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Abstract

Background: Case detection underestimates the burden of the COVID-19

pandemic. Following the first COVID-19 wave, we estimated the seropreva-

lence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) among

blood donors across Canada.

Study Design and Methods: This serial cross-sectional study was conducted

between May 9 and July 21, 2020 from blood donors donating at all Canadian

Blood Services locations. We used the Abbott Architect assay to detect SARS-

CoV-2 IgG antibodies from retention plasma. Seroprevalence was standardized

to population-level demographics and assay characteristics were adjusted using

the Rogan-Gladen equation. Results were stratified by region, age, ethnicity,

ABO groups, and quantiles of material and social deprivation indices. Tempo-

ral trends were evaluated at 2-week intervals. Univariate and multivariate

logistic regression compared SARS-CoV-2 reactive to non-reactive donors by

sociodemographic variables.

Results: Overall 552/74642 donors, had detectable antibodies, adjusted sero-

prevalence was 7.0/1000 donors (95% CI; 6.3, 7.6). Prevalence was differential

by geography, Ontario had the highest rate, 8.8/1000 donors (7.8, 9.8), com-

pared to the Atlantic region 4.5/1000 donors (2.6, 6.4); adjusted odds ratio

(aOR) 2.2 (1.5, 3.3). Donors that self-identified as an ethnic minority were

more likely than white donors to be sero-reactive aOR 1.5 (1.2, 1.9). No tempo-

ral trends were observed.

Discussion: Worldwide, blood services have leveraged their operational

capacity to inform public health. While >99% of Canadians did not show

humoral evidence of past infection, we found regional variability and dispar-

ities by ethnicity. Seroprevalence studies will continue to play a pivotal role in

evaluating public health policies by identifying trends and monitor disparities.
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1 | INTRODUCTION

Early in the pandemic, strict public health policies were
implemented by provinces and territories across Canada
to mitigate and contain the spread of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2).1 As a result,
the first COVID-19 wave peaked by late April and new
infections and restrictions subsided by July. Consistent
with many countries, after a period of relative inactivity,
an upsurge of COVID-19 cases began in late September,
and as of November 2, 2020, Canada had a cumulative
total of 236,841 cases recorded (6300 cases per million
population).2

Yet case detection by symptomatic testing or through
contact tracing, reflects only a fraction of people exposed
to SARS-CoV-2. Prevalence derived solely by case detec-
tion is underestimated by testing capacity/ restricted eli-
gibility criteria, limitations in contact tracing, and
missing cases among the asymptomatic, mildly symptom-
atic or people who never sought testing.3,4 In contrast to
diagnostic testing, seroprevalence studies aim to identify
the proportion of a population ever exposed to SARS-
CoV-2, independent of symptoms. This provides a more
comprehensive representation of the burden of disease
and population-level immunity. As the pandemic con-
tinues, these studies will play a pivotal role in helping
public health authorities assess policies, herd immunity,
determine health capacity, procure adequate doses of vac-
cines, and coordinate their distribution.5

In theory, calculating seroprevalence is straightfor-
ward, but the dynamic nature of a pandemic poses chal-
lenges.6 Ideally serial sampling from the general
population would provide the most generalizable results,
but this approach is both time consuming and expensive.
Worldwide blood services have leveraged their opera-
tional capacity to conduct seroprevalence studies among
blood donors with the intent of informing public health
policies. This departure from routine practice was neces-
sary and endorsed by the World Health Organization
(WHO) as many countries were not equipped to conduct
nationally representative studies in their general popula-
tion. For example, in Canada there are no prospective
national biobanks and with health care managed by indi-
vidual provinces, no mechanism in place to obtain and
compare estimates using the same sampling protocol,
analysis framework, and antibody assay across the coun-
try. The tradeoff of this readily available population is the
selection bias known as the “healthy donor effect”. Char-
acterized by donor eligibility criteria skewing blood
donors to be healthier than the general population.7

In April 2020, the Government of Canada launched
the COVID-19 Immunity Task Force (CITF) to track the
spread of SARS-CoV-2 infections and to better

understand the immune response to infection across
diverse populations. In partnership with the CITF, the
Canadian Blood Services, which spans all provinces
(except Quebec) was in a unique position to conduct a
national SARS-CoV-2 seroprevalence study in Canada.
Following the first COVID-19 wave, the objectives of this
study were to assess temporal changes in seroprevalence
over a 10-week period and to determine how seropreva-
lence varied by geographical regions, age groups, ethnic
minorities, and socioeconomic status.

