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Title

Canadian COVID-19 Population Serological Survey Utilizing Antenatal Serum Samples

Abstract

Background: Insufficient data on the rate and distribution of SARS-CoV-2 infection in Canada continues to
present a significant challenge to the public health response to the COVID-19 pandemic. Our objective was to
assess SARS-CoV-2 seroprevalence in a representative population of reproductive age females throughout

Canada, across three waves of infection in 2020.

Methods: This is a Canadian retrospective serological surveillance study utilising existing serological prenatal
samples across ten provinces over three time periods: February 3-21 2020, August 24-September 11 2020 and
November 16-December 4 2020. Age and postal code administrative data were included to allow comparison

with concurrent PCR-positivity rates and regional distribution of SARS-CoV-2 spread.

Results: The seropositivity rates were 1.5 to 10 fold higher than the documented concurrent PCR positive rates
in these jurisdictions. Presence of seropositivity as early as February in all jurisdictions reflects the extent of

SARS-CoV-2 transmission in the early phases, prior to pandemic declaration.

Interpretation: This study presents one of the largest national Canadian SARS-CoV-2 seroprevalence datasets to
date. Its results are more generalizable than many reports owing to the minimally biased nature of sample
acquisition (routine prenatal testing). Overall seropositivity was below 6%, indicating widespread vulnerability to
SARS-CoV-2 prior to the advent of vaccination in Canada. During the time periods sampled, public health

tracking systems in all provinces were underreporting infections by 4 fold on average.
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Introduction

The COVID-19 pandemic has presented great challenges to healthcare systems and policymakers worldwide
since its declaration in March 2020 (1). It has been critical that public health networks collaborate to ensure the
rapid dissemination of information and data to inform policies, yet obtaining accurate assessments of
community spread of SARS-CoV-2 has been difficult from the outset. Initially in Canada, case detection relied on
polymerase chain reaction (PCR) assays on specimens obtained via symptomatic testing and contact tracing.
Tracking using PCR alone underestimates cases due to missed asymptomatic or mild cases, individuals electing
not to be tested, and variable testing capacity (2-6). In other global settings using similar testing criteria, it is
estimated that 33-66% of all cases were undetected due to being asymptomatic (2,3). Although various SARS-
CoV-2 serosurveillance studies have been performed within Canada, including those involving postal
recruitment or utilising residual sera from blood donors and clinical samples, each study has challenges that

limit generalisability to the broader Canadian population, particularly in regard to geographic location (7-12).

Antenatal sera are collected as part of standard prenatal care across Canada to screen for infections and
immunity to viruses such as HIV, rubella, and hepatitis B, or for aneuploidy. In some jurisdictions, antenatal
specimens are stored for later use or reference. With a very high uptake among all pregnant persons ranging
from 93-96% in Canada (13-15), these sera are highly representative of the greater population of reproductive
age and encompass the diversity of Canadian residents by geographic location, socioeconomic status, and
race/ethnicity. These samples provide an opportunity to test and assess population seroprevalence among a

minimally biased sample throughout the pandemic.

Our objective was to assess SARS-CoV-2 seroprevalence in adults by testing available antenatal serum samples
across Canada. To capture progression of the pandemic, three sampling periods were selected for assessment of
seroprevalence with comparison to concurrent PCR-positivity rates. This serial, cross-sectional study represents
one of the largest antenatal seroprevalence studies of the pandemic to date, and is the first Canadian study to

present data from three different time points spanning the first year of the pandemic (16,17).
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Methods

Sample Selection

As part of a national serological surveillance project, we present data from ten provinces: British Columbia (BC),
Alberta (AB), Saskatchewan (SK), Manitoba (MB), Ontario (ON), Quebec (QC), Newfoundland and Labrador (NL),
Nova Scotia (NS), New Brunswick (NB), and Prince Edward Island (PEl). Where possible, stored antenatal
samples were retrieved from three sampling periods between February 3, 2020 and December 4, 2020; period
A: February 3-21, 2020 prior to the first wave and nationwide restrictions, B: August 24 — September 11, 2020
which corresponds to seroprevalence after the first wave, and C: November 16 — December 4, 2020
corresponding to the second wave of SARS-CoV-2 in Canada. BC, AB, and SK participated in time period A with
the addition of data from NL and NS for time period B. All ten provinces participated in time period C. Of note,
all three time periods pre-dated SARS-CoV-2 vaccine roll out so results uniformly represent response to
infection. Given the relatively continuous flow of samples from pregnant persons, selection of all eligible
samples (e.g. adequate volume and integrity) from a set time period was conducted to provide proportionate
sampling based on population size in each jurisdiction. Antenatal sera are routinely stored for all pregnant
persons in Canada. To reduce bias, participating laboratory sites in all provinces included all samples with

adequate residual sera within the selected time period.

