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Canada’s largest population health research platform

» CanPath is a population-health research platform for assessing the effect of
genetics, behaviour, family health history and environment on chronic diseases.

» CanPath brings together seven cohorts across ten provinces

» The study is jointly housed at the University of Toronto & The Ontario Institute
for Cancer Research
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330,000 Canadians are followed longitudinally
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CanPath COVID-19 Initiatives

» COVID-19 Questionnaire (launched in March 2020)
» Leverages existing infrastructure to determine population-level prevalence of COVID-19;
« Determine biological, societal and behavioural factors that affect susceptibility to COVID-19;
« Capture the socio-economic and mental health and long-term health outcomes of COVID-19

» COVID-19 Antibody Study (launched in March 2021 and ongoing)
» Collection of dried blood spots using kits mailed to participants, which are then tested for
infection-acquired antibodies and vaccine-induced antibodies, along with a supporting
guestionnaire.




CanPath COVID-19 questionnaire was designed to align
with international efforts

. 3%

COVID-19 test result/ suspected infection

Symptoms experienced (if any)
R

101,595

Eu Participant hospitalized or received medical care COVID-19 Questionnaires
Completed

(ej Current health status and risk factors for COVID-19

- Potential source of exposure

&]=| Impact of pandemic on job status

q’ Impact of the pandemic on mental, emotional, social and financial
) wellbeing
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Antibody study questionnaire (launched in March 2021 and ongoing...)

Unique variables not collected in initial COVID-
19 Questionnaire

* More detailed job classifications for front-line workers
likely to have occupational exposures:

« Passenger and delivery drivers, including
taxi/uber drivers, restaurant and package delivery
drivers

« Services requiring entry into private homes,
including Personal Support Workers, nurses,
community aid/shelter workers, tradespeople,
movers and cleaners

« COVID-19 Vaccines:
» Participant vaccination status (which one and
date), vaccine availability, and willingness to
receive COVID-19 vaccine
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SUPPORT-Canada: A national COVID-19 serological
surveillance study

il - Canadian Institutes of I * I PI.IDNC HEEI“h
"l '.‘ A #Cl H Health Research ﬁQE"C‘F of Canada COVID-19 IMMUNITY
CanPath - IRSC ISR e Agence de la santé TASK FORCE
Facmnelbiwiiris' publique du Canada

Collection of COVID-19 related data and outcomes from over 20,000
Canadians

Longitudinal serological surveillance of SARS-CoV-2 antibodies
in diagnosed, symptomatic, asymptomatic and susceptible
Canadians

% Deep sequencing to support functional immuno-
VA genomics studies
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CanPath COVID-19 Antibody Studies

CIHR-funded study

« Seroprevalence of SARS-CoV-2 antibodies in 3,000 randomly selected CanPath participants at 3
time points (500 per regional cohort)

» Developing capacity for immunogenomics through blood collection from 4,000 participants

COVID-19 Immunity Task Force- and PHAC-funded Study

» Seroprevalence of SARS-CoV-2 antibodies in 25,000 CanPath participants at 2 time points

 Includes populations that are traditionally not included in studies or are among the highest risk of
exposure to COVID-19, such as residents of long-term care homes and people living in under-
served urban and rural communities with high prevalence of COVID-19, and those with
underlying conditions

Both studies are collecting dried blood spots using kits mailed to
participants.
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Cana!a Coronavirus Epidemic Curve and Latest Trends

* An average of 5,103 cases per day were reported in Canada in the last week.

« (Cases have decreased by 8 percent from the average two weeks ago. Deaths have decreased by 39 percent.
« Atleast 1in 11 residents have been infected, a total of 3,392,164 reported cases.

« Atleast1in 1,014 residents have died from the coronavirus, a total of 37,080 deaths.

« January 2022 was the month with the highest average cases

» April 2020 was the month with the highest average deaths in Canada.

New reported cases by day New reported deaths by day

T-da

|
average
|
T-day
average

Source: New York Times. Population data from Statistics Canada.
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Objectives of the antibody study

» Analyzing serologic data:
« What is the antibody response following vaccination? Following infection?
* Are there sub-groups in whom antibody response is suboptimal, such as those with
cancer?
» Does the immune response vary according the number of vaccine doses and the
vaccine product received?
* Are antibody levels waning over time?

