24

2

25

25–34

4

35–44

0

45–54

Cases with
active TB (n=8)

Cases with LTBI
(n=41)

Numbera

Numbera

%b

%b

Yes

2

25

4

10

No

6

75

37

90

12

Diabetes

0

0

1

2

14

34

50

8

20

2

25

16

39

0

5

12

Previous
TB
infection

0

0

4

10

Both

0

0

2

5

55–64

0

0

1

2

None

6

75

21

51

65+

0

0

2

5

Yes

5

63

24

58

New TST positive

6

75

23

56

No

3

38

16

39

Past TST positive

2

25

18

44

Yes

5

63

23

56

2

25

0

0

No

3

38

17

41

Yes

4

50

16

39

5

63

0

0

No

4

50

24

59

Smear positive,
culture positive
Smear negative,
Bacteriological culture positive
status
Smear negative,
culture negative
No bacteriological
confirmation

0

0

34

83

1

13

7

17

Experiencing
homelessness

Comorbidity

Cigarette use
Alcohol use
Marijuana use

Abbreviations: LTBI, latent tuberculosis infection; TB, tuberculosis
a
Case counts may not add up to the total due to missing values
b
May not add up to 100% due to rounding to the nearest whole number
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Figure 2: Social network analysis of a tuberculosis
outbreak in a northern Saskatchewan First Nations
on-reserve community

People with LTBI had prevalence of risk factors similar to
the active cases, with more than half (23/41) reporting using
cigarettes and alcohol. Over one-third (16/41; 39%) reported
using marijuana, and four were experiencing homelessness
(10%). Two (5%) had had prior TB infection and diabetes; 16
(39%) had been previously diagnosed with a TB infection.

Household
Active smear + case
Active smear – case
Other active case a
LTBI case

Social network analysis
Social network contact investigation successfully identified 39
(80%) of the 49 people with TB and LTBI (Table 3). The social
network includes 62 nodes altogether: 13 exposed households
(21%) and 49 cases (79%). There were an average of 9.4 edges
per household and 2.5 edges per case.

Table 3: General characteristics of the social network of
people with active TB and LTBI in the December 2018
to May 2019 outbreak
Variables
Method of
detection of
cases
Nodes
Edges

Case count
n

H2

H11

H1

%

Symptoms

1

2

Traditional contact investigation

9

18

Social network contact investigation

39

80

Households

13

21

Cases

49

79

Total

122

100

Abbreviations: LTBI, latent tuberculosis infection; TB, tuberculosis

The social network map (Figure 2) illustrates the many potential
TB transmission pathways. The person identified as the index
case, who was experiencing homelessness, was highly transient
and central to the network, exposing nine different households.
Of note, active TB cases have higher connectivity in the
network than LTBI cases, with an average of 4.3 edges per node
compared to 2.1 edges per node for LTBI cases.
Certain network households appear to be key points of exposure
and transmission from the index case, as Household 1 had
connections to four secondary active TB cases and 14 LTBI
cases; Household 1 was frequented by people experiencing
homelessness and young families. In addition, Households 2,
3, 6, 9 and 10 are each connected to over 10 people within
the network; together they have an average of 13.4 connected
cases. These households are known to be key gathering points in
the social network, serving as places for socialization, partying or
card playing.

Public health interventions
Real-time social network contact investigation was used for the
first time in a NITHA community to enhance case finding. In
total, 136 individuals were involved in this outbreak investigation;
109 (80%) were identified through social network contact
investigation while 26 (20%) were found during routine contact
tracing interviews.
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Abbreviations: H#, household number; #, case number in order of diagnosis;
LTBI, latent tuberculosis infection
a
Refers to an active case that has not been bacteriologically confirmed
Note: Node sizes reflect the centrality of the node; edge thickness reflects level of infectivity of
a case

Integral to the management of the outbreak was follow-up, with
TB nurses and TB physicians completing TSTs, symptom inquiries
and clinical assessments. A total of 135 contacts were identified
over a five-month period. In response to the influx of individuals,
NITHA began sending two nurses per community visit, instead
of one, until the community hired two part-time TB nurses to
support management efforts. Mobile clinics were increased
from every two months to monthly to decrease wait times for
physician and mobile X-ray assessments.
Seven people (14%) declined treatment due to pregnancy or
potential interactions with other medications. For the individuals
who accepted treatment, the current practice in NITHA
communities was to provide directly observed therapy (DOT)
to improve medication adherence. As a result, it was decided
to hire one additional full-time TB community worker and one
part‑time TB community worker to allow all of the new cases to
begin treatment upon diagnosis.
In addition, TBPCS required that all children younger than five
years old who were identified as potentially exposed be placed
on window period prophylaxis (WPP) within two weeks of
identification. In this outbreak 22 children in this age group were
placed on WPP in this time-frame until final diagnosis.
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Discussion
The findings from this outbreak highlighted the important factors
related to TB transmission in a northern Saskatchewan First
Nations on-reserve community. Of note, the outbreak cases were
primarily young adults and most had a new TST positive result.
Pulmonary infections were the most common manifestation
of active TB, and the majority of cases were smear negative.
Outbreak cases had a high prevalence of known risk factors, such
as cigarette, alcohol and marijuana use. An important finding
was the impact of homelessness on the outbreak, as six outbreak
cases identified as being homeless, including the index case.
Social network analysis showed the complexity of the social
networks and the importance of shared locations in a northern
Saskatchewan First Nations on-reserve community. The high
average number of households visited per case indicated the
nature of transiency and pronounced socialization behaviour.
In addition, there appeared to be a correlation between the
level of connectivity to exposed households and having active
TB or LTBI. Social network analysis also revealed the substantial
amount of transmission between the index case and others.
The findings from this outbreak reflect current understanding
of TB epidemiology in First Nations populations with regard
to age, sex and location of disease (7); however, the rates of
smear-positivity among active outbreak cases were much lower
than expected. This low rate of smear-positivity likely reflects the
enhanced case-finding, which facilitated earlier diagnosis.
The high prevalence of known risk factors among individuals
identified as having active TB and LTBI in this outbreak may help
explain its size and intensity. Substance use is known to suppress
the immune system, increasing the likelihood of acquiring
TB infection and progression to active TB disease (7–10). In
addition, homelessness can be a critical factor in some TB
outbreaks, as people experiencing housing insecurity are known
to have multiple challenges, including access to health care and
managing competing priorities that can hinder health-seeking
behaviours (11–13). Investigations in this outbreak found that the
index case had challenges accessing health care as a result of
homelessness. The individual couch-surfed in several households,
which lead to disease transmission or potential transmission to a
number of people who lived or socialized there.
Despite the high rate of diabetes in First Nations populations
and the associated increased risk of TB infection, its impact on
the outbreak was minimal (7,14). Moreover, although prior TB
infection is considered to reduce the likelihood of reacquiring
TB (7,15), in the context of this outbreak, most past-positive
individuals were considerably exposed and therefore required
reassessment.
Results from the social network analysis echoed other findings,
including the relationship between increased TB exposure
and the likelihood of TB transmission and progression (7,13).

Furthermore, the importance of location of households as it
relates to transmission in an on-reserve setting was emphasized
in this outbreak, providing further support to previous findings
(13,16).
The implementation of social network contact investigation
proved highly successful as it identified the majority of exposed
individuals. Our results reflect the current understanding that
social network contact investigation is a proven tool in settings
where social stigma, high transiency, high degree of socialization
and/or large numbers of exposed contacts exist (7,13,16). In
contrast, traditional methods of contact investigation proved to
be poor at identifying exposed individuals.
Despite the large influx of individuals, follow-up and treatment
were major strengths during this outbreak. Understaffing and
difficulty accessing health care is a common challenge on remote
First Nations reserves (7,17); however, community capacity
was increased following the start of the outbreak. Outbreak
management efforts were also able to meet key management
indicators outlined in the TB standards; these included all
LTBI cases starting or being offered treatment and contact
investigations being conducted within seven calendar days and
contact follow-ups within 28 calendar days (7). Furthermore,
all eligible LTBI cases accepted and were placed on treatment
immediately following diagnosis, which is well above the current
recommendation of 80% (7,18). Individuals in the community
received DOT, a typical mode of treatment in challenging
populations (7,19) The guideline on window prophylaxis, as
outlined in the TB standards, was also followed exhaustively with
all children younger than five years old (7).

