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ABSTRACT

Introduction COVID-19 vaccines require enhanced
safety monitoring after emergency approval. The Canadian
National Vaccine Safety Network monitors the safety of
COVID-19 vaccines and provides enhanced monitoring for
healthy, auto-immune, immunocompromised, pregnant
and breastfeeding populations and allows for the detection
of safety signals.

Methods and analysis Online participant reporting of
health events in vaccinated and unvaccinated individuals
12 years of age and older is captured in three surveys:

1 week after dose 1, 1 week after dose 2 and 7 months
after dose 1. Medically attended events are followed up by
telephone. The number, percentage, rate per 10 000 and
incident rate ratios with 95% Cls are calculated by health
event, vaccine type, sex and in 10-year age groups.
Ethics and dissemination Each study site has Research
Ethics Board approvals for the project (UBC Children’s &
Women’s, CIUSSS de I'Estrie—CHUS, Health PEI, Conjoint
Health Research Ethics Board, University of Calgary and
Alberta Health Services, IWK Health, Unity Health Toronto
and CHU de Québec-Université Laval Research Ethics
Boards). Individuals are invited to participate in this

active surveillance and electronic consent is given before
proceeding to each survey. Weekly reports are shared with
public health and posted on the study website. At least one
peer-reviewed manuscript is produced.

INTRODUCTION

The global pandemic of SARS-CoV-2 has
caused >100 million cases and 2 million
deaths globally. In response to this pandemic,
an unprecedented effort to develop safe and
effective vaccines was launched, and has led to
the development of multiple vaccines demon-
strated to be safe and effective in phase III
trials.’
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Strengths and limitations of this study

» Captures COVID-19 vaccine safety outcomes in a
more diverse population than that included in clin-
ical trials.

» The inclusion of a control group of unvaccinated par-
ticipants provides a similar comparator to the vac-
cinated group and allows for more rigorous analytic
methods to detect potential safety signals.

» If a new event is detected, additional, enhanced
follow-up can be done to inform public health action
and policy.

» Potential exclusion of the most vulnerable as only
those with an email address and fluent in French or
English are eligible.

» Self-reporting of health events is subjective, may be
subject to recall bias and limits the level of medical
complexity that can be captured.

Controlling the pandemic requires public
health mitigation measures and a global
vaccine rollout that faces enormous chal-
lenges, not the least of which is widespread
vaccine hesitancy in many countries. It is
therefore of the utmost importance that regu-
latory and public health authorities monitor
and transparently report all potential adverse
events associated with each licensed vaccine
in order to build and maintain public trust.”
Adverse events following immunisation
(AEFI) are any ‘untoward medical occur-
rence which follows immunisation and which
does not necessarily have a causal relation-
ship with the usage of the vaccine’.”

The prelicensure trials of COVID-19
vaccines did not include sufficient numbers of
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individuals to identify rare adverse events (such as throm-
bosis with thrombocytopenia syndrome*) that occur with
afrequency of 1-10 per 100 000 or lower.” Such events can
only be detected when large numbers of people are given
the vaccine and are followed for a sufficient period of
time.® Additionally, the prelicensure trials did not include
sufficient numbers of older individuals, particularly the
institutionalised elderly, or individuals with a variety of
underlying health conditions and in most cases pregnant
women and severely immunocompromised individuals
were excluded from these trials entirely.7_9 Thus, active,
postmarketing safety surveillance of COVID-19 vaccines
is urgently needed.

One challenge with most postmarketing vaccine safety
surveillance is that, unlike the clinical trials, it does
not include a control group.'” This is an issue because
not every health problem that occurs after receipt of a
vaccine is caused by the vaccine. It is therefore important
to include a control group that can track the background
rate of health events in the community. This is particularly
important in a pandemic, when some background events
may be less common due to public health measures (eg,
reduced incidence of seasonal respiratory viruses) while
other health events may be related either to the pandemic
virus itself, or to restricted access to healthcare. After
vaccination, illness and/or health problems will happen
as part of the background rate and only the excess above
that rate should be attributed to the vaccine. To calcu-
late the risks attributable to the vaccine, the background
rate for common events needs to be determined in indi-
viduals who have not been recently vaccinated (control
participants).