2 | METHODS

2.1 | Study design and population
sampling

This serial cross-sectional study was conducted between
May 9 and July 21, 2020 from all apheresis and whole
blood donors donating at all Canadian Blood Services
locations.8 Canadian Blood Services collects blood from a
combination of fixed and mobile sites in all larger cities
and most urban areas from all provinces except Quebec.
Donors must meet numerous selection criteria to ensure
that they are in good health and at low risk of infectious
disease. Extra EDTA plasma samples (Becton Dickson
[BD], Mississauga, ON, Canada) are routinely collected
and retained at the time of donation, in case additional
laboratory tests are required. Beginning in March 2020,
donors were deferred for 2 weeks if they were diagnosed
with SARS-CoV-2 infection or if they were in contact
with a known case. Donors were assessed at the door of
the collection site and not permitted to enter if they had
COVID-19 risk factors and symptoms by questionnaire
(n = 234) or elevated temperature (n = 967) or refusing
to wear a mask (n = 71). Although there is no evidence
that SARS-CoV-2 is transmissible by blood transfusion,
these extra steps were put in place to enhance safety for
donors and staff.9 During the study period, all allogeneic
donations with an extra EDTA sample available after all
other operational testing had been completed were
included. The Research Ethics Board of the Canadian
Blood Services approved this study and exempted study-
specific consent since no confirmatory testing was per-
formed. Donors were not informed of their antibody
status.

2.2 | SARS-CoV-2 antibody testing

Retention EDTA plasma samples were aliquoted and
frozen at -20°C and processed at the Canadian Blood Ser-
vices laboratory in Ottawa. The Abbott Architect SARS-
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Cov-2 IgG assay (chemiluminescent microparticle
immunoassay [CMIA]) which measures IgG against the
SARS-CoV-2 nucleocapsid antigen was used to detect
qualitative reactivity. Based on the manufacturer's recom-
mendation, we used the sample to cut off ratio of ≥1.4 to
consider a sample positive.10-12

2.3 | Analysis

Deidentified data on demographic variables including
donation date, location, year of birth, sex, ethnicity,
ABO groups and postal code along with donor status
(first-time or repeat) and blood donor type (whole
blood, apheresis plasma or platelets) were collected.
Provinces were classified by geographical and eco-
nomic regions across Canada. Donors self-identified as
either; White, Arabic, Asian, Aboriginal, Black, South
Asian, Latin-American, or Other. A priori, we reg-
rouped ethnicities as “other” if they represented <5%
of the analytical sample. Socioeconomic status was
estimated by the Pampalon Material and Social Depri-
vation Indices (MSDI).13,14 Material deprivation is
associated with low education, insecure job situation,
and insufficient income. Social deprivation refers to a
fragile social network, characterized by individuals liv-
ing alone, being a single parent, and separated,
divorced or widowed. MSDI was derived from the 2016
Statistics Canada Census using the Postal CodeOM
Conversion File (PCCF) to link postal codes to the dis-
semination area (DA) level (the smallest geographic
unit available in the Canadian census, consisting of
400-700 persons).15 MSDI was categorized as quantiles;
from the least deprived (1) to most deprived (5).

Unadjusted seroprevalence was calculated as the
number of reactive samples divided by the total number
of samples tested, the Exact method was used to estimate
95% confidence intervals (CI). We first standardized sero-
prevalence rates to population size, age and sex, using
the residential Forward Sortation Area (FSA; first three
characters in a Canadian postal code) publicly available
through Statistic Canada (catalogue # 98-400-X2016008).
We then used the Rogan-Gladen equation to adjust stan-
dardized estimates for test performance characteristics
(92.7% sensitivity and 99.9% specificity).11,16 We evalu-
ated temporal trends by linear regression at 2-week inter-
vals and stratified by geographical region, age groups,
ethnicity and quantiles of MSDI. Univariate and multi-
variate logistic regression compared SARS-CoV-2 anti-
body reactive donors compared to non-reactive donors.
Missing data were assumed to be missing completely at
random (MCAR).