Conclusion
TB outbreak interventions in unique populations, such as First
Nations reserves, must consider context-specific challenges
prior to their implementation, for example, population-specific
demographics and risk factors of TB transmission. The high level
of transiency between households in First Nations communities is
an important factor to consider when conducting case findings,
especially with people experiencing homelessness. Proactively
tailoring management initiatives allows for greater outbreak
management success and ultimately outbreak prevention in
the future. Real-time social network contact investigation is an
essential tool to enhance active case finding during outbreak
investigation.
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An outbreak of COVID-19 associated with a
fitness centre in Saskatchewan: Lessons for
prevention
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Abstract

This work is licensed under a Creative
Commons Attribution 4.0 International
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Background: An outbreak of the coronavirus disease 2019 (COVID-19) occurred in
Saskatchewan from September 12 to October 20, 2020. The index event, attendance at a
local gym, seeded six additional clusters/outbreaks in multiple settings. These included a high
school, a hospital, three workplaces (A, B and C) and several households. The overall cluster
comprised 63 cases, 27 gym members and an additional 36 second, third and fourth generation
cases.
Methods: All outbreak-related, laboratory-confirmed cases of COVID-19 were included in
the analysis. Local public health authorities interviewed all cases and contacts and conducted
environmental investigations of the fitness facility. We used descriptive epidemiological
methods to understand transmission dynamics of the gym-associated cluster using case
investigation, contact investigation and laboratory data, including whole genome sequencing.
Results: Sequencing data confirmed the unique lineage of cluster-related cases
(n=32 sequenced; severe acute respiratory syndrome coronavirus 2 [SARS-CoV-2]
lineage B.1.1.72). In addition to gym attendance, infectious cases attended high school
and were involved in other activities. Despite ongoing transmission in the fitness facility, no
secondary cases were identified in the high school where four student belonging to the cluster
attended class during their infectious period.
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Conclusion: We describe an outbreak of COVID-19 where the index case(s) attended a fitness
facility, and further spread occurred for 38 days despite active-case finding and isolation of
positive cases over this period. Due to gym attendance over time, short-term closing and
cleaning may not interrupt chains of transmission. Targeted, preventive public health action in
fitness facilities may be warranted. Control measures worked to limit in-school acquisition.
Suggested citation: Anderson M, Chhetri A, Halyk E, Lang A, Kryzanowski J, Minion J, Trecker M. An outbreak
of COVID-19 associated with a fitness centre in Saskatchewan: Lessons for prevention. Can Commun Dis Rep
2021;47(11):485–90. https://doi.org/10.14745/ccdr.v47i11a08
Keywords: COVID-19, SARS-CoV-2, gym, ventilation, physical distancing, cluster investigation, whole genome
sequencing, active case finding, public health

Background
In September 2020, public health officials in Saskatchewan
observed an increase in the number of laboratory-confirmed
cases of the coronavirus disease 2019 (COVID-19) in city X.
Five cases reported over a two-day period had a common
link to a local gym. The date of onset of the index case was
September 12, and an outbreak was declared on September 27.
A total of 63 outbreak-related cases were identified with dates
of onset from September 12 to October 20, 2020. Cases were

confirmed to be related through whole genome sequencing. The
majority (79.4%) of cluster-related cases were 18 to 64 years old,
and 54.0% identified as male; all cases recovered. Secondary
cases (n=23) were largely household contacts of gym goers.
Outbreaks of COVID-19 in fitness centres/gyms have occurred
in many jurisdictions throughout the pandemic. Gyms are
high-risk settings that facilitate the severe acute respiratory
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syndrome coronavirus 2 (SARS-CoV-2) transmission. Researchers
hypothesize that several risk factors contribute to viral
transmission in fitness facilities:
•
The length of time individuals typically spend in a gym
(about 50 minutes)
•
Increased respiration during physical activity
•
Viral load of infectious person
•
Facility size and ventilation
•
Increased risk associated with group exercise classes,
particularly where participants/instructors are in close
proximity and/or speak loudly over music (1–6)
Of note, analytic studies examining the risk of communityacquired SARS-CoV-2 infection and gym attendance have not
consistently pointed to an increase in disease acquisition among
gym goers. For example, a study conducted in Oslo, Norway,
randomly allocated individuals to either access to a fitness
facility or no access to a fitness facility. Test positivity rates
between the two groups after a 14-day period did not differ
substantially (zero cases in the no access; one case not acquired
in the fitness facility within the group with access) (7). Another
recent case–control study found that, even after adjusting for
potential confounding factors, attendance at a gym in the 14‑day
period prior to illness onset did not statistically significantly
differ between symptomatic individuals who tested positive for
SARS‑CoV-2 infection and individuals who tested negative (8).

We extracted laboratory data from the provincial laboratory
information system, a repository of all laboratory results.
Canada’s National Microbiology Laboratory supplied whole
genome sequencing data for all outbreak-related specimens.
We used descriptive epidemiology (counts, rates, proportions,
epidemic curve) to understand the burden and timing of disease
in the index and associated clusters and to characterize the
cases and their outcomes. We used both detailed case and
cluster investigation data to create a visual of the index cluster
and transmission to other clusters (Figure 1). Whole genome
sequencing data served to verify whether the cluster-associated
cases were related. Additional qualitative contextual information
provided by public health investigators, including public health
nurses and public health inspectors, were included in the
descriptive analysis.

Figure 1: Visualization of the index cluster and the
spread to other clusters
House

hold

HH

Public health conducts detailed work when investigating clusters
of illness in order to mitigate the spread of disease and prevent
future outbreaks. Particularly when the investigation involves
a novel pathogen associated with a worldwide pandemic,
thorough cluster investigations can serve to provide important
data for understanding the spread and risk of acquisition.
The objectives of our outbreak investigation were to identify
and isolate all SARS-CoV-2 infectious cases to prevent further
transmission and to understand the underlying conditions that
may have contributed to viral transmission at the fitness facility,
providing data for preventive action.

contact with a confirmed case in order to break subsequent
chains of transmission. In addition, all close contacts were
offered testing. A case was defined as a lab-confirmed case of
COVID-19 with symptom onset of September 12, 2020, or later,
epidemiologically linked to the fitness centre. Epi-linked cases
either attended the gym in person or identified as part of a
transmission chain linked to a gym attendee.

HH

HH

GYM

HH

patient

Workplace
C

patient
BD

Hospital

Methods

Co-worker

Workplace A

The Roy Romanow Provincial Laboratory (RRPL) uses reverse
transcription polymerase chain reaction (RT-PCR) tests to identify
the presence of SARS-CoV-2 in all submitted nasopharyngeal
specimens. Under the provincial Public Health Act, 1994, all
laboratory-confirmed cases of SARS-CoV-2 infection must be
reported to local public health authorities. Through individual
case interviews, using a standardized data collection worksheet,
local authorities collect information on case demographics,
date of symptom onset and all activities undertaken by the case
during the infectious period.
In this investigation, trained public health nurses undertook
contact-tracing interviews for all close contacts named by cases.
Cases were required to self-isolate for 14-days from date of last
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Workplace B

High School
4 student cases who
attended the gym

Abbreviation: HH, household

Results
The majority (79.4%) of the 63 cluster-related cases were 18 to
64 years old, and 54.0% were male. Just over half (57.1%) were
not fitness centre members. Secondary cases were largely
household contacts. No cases were hospitalized or died (see
Table 1 for a description of outbreak-associated cases; see
Figure 2 for an epidemic curve showing case data by date of
symptom onset).

OUTBREAK
Table 1: Descriptive epidemiology of COVID-19 cases
arising from attendance at a gym as the index exposure,
City X, Saskatchewan, September 12 to October 20,
2020 (n=63)
Variable
Age

Sex
Gym
member

Category

n
8

12.6

Adults (18–64 years)

50

79.4

Seniors (65+ years)

5

7.9

Male

34

54.0

Female

29

46.0

Yes

27

42.9

No

36

57.1

High school
Associated
cluster
settings

4

6.3

13

20.6

Workplace A

2

3.2

Workplace B

3

4.8

Hospital

Workplace C
Case type

Outcome

2

3.2

Secondary

23

36.5

Tertiary

11

17.5

Quaternary

2

3.2

Hospitalized

0

0

57

100.0

0

0

27/251

10.8

Not hospitalized, recovered
Died

Gym attack
rate

%

Children (<18 years)

Cases/all gym-members who
attended the gym in the first few
weeks of investigation (September
20–27 and October 1–3)

Figure 2: Epidemic curve of COVID-19 outbreak
associated with gym attendance, September 12 to
October 20, 2020, by date of symptom onset or
collection date (where asymptomatic) and cluster
affiliation, city X, Saskatchewan (n=63)
9
8

became ill; transmission within the facility continued for several
more weeks.
The index case reported engaging in individual physical activity
(not group exercise) while at the gym and reported adherence
to the recommended public health interventions. Mask wearing
in fitness facilities was not mandated through a provincial health
order until November 6, 2020.
Following declaration of the outbreak on September 27,
information was gathered from the gym on attendance
over the week prior and following the outbreak declaration
(September 20 to October 3). The gym reported that 251 people
attended over this time period for an overall attack rate of
approximately 11% among gym goers (27/251; 10.8%).
Cases directly linked to the gym continued to occur until
October 20 (total n=27 individuals). Two staff members were
infected over the time period and reported mainly individual
workouts (bodybuilding and cardio).
Four cases who attended the gym multiple times between
September 16 and 24 also attended a large regional high school
(n=590) while infectious. In spite of active-case finding, including
testing of approximately 100 students at the high school, there
was no evidence of secondary transmission in the school. These
cases also took part in other high-risk activities while infectious
at the school, including participating in football and hockey and
attending at least four different class cohorts. Despite this, there
was no evidence of additional cases at the school.
Public health measures to reduce SARS-CoV-2 transmission at the
school were numerous. They included the following: mandatory
masking in the classroom for Grades 4 and higher, including in
the gymnasium; a “five block” schedule where students were
placed in small learning groups; in-class lunch eating only; and
staggered breaks throughout the day. After the four infectious
cases were discovered, the school moved to online learning for
approximately two weeks.