» Determining risk factors of infection
> Boosters:

« How have booster shots affected antibody levels?
« How have booster shots affected risk of infection?
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Study Population
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P

44.6 3.0

= Atlantic PATH = BC Generations
Manitoba Tomorrow Project ® Ontario Health Study
= CARTaGENE (Quebec)

*Alberta’s data were not available at the time of analysis
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Methods: laboratory testing

SARS-CoV-2 antibody levels were measured from dried blood spots
Measured three antibody levels:
» anti-spike (S) IgG
 anti-receptor binding domain (RBD) IgG
» anti-nucleocapsid (N) IgG
Spike protein is the main antigenic target of antibodies generated by infections and of most vaccines
Anti-RBD and anti-S antibodies are markers of vaccination
Anti-N antibodies indicate natural infection (along with anti-RBD and anti-S)

COVID-19 SPIKE
RNA S-protein
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Methods: SARS-CoV-2 variants

» Multiple SARS-CoV-2 variants have circulated globally, most notably:
* Alpha (B.1.1.7) variant: detected in UK
* Delta (B.1.617.2) variant. emerged in India
* Omicron (B.1.1.529): detected in South Africa
- multiples 70x faster than Delta in the bronchi, but less severe than previous strains
- 60 mutations, 32 affect the spike protein, and many of those mutations not seen previously

> In estimating incidence of infection, we considered risk for SARS-CoV-2 during 4 periods:
* Mixed Wild type (Wuhan) strain and Alpha period (11 Jan to 4 Apr)
« Alpha period (5 Apr to 27 Jun): ~77% Alpha
» Delta period (28 Jun to 1 Dec): ~97% Delta
* Omicron period (2 Dec to now): ~100% Omicron
and assume infections during these timeframes were based on the predominant variant
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Methods: exposures, covariates, and outcomes

» Exposure

» vaccination status, number of doses, time since last dose, product received
» Covariates

* age, sex, geographic region

« calendar time

 influenza vaccination (proxy for health behaviours)

« comorbidities

* area-level measures: income, essential workers, household size, visible minorities
» Outcomes

» Positive COVID-19 test: PCR, rapid antigen, antibody

* Hospitalizations
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Dried blood spot collection at two timepoints

Timepoint 1 (Feb 2021 - Oct 2021), n=25,272

31.69%

0 25 50 75 100

m Unvaccinated Partially Vaccinated (1 Dose) Fully Vaccinated (Two Doses)

Timepoint 2 (Sept 2021 - ongoing), n=7,098

0.01 0.26

76.32

0.00 25.00 50.00 75.00 100.00

m Unvaccinated Partially Vaccinated (1 Dose)

Fully Vaccinated (Two Doses) m Boosted (Three Doses)
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Anticipate ~25,000 biospecimens collected at
each timepoint

Supporting questionnaires at both timepoints

At timepoint 1, 61% and 8% of the study
population had received one and two doses,
respectively

At timepoint 2, 23% and 76% the study
population had received two and three doses,
respectively

At timepoint 2, only 0.3% had received one dose,
and only 0.01% were unvaccinated




Vaccine distribution and safety
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Dizzyness
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Chills
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» Among those fully vaccinated (with or without a

booster),
79% received mRNA vaccines only:

Pfizer (48%), Moderna (11%) or a
combination of the two (20%)

21% received a regimen that included Astra
Zeneca:

AstraZeneca, two doses (3%) or a
combination of AstraZeneca and an mRNA
vaccine (18%)

» Vaccine safety:

0.45

Vaccine recipients reported local reactions
(e.g., pain, erythema, swelling) and
systemic reactions (e.g., headache, fatigue,
muscle aches)

Most reactions were mild to moderate
0.18% (n=13/7098) required
hospitalization for their symptoms

2.6% (n=186/7098) contacted a
healthcare provider about these
symptoms
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Vaccine-induced anti-RBD antibody levels