2.4 | Sensitivity analysis

To assess the generalizability of donors during the pan-
demic period, we compared their characteristics to
donors from the previous year. Given the uncertainty of
test characteristics, we evaluated seroprevalence at vary-
ing sensitivity cut-offs (70%, 75%, 80%, 85%, 89% and
90%) as a function of varying specificity ranging from
100%, 99.9%, 99.8%, 99.7%, 99.6%, 99.5%. All analyses
were conducted using SAS (version 9.4).

3 | RESULTS

Between May 9 and July 21, 2020, 152,050 donations
were collected (from 140,200 unique donors). Of these,
78,170 (51%) were screened for SARS-CoV-2 IgG anti-
bodies, donations that were not tested were due to sam-
ple storage capacity or insufficient plasma after
operational testing (this varied over time, see Table S1).
There were 3528 donors that donated multiple times dur-
ing the study period; 12 were positive at their first dona-
tion, no one seroconverted. After excluding repeated
donations, 74,642 distinct donors were included in our
analytic sample.

We summarized the donor characteristics and rele-
vant population statistics stratified by geographical
regions in Table S2. The proportion of donors from each
jurisdiction reflected the population distribution of
Canada. As expected, there were slightly more male
donors compared to females, this was consistent across
all geographical regions. Donors followed the population
age structure for adults 17-60 years old in Canada. The
number of donors over the age of 60 years old was under-
represented relative to Canadians. Overall most donors
self-identified as white (70.8%). The proportion of ethnic
minorities did vary across Canada, with the greatest pro-
portion in British Columbia and smallest in Atlantic
Canada. Overall the social deprivation index was equally
represented. However, materially deprived areas were
underrepresented. We evaluated the generalizability of
blood donors during the pandemic period to the year
before and found no appreciable differences.

We compared seroprevalence rates after weighting for
population and test characteristics in Table 1. Overall
during the 10-week study period, the adjusted seropreva-
lence of SARS-CoV-2 was 7 per 1000 donors (95% CI 6.3,
7.6). Estimates did not change considerably after
weighting for population or test characteristics. There
were variations by geographic regions; seroprevalence
ranged from 8.8 per 1000 donors (95% CI 7.8, 9.8) in
Ontario to 4.5 per 1000 donors (95% CI 2.6, 6.4) in the
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TABLE 1 SARS-COV-2 seroprevalence per 1000 donors (95% confidence intervals)

N +
Crude
(unweighted)

Population
weighted

Sensitivity &
specificity

Fully
adjusted

Total 74 642 552 7.4 (6.8, 8.0) 7.5 (6.9, 8.1) 6.9 (6.2,7.0) 7.0 (6.3, 7.6)

Region British
Columbia

10 309 62 6.0 (4.6, 7.7) 6.1 (4.9, 7.6) 5.4 (3.8, 7.0) 5.6 (4.2, 6.9)

Alberta 12 107 60 5.0 (3.8, 6.4) 5.4 (4.1, 7.0) 4.3 (2.9, 5.6) 4.8 (3.3, 6.2)

Prairies 6505 40 6.1 (4.4, 8.4) 6.2 (4.4, 8.4) 5.6 (3.5, 7.6) 5.6 (3.6, 7.6)

Ontario 37 928 355 9.4 (8.4, 10.4) 9.2 (8.2, 10.2) 9.0 (8.0, 10.1) 8.8 (7.8, 9.8)

Atlantic 7793 35 4.5 (3.1, 6.2) 5.2 (3.6, 7.3) 3.8 (2.2, 5.4) 4.5 (2.6, 6.4)

Sex Female 35 547 256 7.2 (6.3, 8.1) 7.2 (6.3, 8.1) 6.7 (5.7, 7.6) 6.7 (5.8, 7.5)

Male 39 095 296 7.6 (6.7, 8.5) 7.8 (6.9, 8.8) 7.1 (6.2, 8.0) 7.3 (6.4, 8.3)

Age 17-24 7165 61 8.5 (6.5, 10.9) 8.1 (6.4, 10.1) 8.1 (5.8, 10.4) 7.6 (5.7, 9.5)

25-34 15 254 127 8.3 (6.9, 9.9) 8.5 (7.0, 10.3) 7.9 (6.4, 9.5) 8.1 (6.5, 9.8)

