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Abstract
Objectives A substantial proportion of individuals infected with SARS-CoV-2 do not experience noticeable symptoms typical of
COVID-19. Our objectives were to evaluate the impact of the first wave of the pandemic in Québec by measuring SARS-CoV-2
antibody seroprevalence in a convenience sample of healthy blood donors and to study the association between seropositivity and
the occurrence of COVID-19 symptoms.
Methods The study design was a cross-sectional serological survey with a nested case-control study. Residual blood samples
from donations collected between May 25 and July 9, 2020 (well before vaccination rollout) in the province of Québec were
tested for anti-Spike RBD antibodies by ELISA. Seropositive donors and a control group of seronegative donors were questioned
about prior COVID-19 symptoms. All qualified blood donors were eligible for participation.
Results A total of 7691 blood donors were included in the study. After adjustments, the seroprevalence rate was 2.2% (95% CI
1.9–2.6). Seropositive donors reported one or more symptoms in a proportion of 52.2% (95% CI 44.2–60.1); this proportion was
19.1% (95% CI 13.4–26.1) among seronegative donors, suggesting that approximately 50–66% of all infections were asymp-
tomatic. Univariate analysis of associations between symptoms and seropositivity revealed that except for rhinorrhea, all symp-
toms were significantly associated with seropositivity.
Conclusion Assuming that blood donors are fairly representative of the general adult population, this study shows that less than
3% of 18–69-year-olds have been infected during the first wave of the pandemic in the province of Québec. Our data also confirm
that many infections escaped detection, including a substantial proportion that were asymptomatic.

Résumé
Objectifs Une proportion substantielle de personnes infectées par le SRAS-CoV-2 ne présentent pas de symptômes visibles
typiques de la COVID-19. Nos objectifs étaient d’évaluer l’impact de la première vague de la pandémie au Québec en
mesurant la séroprévalence des anticorps anti-SRAS-CoV-2 chez les donneurs de sang en bonne santé, et d’étudier
l’association entre la séropositivité et la survenue des symptômes de la COVID-19.
Méthodes Le design de l’étude était une enquête de sérologie transversale avec une étude cas-témoins nichée dans la cohorte.
Des échantillons de sang provenant de dons recueillis entre le 25 mai et le 9 juillet 2020 (bien avant le déploiement de la
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vaccination) dans la province de Québec ont été testés pour les anticorps anti-spicule RBD (Receptor Binding Domain) par
ELISA. Les donneurs séropositifs et un groupe témoin de donneurs séronégatifs ont été interrogés sur les symptômes spécifiques
à la COVID-19. Tous les donneurs qualifiés pour le don de sang étaient éligibles à participer à l’étude.
Résultats Au total, 7 691 donneurs de sang ont été inclus dans l’étude. Après ajustements, le taux de séroprévalence était de 2,2%
(IC à 95% 1,9–2,6). Les donneurs séropositifs ont signalé un ou plusieurs symptômes dans une proportion de 52,2 % (IC à 95%
44,2–60,1); cette proportion était de 19,1 % (IC à 95% 13,4–26,1) parmi les donneurs séronégatifs, ce qui suggère qu’entre 50 %
et 66 % de toutes les infections étaient asymptomatiques. Une analyse univariée des associations entre les symptômes et la
séropositivité a révélé qu’à l’exception de la rhinorrhée, tous les symptômes étaient significativement associés à la séropositivité.
Conclusion En supposant que les donneurs de sang sont assez représentatifs de la population adulte générale, cette étude montre
que moins de 3 % des 18–69 ans ont été infectés lors de la première vague de la pandémie dans la province du Québec. Nos
données confirment également que de nombreuses infections n’ont pas fait l’objet d’un test moléculaire de dépistage, y compris
une proportion importante qui était asymptomatique.
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Introduction