Case count

7
6

Laboratory investigations

Outbreak declared

5

Onset of final case;
outbreak officially
declared over
December 21, 2020

4
Household
3 contacts
2

0

Sept 12
Sept 13
Sept 14
Sept 15
Sept 16
Sept 17
Sept 18
Sept 19
Sept 20
Sept 21
Sept 22
Sept 23
Sept 24
Sept 25
Sept 26
Sept 27
Sept 28
Sept 29
Sept 30
Oct 1
Oct 2
Oct 3
Oct 4
Oct 5
Oct 6
Oct 7
Oct 8
Oct 9
Oct 10
Oct 11
Oct 12
Oct 13
Oct 14
Oct 15
Oct 16
Oct 17
Oct 18
Oct 19
Oct 20

1

PHAC date
Gym staff

Gym member

Non-gym member

Abbreviation: PHAC, Public Health Agency of Canada

Whole genome sequencing data for 32 of the cluster-related
cases is shown in Figure 3. Sequence data analysis assigned
all 32 specimens to pangolin lineage using Pangolin v2.1.7 and
PangoLEARN data release January 16, 2021 (Centre for Genomic
Pathogen Surveillance, United Kingdom), with nine unique single
nucleotide variant profiles. SARS-CoV-2 in lineage B.1.1 has been
identified worldwide and has been frequently found in sequences
elsewhere in Saskatchewan. To date, the provincial laboratory has
not identified SARS-CoV-2 lineage B.1.1 with the same unique
nucleotide variant profile elsewhere in Saskatchewan, but this
does not preclude its presence (9,10).

The index case date of symptom onset was September 12. Two
days later, a gym attendee and household contact of the index
case became ill. Four days after that another gym attendee
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Figure 3: Whole genome sequencing data

Environmental investigation
With the collaboration of the gym owner, public health
inspectors worked to investigate, respond and mitigate viral
spread at the gym. Public health closed the gym on September
26 at 22:00 hours and permitted it to reopen on September 30 at
23:59 hours. Public health inspectors provided recommendations
to the owner (physical distancing of patrons/equipment, cleaning
product ingredient recommendations, frequency of cleaning)
and, in accordance with government guidelines (11), permitted
the gym to reopen following a deep clean of the facility.
The owner, in discussions with the local public health inspector,
reported that gym members had adhered to physical distancing
recommendations, but may not have adhered to the masking
guidelines (provincial mask mandates were not in effect at the
time). The inspector noted that not all gym equipment was
spaced two metres apart; some cardio equipment was moved in
order to comply with distancing regulations. Disinfection of the
gym by electrostatic sprayer reportedly occurred; however, it was
not clear how systematically or how frequently this took place.
Inspection of the air ventilation system found two main parts:
the system in the main gym area was installed in 2013, while
the system in the second, smaller area was installed in 2019.
The inspection noted the air handling system was adequate for
proper ventilation; however, actual airflow and air-exchange
measurements were not measured. The gym owner reported
changing the air filters every two weeks. Of note, the public
health inspector indicated that the ventilation in the gym may
have played a role in the outbreak: this particular gym is located
in a low-ceiling basement setting.
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Discussion
An outbreak of COVID-19 was associated with attendance at
a gym in a Canadian city. A total of 63 outbreak-related cases,
confirmed through whole genome sequencing, were identified
with onset dates from September 12 to October 20, 2020; all
cases recovered. Although outbreak-related cases attended
school while infectious and in spite of active-case finding,
including testing of approximately 100 students at the high
school, there was no evidence of secondary transmission within
the school. In this outbreak, gym attendance did not result in a
one-time superspreading event. As a common cohort attends
gyms over time, we hypothesize that short-term closing and
cleaning may not be sufficient to interrupt chains of transmission
in fitness facilities.
Public health investigations, including thorough case
investigation and active-case finding by trained public health
nurses, contact tracing, isolation of exposed individuals,
inspection, education, surveillance and testing, all combined to
control the spread of COVID-19. Despite that cases from the
gym also attended high school classes and took part in sports
activities while infectious, no viral transmission occurred within
the school.
At the time the infectious cases attended school, the school
had implemented numerous public health measures intended to
reduce viral transmission. It is hypothesized that these measures
reduced in-school spread; combined with growing evidence
of children being less efficient viral transmitters when infected
with wild type virus (12,13), though this rationale may be less
applicable to older teenagers.

OUTBREAK
In this propagated outbreak investigation, we found gym
attendance did not result in a one-time superspreading event.
Dates of symptom onset for gym attendees were spread out over
time (Figure 2), indicative of a cohort of gym goers intermingling
at different times. Due to the nature of ongoing gym attendance
over time, short-term closing and cleaning, as recommended in
government guidelines for gym and fitness centres (11), will not
necessarily interrupt chains of transmission.
Gyms/fitness facilities have been identified as high-risk settings
for SARS-CoV-2 transmission in previous outbreak reports (1,3,4).
Outside of outbreak reports, however, studies attempting to
quantify the community-associated risk of infection in gyms have
not uniformly demonstrated an increased risk. In the absence
of an infectious case linked to a facility, as was the case in the
Helsingen et al. study (7), it is not surprising test positivity rates
among the gym goers and the non-gym goers remained low. A
case-control study conducted by the Centers for Disease Control
and Prevention (CDC) included only symptomatic individuals,
that is, those who tested negative were controls and those who
tested positive were cases (8). Given that study authors recruited
only symptomatic positive individuals at the time of testing, it
is possible a systematic selection bias occurred. Asymptomatic,
infectious individuals (not sampled in the study) may have
been more likely to visit a fitness facility prior to testing than
symptomatic individuals (population under study) at the time
of testing who may have been less likely to visit a fitness centre
prior to testing if they were feeling unwell. This bias may have
artificially decreased the risk associated with this setting type
among study participants.
Cluster investigations are important for understanding the
transmission dynamics of pathogens. Public health investigations
have repeatedly demonstrated that there is a risk for infection
with SARS-CoV-2 in fitness facilities. In the cluster described
in this article, we hypothesize that the following factors likely
contributed to viral transmission in the facility: non-adherence to
some recommended public health measures; outbreak occurring
prior to provincial mask mandate in fitness facilities; and low
ceilings/basement setting with potentially inadequate ventilation.
Our study has limitations. We were not able to test all close
contacts (investigators estimate we tested approximately
70%). A complete list of gym members was not available, and
not all named contacts accepted a test or were receptive to
public health follow-up. In addition, a fitness-facility-specific
questionnaire was not administered to all cluster-involved cases
because of public health workload. This limits our ability to
quantify the impact of other variables that may be of importance,
such as the amount of time spent at the gym and the number of
visits to the facility during the period of interest.
It is likely that the increased risk of SARS-CoV-2 infection
associated with fitness facility attendance is multifactorial. Gym
attendance, by its very nature, occurs not just at one point in

time and space (generating superspreading events); rather, risk
of infection is associated with ongoing exposure among gym
members. In this instance, public health measures of closing and
cleaning fitness facilities may not have been sufficient. Targeting
fitness facilities could be useful in reducing transmission, for
example, proactive inspection of ventilation systems; client
manifests (list of all gym attendees) required to be reported
to public health; use of technology, such as QR codes, to
track clients; restricted activities in gyms known to be higher
risk (spin class, group fitness); and implementing active-case
finding/rapid point-of-care testing, particularly among staff and
instructors have a demonstrated higher risk of transmission than
attendees (3).