35-44 12 286 72 5.9 (4.6, 7.4) 6.2 (4.8, 7.9) 5.2 (3.8, 6.7) 5.6 (4.1, 7.2)

45-54 13 339 101 7.6 (6.2, 9.2) 7.3 (5.9, 8.9) 7.1 (5.5, 8.7) 6.8 (5.2, 8.3)

55-64 16 753 117 7.0 (5.8, 8.4) 6.9 (5.7, 8.2) 6.5 (5.1, 7.8) 6.4 (5.1, 7.7)

65+ 9845 74 7.5 (5.9, 9.4) 8.1 (6.6, 9.9) 7.0 (5.2, 8.9) 7.7 (6.0, 9.4)

Ethnicity White 52 852 370 7.0 (6.3, 7.7) 7.1 (6.4, 7.9) 6.5 (5.7, 7.2) 6.6 (5.9, 7.4)

Aboriginal 778 6 7.7 (2.8, 16.7) 9.6 (3.8, 19.1) 7.2 (0.6, 13.9) 9.3 (2.1, 16.5)

Asian 3098 33 10.7 (7.3, 14.9) 9.7 (6.8, 13.7) 10.4 (6.5, 14.3) 9.3 (6.0, 12.7)

Others 6819 80 11.7 (9.3, 14.6) 11.1 (8.8, 13.8) 11.6 (8.8, 14.3) 10.9 (8.4, 13.4)

Missing 11 095 63 5.7 (4.4, 7.3) 6.0 (4.7, 7.5) 5.1 (3.5, 6.6) 5.4 (4.0, 6.8)

Social deprivation
index

1 14 004 118 8.4 (7.0, 10.1) 8.3 (6.9, 9.9) 8.0 (6.4, 9.7) 7.9 (6.4, 9.4)

2 13 865 90 6.5 (5.2, 8.0) 7.0 (5.8, 8.6) 5.9 (4.5, 7.4) 6.5 (5.1, 7.9)

3 13 151 95 7.2 (5.8, 8.8) 7.5 (6.1, 9.2) 6.7 (5.2, 8.3) 7.1 (5.5, 8.6)

4 12 341 88 7.1 (5.7, 8.8) 7.2 (5.8, 8.9) 6.6 (5.0, 8.2) 6.7 (5.2, 8.3)

5 13 170 101 7.7 (6.3, 9.3) 7.5 (6.0, 9.2) 7.2 (5.6, 8.8) 7.0 (5.4, 8.6)

Missing 8111 60 7.4 (5.6, 9.5) 7.0 (5.3, 9.0) 6.9 (4.9, 8.9) 6.5 (4.6, 8.4)

Material
deprivation
index

1 19 633 136 6.9 (5.8, 8.2) 7.1 (6.0, 8.5) 6.4 (5.1, 7.7) 6.6 (5.4, 7.9)

2 16 457 97 5.9 (4.8, 7.2) 5.8 (4.7, 7.1) 5.3 (4.0, 6.5) 5.2 (4.0, 6.5)

3 13 872 126 9.1 (7.6, 10.8) 9.0 (7.5, 10.7) 8.7 (7.0, 10.4) 8.6 (7.0, 10.2)

4 10 460 77 7.4 (5.8, 9.2) 8.3 (6.7, 10.2) 6.9 (5.1, 8.6) 7.9 (6.1, 9.6)

5 6109 56 9.2 (6.9, 11.9) 8.4 (6.4, 10.9) 8.8 (6.2, 11.4) 8.0 (5.8, 10.3)

Missing 8111 60 7.4 (5.6, 9.5) 7.0 (5.3, 9.0) 6.9 (4.9, 8.9) 6.5 (4.6, 8.4)

Week 1–2 May 9-23 12 921 106 8.2 (6.7, 9.9) 8.2 (6.7, 10.0) 7.8 (6.1, 9.5) 7.8 (6.2, 9.5)

Week 3–4 May 24-Jun 7 16 167 120 7.4 (6.2, 8.9) 7.5 (6.2, 8.9) 6.9 (5.5, 8.4) 7.0 (5.6, 8.4)

Week 5–6 Jun 8-22 22 492 157 7.0 (5.9, 8.2) 7.2 (6.2, 8.4) 6.5 (5.3, 7.6) 6.7 (5.6, 7.9)