5s Infection + vaccine 2 doses 3 doses

.I. I | |
1 | 1

* Dots depict antibody levels; boxes represent the first
quartile and third quartile; the line represents the mean.
« Those with prior infection have more antibodies

s

» Heterologous dosing (AstraZeneca/mRNA vaccine) o 1
induced a response comparable to regimens. i 13
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Vaccine-induced anti-spike antibody levels

) Infection + vaccine 2 doses 3 doses
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* Findings are generally similar to those for the anti-RBD
antibody levels: s

* Dots depict antibody levels; boxes represent the first

quartile and third quartile; the line represents the mean. Mod T
» Heterologous dosing (AstraZeneca/mRNA vaccine)

induced a response comparable to regimens.
- A boosted mean antibody-levels to just N ’

anti-Spike 1gG level

above initial post-second dose levels.
» Those with prior infection have more antibodies
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Evolution of anti-RBD antibody levels after 1st, 2"d, and 3'd vaccine doses

« The dots depict antibody levels; the green line shows the linear trend; the orange line shows the cut-off for seropositivity.

« Substantial interindividual variability

* Increasing time since second vaccine dose is associated with decreasing anti-RBD 1IgG levels (p<0.01) (adjusting for age,
sex, product type, time since dose, interval between doses)

» Rate of decline is much more pronounced for anti-RBD than for anti-spike antibodies
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Evolution of anti-spike antibody levels after 1st, 2"d, and 34 vaccine doses

« The dots depict antibody levels; the green line shows the linear trend; the orange line shows the cut-off for seropositivity.

» Substantial interindividual variability

» Increasing time since second vaccine dose is associated with decreasing anti-spike 1gG levels (p<0.01) (adjusting for age,
sex, product type, time since dose, interval between doses)
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Infection-induced antibody levels: anti- nucleocapsid (N), receptor binding
domain (RBD,) and spike (S) IgG

« The dots depict antibody levels; the green line shows the linear trend; the line shows the cut-off for seropositivity.

« Sensitivity in discerning previous infections varied: 49% for anti-N IgG, 78% for anti-RBG IgG, and 91% for anti-S IgG

« Anti-N IgG levels degraded quickly, with 35% of individuals seropositive for anti-N IgG at six months and 22% at 12 months.
« Anti-RBD and anti-S remain detectable for significant periods

* Reliance on anti-N IgG to measure infection-induced seroprevalence in a vaccinated population is challenging
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Variation in immune response by age and sex (among fully vaccinated)

« Antibody levels decrease with increasing age, consistent with systematic reviews
« Females had a higher IgG levels, consistent with widely reported enhanced immune responses in females
« Sex differences might be hormone related: testosterone, which is higher in men, naturally suppresses the immune system,
whereas estrogen, which is higher in women, is known to amplify immune responses.
« Also, some genes that code for certain immune proteins are on the X chromosome, and since women have two X
2 2

chromosomes, this might help increase immune activity.
1.8
1.6 ‘ * ﬂ

=40y 41-50y 5160y 6B1-70vy =70y Male Female =40y 41-50y 5160y 6B1-70vy =70y Male Female
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Variation in anti-RBD and anti-spike antibody levels: vaccine factors

» Antibody levels increase with increasing number of vaccine doses received.

» The strongest antibody responses were elicited by full vaccination with Moderna, followed by a combination of mMRNA vaccines.

» Dosing regimens that included the AstraZeneca vaccine induced a lower response, but the decrease was not significant among
those who received three doses.

« Antibody levels decrease with increasing time since vaccination.
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Variation in antibody levels by cancer status

» Seropositivity after full vaccination was particularly low among those with:
» a haematological malignancy (50% if ever diagnosed; 29% if recently diagnosed)
* melanoma (82% if ever diagnosed; 25% if recently diagnosed)

> In multivariable models of antibody levels after the second dose of a COVID-19 vaccine, those with haematological malignancies had
statistically significantly lower antibody levels.
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-
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Infection-induced SARS-COV-2 seroprevalence, Feb 2021-Dec 2021

» Specimens were tested for antibodies against the nucleocapsid (N) antibodies to differentiate infection- and vaccination-
induced seropositivity
» The study-wide infection-induced seroprevalence varied from 0.4% to 5.2%, and overall was 2.4% (95% ClI, 2.2%-2.6%)
» We expect the 23-fold increased risk of infection with the Omicron variant to be reflected in upcoming seroprevalence
estimates
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Symptoms by viral variant: Wild-type and Alpha