Conclusion
Indoor fitness facilities are high-risk settings for SARS-CoV-2
viral transmission. Active-case finding using rapid point-of-care
test kits at fitness facilities or routine testing of all gym members
when community transmission rates are high may be effective
strategies to consider in high-risk settings. As immunization
against SARS-CoV-2 infection becomes routinely available at
the population level, immunization status may be a useful piece
of information to collect in such high-risk settings. It is likely
immunized individuals will shed less virus; however, adherence
to public health measures (such as deep cleaning, disinfection
of equipment, physical distancing, reduction in group fitness
activities and capacity limits) and mask use where ventilation is
poor will continue to be important. This recommendation may
extend to other settings such as places of worship and other
congregate settings.
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Abstract
Background: The International Circumpolar Surveillance (ICS) program conducts surveillance
on five invasive bacterial diseases: pneumococcal disease (IPD), group A streptococcus (iGAS),
Haemophilus influenzae (Hi), meningococcal disease (IMD) and group B streptococcus (GBS).
Invasive bacterial diseases have a higher burden of disease in northern populations than the
rest of Canada.
Methods: To describe the epidemiology of invasive bacterial diseases in northern Canada from
1999 to 2018, data for IPD, iGAS, Hi, IMD and GBS were extracted from the ICS program and
the Canadian Notifiable Diseases Surveillance System (CNDSS) and analyzed.
Results: The annualized incidence rates for IPD, iGAS, Hi, GBS and IMD were 23.3, 10.5, 8.9,
1.9 and 1.1 per 100,000 population, respectively. The incidence of IPD, iGAS and Hi serotype b
were 2.8, 3.2 and 8.8 times higher, respectively, in northern Canada than in the rest of Canada.
Rates of disease decreased statistically significantly for IPD (β=−0.02) and increased statistically
for iGAS (β=0.08) and Hi serotype a (β=0.04) during the study period. In Northern Canada,
the annualized incidence rates for IPD, iGAS and Hi were statistically higher for Indigenous
residents than for non-Indigenous residents. The highest incidence rates were among the very
young and older age groups.
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Introduction
The International Circumpolar Surveillance (ICS) program is a
population-based invasive bacterial disease surveillance network
of countries with circumpolar regions (1). The ICS program
conducts surveillance on invasive bacterial diseases caused by
Streptococcus pneumoniae (invasive pneumococcal disease, IPD),
Haemophilus influenzae (invasive Haemophilus influenzae, Hi),
Streptococcus pyogenes (invasive group A streptococcus, iGAS),
Neisseria meningitidis (invasive meningococcal disease, IMD) and
Streptococcus agalactiae (invasive group B streptococcus, GBS).
Disease rates caused by these pathogens are elevated among
the Indigenous peoples in countries with Arctic regions (2–7).

The ICS program started monitoring IPD in Canada in 1999
and expanded to monitoring the other four diseases in 2000.
Six Canadian regions participate in the ICS program: Nunavut,
the Northwest Territories, Yukon, northern Labrador and two
northern Québec regions, Nunavik and Cree Territory. The
ICS program also includes two reference laboratories, the
National Microbiology Laboratory (NML) and the Laboratoire
de santé publique du Québec (LSPQ), and a network of
regional laboratories located across Canada that serves the
northern regions. Up until 2009, the National Centre for
Streptococcus (NCS) participated in the ICS program as a
reference laboratory.
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In 2018, the Canadian ICS population was estimated to be
168,090, accounting for 0.45% of the total national intercensal
population of 37 million. While Indigenous people account
for 4.9% of the total Canadian population, they represent
approximately 60% of the northern Canadian population (8).
The National Advisory Committee on Immunization (NACI)
provides national vaccine recommendations for IPD, HI and
IMD; however, adoption of these recommendations are the
responsibility of the provincial and territorial jurisdictions. The
H. influenzae serotype b (Hib) vaccine, the meningococcal C
conjugate (MenC) vaccine for infants and the Men-C-ACYW
vaccine for early adolescents have been part of routine
childhood immunization programs since 1997, 2007 and 2011,
respectively (9). As part of the routine childhood immunization
schedule, all six northern regions implemented the 7-valent
pneumococcal conjugate vaccine (PCV7) for children younger
than two years of age between 2002 and 2007, replacing
PCV7 with the 10-valent pneumococcal conjugate vaccine
(PCV10) by 2010 (10) and subsequently with the 13-valent
pneumococcal conjugate vaccine (PCV13) by 2011 (according to
a survey sent to ICS invasive bacterial diseases working group
members). In mid-2018, Cree Territory and Nunavik switched
to a four-dose PCV10 and PCV13 (3+1) vaccination schedule
(personal communication, ICS invasive bacterial diseases working
group members, 2019). NACI recommends that the 23-valent
pneumococcal polysaccharide vaccine (PPV23) be given to those
aged two years or older with high risk of IPD, and adults 65 years
and older (11). High-risk children and adults include those with
certain chronic diseases, immunocompromising conditions or
functional or anatomic asplenia (11). The Canadian Immunization
Guide recommendations for PPV23 have been implemented
in all six regions, with minor differences in the age of vaccine
administration in some regions (11–17).
The objective of this report is to describe the epidemiology
of invasive bacterial diseases in northern Canada over the first
20 years of the ICS program (1999–2018) and compare their
incidence rates to the rest of Canada. This report includes ICS
data that have been previously published (1999–2013) (5,7).
These data were included in this paper to provide a
comprehensive analysis of invasive bacterial diseases over the
first 20 years of the ICS program.

Laboratory data
S. pneumoniae isolates were serotyped using the Quellung
reaction with pool, group, type and factor commercial
antisera (Statens Serum Institut, Copenhagen, Denmark) (19).
S. pyogenes isolates were identified using β-hemolysis on sheep
blood agar, bacitracin susceptibility and pyrrolidonyl arylamidase
test. M serotyping of invasive S. pyogenes isolates from 1999
to September 2006 was performed using a serological typing
protocol described by Tyrrell et al. (20). From October 2006 to
2018, molecular emm typing of invasive S. pyogenes isolates
was performed using polymerase chain reaction (PCR) tests and
DNA sequencing according to the Centers for Disease Control
and Prevention (CDC) protocol; the CDC invasive S. pyogenes
emm sequence database was searched for designation of emm
type using the basic local alignment search tool (BLAST) (21,22).
S. agalactiae isolates were serotyped by latex agglutination
(SSI Diagnostica; Statens Serum Institute, Copenhagen,
Denmark) as described by Slotved et al. (23). H. influenzae
was identified using Gram stain morphology and standard
biochemical tests (24). The bacterial slide agglutination test,
using commercial antisera (Difco, Becton Dickinson, Mississauga,
Ontario), was used for serotyping, with results confirmed using
PCR (25). N. meningitidis was identified by standard biochemical
tests with serogrouping determined by a bacterial agglutination
tests using in-house-produced antisera against the 12 different
serogroups (26).
Phenotypic antimicrobial susceptibilities for the Canadian isolates
were determined using Sensititre STP6F micro-broth dilution
panels (Thermo Fisher, United States). Resistant, intermediate or
susceptible interpretations of minimum inhibitory concentration
for erythromycin, clindamycin, penicillin, cefepime, cefotaxime,
ceftriaxone, meropenem, trimethoprim/sulfamethoxazole and
tetracycline were determined using Clinical Laboratory Standards
Institute guidelines (27).

Population data

Methods
Epidemiological data
Data were extracted from the ICS program (1999–2018) and
the Canadian Notifiable Diseases Surveillance System (CNDSS,
2000–2018). CNDSS data from before 2000 were not available.
CNDSS data for invasive Hi non-serotype b were not included
as only certain provinces and territories have reported these
for certain years. CNDSS data for GBS were also not included
because only GBS of newborns are nationally reported whereas
ICS conducts surveillance on all GBS cases. Cases meeting the

Page 492

national case definition were included (18). Because there is no
national case definition for general population GBS, the ICS
case definition extends the national case definition for GBS
of the newborn to individuals of all ages in northern Canada.
Data include non-nominal demographic information, clinical
information, severity, outcomes, underlying conditions and
immunization history.
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Population estimates were based on the final postcensal
estimates for July 1, 2016 (8). The Indigenous populations
for northern Canada were estimated using the 1996, 2001,
2006, 2011 and 2016 Census (8,28–31). The proportion of the
Indigenous population for a given census year was used to
estimate the Indigenous population for the years until the next
census.

Analysis
The direct method was used to calculate age-standardized
rates by multiplying the age-specific rates by the 2011 general
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Analyses were conducted using Excel 2016 (Microsoft Corp.,
Redmond, Washington, United States), SAS Enterprise Guide
7.1 (SAS Institute Inc., Cary, North Carolina, United States) and
R version 3.6.2 (R Foundation for Statistical Computing, Vienna,
Austria).
Incidence rates for neonatal GBS cases were not calculated
because annual live birth estimates for the northern regions were
not available for this report. Age-standardized rates by sex for
IMD and GBS were not calculated due to small numbers. GBS
is not reportable in the province of Québec, and therefore Cree
Territory and Nunavik are not included in the analyses.