Week 7-8 Jun 23-Jul 7 18 068 126 7.0 (5.8, 8.3) 7.0 (5.8, 8.3) 6.5 (5.1, 7.8) 6.4 (5.2, 7.7)

Week 9-10 Jul 8-21 4994 43 8.6 (6.2, 11.6) 8.6 (6.3, 11.4) 8.2 (5.5, 11.0) 8.2 (5.6, 10.8)

ABO groups A 25 715 181 7.0 (6.1, 8.1) 6.8 (5.9, 7.9) 6.5 (5.4, 7.6) 6.3 (5.2, 7.4)

AB 2964 26 8.8 (5.7 12.8) 8.9 (5.8, 12.9) 8.4 (4.8, 12.0) 8.6 (4.9, 12.2)

B 8025 62 7.7 (5.9, 9.9) 7.3 (5.6, 9.3) 7.3 (5.2, 9.3) 6.8 (4.8, 8.8)

O 37 936 283 7.5 (6.6, 8.4) 7.8 (7.0, 8.8) 7.0 (6.0, 7.9) 7.4 (6.4, 8.3)
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Atlantic provinces. Overall, there were slight differences
by age groups. Donors between 35 and 45 years old had
the lowest seroprevalence rates (5.6 per 1000 donors)
while donors 25-35 years old had the highest rates (8.1
per 1000 donors) although none were statistically signifi-
cant. Donors who self-identified as white had signifi-
cantly lower rates 6.6 per 1000 (95% CI 5.9, 7.4)
compared to Indigenous populations 9.3 per 1000 (95%
CI 2.1, 16.5), Asians 9.3 (95% CI 6.0, 12.7), and other
minorities 10.9 (95% CI 8.4, 13.4). It should be noted eth-
nicity was missing for 11,095 (15%) of donors due to logis-
tical reasons. There were no significant variations in
seroprevalence by varying degrees of social or material
deprivation or by ABO blood groups.

Given recent reports questioning the sensitivity of the
assay used in this study (Abbott Architect SARS-Cov-2
IgG assay CMIA), we conducted a sensitivity analysis to
evaluate the effect of lower sensitivity and specificity on
seroprevalence rates (Table S3). With a fixed specificity of
99.9%, only when the assay had a sensitivity as low as
70% did this lead to a statistically greater seroprevalence
rate (9.1 per 1000 (95% CI 8.3, 10.0). In contrast, minor
deviations from 100% specificity resulted in significantly
lower seroprevalence rates.

Figure 1 illustrates the catchment area of the Cana-
dian Blood Services and the seroprevalence within prov-
inces divided by economic regions. Overall population
dense areas had higher seroprevalence rates compared to

FIGURE 1 Seroprevalence by economic region across Canada. This map of Canada is divided by economic region (a grouping of census

divisions derived by postal codes) a standard geographic unit for analysis. The seroprevalence rate is expressed per 1000 donors, darker

shades represent greater seroprevalence. Seroprevalence was not calculated for regions with <200 donors (represented as white)
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more rural areas. Heterogenous seroprevalence was
observed in each province (Figure S1). The highest sero-
prevalence rates within Ontario were the London area
(10.9 per 1000 (95% CI 6.0, 15.8) and the metropolitan
areas of Toronto (9.8 per 1000 (95% CI 8.2, 11.4).

Overall, we found no temporal trends by 2-week
intervals (Figure 2(A)). While there were baseline differ-
ences by geographic regions, trends remained stable over
the 10-week period (Figure 2(B)). We compared weekly
intervals to 2-week intervals from Ontario (which had
the largest sample size) and found no significant fluctua-
tions (Figure S2). Temporal trends were not evident after
stratifying by age groups, MSDI or ethnicity.

Table 2 summarizes the associations between
sociodemographic factors and reactive SARS-CoV-2 anti-
bodies. By multivariable analysis, the odds of reactivity
were significantly higher in Ontario (adjusted odds ratio
(aOR) 2.2 (95% CI 1.5, 3.3) compared to Atlantic Canada;
and by ethnic minorities, (aOR 1.5 (95% 1.2, 1.9) com-
pared to donors self-identified as White.