» Wild-type (Wuhan) presented with symptoms more likely to be severe than subsequent variants:
. loss of smell and taste were much more common than for subsequent variants
. fatigue, general aches, headache and dry cough were common, and often severe

> Alpha presented with fewer symptoms, and they were likely to be mild
+ fatigue, general aches, headache, shivering and dry cough were reported in ~50%, but most often mild

Wild-type (n=51), Jan 11, 2020 to Apr 4, 2020 Alpha (n=364), Apr 5, 2020 to Jun 27, 2020
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Symptoms by viral variant: Delta and Omicron

» Delta:
. cough and loss of smell are less common than for previous variants
. headache, sore throat, runny nose, fever, and fatigue are common, but mild

» Omicron symptoms were relatively mild in our vaccinated study population:
» upper respiratory or cold like symptoms such as a runny nose, congestion, sneezing, sore throat, headaches, and fatigue were

common

Delta (n=20), Jun 28, 2020 to Dec 1, 2020 Omicron (n=224), Dec 2, 2020 to Mar 14, 2021
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Risk of SARS-CoV-2 infection during the Omicron wave,
by occupation

Essential worker *

|
°

Essential workers have a higher exposure to the

rocery * I . .
Facmﬁwk: . : " SARS-CoV-2 virus due to the nature of their work.
First responder 4

S werker 1 : - « Relative to non-essential workers, essential
Airport worker 1 1 workers had a higher risk of COVID-19 (RR=1.3,
Foodserviee |  — 95% Cl 0.93 to 1.83), although not statistically
Community seftingq ===y significantly higher
Driver 4 l'I
Hospital setting 9 L
Transit =' « Retail workers specifically had a higher risk of
vl I — COVID-19 (RR 2.23, 95% Cl 1.03 to 5.23)
0 2 4 7] 8 10 12

Relative risk (95% CI)
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Risk of SARS-CoV-2 infection during the Omicron wave

Province

Atlantic provinces1

Ontario

Manitoba 1

British Columbia (reference)
Ethnicity 1

Other

Asian 1

White (reference) 1

Sex

Female 1

Male (reference)

Age 1

270 yH

61-70 y1

51-60 y1

41-50 y1

<40 y (reference)

Vaccine Status
Combination of viral vector & mRNA -
Combination of MRNA {
ModernaH

Pfizer BioN tech1

Three vaccine doses 1

Two vaccine dose (reference)

0.0
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Hazard Ratio
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» Compared to those <40vy:
« Those 270y were 80% less likely to be
infected (RR=0.20, 95% C1 0.09 to 0.38)
« Those 61-70 y were 69% less likely to be
infected (RR=0.31, 95% CI, 0.17 to 0.55)

» Vaccine effectiveness is the percentage
reduction in the hazard ratio.

» Compared to those who received 2 vaccine
doses:
» 3 dose vaccine effectiveness = 61%
(RR=0.39, 95% ClI, 0.26 to 0.58)

» Future analyses: vaccine efficacy by time since
third dose



Risk of infection caused by Omicron vs. other variants,
including PCR, and rapid antigen test results

60 2.24% » Risk of infection caused by Omicron
« 23 X higher than risk caused by Wuhan strain
* Incidence rate= 54/100,000 persons per day

» Source of positive test during Omicron period
« 42% PCR
« 56% rapid antigen
+ 2% antibody test (outside of this study)

» Plus those positive for anti-nucleocapsid IgG (to
be determined through CanPath serology testing)

Infection rate [per 100,000 per day)
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Risk of hospitalization caused by Omicron vs. other viral variants

» Absolute number of hospitalizations was low

’ (n=36 total)
= » Risk of hospitalization caused by Omicron
=20 * 1.7 X higher than risk caused by Wuhan
g‘ strain
3 » Hospitalization rate= 22/100,000 persons per
g 1° month
;’l » Although the risk of hospitalization among those
c 10 infected is lower during the Omicron period
2 (RR=0.20 Omicron period vs. pre-Omicron
LE period), due to increased transmissibility
2 of Omicron, the absolute number of cases poses
E an increased risk of hospitalization