Laboratory Assays

Samples were assayed for SARS-CoV-2 antibody by the most sensitive and specific assay platform available in
each reference laboratory in each province with assay sensitivities ranging from 96%-63% (Supplementary Table
1) (18). These included: the OrthoDiagnostics VITROS Total assay (used by BC, SK, ON, NB, and NS), the DiaSorin
LIAISON IgG assay (MB, and QC), the EUROIMMUN assay (used by NL), Abbott assays (used by AB), and the

Roche S Total assay (used by PEI).

Statistical Analysis

Sample results from each province were shared with the coordinating centre in Vancouver. Raw seroprevalence
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4
was estimated as the number of positive samples over the total, and stratified by age within each province with

exact 95% confidence intervals, except for AB and PEI, where age-linkage was not obtainable. We used the
direct method to age-standardize the seroprevalence within each province using Statistics Canada (StatCan)
data on the proportion of females in each province in each age range. Confidence intervals for the age-
standardized estimates were calculated using the gamma method (19) as implemented in the package dsrTest

(20). All analyses were carried out in R version 4.1.1 (2021-08-10) (21).

PCR Confirmed Cases Comparison

The cumulative number of PCR-positive pregnant cases per province was obtained from the Canadian
Surveillance of COVID-19 in Pregnancy: Epidemiology, Maternal and Infant Outcomes (CANCOVID-Preg) project
(22), while the number of cumulative PCR-positive cases for SARS-CoV-2 infection for females aged 20-49 by
region was obtained from StatCan (23). Province-specific data for females aged 20-49 were not available for all
provinces therefore several are combined to represent regions: 1) BC ; 2) Prairies including AB, SK, MB, and the
Northwest Territories (NT); 3) ON and Nunavut (NU); 4) QC; 5) Atlantic including NB, NS, PEI, and NL. To
estimate the PCR-positive rate in each province for 1) the pregnant population, and 2) the population of females
aged 20-49 we used data from StatCan. The number of births in 2020 was used as a proxy for the number of
pregnant people in each province adjusted for the relevant time period to use as a denominator for PCR-positive
rates in pregnancy (24) and the number of females aged 20-49 in each region was used as the denominator for
calculating regional PCR-confirmed-positive result rates among this age-group more generally (23). Both
seroprevalence and PCR rate are presumed to be cumulative for the purposes of comparison for the ten-month
period spanned by this analysis. Rate ratios and confidence intervals of seroprevalence to PCR rates were

calculated using a Chi-square approximation.

Ethics Approval
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Ethics approval was granted for each site individually to allow for laboratory testing and data transfer to the
central coordination centre of the study. Coordination and data management were established through the

Women's Health Research Institute (WHRI) at BC Women’s Hospital and Health Centre (H20-02252).

Results

Period A February 3-21 2020

Sampling period A was selected to determine if there was any notable SARS-CoV-2 circulating within the general
population prior to declaration of the COVID-19 pandemic. A total of 7329 antenatal serum samples from BC,
AB, and SK were available for this three-week period. The median age was similar in BC and SK with values of 32
years (range: 15-60) and 30 years (range: 14-41), respectively. The raw seroprevalence in BC was 0.07% (95% Cl:
0.01-0.24), in AB was 0.35% (95%Cl: 0.19-0.59), and in SK was 0.18% (95% Cl: 0.01-1.02), while the age-adjusted
seroprevalence in BC was 0.03% (95% Cl: 0.00-0.10), and in SK was 0.19% (95% Cl: 0.00-0.71). No formal

reporting of PCR-positive cases occurred during this sampling period.