4 | DISCUSSION

SARS-CoV-2 seroprevalence studies are fundamental
to effectively monitor the extent of the COVID-19

FIGURE 2 Temporal trends of SARS-CoV-2 Seroprevalence from May 9, 2020 to July 21, 2020. Temporal trends were assessed at

approximately 2-week intervals: Week 1-2 (May 9–May 23); Week 3-4 (May 24-Jun 7); Week 5-6 (Jun 8- Jun 22); Week 7-8 (Jun 23- Jul 7);

Week 9-10 (Jul 8-Jul 21). Panel (A) summarizes temporal trends of adjusted seroprevalence rates overall. Panel (B) stratifies adjusted

seroprevalence by geographical region. All rates are expressed, per 1000 donors and 95% CI
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epidemic and support authorities in making informed
decisions. Following Canada's first wave, we found
overall less than 1% of 74,642 blood donors between
May 9 to July 21, 2020, had humoral evidence of infec-
tion with SARS-CoV-2. This low prevalence may reflect
swift population-level compliance to strict public health
measures implemented early in the pandemic. Preva-
lence was differential by geographical regions but
remained stable over the 10-weeks. There was evidence

of disparities by self-reported ethnicity. If we extrapo-
lated our findings, approximately 145,640 adults were
unknowingly exposed to SARS-CoV-2; that is three
times greater than reported by case detection until July
1, 2020. Modelling studies estimate that 60% to 80% of a
population would need immunity to SARS-CoV-2 to
achieve herd immunity.17 Our study demonstrates that
the vast majority of Canadians remained susceptible to
SARS-CoV-2, and in the absence of an effective vaccine

TABLE 2 Donor characteristics associated with SARS-COV-2 antibody reactivity

Unadjusted OR (95% CI) Adjusteda OR (95% CI)

Region British Columbia 1.5 (0.9, 2.4) 1.4 (0.9, 2.3)

Alberta 1.2 (0.8, 2.0) 1.2 (0.7, 1.9)

Prairie 1.5 (0.9, 2.6) 1.5 (0.9, 2.6)

Ontario 2.4 (1.6, 3.5) 2.2 (1.5, 3.3)

Atlantic Canad REF REF

Sex Female REF REF

Male 1.0 (0.9, 1.2) 1.0 (0.9, 1.3)

Age 17-24 1.3 (0.9, 1.8) 1.1 (0.8, 1.7)

25-35 1.2 (0.9, 1.6) 1.2 (0.9, 1.6)

35-45 0.8 (0.5, 1.0) 0.8 (0.6, 1.2)

46-55 REF REF

55-65 1.0 (0.7, 1.3) 1.1 (0.8, 1.5)

65+ 1.1 (0.8, 1.5) 1.3 (1.0, 1.9)

Ethnicityb,c White REF REF

Indigenous 1.2 (0.5, 2.8) 1.4 (0.6, 3.1)

Asian 1.6 (1.1, 2.3) 1.6 (1.1, 2.3)

Others 1.6 (1.2, 2.0) 1.5 (1.0, 1.9)

Social deprivation indexc 1 REF REF

2 0.7 (0.5, 1.0) 0.8 (0.6, 1.0)

3 0.8 (0.6, 1.1) 0.9 (0.7, 1.2)

4 0.8 (0.6, 1.1) 0.9 (0.7, 1.2)

5 0.9 (0.7, 1.1) 0.9 (0.7, 1.2)

Material deprivation indexc 1 REF REF

2 0.8 (0.6, 1.1) 0.8 (0.6, 1.1)

3 1.4 (1.1, 1.8) 1.3 (1.0, 1.7)

4 1.1 (0.8, 1.4) 1.0 (0.7, 1.4)

5 1.4 (1.0, 1.9) 1.2 (0.9, 1.7)

ABO groups A REF REF

AB 1.2 (0.7, 1.9) 1.1 (0.7, 1.8)

B 1.0 (0.7, 1.3) 0.9 (0.6, 1.2)

O 1.1 (0.9, 1.3) 1.0 (0.9, 1.3)

Note: Statistically significantly results are bolded.
aAdjusted model includes all variables listed in this table.
bWhen ethnicity was dichotomized, ethnic minorities had aOR of 1.5 (95% CI 1.1, 1.9) compared to white donors.
cMissing values are treated as Missing Completely at Random (MCAR) were excluded from the analysis.
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are far from reaching thresholds necessary to achieve
herd immunity.