The COVID-19 pandemic caused by SARS-CoV-2 is a public
health crisis of global proportions (Worldometer, 2020;
Center for Systems Science and Engineering (CSSE), 2020;
European Centre for Disease Prevention and Control (ECDC),
2020). In most cases, the infection causes mild to moderate
symptoms but can result in significant morbidity and mortality
in those with pre-existing conditions and in the elderly; others
may become infected and have no symptoms (Mizumoto
et al., 2020; Wu & McGoogan, 2020). The number of con-
firmed cases identified by health care systems is one indicator
of the progression of the pandemic. However, the true burden
of infection can be more precisely estimated by SARS-CoV-2
antibody seroprevalence in the general population.
Seroprevalence studies have the potential of evaluating the
proportion of infections that are missed by the health care
system, including those that are asymptomatic. Several studies
have been published, with varying but often low seropreva-
lence rates, usually below ten percent (Chen et al., 2020; Lai
et al., 2020). In addition, these studies often show rates of
infection that are higher than those diagnosed by PCR,
confirming that a substantial proportion of infected individ-
uals remain undiagnosed. Few studies in a general population
setting have correlated the presence or absence of anti-SARS-
CoV-2 antibodies with the occurrence of COVID-19 symp-
toms (Qu et al., 2020; Zhao et al., 2020).

Québec was the province most severely hit by COVID-19
during the first wave of the pandemic, with more than 50% of
all cases in the country, while representing only 23% of its
population (i.e., 57,007 cases in the province of Québec, and a
total of 108,829 cases in Canada as of July 15) (Institut na-
tional de santé publique du Québec, n.d.-a). The greater
Montréal area, where more than half of the population of the
province lives, was especially affected with a reported

cumulative incidence of confirmed COVID-19 cases of
1350 per 100,000 between March and mid-July 2020.

The main goal of this study was to determine the seroprev-
alence of anti-SARS-CoV-2 antibodies in the Québec general
population after the first wave of the pandemic, in blood sam-
ples from donors collected by Héma-Québec, the provincial
blood collection agency. The dynamics of pre- and asymp-
tomatic infections are still under scrutiny (Nogrady, 2020).
Therefore, a second goal was to estimate the frequency of
asymptomatic SARS-CoV-2 infections in this population.

Methods

Study participants for seroprevalence study

Residual blood samples were obtained from 7691 consenting
blood donors who gave a regular blood donation at one of
Héma-Québec’s permanent donation centres or mobile blood
drives. Donors are residents of the province of Québec, where
Héma-Québec is the sole blood component supplier for the prov-
ince. Ninety-five percent of donations made at selected clinics
were tested and included in the study. Sample size was stratified
by region, and based on an expected regional prevalence of 3%,
targeting a 95% accuracy of about ±2%. Prospective donors
included in the study had to be free of COVID-19 symptoms
in the preceding 14 days and otherwise eligible to donate accord-
ing to standard criteria. Samples were collected betweenMay 25
and July 9, 2020 from 12 of the 18 health regions of the province
of Québec. A higher sampling rate was applied in regions where
COVID-19 was more prevalent. Donors first learned about the
study when they presented to donate.

At the time of this study, guidelines from Québec public
health authorities recommended COVID-19 testing for: (1)
people with symptoms; (2) people who have had close
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contact with someone who has COVID-19; and (3) people
who have been asked by public health authorities to get
tested.

Anti-SARS-CoV-2 Spike RBD ELISA

An in-house ELISA targeting the RBD of the SARS-CoV-2
Spike protein was adapted from an assay designed to estab-
lish seropositivity of COVID-19 convalescent plasma
(Perreault et al., 2020). SARS-CoV-2 Spike RBD was cho-
sen over other SARS-CoV-2 antigens because of its low
homology with common cold human coronaviruses, thus
limiting cross-reactivity (Heffron et al., 2020; Prévost
et al., 2020; Shrock et al., 2020). Assay design allows for
the capture of the three main classes of immunoglobulins
(IgG, IgA, and IgM). Plasma samples were diluted 1:100,
as this dilution enabled easily distinguishing seropositive
from seronegative samples with high sensitivity (98.9%)
and specificity (98.5%) (Perreault et al., 2020). As standard
procedure in a blood bank context, initially reactive sam-
ples were retested twice and were considered positive if at
least two out of three assay results were above the seropos-
itivity threshold. Positive and negative controls were in-
cluded in each ELISA microtiter plate to validate assay
results.

Occurrence of symptoms in cases and controls

We conducted a nested case-control study comparing all
173 antibody-positive individuals and 176 randomly se-
lected antibody-negative control donors. Case-control
study participants were notified in writing that Héma-
Québec would contact them by phone in the weeks fol-
lowing their blood donation. The survey was non-blinded
as donors and interviewers were aware of the seropreva-
lence results. The five interviewers involved in the study
followed a standard script. Donors were queried on basic
socio-demographic characteristics (sex, age, healthcare
worker status, and area of residence), COVID-19-related
symptoms, contacts with individuals with confirmed or
suspected COVID-19, COVID-19 testing, and results
(see questionnaire in Supplementary Material), for the pe-
riod between March 1, 2020 and the date of donation.
Mean number of days between testing and survey was
54.5 (SD 12.0) and 57.6 (SD 14.0) for cases and controls,
respectively, with an overall delay of 56.1 days (SD 13.1).