W

0
Overall Wuhan Alpha Delta Omicron
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Risk of SARS-CoV-2 infection (Jan 2020 to Sep 2021), ascertained by a
combination of self-reported test results and CanPath serology results

» When serology results are incorporated, risk of
infection is
« 2 X higher than rates ascertained through
positive Covid-19 test results alone

» Source of positive test during pre-Omicron period
« 26% PCR
» 25% both PCR and anti-N IgG positive
* 49% anti-N IgG positive

0 per day)

» Among the 49% detected through antibody testing
alone, only 12% suspected they had an undiagnosed
infection

infec tion rate (per 100, B

Foyithe virsl test nlong FoRie virst test or art-N AL > 12% of those with a positive test reported having no

m Anti-N antibady |our study) Both anti-M and sell-reported positive te Pmitive test SymptOmS

> 49% of infections are asymptomatic
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Conclusions

» Our findings:

« emphasized critical age-dependent immune responses following vaccination, with weaker immune responses in older
individuals

« influenced changing guidelines on following the AstraZeneca vaccine by a second dose of an mRNA vaccine

« showed that stronger antibody responses were elicited by full vaccination with an mRNA vaccine compared to
AstraZeneca

« showed that antibody levels decrease with increasing time since second vaccine dose and booster shots increase
antibody levels

« confirmed that individuals with previous SARS-CoV-2 infection elicited stronger antibody responses, and

« showed that individuals with hematological malignancies had weaker vaccine-induced immune responses

« showed that the risk of infection with Omicron is 23 X higher than the Wild type
*  56% of current SARS-CoV-2 infections are diagnosed using rapid antigen tests
« ~49% of infections are asymptomatic

« 3 vaccine doses reduce the risk of infection with Omicron by 61%
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Future Directions

> ldentify correlates of protection
» Correlate antibody levels with vaccine efficacy
* Moving target requiring a constantly evolving
understanding

> ldentify factors that influence the rate of antibody decline

» Quantify vaccine effectiveness by time since third vaccine dose
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Accessing CanPath Data

portal.canpath.ca

English/ Francais News & Events Register | Login

Home Cohort Data Biosamples Access~ Search ContactUs

CanPath Portal CanPath

The Canadian Partnership for Tomorrow’s Health (CanPath) Portal provides the

research community with the necessary resources to identify epidemiological and
biological data available from five participating cohorts to answer innovative research
questions. A request for access to CanPath data is initiated directly through the
CanPath Portal.

Cohort Data Biosamples Access

—
Find out more about the five regional cohorts of the Find out more about the CanPath datasets and data Find out more about CanPath’s biological—- Find out more about CanPath Access Policy, the access
CanPath. harmonizatien approach. sample collection and its upcoming availability. process, and approved research projects.
Read More Bead More Read More Read More
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ccessing CanPath Data
portal.canpath.ca

English/ Francais News & Events Register | Login

Home Cohort Data Biosamples Access - Search ContactUs

Data

4 CORE DATA
e e The core harmonized d! includes information related to health and risk factors, mental health, physical measures and biclogical samples collected by the British Columbia Generations Project,
() _ i - phy _ J P Y ]
8.0 Alberta’s Tomorrow Project, Ontario Health Study, CARTaGENE (Quebec), Atlantic Partnership for Tomorrow's Health Study and Manitoba Tomerrow Project as core CanPath data content. The
.' Manitoba Tomorrow Project is currently in recruitment and participant data is not yet ready for research.

CanPath ...

ENVIRONMENTAL EXPOSURE DATA

The CIHR-funded Canadian Urban Environmental Health Research Consortium (CANUE) collates and generates standardized area—level environmental data on air and noise pollution, land use,
green/natural spaces, climate changefextreme weather, and socioeconomic conditions and links this data to existing Canadian cohort studies and administrative health databases. An initial batch
of CANUE exposure datasets have been merged with the national harmonized CanPath dataset and are now available to ressarchers. These datasets include:

]

« Canadian Active Living Environments Database (Can-ALE)