Blood services worldwide have responded to the
COVID-19 pandemic by leveraging their operational
capacity and access to a healthy population to conduct
seroprevalence studies. Within the first six months of the
pandemic, 32/48 (73%) of blood services surveyed glob-
ally had already, or planned to, conduct seroprevalence
studies to inform public health.18 Sixteen countries, from
North America (n = 3), South America (n = 1), Europe
(n = 7), Africa (n = 2), and Asia (n = 3) have reported
preliminary seroprevalence findings among blood donors,
ranging from as high as 66% in parts of Brazil to as low
as 0% in Jordan.19,20

Among the G8 countries, the United States (US) was
hardest hit by the COVID-19 pandemic. Community
transmission of SARS-CoV-2 was estimated to have
begun in mid-to-late February. The first COVID-19 wave
peaked and plateaued by April 7, 2020 until the second
wave, which peaked July 19. The American Red Cross
conducted a sero-survey of 953 926 donations (rep-
resenting 40% of the blood collected in the US) between
June 15 and August 23, 2020 and reported an overall
seroprevalence of 1.8%, excluding high prevalence set-
tings such as New York City and southern Florida.21 All
US census regions except the Northeast increased over
the 10-week period, most prominently in the South from
1.1% to 3.0%. Given the timing of their study, their sero-
prevalence estimates reflect a combination of the first
and second wave in the US. Although geographically
close, it is difficult to compare seroprevalence estimates
between Canada and the US as access to healthcare and
the public health response to the COVID-19 pandemic
was dramatically different.

The current literature suggests that SARS-CoV-2
was circulating in Europe before North America.22,23

Among the European countries, Canada's epidemic
reflects most closely that of Germany with a cumulative
incidence of 6505 cases per million compared to 6300
per million in Canada, as of November 2, 2020. Like
Canada, Germany also implemented strict social dis-
tancing policies early and their first wave peaked by the
end of March. Based on a study of 3186 blood donors
from three German states, between March and June
2020, seroprevalence was estimated at <1% overall,
ranging from 0.7% in Hesse to 1.2% in Lower-Saxony.24

In comparison, national blood donor seroprevalence
studies from other European countries were higher
after their first wave. For example, in Denmark, based
on 20,640 blood donors, adjusted seroprevalence was
1.9% (95% CI, 0.8, 2.3) between April 6 and May 3, 2020
(first wave peaked April 8).25 In the Netherlands,
between April 1-15, seroprevalence increased from 3.1%

to 5.0% between May 10 and 20, among 7361
donations.26

While our study includes blood donors across nine
provinces in Canada, Canadian Blood Services does not
collect blood donations from the province of Quebec.
Researchers at Héma-Québec conducted a similar blood
donor study in Quebec (n = 7691) and found a SARS-
CoV-2 seroprevalence of 2.2%, between May 25 and July
9, 2020, consistent with greater case detection. Quebec
was considered Canada's COVID-19 epicenter, making
up half of Canada's cumulative incidence.27

The catchment area of the Canadian Blood Services
locations limits donors from rural regions of Canada,
which may limit the generalizability of the results. Also
blood donors are known to be generally healthy, non-
pregnant adults who may not represent the general popu-
lation.7 One could suspect seroprevalence may be under-
estimated, since unhealthy donors are deferred and
through the “healthy donor effect” and donors maybe
more compliant than the general population to adhere
non-pharmaceutical interventions. However, our results
were similar with seroprevalence estimates from public
health reports in British Columbia, Alberta and Ontario,
which used residual sera from clinical tests, albeit much
smaller sample sizes. A study from British Columbia,
including children and adults from the Greater Vancou-
ver Area between May 15 and May 27, found 4/885
specimens were reactive, resulting in an age-standardized
seroprevalence of 0.6% (95% CI 0.2, 1.4%).28 During the
first week of June, Alberta analyzed 9400 samples and
reported <1% of specimens were positive for SARS-CoV-2
antibodies.29 In the most populated province of Ontario,
three cross-sectional surveys were conducted in April
(n = 827), May (n = 1061) and June (n = 7014).30 After
adjusting for population weights and test characteristics,
seroprevalence was 0.5% (95% CI 0.1, 1.5) in March and
increased to 1.5% (95% CI 0.7, 2.2) in May and 1.1% (95%
CI 0.8, 1.3) in June. Given the comparable results, we
believe our sample to be relatively representative of the
adult population in Canada.