Period B August 24- September 11 2020

Testing of samples from sampling period B was performed to determine the seropositivity rate after the first

wave and to indicate susceptibility for the second wave following natural infection. For sampling period B, BC
and SK retrieved and centrally tested 2427 antenatal samples. Raw seroprevalence was 0.34% (95% Cl: 0.12-

0.73) in BC, 1.56% (95% Cl: 1.15-2.06) in AB, 0.66% (95% Cl: 0.18-1.68) in SK, 0.41% (95% Cl: 0.05-1.47) in NS,

and age-adjusted seroprevalence in both BC and SK was 0.29% with confidence intervals 0.07-0.65 and 0.08-

0.63, respectively. NL tested 33 serological samples for this period and detected no confirmed seropositive

samples.

Period C November 16 — December 4 2020

This period reflects the weeks just prior to access to COVID-19 vaccines in Canada. Ten provinces (BC, AB, SK,

MB, ON, QC, NL, NS, NB, and PEI) retrieved and tested 14 372 antenatal samples for sampling period C. Age
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6
adjusted data were available for eight provinces (BC, SK, MB, ON, QC, NS, NB, and NL) and raw rates only for AB,

and PEI.

Raw and Age-Adjusted Seropositivity by Province for Time Period C

With the data available in time period C for all ten provinces, age-adjusted rates and PCR comparisons were
possible by province for all but AB and PEI. Figure 1 demonstrates the range of raw and age-adjusted
seropositivity for this period with the highest rates evident in QC at 5.95% (95% Cl 2.66-10.44) and the lowest

rates occurring in NL at 0.24% (95% Cl 0.01-0.87).

Age-stratified seroprevalences are shown in Figure 2. The figure omits the youngest (<20), and oldest (245) age

groups due to low numbers.

Comparison over time was possible with BC, AB, and SK data for all three time periods, and with NL and NS for

two time periods, and is reflected in Figure 3, showing increases in seropositivity for time period C.

PCR versus Seroprevalence Comparison

The rate of PCR-positive confirmed SARS-CoV-2 infections in pregnant people and the rate of PCR-positive
confirmed SARS-CoV-2 infections in females aged 20-49 by region was compared to the seroprevalence for time
period C. Seroprevalence was higher than PCR-confirmed-positive case rate for all regions and both populations.
In addition, the individual provinces showed higher seroprevalence compared to the regional PCR-positive rate
for all provinces except SK. The seroprevalence was on average 4.3 times higher than the PCR positivite rate for

the ten provinces.

Geographic Seropositivity Mapping

Figure 4 demonstrates the positive and negative sera results geographically. Positive serum sampling is
demonstrated in remote parts of BC, SK, and MB as well as on the Eastern coast in regions which may have

underestimated the amount of community spread during this time period.
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Interpretation

Data from this national serosurveillance study demonstrate several key findings regarding SARS-CoV-2 spread in
Canada. First, SARS-CoV-2 community spread prior to declaration of the pandemic in March 2020 was more
expansive than previously thought (based on PCR-based case detection). During sampling period A, it was
believed that there was no community spread in BC, AB and no infections in SK. Despite this, the age-adjusted
seroprevalence of 0.03% in BC, 0.19% in SK and raw rate of 0.35% in AB, demonstrate early spread through the
general population within these provinces. Following the first wave of infection in Canada, seroprevalence was
slightly elevated but remained fairly low in BC and SK at 0.29%, but had increased to 1.56% in AB. During the
second wave of infection (sampling period C), seroprevalence varied widely across provinces, from 0.24% in NL
to 5.95% in QC. The evolution of the pandemic between provinces and within each province has shown
distinctive differences likely due to varying public health policy and population density. Nonetheless, data from

all provinces demonstrated significant vulnerability to subsequent waves of the pandemic.

Prior to this study, Canadian seroprevalence estimates from testing of residual serum by Canadian Blood
Services (CBS) (7,10) showed similar results to ours for sampling period A and B but with some important
differences within sampling period C. CBS samples from November 2020 demonstrated a lower seroprevalence
in ON (3.86% vs 0.77%), NS (1.41% vs 0.19%), and PEI (1.11% vs 0%) but higher seroprevalence in SK (1.81% vs
4.17%) and MB (4.28% vs 8.56%). These discrepancies may reflect the selection bias of healthy blood donors in
the CBS sampling methodology, which may be different to the potential biases inherent in antenatal serum
screening. Although antenatal sera results may reflect variability in fertility rates in certain sub-populations that
can impact generalizability of results, compared to other sampling they cover broad geographies, cultures, and

socioeconomic groups due to high uptake rates of prenatal infection screening (13-15).