The Canadian National Vaccine Safety (CANVAS)
network was designed to conduct active safety surveil-
lance for pandemic vaccines, seasonal influenza vaccines
and other new vaccines. CANVAS has been used to
inform public and health authorities about the safety
of seasonal influenza vaccines from 2010 to 2020, the
HINI influenza vaccine in 2009 and the meningococcal
B vaccine in 2014." '* Additionally, CANVAS has routinely
used a control group to help determine whether events
occurring postvaccination represent true vaccine adverse
events or are simply reflective of the background rates of
illness."* "

In 2012, when the Agriflu vaccine was temporarily
suspended in Canada (http://www.hc-sc.gc.ca/ahc-asc/
media/advisories-avis/_2012_164-eng.php), CANVAS
was able to rapidly provide safety data on the vaccine to
public health authorities to use in their evaluation of the
product. In recent years, CANVAS has monitored the
safety of seasonal influenza vaccines in over 50 000 Cana-
dians annually."*™"*

In Canada, current vaccine pharmacovigilance
involves both passive and active surveillance (moni-
toring) systems ~ that are designed to detect, at minimal
cost, very rare events in the large population of recipi-
ents of a broad range of vaccines. Passive surveillance,
which involves spontaneous, voluntary reporting from

multiple sources, suffers from underreporting and
reporting bias (based on age and severity).'"®'” Active
surveillance, which involves active searching for cases
using standardised definitions by trained, paid nurses
via the Canadian Immunization Monitoring Program,
Active, occurs in children (<17 years of age) for specific
conditions, such as seizures.'” 'Y Both types of moni-
toring can be slow to recognise safety signals and neither
permits the calculation of population-based incidence
rates of AEFIs.”” Finally, neither system is adequately
designed to provide enhanced reporting for pandemic
vaccines, with millions of doses administered over a
short time period.”’ The CANVAS surveillance network
complements the ongoing passive and active surveil-
lance systems by providing active safety monitoring for
severe health events—events that prevent daily activities,
work or school or require medical care—in vaccinated
and unvaccinated individuals via case-cohort methods
on a large number of individuals early in the COVID-19
vaccine campaign.

We therefore are conducting active vaccine surveillance
for all COVID-19 vaccines approved for use in Canada and
with the use of a control group to improve the ability to
determine whether identified events are causally related
to vaccination.

The main objectives of CANVAS are the following:

1. To identify common and uncommon health events
associated with COVID-19 vaccination and to estimate
their incidence by vaccine product, age, sex and other
demographic and health-related factors.

2. To estimate in individuals vaccinated against COVID-19
the frequency of health events of sufficient severity to
cause medical consultation, work absenteeism or pre-
vent daily activities for each COVID-19 vaccine.

3. To determine whether severe health event rates for
each COVID-19 vaccine are higher than severe health
event rates in an unvaccinated control group.

METHODS AND ANALYSIS

Study setting

Participants are recruited from seven Canadian prov-
inces and territories accounting for >75% (34 179 760)%
of the Canadian population including Ontario, Quebec,
British Columbia, Alberta, Nova Scotia, Yukon and Prince
Edward Island.

Recruitment vaccinated participants

In Canada, healthcare is coordinated at the provincial or
territorial level, and vaccine rollout plans differ region-
ally. For this reason, recruitment approaches vary at
each site. However, three primary methods are used: (1)
passive recruitment of COVID-19 vaccinated individuals
at the time of vaccination via posters and public health
information provided to vaccine recipients; (2) electronic
invitation via the vaccination booking site when the vacci-
nation appointment is made and (3) electronic invitation
via email from contact information in the vaccine registry.
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Controls

We have four methods for inviting controls to partici-
pate: (1) existing CANVAS sites have previous CANVAS
participants who have agreed to be contacted about
research; (2) we are inviting CANImmunize (CANIm-
munize is a digital immunisation platform. CANImmu-
nize and CANVAS have previously partnered to build
and test a proof-of-concept stand-alone pilot app for
CANVAS safety reporting. CANImmunize can identify
account users (approximately 100 000) by demographics
and invite them to participate in the CANVAS-COVID
control survey (www.canimmunize.ca) as controls;*?
(3) publicity to direct individuals to our webpage
www.CANVAS-COVID.ca and (4) volunteer research
databases.

Eligibility

» Only individuals with an active email address are
eligible to participate.

» For vaccinees: vaccinated with at least one dose of a
COVID-19 vaccine in the previous 8 days.

» For controls: NOT vaccinated with any COVID-19
vaccine.

» French or English speaking.

» Individuals can contribute to both the control and
vaccinated groups.

Registration/Consent

Online consent is collected for this study. Participants are
given a description of the study prior to study enrolment.
For those who wish to register, they may enrol at the study
website (www.canvas-covid.ca) or via the link in the elec-
tronic invitation. First name, vaccination date, name of
the vaccine received, vaccine lot number, email address
and telephone number(s) are collected from participants.