+ Material and Social Deprivation Index

« Normalized Difference Vegetation Index (NDVI; i.e. “greenness” metrics)
« Annual average nitregen dioxide (NO2) exposurs

Annual average ozone (03} exposure

Annual average fine particulate matter (PM2.5) exposure

Annual average sulfur dioxide (S02) exposure

Weather and Climate metrics

Satellite based nighttime light

Read more

GENOTYPE DATA

Genotype data on more than 4,800 CanPath participants is now available for access. The genotype data provides information on over 820,000 SNPs (Affymetrix UK Biobank Axiom® 2.0 gene
chip). I markers, pharmacogencmics, Human Leukocyte Antigen (HLA), inflammation and Expression quantitative trait loci (eQTL) variants. This work was
completed with the as

CanPath



http://portal.canpath.ca/

Accessing CanPath Data

My Access Requests

<€ New Access Request

(oe

SCHEDULE A

CanPath Data and Biosamples Access Application Form

s to Research Data and/or Biosamples, referred to as Material in the Data and Material Sharing Agreement. Please refer to the CanPath Access Policy for the
CanPath portal.

This A plication Form is to be u
meaning of all capitalized terms used in this form,

ised by all researchers s
his avai

eeking acc
la

ble on the

s the Access Policy , Publications Policy and Intellectual Property Policy in the CanPath Policies & Guidelines Section (Access Process Page) before completing this

Applicants should revie pplication Form.

quest will be considered. Further information on CanPath’s rev

Applicants must complete all mandatory sections and p e supporting documentation before the acc nd approval process can be found in the Access Policy.

Committee,

'or Material will be granted for the timeframe set out in the approved
ond a one—year period.

Upon approval of a Application Form and the greement. An Annual Progress

Report must be comg

The title of the Approved R f the Approved Institution(s), and a lay summary of the scientific abstract submitted by the

will be added to t

Approved User and Research Team involved, their status and credentials, name(

Applican

| - Contact and Research Project Information

A. Name, institution, and contact details of the Applicant (Principal Applicant)

Please include a full postal address and a valid institutional e-mail address. If you have more than one affiliation, only provide the contact information pertaining to the institution you are affiliated with for the purpose of the research project.

Name Institutional E-mail Address
Credentials (PhD, MD, etc.) Alternate E-mail Address
Position (Rank, Faculty, Department) Telephone Number
Institution Institutional Mailing Address

CanPath




Access Process Overview

CanPath

Access Committee
Independent committee that reviews

S and advises access applications
l I, \\
Y \
4 \\
Administrative Assessment 4 h

CanPath Access Office FuI_I Access. Expedited Review
Committee Review Harmonized Data Only.
Quarterly submission Takes approx. 3 weeks

1 deadlines \ /

Research Project Approved
Data released & project posted on
the CanPath website

" CanPath () oz




Expedited COVID-19 Data Access Process

Data from the first COVID-19 Questionnaire and
from the antibody study, 1st timepoint are now
available.

Given the immediate need for pandemic
research, harmonized national data from
l CanPath’s COVID-19 initiatives is eligible for a

special expedited review.

Administrative E)I;pec_ilted
Assessment —_ eview
CanPath A Offi Independent Access
anPath Access Office e
3 days 3 days 3 days
*Conditional on complete
application

" CanPath () oz



National Coordinating Centre

Based at the Dalla Lana School of Public Health, University of Toronto

Dr. Philip Awacdalla Dr. John MelLaughlin Tedd Konya Asha Mohamed

Megan Fleming

‘CanPath () L



Ontario Health Study Team

CanPath

Ontario Health Study
Kelly McDonald
Michael Abramov
Matthew Campbell
Kathleen Dowell
Nazanin Khobzi

lgor Koganov

Victoria Kirsh

Ayush Lall

Mason LeVon

Alexis Mantell
Melissa Moore

Abiola Oduwole
Helen Qu

Angelica Ramprashad
Vali Radoi

Sarah Salih

Charles Zhu

Key Collaborators
Anne-Claude Gingras
Karen Colwill

& team




Thank you to CanPath participants across the
regional cohorts who generously donate their
time, information and biological samples.
CanPath is a success because of the
participants’ ongoing commitment.



' Thank you to CanPath’s sponsors and hosts!
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