Our findings also demonstrate important differences when compared to positive SARS-CoV-2 PCR test rates for
the same time periods, with seropositivity rates found to be consistently higher. This is reflected in the results

seen in BC and MB for time period C. We detected an age-adjusted seropositivity rate of 1.87% (95% Cl 1.12-
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2.80) in BC during sampling period C, while the PCR comparison rate among women aged 20-49 years in BC to
December 4, 2020 was 1.13 (95%Cl 1.12-1.16). The PCR-positive rate among pregnant women in BC for the
same time period from the CANCOVID-Preg project was 0.62% (95% Cl 0.55-0.70). In comparison to the
pregnant PCR-positive test rate, age-adjusted seroprevalence was almost 3 times higher (RR 2.99, 95% Cl 2.16-
3.95). In MB, the age-adjusted seroprevalence in our study was 5.62% (95% Cl 1.42-12.42), while the rate of
PCR-positive tests in women aged 20-49 in the prairie provinces to December 4, 2020 was 2.11 (95%Cl 2.08 —
2.13) giving an estimated rate ratio 2.79 (1.27-4.55). Despite varying provincial PCR testing protocols and
provisions, these findings of higher seroprevalence when compared to PCR rates in nearly all of the provinces
demonstrate an important level of undetected SARS-CoV-2 spread. They also suggest a useful mechanism for
public health monitoring of the pandemic that overcomes the significant cost and variable availability of PCR

testing.

This study presents one of the largest serosurveillance studies performed to date on a representative sample of
Canadian reproductive age adults. However, the national nature of this study resulted in the use of varied assays
at regional laboratories across participating provinces. Due to the retrospective nature of sampling, samples
were not available from many provinces for the sampling periods A and B, resulting in a smaller sample size for
these time periods as compared to sampling period C. Additionally, given that waning of SARS-CoV-2 antibodies
remains an area of investigation, a lack of detectable antibody does not necessarily indicate a lack of prior
infection. Seroprevalence was presumed to be cumulative for the purposes of comparison with PCR-confirmed
cases and it is therefore possible, with waning antibody levels, that the percentage of individuals with prior
SARS-CoV-2 infection is higher than our seroprevalence estimates. However, as the only accepted correlate of
immunity is neutralization of viral strain cultures among convalescent patients, the seroprevalence estimates
presented here likely represent the upper limit of individuals who were potentially immune to SARS-CoV-2 prior
to vaccination (25). Of importance, the delay in approvals for doing the assays and sharing the data greatly
limited the public health value of this information to inform real time decisions. This is a concern that has been

echoed by the Pan Canadian Health Data Strategy expert advisory group (26) and highlights how administrative
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delays in the context of a pandemic need to be improved upon for effective future public health responses in

Canada.

Conclusion

This national serosurveillance project using minimally-biased antenatal serum samples as a window into the
general population demonstrates more expansive spread of SARS-CoV-2 prior to pandemic declaration than
previously thought. We also document variability in how each province experienced waves of SARS-CoV-2
infection and show that seroprevalence rates were 1.5-10 times greater than reported PCR-positive case rates.
Despite this undetected spread, seroprevalence overall remained low in Canada until the end of 2020 and at a
level suggesting widespread susceptibility to SARS-CoV-2 infection prior to the introduction of vaccination in
2021. Antenatal serosamples represent a highly valuable window into the population health burden of this
pandemic and other infectious diseases of public health signficance. In the future, they can be deployed in a

timely and effective manner to inform and guide public health responses.
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Figure 1: Raw and age-adjusted seroprevalence by province for Period C. Error bars indicate 95% Cl

and sample sizes are given below province names.
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Figure 2: Age-stratified seroprevalence for time period C for each province. Error bars indicate 95%