Statistical analyses

Crude seroprevalence rates and their respective 95%
Clopper-Pearson confidence intervals (CI) were calculated
from the proportion of study participants who had devel-
oped antibodies against SARS-CoV-2. Seroprevalence

rates were then adjusted to reflect population demo-
graphics. Age and sex distribution of seropositivity within
each Québec health region was determined. Population data
were derived from the 2011 Québec census. The adjustment
was calculated according to the following formula:

Individual adjustment factor

¼ Ppopregion;age;sex=Psampleregion;age;sex

where Ppopregion, age, sex and Psampleregion, age, sex corre-
spond, respectively, to the proportion of the population of a
given health region and the proportion of the sample for that
region, stratified by age and sex. Seroprevalence results
were compared with the cumulative incidence of COVID-
19, as reported by Québec public health authorities as of
July 20, 2020 (Institut national de santé publique du
Québec, n.d.-b).

For the nested case-control study, associations be-
tween seropositivity and reported symptoms were
expressed as odds ratios and their 95% CI derived from
logistic regression analyses, adjusting for age (continu-
ous variable) and sex. We used parsimonious stepwise
multivariable logistic regression to estimate the strongest
association between a given combination of symptoms
and seropositivity. We initially included variables that
were significantly (p ≤ 0.05) associated with seroposi-
tivity in the univariate analysis, then each variable was
iteratively excluded from the multivariable model until
only those significantly associated with seropositivity
remained (p ≤ 0.05), further adjusting for age and sex.
The same strategy was used to estimate risk factors for
SARS-CoV-2 infection.

Results

Seroprevalence study

A total of 7691 blood donors consented to participate in the
study and to have a blood sample tested for the presence of
anti-SARS-CoV-2 antibodies; 52.8% of these were males and
39.8% were from the Montréal-Laval area. Donors from the
Montréal-Laval and Montréal surrounding regions represent
64.8% of all participants.

Of 7691 samples, 173were found to be seropositive for anti-
SARS-CoV-2 Spike RBD antibodies, for a crude seropreva-
lence rate of 2.25% (95% CI 1.93–2.61). After adjusting for
population size, age, and sex, seroprevalence was 2.23% (95%
CI 1.90–2.56) (Table 1). Seroprevalence rates by health region
correlated well with cumulative incidence rates of confirmed
COVID-19 cases, not restricted for the age range of donors, as
reported by health authorities (r = 0.80; p = 0.0017). The
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cumulative incidence rate in Montréal and Laval, at 1350 cases
per 100,000, was about six times higher than in health regions
outside of the greater Montréal area (220 cases per 100,000).
However, the adjusted seroprevalence rate in Montréal and
Laval at 3.05% (95% CI 2.44–3.66) was only about 2.5-fold
higher than in regions outside the greater Montréal area
(1.29%; 95% CI 0.86–1.72).

Women had a higher adjusted seroprevalence rate (2.51%;
95% CI 2.00–3.02) than men (1.97%; 95% CI 1.54–2.41) but
the difference was not statistically significant. The adjusted
seroprevalence appeared to decrease with age, but the trend,
using the Cochran-Armitage test, was non-significant (18–24
years: 2.57% (95% CI 1.70–3.44); 25–39 years: 2.36% (95%
CI 1.69–3.02); 40–59 years: 2.29% (95% CI 1.74–2.83); 60–
69 years: 1.68% (95% CI 1.03–2.33)).

Nested case-control study of association between
symptoms and seroprevalence

Of the 173 antibody-positive donors, 161 (93.0%) agreed to
participate in the telephone survey; for controls, 162/176
(92.0%) answered the survey. Among antibody-positive do-
nors, 52.2% (n = 84; 95% CI 44.2–60.1) reported at least one
of 11 COVID-related symptoms between March 1 and 14
days before their donation date; this proportion was 19.1%
(n = 31; 95% CI 13.4–26.1) among seronegative controls
(Table 2). Except for rhinorrhea, all symptoms were signifi-
cantly more frequent among antibody-positive donors than
among controls. Symptoms most typically associated with
COVID-19 (fever ≥38°C or sensation of fever/chills, general-
ized pain, shortness of breath/difficulty breathing, and loss or
reduction in smell or taste sensation) were more strongly as-
sociated with seropositivity, and were experienced by less
than 2% of antibody-negative controls. Using stepwise multi-
variable logistic regression, fever or sensation of fever/chills
(odds ratio 10.4, 95% CI 3.0–35.4) and loss or reduction in
smell or taste sensation (odds ratio 14.5, 95% CI 1.8–114.0)