Dose 1 survey monitors Dose 2 survey monitor health between dose 1
and dose 2 surveys and 7 days after dose 2

health 7 days post-

Study procedures

Study participants (both vaccinated and unvaccinated)
are asked to complete up to four online surveys. Vacci-
nated participants are sent an email containing the
survey link 1 week after each vaccine dose and 7 months
following the first dose inviting them to respond to a
short survey. The survey is accessible by clicking on a link
embedded in the email. The link provides secure access
to the survey website using secure data transfer protocols.
Telephone follow-up is done for those who report a medi-
cally attended event on any survey. If the participant fails
to answer the survey, up to two automatic reminders are
sent every 72 hours (figure 1).

The control survey collects data about the occurrence
of health problems in the last 7 and 28 days and 6 months
in unvaccinated participants. Adults who are expected to
be vaccinated within the next 6 months, complete a retro-
spective control survey. All other controls are followed
prospectively.

Online data collection tool

All sites use Research Electronic Data Capture (REDCap)
software.* ® REDCap is a secure, web-based software
platform designed to support data capture for research
studies, providing (1) an intuitive interface for validated
data capture; (2) audit trails for tracking data manipula-
tion and export procedures; (3) automated export proce-
dures for seamless data downloads to common statistical
packages and (4) procedures for data integration and
interoperability with external sources. The version for
this study is hosted and supported by the BC Children’s
Hospital Research Institute in Vancouver. The data-
base is accessible through a secure web application with
personal passwords for research staff, providing a secure
environment (encryption, firewalls, frequent backups
and recovery plan). For each survey, contact information

6 month survey captures emergency visits and
hospitalizations after the dose 2 survey to 7
months post-vaccination

vaccination
Participant .
enrollment Dose 1 Dose 1 reminders at Dose 2 Dose 2 reminders at
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(email address, first name, telephone number) is stored
in REDCap. Only research team members have access to
participants’ contact information. Survey data (without
contact information) can be downloaded to the local
hardware in Vancouver to allow for further and more
complicated statistical analyses and modelling. Sites can
receive de-identified copies of their site data via secure
FTP transfer. Databases (including all contact informa-
tion) are deleted from the REDcap server after data anal-
ysis is complete at the end of the study.

Survey

The dose 1 survey (sent 8 days after the first dose) contains
the following questions: demographics data (partici-
pant age group in years, sex and gender); prior posi-
tive COVID-19 tests and disease severity; pregnancy and
breastfeeding status; presence of auto-immune disease
or immunocompromised; general health status (adapted
from the Canadian Community Health Survey” and the
Clinical Frailty Scale?” and the occurrence or worsening
of health events in the 7 days postvaccination. The dose
2 survey collects information on the occurrence or wors-
ening of health events occurring between the dose 1 and
dose 2 surveys and the occurrence or worsening of health
events 8 days after the second vaccine dose. It collects the
same demographic information as the dose 1 survey with
an additional question on ethnicity. The 6-month survey
collects information on the occurrence of emergency
department visits and hospitalisations after the dose 1
survey up to 7 months postdose 1 vaccination.

Outcomes
Any new or worsening of an existing health event is deter-
mined by the question: in the first week (7 days) after
your COVID-19 vaccine did you develop a new health
problem or did an existing health problem get worse?
New or worsening of a severe health event is determined
by the questions: was this health problem severe enough
to prevent/stop normal activities; was this health problem
severe enough to miss work/school; was this health
problem severe enough to see a healthcare provider and
did you see a healthcare provider for this health problem?
Emergency department visit or hospitalisation is determined
by selecting emergency room or hospitalisation to the
question: what type of medical visit did you have?

Exposure variable

Vaccination information is provided from the vaccination
registry at three sites (BC and the two Quebec sites) or by
the participant at four sites. Vaccine name, lot number
and vaccination date are captured.

Solicited symptoms

On the dose 1 and dose 2 surveys, all participants are asked
if they experienced an injection site reaction. Participants
who indicate they experienced a severe event (prevented
daily activities, work, school or required medical care) are
then asked to select the symptoms they experienced from
a list (see the dose 1 survey in the online supplemental

materials. An ‘other’ category with a text field is provided
for symptoms not included in the list. Then participants
are provided with a pick list of the symptoms they indi-
cated to select which symptom was the most severe. Onset
and duration are captured for those with a severe health
event. Diagnosis and treatment is captured for those with
medically attended events. Hospitalisation date, duration
and level of care is captured for those with hospitalisation.

Non-responders

A sample of participants (vaccinated and controls) who
do not respond after the dose 2 and 6-month surveys
may be followed up by telephone at each site. The non-
responder follow-up enables us to determine if there are
differences in health event among those who complete
the survey compared with those who do not.'* With
participant consent, the missing surveys are completed
with them at the time of the phone call and a set of ques-
tions are asked about why they did not complete the
survey online. We seek to follow-up with approximately
2% of non-responders, depending on the total number
of participants, total number of non-responders and avail-
able study budget.