Results
Overview
From 1999 to 2018, a total of 692 cases of IPD were reported
in northern Canada. From 2000 to 2018, a total of 311 cases of
iGAS, 258 cases of Hi, 44 cases of GBS and 31 cases of IMD were
reported in the same region. Demographic information for each
disease is presented in Table 1, and the overall incidence for
each disease from 1999 to 2018 is presented in Figure 1.

Invasive pneumococcal disease
The regression analyses found a significant overall downward
trend in IPD incidence rate (per 100,000 population) over
time (β=−0.02; p=0.01), but there was a sharp 92% increase
in the number of cases reported from 2017 to 2018. The
age‑standardized incidence rates for males (28.26;
CI: 25.30–31.53) and females (23.86; CI: 20.77–27.36) did not
differ significantly. The incidence rate (per 100,000 population)

Figure 1: Overall crude incidence rates of invasive
bacterial diseases in the ICS regions by disease and
year, 1999–2018
40

Incidence rate per 100,000 population

Canadian population weights (32). Confidence intervals (95%
CIs) of age-standardized rates were calculated using the method
based on the gamma distribution (33). Two-tailed Fisher’s exact
and chi-square tests were used to compare proportions. Poisson
and negative binomial regression were used to estimate disease
trends. The exact Poisson test was used to compare rates.
Statistical significance was set at p<0.05.
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was highest among infants younger than one year old (146.78;
CI: 117.59–183.23), children one to four years old (49.80;
CI: 41.13–60.29) and adults 60 years and older (51.07;
CI: 43.22–60.32). The difference in the average annual incidence
rates between those of Indigenous and non-Indigenous
origin was significant in northern regions (Table 1). The
age‑standardized incidence rate of IPD in northern regions was
2.8 times higher than the rest of Canada (Table 2).
PCV7 serotypes (β=−0.19; p<0.0001) and PCV10-specific
serotypes (β=−0.01; p<0.0001) have decreased significantly
from 1999 to 2018 (Figure 2). PPV23-specific serotypes
(β=0.06; p<0.0001) and non-vaccine serotypes have increased
significantly from 1999 to 2018 (β=0.04; p<0.05). There were no
statistically significant changes to the PCV13-specific serotypes
from 1999 to 2018. Of the cases with available serotype data
collected between 1999 and 2010, the most common were
serotype 1 (18%), 8 (11%) and 14 (7%). After 2010, the most
common serotypes were 7F (12%), 22F (9%), 10A (9%) and
9N (8%).

Table 1: Characterization of disease in northern Canada by crude incidence rate, demographics, fatality and
hospitalization, 1999/2000–2018

Disease

IPD
iGAS
Hi
GBS
IMD

N

692
311
258
44
31

Annualized incidence rate per
Crude
100,000 population by ethnicity
incidence Median
Age
Difference
rate per
age,
Nonrange Indigenous
between
100,000
years
Indigenous
ethnicity
ethnicities,
population
ethnicity
p-value
23.3
10.5
8.9
1.9
1.1

37
50
1
32.5
1

0–98
0–98
0–93
0–88
0–56

31.3
14.8
13.1
1.8
1.4

7.0
2.7
0.9
1.3
0.6

Hospitalization
Cases
N

%

<0.0001b 585 84.5
<0.0001b 273 87.8
<0.0001b 222 86.0
0.3 41 93.2
0.06 28 90.3

Fatalitya

Incicence rate ratio
Male:female

p-value

1.3
1.3
1.1
0.9
0.7

0.006b
0.03b
0.5
0.7
0.4

Death
N

%

59
30
19
0
4

8.5
9.6
7.4
0
12.9

Fatality rate ratio
Male:female

p-value

1.3
1.2
1.6

0.3
0.6
0.3

All male

0.06

–c

Abbreviations: GBS, group B streptococcus; Hi, invasive Haemophilus influenzae; iGAS, invasive group A streptococcus; IMD, invasive meningococcal disease; IPD, invasive pneumococcal disease
a
Fatality is defined as death during the individual’s illness
b
Statistically significant
c
No deaths were reported for either males or females
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Table 2: Age-standardized incidence rates (per 100,000
population) of invasive bacterial diseases in Canada, by
disease, region and year, 2000/2001–2018a
Age-standardized incidence rates
Disease

Northern regions
95%

Rest of Canada

CI

95%

CI

IPD

25.68

23.45–28.09

9.13

9.05–9.21c

iGAS

14.16

c

12.31–15.86

4.45

4.40–4.50c

Hibd

0.70

0.45–1.13c

0.08

0.08–0.09c

IMD

0.75

0.51–1.17

0.52

0.51–0.54

b

c

Abbreviations: CI, confidence interval; Hib, Haemophilus influenzae serotype b; ICS, International
Circumpolar Surveillance; iGAS, invasive group A streptococcus; IMD, invasive meningococcal
disease; IPD, invasive pneumococcal disease
a
One case of IPD and one case of iGAS with missing age were excluded from the ICS incidence
rate calculation
b
Age-standardized incidence rates for IPD do not include data for 1999–2000, when data were
either not available or not reported by all provinces
c
As the CIs are not overlapped, the age-standardized incidence rates for IPD, iGAS and Hib are
significantly different between northern regions and the rest of Canada
d
Comparisons of age-standardized incidence rates for Haemophilus influenzae serotype non-b
(a–f and non-typeable serotypes) between northern Canada and the rest of Canada were not
performed as these data are not available for all provinces

Figure 2: Distribution of invasive pneumococcal disease
serotypes in northern Canada, by year and by vaccine
serotypea, 1999–2018
60

When fatality and hospitalization rates were compared for males
and females, hospitalization was significantly higher for males
(Table 1).
Antimicrobial susceptibility was examined for the IPD isolates
with available data (Table 3).

Table 3: Proportion of antibiotic-susceptible IPD and
iGAS isolates, 1999/2000–2018a
Antibiotic
Ampicillin

PCV7 implemented

50

Number of cases

Of the 649 cases with information on fatality, 59 were fatal
(9.1%).The majority of the fatal cases were 60 years and older
(n=24; 41%), followed by those aged 40 to 59 years (n=20; 34%).
Individuals in these two age groups had significantly higher
risk of fatality than those in younger age groups (case fatality
ratio [CFR] =14.2% vs. 4.4%; p<0.0001). The CFR did not vary
between Indigenous and non-Indigenous people (9.5% vs. 6.1%;
p=0.31). Of the 53 fatal cases with serotype information, 45%
were PPV23-specific serotypes not covered by PCV13. The top
six reported serotypes were 20, 10A, 15C, 22F, 15A and 3.

PCV10 implemented

PCV13 implemented

40

Proportion of
susceptible IPD
isolates, %

Proportion of
susceptible iGAS
isolates, %

100

100

Cefotaxime

100

100

Ceftriaxone

98.3

100

Cefuroxime

100

N/A

Chloramphenicol

99.8

98.1

20

Clindamycin

97.3

90.0

10

Erythromycin

92.4

81.4

Levofloxacin

99.8

98.9

Ofloxacin

99.4

100

Oxacillin

97.6

100

Penicillin

96.1

100

Rifampin

100

100

Tetracycline

93.3

100

Sulfamethoxazole/
Trimethoprim

92.9

76.2

Vancomycin

100

100

30

0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Year
PCV7

PCV10

PCV13

PPV23

Non vaccine serotypes

Unknown

Abbreviations: PCV7, 7-valent pneumococcal conjugate vaccine; PCV10, 10-valent pneumococcal
conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PPV23, 23-valent
pneumococcal polysaccharide vaccine
a
For the purposes of this graph, PCV7 includes all serotypes covered by the PCV7 vaccine, PCV10
includes the three additional serotypes not covered by the PCV7 vaccine, PCV13 includes the
three additional serotypes not covered by the PCV10 vaccine, and PPV23 includes all serotypes
not covered by any of the conjugate vaccines

All ICS regions had implemented the PCV13 vaccine schedule
by January 1, 2011. Thirty-four cases that occurred after PCV13
implementation were age-appropriately vaccinated with at least
one dose and serotyped. Individuals were age‑appropriately
vaccinated based on the minimum three-dose national
recommendation. Of these 34 cases, three cases (9%) had
vaccine-breakthrough disease. Breakthrough disease occurs if
the serotype of the case is any of the serotypes covered by the
vaccine administered. Two of these cases were serotype 19A and
one was serotype 3. Of the 55 PPV23-vaccinated and serotyped
cases, 46 cases (84%) had vaccine-breakthrough disease.
Of the 670 cases with information on clinical manifestation,
bacteremia (n=577; 86.1%) and pneumonia (n=442; 66.0%) were
the most commonly reported manifestations. Of the 692 IPD
cases, 585 (85%) were hospitalized.
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Abbreviations: iGAS, invasive group A streptococcus; IPD, invasive pneumococcal disease
a
The proportion of antimicrobial susceptible isolates for invasive Haemophilus influenzae (Hi),
invasive meningococcal disease (IMD) and group B streptococcus (GBS) were not included in the
analyses due to the small case counts for a number of the antibiotics tested