To inform public policy, it will be important to iden-
tify local epidemics so that targeted interventions are
implemented. Averaging prevalence rates into a single
summary may miss significant differences, as social
determinants of health likely differentially affect a per-
son's exposure to the SARS-CoV-2 virus, vulnerability to
infections, and healthcare access.31-33 Consistent with
reports from the US and UK, we found minority
populations in Canada had greater exposure to SARS-
CoV-2, at rates that were disproportionate to white
donors.34-37 Donors residing in the most material-
deprived areas did not have significantly greater rates of
SARS-CoV-2 than those in more affluent neighborhoods.
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This contrasted a study by Ontario's Public Health
Agency which found neighborhoods at the highest level
of material deprivation experienced two-times the rates
of COVID-19 cases compared to neighborhoods with the
least material deprivation.38 The difference between our
study and Ontario's report may reflect the limited num-
ber of donors from materially deprived neighborhoods.7

Our study has other limitations. There are complex
interactions between the accuracy of the assays, antibody
kinetics, and population-level epidemic changes that may
bias seroprevalence studies. After exposure to SARS-
CoV-2, depending on the severity of the disease most peo-
ple develop an IgG antibody response between 10 and
28 days post infection.39,40 A recent study compared mul-
tiple serological assays and found the Abbott assay (used
in this study) had lower sensitivity (92.7% [95% CI 90.2,
94.8%]) at ≥20 days post-symptom onset compared to
other commercial assays.11 Specificity was excellent
99.9% (95% CI 99.4, 100%). However, when restricted to a
period of ≥30 days post-symptoms, sensitivity was com-
parable to the other assays (>98%).11 Given that blood
donors must be healthy at the time of donation and are
deferred for 2-weeks after a known diagnosis, lower sen-
sitivity early in the infection are unlikely to affect our
results. More recently, a study evaluated test characteris-
tics up to 64 days post infection and found specificity
remained excellent, but between 21 and 64 days the
Abbott assay had an average sensitivity of 83% (95% CI
65%, 94%).12 We conducted a sensitivity analysis to evalu-
ate multiple sensitivity thresholds and revealed in our
low prevalence setting the sensitivity would have to be as
low as 70% to have any substantive impact on our sero-
prevalence estimate. However, even small decrements in
specificity have a major impact on the positive predictive
value. Lowering the specificity from 99.9% to 99.7%
reduced prevalence rates significantly. Therefore, it is
possible the seroprevalence observed could be even lower
if a sizable proportion was false positive. We also note
that similar to other coronaviruses the longevity of
detectable antibodies is limited.41 Among convalescent
plasma donors, antibodies began to wane by 100 days
thus a limited window of time to detect antibodies.42 Due
to the nature of the study design, the date of infection
was not known in our study. However, we did not
observe decreases in seropositivity temporally. Therefore,
the impact of waning antibody is likely minimal since
our study was conducted within about 100 days of the
peak of the first wave; this may be more of an issue in
the future. Furthermore, a recent longitudinal study rev-
ealed waning antibody response was not correlated with
T-cell response which is necessary for long-term immu-
nity.43 Serial cross-sectional studies to evaluate the
dynamic nature of the COVID-19 epidemic in

conjunction with cohort studies to evaluate the rate of
waning antibodies among asymptomatic and mildly
symptomatic cases will be necessary in the future.

The world continues to grapple with the greatest
health emergency of the century. Globally countries are
faced with making real-time decisions requiring them to
balance the social/economic costs of public health poli-
cies and the risk of an uncontrolled epidemic. High-
quality data is required to inform these decisions. Blood
services have risen to the occasion, leveraging their
capacity and access to a representative healthy adult pop-
ulation, to lead SARS-CoV-2 seroprevalence studies
worldwide. This study serves as an example of how blood
services can partner with public health to conduct sur-
veillance studies, supporting future collaborations. The
results of our study suggest Canadians were compliant
with social distancing policies reflective of low seropreva-
lence. However, since the first wave, restrictions have
relaxed, pandemic fatigue has set in and cold Canadian
winters will push more people inside; all factors likely to
increase infection rates. Continuous seroprevalence sur-
veys will be necessary to identify dynamic trends and
monitoring disparities particularly in densely populated
communities that would be otherwise missed by case
detection alone.
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