Event follow-up

Vaccinated participants reporting adverse events severe
enough to seek medical attention are contacted by a
staff member specifically trained in obtaining a history
of possible adverse events following immunisation. As
several AEFI can be reported by an individual, the call
also serves to clarify the main AEFI that triggered the
medical consultation. These events may be reportable to
public health as required by local public health guide-
lines. Controls reporting health events severe enough to
seek medical attention also are contacted. Follow-up calls
are made ideally within 48-72 hours of the event report.
Where possible, Brighton Collaboration definitions are
used to define events.” However, given the self-reported
nature of this study, sufficient medical detail is frequently
not available from the participant to enable classification
of the event according to Brighton definitions.

Once validated, the health event follow-up data are
entered into the database, allowing near real-time data
analysis. Participants remain identified by a unique
number unless the eventis reportable to public health. >

Signal detection response

Should a new AEFI or safety signal be detected, either
through CANVAS or other surveillance systems, partici-
pants may be asked to respond to an additional survey in
order to better define and quantify the event. Administra-
tion of this survey would follow the same procedures as
described for above surveys, but would ask specific ques-
tions about the identified event.

Sample size

For each vaccine product, the target sample size is 240
000 vaccinated participants and 50 000 controls. Across
all age groups, the above sample size would allow us to
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detect health events with a relative risk of 1.14 (for events
occurring at a 1% background rate) compared with
controls and importantly, to conduct adequately powered
subgroup analyses by age and vaccine product. The 240
000 sample per product allows for a sample of ~34 000 for
each of the seven 10-year adult age groups. Within each
10-year age group, a sample of 34 000 allows detection
of a difference in risk ratios of 1.4 with 80% power and
a two-sided significance level of 95%. A total of 27 639
802 adults 18 years of age and older number are eligible
for vaccine.” The sample will cover approximately $%
of eligible Canadians (3 vaccine products at 240 000
each=720 000/27 639 802).

The control group sample size was strictly based on the
maximum sample we thought possible given our recruit-
ment via existing participants and CANImmunize. If we
are able to publicise the study to generate interest and use
other research databases to invite control participants, we
may be able to increase the control group size. We are
monitoring specific age groups as enrolment occurs, in
both the vaccinated and control groups and may conduct
more targeted recruitment if needed and/or restrict
enrolment when specific sample size age categories have
been met.

Analytic plan

The main objective of this project is to estimate in adults
vaccinated against COVID-19 and those not vaccinated
(the control group) the frequency of severe health events
(ie, events of sufficient severity to cause work absen-
teeism, medical consultation or prevent daily activities)
by vaccine type and age group.

For each vaccine type and the unvaccinated group, the
number, proportion and rate per 10 000 is calculated for
any events, severe events and emergency department/
hospitalisations after dose 1 and after dose 2. Participants
who receive a mixed vaccine schedule are examined as a
separate vaccine type after dose 2. Incident rate ratios by
vaccine type with 95% CIs for each outcome are calcu-
lated. Multivariable Poisson regression is used to estimate
relative risk of any and severe events following each dose
of each vaccine type overall and by age group adjusted
for province. Models will be examined for sex and gender
differences.

The secondary objectives are to explore the incidence
of severe events by auto-immune, immunocompromised,
pregnancy and breastfeeding status and prior COVID-19
infection.

Frequencies and proportions are calculated for any
events, severe events and emergency department/hospi-
talisations after dose 1 and after dose 2 and in the unvac-
cinated group by auto-immune, immunocompromised,
pregnancy and breastfeeding status and prior COVID-19
infection. Multivariable Poisson regression is used to esti-
mate relative risk of any severe events following exposure
of COVID-19 vaccination in the auto-immune, immuno-
compromised, pregnancy and breastfeeding groups after
controlling for age, sex, gender, health status, province,

prior COVID infection and vaccine interval. Several
Poisson regression models are used for the different
outcome variables. If the baseline characteristics between
the vaccinated and unvaccinated groups are not compa-
rable, propensity score analysis will be considered to
achieve exchangeability between groups.

Multivariable logistic regression is used for the prior
COVID infection analysis to determine the difference in
risk for a severe event or emergency department/hospi-
talisation at each dose among vaccinated participants with
and without prior COVID-19 infections after controlling
for age, sex, gender, health status and province. Several
logistic regression models are used for the different
outcome variables and different time points.

ETHICS AND DISSEMINATION

Each study site has Research Ethics Board approvals for
the project (UBC Children’s & Women’s, CIUSSS de
I'Estrie—CHUS, Health PEI, Conjoint Health Research
Ethics Board, University of Calgary and Alberta Health
Services, IWK Health, Unity Health Toronto and CHU
de Québec-Université Laval). Individuals are invited
to participate in this active surveillance and electronic
consent is given before proceeding to each survey.
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