Invasive group A streptococcal disease
The incidence rate (β=0.08; p<0.0001) of iGAS (per 100,000
population) increased significantly from 2000 to 2018. The
age‑standardized incidence rates for males (16.07; CI:
13.65–18.84) and females (11.83; CI: 9.58–14.52) did not differ
significantly. The incidence rate (per 100,000 population)
was highest for infants younger than one year old (51.25;
CI: 34.90–75.27) and adults 60 years and older (36.64;
CI: 30.00–44.75). The difference in the average annual incidence
rates between those of Indigenous and non-Indigenous
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origin was significant in northern regions (Table 1). The agestandardized incidence rate of iGAS in northern regions was 3.2
times higher than the rest of Canada (Table 2).
Of the 311 iGAS cases, 249 were serotyped. The most common
emm types were emm1 with 28 cases (11.2%), emm83 with 17
cases (6.8%), emm3 with 15 cases (6.0%) and emm11 and emm59
with 14 cases each (5.6%) (Figure 3). The predominant emm type
varied across the years, and while emm1 was circulating most
years, it was not always the most common strain in a given year.
The most common strain in 2017 and 2018 was emm11.

Hi serotype a (Hia) accounted for 60.5% of cases (n=156), nontypeable strains accounted for 17.8% (n=46), Hib accounted for
11.2% (n=29), serotype f accounted for 4.7% (n=12), serotype c
and d accounted for 1.6% each (n=4), serotype e accounted for
0.4% (n=1) and 2.7% (n=6) had unknown serotype (Figure 4).
Rates of Hia increased significantly from 2000 to 2018 (β=0.04;
p=0.01), and 69.2% (n=108) of Hia cases were in children up to
two years old. The age-standardized incidence rate of Hib in
northern regions was 8.8 times higher than the rest of Canada
(Table 2).

Figure 4: Distribution of invasive Haemophilus
influenzae serotypes in northern Canada by year,
2000–2018

Figure 3: Distribution of iGAS cases by emm type in
northern Canada, 2014–2018
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Of the 307 cases with information on clinical manifestation,
bacteremia (n=196; 63.8%) and cellulitis (n=96; 31.3%) were
the most commonly reported manifestations, and 273 (88.9%)
cases were hospitalized. Of the 296 cases with outcome
information, 30 deaths (CFR: 10%) were reported. When fatality
and hospitalization rates were compared for males and females,
hospitalization was significantly higher for males (Table 1). The
emm types with the highest fatality ratios were emm87 (50.0%)
and emm2 (50.0%), followed by emm3 (33.3%) and emm75
(33.3%).
Antimicrobial susceptibility was examined for the iGAS isolates
with available data (Table 3).

Invasive Haemophilus influenzae disease
There was no significant change in the (β=0.02; p=0.06)
incidence rate of Hi (per 100,000 population) from 2000 to
2018. The age-standardized incidence rates for males (7.84;
CI: 6.44–9.54) and females (6.85; CI: 5.44–8.63) did not differ
significantly. The incidence rate (per 100,000 population)
was highest among infants younger than one year old
(195.15; CI: 160.29–237.59), children one to four years old
(39.90; CI: 23.05–49.67) and adults 60 years and older (9.54;
CI: 6.45–14.12). The difference in the average annual incidence
rates between those of Indigenous and non-Indigenous origin
was significant in northern regions (Table 1).

Year
a

b

f

c

d

e

NT

Unknown

Abbreviations: a, invasive Haemophilus influenzae serotype a; b, invasive Haemophilus influenzae
serotype b; c, invasive Haemophilus influenzae serotype c; d, invasive Haemophilus influenzae
serotype d; f, invasive Haemophilus influenzae serotype f; NT, non-typeable strains

There were no significant changes in Hib rates from 2000 to 2018
(β=−0.01; p=0.7). Of the 29 Hib cases, three were adults and
26 children aged three years and younger. Of the 29 Hib cases,
14 (48%) were age-appropriately vaccinated, 10 (35%) were
either unvaccinated or not up-to-date with their vaccinations,
three (10%) were age ineligible for vaccination and two (7%) had
unknown vaccine history.
Of the 246 cases with information on clinical manifestation,
bacteremia (n=201; 81.7%) and pneumonia (n=87; 35.4%) were
the most commonly reported manifestations. Of the 258 cases
of Hi, 222 (86.0%) were hospitalized. Of the 226 cases with
outcome information, 19 deaths (8.4%) were reported. Of these
19 cases, 11 were serotype a, five were non-typeable, two were
serotype f and one was serotype b.
No significant difference was observed in the hospitalization and
fatality rates of males and females (Table 1).

Invasive meningococcal disease
There was no significant change in the incidence rate of IMD
(per 100,000 population) from 2000 to 2018 (β=0.03; p=0.3).
The incidence rate (per 100,000 population) was the highest for
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infants younger than one year old (29.57; CI: 17.83–49.04) and
children one to four years old (3.99; CI: 2.00–7.98).
Of the 31 cases of IMD, 16 cases (52%) were serogroup B,
seven (23%) were serogroup W, four (13%) were serogroup C,
one (3%) was serogroup Y and three (10%) were of unknown
serogroup (Figure 5). The seven serogroup W cases all occurred
between 2012 to 2018, constituting 47% of all IMD cases during
that period. No serogroup W cases were reported prior to 2012.

Figure 5: Distribution of invasive meningococcal disease
cases, by year and serogroup, northern Canada,
2000–2018
Number of cases
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Of the 28 non-neonatal cases, the median age was 55.5 years
(range 0–88 years). Of the 25 non-neonatal cases with serotype
information, 6 (24%) were serotypes III and V each, three (12%)
were serotypes Ia, Ib and VI each, two (8%) were serotype IV,
and one was serotype II and one serotype VI (4% each). Of the
27 non-neonatal cases with information on clinical manifestation,
bacteremia (n=21; 78%), septic arthritis (n=6, 22%) and
cellulitis (n=5, 19%) were most commonly reported. Of all the
non-neonatal cases, 93% were hospitalized; no deaths were
reported.
No significant difference was observed in the hospitalization and
fatality rates between males and females (Table 1).
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C

W-135

Y

Unknown

Abbreviations: B, invasive meningococcal disease serotype B; C, invasive meningococcal disease
serotype C; W, invasive meningococcal disease serotype W; Y, invasive meningococcal disease
serotype Y

The median age of the serogroup B cases was younger than
one year, with a range of 0–30 years; the median age of the
serogroup W cases was younger than one year, with a range of
0–28 years; and the median age of the serogroup C cases was
29.5 years, with a range of 0–56 years.
The difference in the average annual incidence rates between
those of Indigenous and non-Indigenous origin was not
significant (Table 1). Of the 30 cases with information on clinical
manifestation, meningitis (n=21; 70%) and bacteremia (n=13;
43%) were most commonly reported and 90% were hospitalized.
Of the 30 cases with fatality information, four deaths (CFR: 13%)
were reported.
No significant difference was observed in the hospitalization and
fatality rates of males and females (Table 1).

Invasive group B streptococcal disease
There was no significant change in the incidence rate of GBS
from 2000 to 2018 (β=−0.01; p=0.6). The incidence rate (per
100,000 population) was highest for infants younger than one
year (46.16; CI: 29.09–73.26) and adults 60 years and older (3.97;
CI: 2.07–7.64). The difference in the average annual incidence
rates between those of Indigenous and non-Indigenous origin
was not significant (Table 1).
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Of the 44 GBS cases, 16 cases (36%) were neonatal and
28 cases (64%) were non-neonatal. Of the 16 neonatal cases,
10 were early onset disease, five were late onset disease and
one was unknown. Of the seven neonatal cases with serotype
information, four cases were serotype III and the remaining
three were serotype Ia, Ib and V. Of the 15 neonatal cases with
information on clinical manifestation, bacteremia (n=10) and
meningitis (n=6) were most commonly reported.
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Discussion
In this report, we describe the epidemiology of invasive bacterial
diseases in northern Canada from 1999 to 2018 and compared
the incidence rates there to those in the rest of Canada. The
rates of most of the invasive disease remained stable over time
with the exception of IPD, which trended down, and iGAS, which
trended up over time. The incidence of IPD, iGAS and Hib were
2.8, 3.2 and 8.8 times higher, respectively, in northern Canada
than in the rest of the country. The average annual incidence
rates for IPD, iGAS and Hi in northern Canada were significantly
higher for those who identified as Indigenous than those of nonIndigenous origin. The highest incidence rates were among the
very young and older people.
Similar to the Alaskan ICS population (personal communication,
T. Zulz, Jan 19, 2021), in northern Canada, IPD presented the
highest burden of disease and accounted for over half of the
total reported cases during the study period. The incidence of
iGAS in northern regions has been increasing, a trend that has
also been observed nationally, where the incidence rate has
increased three-fold from 2000 to 2018 (34), with outbreaks
in the community, military bases and in shelters (35–38). Hia
accounted for over 60% of cases and has been increasing
significantly over the years. There is also a high prevalence of
Hia in the Alaskan population (personal communication, T. Zulz,
Jan 19, 2021). According to data collected from the US Active
Bacterial Core surveillance sites, between 2002–2008 and 2009–
2015, the prevalence of Hia disease increased by 13% annually
with an overall increase of 148% (39).