Cl, and those that extend past 20% have been cut off for ease of visual comparison among
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provinces.
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Figure 3: Age-adjusted seroprevalence over all three time periods in BC, AB and SK, and two time

periods for NS and NL. The upper confidence interval for NL in August 2020 extends beyond the
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boundaries of the graph and was truncated for easier visualization of the other provinces.
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Figure 4: Location of positive antenatal serum results for SARS-CoV-2. Blue cross indicates
seropositive samples and red cross indicates seronegative samples. Regional mapping of samples
was not possible for samples from AB, NL and NB.
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Table 1: Comparison of PCR-confirmed-positive rates among pregnant people from

CANCOVID-Preg, and among females aged 20-49 from StatCan, by region for time period C and
results of SARS-CoV-2 sero-screening adjusted for age (November/December 2020). Rate
ratios shown for comparison with age-adjusted seroprevalence estimate. Rates for AB and PEI

are not age-adjusted. Shown as rates per 100. PCR-positive rates not available for pregnant

people in SK.
Region | Province | Age-adjusted PCR Rate PCR Rate ratio
Seroprevalence | positive ratio positive (95%Cl)
(95% ClI) rate in (95%Cl) rate in
pregnant Canadian
people females
(95% ClI) aged 20-
49 (95%
cl)
1 BC 1.87(1.12-2.80) | 0.62 2.99 1.13(1.12 | 1.84(1.37-
(0.55- (2.16- -1.16) 2.36)***
0.70) 3.95)%**
2 AB 3.24 (2.51-4.10) | 0.86 3.77 2.11(2.08 | 1.54 (1.19-
(0.78- (2.86- -2.13) 1.92)**
0.95) 4.79)***
2 SK 1.29 (0.62-2.19) | - - 2.11(2.08 | 0.61(0.30-
-2.13) 0.96)
2 MB 5.62 (1.42- 1.24 4.73 2.11(2.08 | 2.79(1.27-
12.42) (1.08- (2.13- -2.13) 4.55)*
1.44) 7.73)%**
3 ON 5.67 (3.93-7.50) | 0.47 12.07 1.28 (1.27 | 4.42 (3.97-
(0.43- (10.61- -1.29) 4.87)***
0.51) 13.69)***
4 Qc 5.95 (2.66- 1.01 5.90 2.45(2.42 | 2.43 (1.90-
10.44) (0.94- (4.60- -2.47) 2.99)***
1.08) 7.33)**x*
5 NS 0.96 (0.33-1.90) | 0.17 5.91 0.11 (0.10 | 8.90(1.80-
(0.09- (1.28- -0.12) 17.28)**
0.30) 15.35)**
5 NL 0.24 (0.01-0.87) | 0.00 -1 0.11 (0.10 | 2.88 (0.00-
(0.00- -0.12) 9.02)
0.13)
5 NB 0.91 (0.09-2.65) | 0.05 15.69 0.11(0.10 | 8.93(0.00-
(0.01- (2.64- -0.12) 22.79)
0.15) 93.37)*
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5 PEI

1.11 (0.03-6.04)

0.00
(0.00-
0.36)

0.11 (0.10
-0.12)

9.83 (0.00-
30.97)

1Rate ratio not possible to calculate
* indicates p-value <0.01, ** indicates p-value <0.001, *** indicates p-value <0.0001
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Supplementary Table 1: Assays and their Specifications by Province

Province
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Assay

Description of assay

(1gG, IgA, IgM)

Specifications

BC & SK

OrthoDiagnostics VITROS Anti-SARS-CoV-2 Total

IgG, IgA, IgM

Anti-S

13 AB

Abbott Architect SARS-CoV-2 IgG

IgG

Anti-N

DiaSorin LIAISON SARS-CoV-2 S1/S2 IgG

IgG

Anti-S

18 | ON

OrthoDiagnostics VITROS Anti-SARS-CoV-2 Total

1gG, IgA, IgM

Anti-S

20 Qc

DiaSorin LIAISON SARS-CoV-2 TrimericS IgG

IgG

Anti-S

NL

EUROIMMUN

IgG

Anti-S

25 NS

OrthoDiagnostics VITROS Anti-SARS-CoV-2 Total

IgG, IgA, IgM

Anti-S

PEI

Roche Diagnostics Elecsys Anti-SARS-CoV-2 Total Antibody

IgG, IgA, IgM

Anti-N

30 NB

OrthoDiagnostics VITROS Anti-SARS-CoV-2 Total

1gG, IgA, IgM

Anti-S
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