SURVEILLANCE
The burden of disease for IMD and GBS is much lower than the
other three diseases, and IMD and GBS rates did not significantly
change during the study period. The results also indicate that
there was no statistical difference between the age-standardized
incidence rates of IMD for the rest of Canada and northern
Canada.
The rates of IPD have significantly decreased over the years due
to a significant decrease in PCV7 and PCV10-specific vaccine
serotypes, indicating that the conjugate vaccine programs have
been successful at reducing the circulation of the serotypes these
vaccines protect against. There were no significant decreases
of PCV13-specific serotypes over the years. Further study is
required to monitor the impact of the PCV13 vaccine versus the
PCV10 vaccine, especially following the recent switch from the
PCV13 vaccine schedule to a mixed PCV10 and PCV13 vaccine
schedule in the Québec regions.
Non-vaccine serotypes have significantly increased following the
introduction of the conjugate vaccine programs. PPV23-specific
serotypes have also increased and the high percentage of
breakthrough disease indicates that the PPV23 vaccine is not
as effective at preventing disease in the 65-year-and-older ICS
population compared to the conjugate vaccines in the younger
ICS population.
Rates of Hib have not significantly changed in northern Canada
during this study period. No IMD serogroup C cases have been
reported since 2010 and this may be due to the implementation
of the Men-C-C vaccine in routine childhood vaccine programs
by the mid-2000s (40). Within the last seven years, serogroup B
and W have been reported exclusively and the highest burden
has been in infants younger than one year.

Strengths and limitations
The ICS program is an important source of epidemiological and
laboratory-linked information. It is the only enhanced invasive
bacterial disease surveillance system that provides information
on ethnicity in Canada, which means that it can be used to
monitor the epidemiology of invasive bacterial diseases among
the Indigenous peoples of northern Canada.
ICS is a passive surveillance system and some cases may be
missed. In some communities, antibiotics may have been started
prior to the collection of cultures. Results are unstable due to
the small number of cases and small population sizes; therefore,
caution should be used when interpreting the results. Because
of incomplete reporting of clinical manifestation, vaccine history
and underlying conditions and risk factors, these results may be
under or overestimated. In addition, not all cases had further
serotyping done.

Conclusion
The burden of invasive bacterial diseases is higher in the
northern ICS population than the rest of Canada, especially in
the Indigenous population. We have limited health information

for the large Indigenous population in northern Canada, but
existing health disparities need to be monitored and addressed.
Ongoing surveillance is needed to continue monitoring disease
trends, support prevention and control strategies, and inform
immunization recommendations.
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Abstract
The possibility of hepatitis C being transmitted between dental patients was the genesis of an
extensive and expensive look-back investigation conducted by an Ontario Public Health Unit.
This investigation was performed with a minimal knowledge of nosocomial infections of dental
origin, an enthusiastic reliance on untested checklist indicators and an absence of any of the
criteria justifying such an investigation. As a consequence, the entire exercise was based on the
false premise that an infection control lapse had occurred. This commentary will address these
flaws, and other aspects of the Public Health Unit’s response that detracted from its credibility.
The provision of a realistic assessment of disease transmission in dentistry should result in
Public Health Units conducting informed and mutually beneficial inspections of dental practices.
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Introduction

Disease transmission in dentistry

The article, “A public health response to a newly diagnosed
case of hepatitis C associated with lapse in Infection Prevention
and Control Practices in a dental setting in Ontario, Canada” by
Johnston et al. was published in the July/August 2021 edition
of the Canada Communicable Disease Report (1). The article
was written from a public health perspective with a minimal
appreciation of dental procedures and dental infection control.
As a consequence, the article provides a biased impression of
hepatitis C transmission in dentistry.

The following is a brief summation of the reality of disease
transmission in dentistry.
•
A 1993 conclusion that, “The lack of epidemiological
evidence of transmission of infectious diseases on dental
instruments and handpieces must be remembered,
particularly when assessing a laboratory study.” (3).
•
There are no confirmed cases of human immunodeficiency
virus (HIV), hepatitis B virus (HBV) or hepatitis C virus (HCV)
being transmitted in Canadian dental practices (4).
•
A 44 year investigation (1946–1990) of health care
facilities (before the present era of infection control
recommendations) failed to find a single case of cross
contamination from dental instruments (5).
•
A 2010 extensive review in the United Kingdom found no
evidence of dental services causing the transmission of
infections (6).
•
A 2013 report on the transmission of HCV in an oral surgery
practice was, as admitted by the investigators, based on
pure speculation (7).
•
A 2016 United States investigation covering a 12-year
period found not a single case of HIV transmission linked
to a dental practice and failed to clinically substantiate that
presumptive transmissions of HBV and HCV were due to
failures in dental infection control (8).

In 2019, a survey was published in the Canada Communicable
Disease Report demonstrating that the staff of Ontario Public
Health Units lacks the knowledge, training and expertise
to appropriately investigate alleged infection prevention
and control lapses (IPAC) occurring in health settings such
as dental practices (2). Despite these damning conclusions,
such inspections continue unabated with findings that are
unsatisfactory for all concerned.
Major reasons for this include misinformation on disease
transmission in dentistry, failure to appreciate the vulnerability
of blood-borne viruses and an over reliance on checklist audits.
By addressing these and related topics this commentary will
illustrate the faults in the above article while offering a realistic
assessment of hepatitis C transmission in dental practice.
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In 2018, the suspected transmission of bacterial endocarditis
in an oral surgery practice was likely related to the
inadequate preparation, storage and use of intravenous
medications rather than to alleged IPAC lapses involving
instruments (9).

avoided by complying with the indicators. The reality is that the
checklists have not been validated. This should not be surprising
as Nicolle noted in the Canadian Journal of Infectious Diseases
that, “Infection control interventions have yet to be validated in
health care settings outside of acute care.“ (11).

From the 1940s to the present there have been billions of dental
treatments performed—most without the current infection
control protocols. As shown above, historical and current
investigations have failed to reveal that dental instruments
were vectors for the transmission of infections. In their haste
to conduct the alleged IPAC lapse investigation the authors of
the article did not perform a thorough review of the pertinent
literature.

Without the validation that OAHPP requires, IPAC lapses cannot
be identified; and without such identification, it is inappropriate
and disingenuous to suggest in the article’s title that one exists.

Vulnerability of bloodborne viruses
According to the Ontario Agency for Health Protection and
Promotion (OAHPP), “Low–level disinfection eliminates
vegetative (live) bacteria, some fungi and enveloped
viruses.” (10). Hepatitis C virus is a lipid-enveloped virus that is
readily destroyed by the common disinfectants that have been
used by generations of dentists. Do the article’s authors believe
that the HCV would survive physical cleaning, immersion in a
low level disinfectant and the harsh environment of a steam
sterilizer—even if it was operating at less than 100% efficiency?
HIV and HBV are also lipid-enveloped viruses. This fact,
combined with the low pathogenicity of oral microorganisms,
is the reason why there is an absence of clinically-substantiated
evidence that dental instruments transmit infections. It is
unfortunate that public health officials continue to ignore these
data.

Related topics
The following issues further detract from the article’s credibility.
•

•

•

Reliance on checklist audits
Public Health Ontario checklists were used to determine if
IPAC lapses had occurred. These lists contain approximately
100 indicators whose adoption is supposed to prevent and/or
control dentally acquired infections. OAHPP demands that such
indicators are, “…based on validated evidence that has been
demonstrated to improve outcomes” (9). In other words, there
must be clinical evidence of disease transmission prior to the use
of the indicator that was prevented or controlled following the
indicator’s adoption.
The article cites 14 deficient indicators to justify the presence of
IPAC lapses. Among these were the inconsistent use of chemical
indicators, the incomplete record keeping and the improper
cleaning of dental handpieces. However, there are no clinical
studies that demonstrate that these and the other checklist
failures cause nosocomial infections of dental origin that were

•

Uniqueness of hepatitis C-genotype 2: The reported
rate for hepatitis C in Ontario is 36.5 per 100,000 with
10%–15% of those being genotype 2 (12). With a population
of 15 million there will be approximately 550 to 800 cases
of hepatitis genotype 2. This detracts from the authors’
frequent assertions that the rarity of genotype 2 imparts a
uniqueness to their article.
Risk categories: The socioeconomic status of the involved
patients is not known. However, they were treated at
community dental clinics, which would question their
reliability as historians of their health, sexual and recreational
activities necessitating a thorough investigation of their risk
factors for hepatitis C. This is not mentioned in the article,
instead there is a passing reference to the fact that the index
patient had no, “…reported current or past risk factors
related to HCV infection” (1).
Look-back investigation: The article describes a look-back
investigation. Dr. Danila and his team categorized these
as expensive and limited in their ability to demonstrate
transmission because of the relatively small number of
patients studied and a low risk of transmission (13). This
investigation consumed 1,187.5 hours, which could translate
into a bountiful supply of taxpayer money. The authors admit
that there is “…minimal scientific evidence of transmission
of HCV in dental practice”. This admission alone should
have cast doubts on the success of the investigation. Three
criteria justify look-back investigations (13): 1), definite
evidence of disease transmission to a patient; 2), egregious
violations of infection control; and 3), as part of a
collaborative study. This investigation satisfies none of these
qualifiers.
Editing errors: In the Case definition section, the days
before and after the procedure are classified as “business”
days. However, in the Discussion section “business” is
absent. In the Results section the source case is described
as, “the probable source case”. In the Discussion section—
without any rational justification—this has morphed into
being the definitive, “source case”.
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Impossible hypothesis: In the Introduction, the HCV
outbreak is downgraded to a “potential” outbreak and
the exposures to HCV are deemed “potential” exposures.
This means that the authors’ hypothesis should read,
“… a potential HCV transmission may have occurred at
Facility B potentially between the probable source case
and the index case”. The bolded corrections are such that it
would be impossible to test the hypothesis making it invalid.

2.

Cadieux G, Brown C, Sachdeva H. Public health investigation
of infection prevention and control complaints in Ontario,
2015–2018. Can Commun Dis Rep 2019;45(11):289–95.
DOI PubMed
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instruments and the potential risk of transmission of infection:
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Dentistry and hepatitis C
Endoscopes are heavily contaminated during use and their
complicated design results in reprocessing errors. Dental
instruments are simpler in design, not subjected to the same
bioburden and are often used for non-invasive procedures.
Investigations on the risk of improperly reprocessed ear nose and
throat endoscopes transmitting bloodborne infections serve as
worst case scenarios for IPAC lapses during the decontamination
of dental instruments. Such studies have shown that the risk of
transmitting HIV is seven in 10 trillion, for HBV it is 2.4 in a billion
and for HCV it is between that for HIV and HBV (13). These
findings prove that there is an infinitesimal risk of contracting
blood borne infections, including hepatitis C, from dental
instruments. The authors appear to be unaware of these risk
assessments.

Conclusion
The public health response was an administrative exercise as it
was not based on an actual HCV outbreak but a potential one.
While it involved over a thousand staff hours, it was flawed
in that it relied on non-validated checklists, it had no clinical
justification for conducting the look back investigation, it
exaggerated the uniqueness of the case and it was based on a
hypothesis that cannot be tested. The authors’ peers will judge
the value of the response to an unproven IPAC lapse.
As explained above, there are historical and factual reasons
why there are a dearth of clinically-substantiated disease
transmissions from dental instruments. Perhaps, public health
officials will use these reasons to consider the reality of disease
transmission in dentistry—allowing them to conduct more
informed investigations of dental practices in the future.
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COVID BRIEF

What is the evidence on the Delta variant among children?
Source: Emerging Sciences Group of the Public Health Agency
of Canada. Emerging Evidence on COVID-19: Evidence on
the Virulence, Transmission and Impact of the Delta variant
(B.1.617.2) among Children. October 2021. Full report available
from: ocsoevidence-bcscdonneesprobantes@phac-aspc.gc.ca
Background: Evidence is beginning to emerge on the effects
of the Delta variant on children. To further inform public health
strategies to protect children, this evidence brief summarizes
what is known on the virulence and transmissibility of the Delta
variant among children aged 0–18 years and the impact of public
health interventions including vaccines.

•

•

students. In one modelling study, Delta was estimated to
result in nearly 10 times the cases attributable to being in
school compared to Alpha.
One randomized control trial (RCT) and three predictive
models suggested that cases in schools closely followed
those of the community.
Children can have a high viral load. One US study reported
high viral load (Ct<20) in 18.3% of COVID positive children
and of those, 70% were asymptomatic.

Impact of Public Health Measures (n=12)
Vaccination

Methods: Twenty databases and key websites were searched for
relevant reviews, peer-reviewed publications and preprints up to
October 8, 2020. Data from studies were extracted into evidence
tables and the key findings were summarized.
Results: Twenty-three studies were included, with 17 studies
published in the last month. This included one
cluster-randomized trial, four surveillance studies, one ecologic
study, seven outbreak investigations, six predictive models on
the impact of public health measures and four predictive models
on the impact of different vaccination coverages in children.
Virulence (n=4)
Current evidence suggests that Delta is not more virulent in
children than the original variant or Alpha.
•
Two surveillance studies in the United States (US) and one
in the United Kingdom (UK) reported that although the
incidence and hospitalization rates have increased, the
proportion of the coronavirus disease 2019 (COVID-19)
cases with severe outcomes (e.g. intensive care unit
admission, invasive mechanical ventilation and mortality)
had not changed among children during June–August 2021
surge of the Delta variant compared to pre-Delta rates.

There is new evidence that vaccine prevents severe disease in
children.
•
A single empirical study from the US identified that at
the start of the Delta surge (June–July 2021) vaccinated
adolescents had 10.1 times lower hospitalization rates
compared to unvaccinated adolescents. Specifically,
compared to the states with the highest vaccination
coverage, states with the lowest vaccination coverage had
3.4 times higher adolescent emergency department visits
and 3.7 times higher hospitalizations rates.
•
Four models from the UK, US, Australia and China analyzed
the impact of vaccination coverage in different age groups
among children on cases, hospitalizations and deaths
following rising infection rates and school re-opening in
the fall 2021. Predictions suggested up to 90% reduction in
COVID-19 cases could be achieved with extending vaccine
coverage to include most paediatric age groups.
•
Most models suggest that very high vaccine coverage is
needed (>80%) to nullify the additional benefit of other
public health measures (e.g. mask policies, quarantine
policies, social distancing, cohorting in schools) both in the
community and in schools.
Other public health measures

Transmissibility (n=8)
Without public health measures, such as vaccines, physical
distancing, cohorting and masking, Delta has high transmissibility
in children.
•
This has been documented in seven outbreak studies in
both school and community settings. Clusters with teachers
or instructors as the source case were typically larger and
showed higher reproduction numbers compared to

There is new evidence that a layered approach of vaccines in the
eligible population (≥12 years) along with other public health
measures are effective in decreasing the spread of COVID-19 in
schools.
•
A modelling study from the UK showed that whole class
quarantine for 10 days following discovery of a case can
have a significant impact on stopping onward transmission
and was shown to have similar impact to a high stringency
public health measure scenario with masking, cohorting and
increased ventilation in schools.
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A US ecological study estimated that paediatric case rates in
counties with school mask requirements experienced 18.53
fewer cases per 100,000 per day compared to counties
without school mask requirements. Modelling studies
have shown a protective impact of mask requirements in
elementary, middle and high schools on school transmissions
and community infection rates.
Predictive models suggested that increasing the number of
public health measures employed and higher vaccination
coverage in the school and community populations were
always more protective than fewer public health measures.
The most effective public health measures varied across five
modelling studies, but typically included mask requirements
and either cohorting or testing strategies. It appears the
combination of public health measures and vaccination
coverage required to minimise risk of transmission in a
school setting depends on the local epidemiology of
COVID-19, and the feasibility of implementing different
public health measures in a particular setting (e.g. schools)
or for an activity (e.g. sports).
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Conclusion: Based on preliminary evidence, the Delta variant in
children does not appear to be more virulent than the original
variant or Alpha. Without vaccines and other public health
measures, however, Delta has high transmissibility in children.
Current evidence indicates that vaccines and additional public
health measures are effective in decreasing transmission of
COVID-19 in schools. Empirical studies are needed to confirm,
refute or qualify these findings.
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