were independently associated with seropositivity. The pres-
ence of both symptoms was present in 16/84 (19%) of symp-
tomatic antibody-positive donors, and in none of the symp-
tomatic antibody-negative donors. The presence of at least one
of these symptoms was reported by 57% of symptomatic
antibody-positive donors, but by only 13% (4/31) of symp-
tomatic antibody-negative donors.

Table 3 presents the results of additional questions that
targeted symptomatic individuals, as well as those who
consulted a physician for suspected or actual COVID-19 symp-
toms. Among antibody-positive donors, 16 (14 symptomatic
and two symptom-free) consulted a physician; 70 symptomatic
donors did not consult. Only three of 31 symptomatic antibody-
negative control donors consulted a physician. Furthermore, 22
donors (19 antibody-positive and 3 antibody-negative) had a
COVID-19 PCR test performed; 14/19 antibody-positive do-
nors tested positive by PCR for COVID-19, but none of the
three antibody-negative donors were PCR-positive. Assuming
that symptoms reported by all 84 antibody-positive donors were
caused by COVID-19, we infer that 83% [(84–14)/84] were not
diagnosed as such at the time of infection because, as men-
tioned above, they did not consult a physician. If one also
considers that 19.1% of antibody-negative controls had symp-
toms as compared with 52.2% of antibody-positive donors, a
more conservative estimate could be that about one third
(52.2% − 19.1% = 33.1%) of antibody-positive individuals
had symptoms related to COVID-19, which means that around
53 antibody-positive donors experienced COVID-19 symp-
toms, including the 14 individuals who consulted a physician,
and that 74% of these clinical COVID-19 cases [(53 − 14)/53]
did not contact public health authorities or consult a physician
for COVID-19 diagnosis.

The vast majority of antibody-positive donors were un-
aware of how they were infected: 78.9% did not recall a con-
tact with a COVID-19-positive individual, and 73.9% were
unaware of a contact with an individual having cough or fever
(Table 4).

Table 1 Seroprevalence data (raw and adjusted for population, sex, and age) inMontréal-Laval, surroundingMontréal and Laval urban areas, and other
regions

Region Number of antibody-positive
donors/total number of tested donors

Raw seroprevalence
% (95% CI)

Adjusted seroprevalence
% (95% CI)†

Cumulative COVID-19
incidence
(/100,000)‡

Montréal-Laval 90/3061 2.94 (2.34–3.54) 3.05 (2.44–3.66) 1350

Surrounding Montréal-Laval
urban areas

48/1925 2.49 (1.84–3.29) 2.24 (1.58–2.90) 800

Other regions§ 35/2705 1.29 (0.90–1.78) 1.29 (0.86–1.72) 220

Total 173/7691 2.25 (1.93–2.61) 2.23 (1.90–2.56) 667

†Seroprevalence data adjusted for population, sex, and age in each region

‡As reported by Québec public health authorities as of July 20, 2020

§ This includes all regions of the province of Québec except Montréal-Laval and Surrounding Montréal-Laval urban areas

579Can J Public Health  (2021) 112:576–586



The impact of self-exclusion on seroprevalence esti-
mates was explored. Among our 7691 participants, 14
(0.18%) seropositive donors reported a diagnosis of con-
firmed COVID-19, assuming that none of the seronegative
donors had been infected. This is lower than the 0.55%
prevalence rate (31,077 laboratory-confirmed COVID-19
cases/5.6 million) reported among the 20–69-year-olds by
May 25, 2020, when this study started. In the hypothetical
scenario where 0.55% of donors had been diagnosed with

COVID-19 and were antibody-positive, this would have
added 28 positive donors (7691 × (0.55% − 0.18%)) to
the 173 already detected, and the seroprevalence would
increase from 2.23% to 2.61%.

In univariate analysis, age, history of contact with a
COVID-19 case, contact with someone having COVID-19
symptoms, working in the healthcare sector, and living in
the Montréal-Laval area were statistically significant risk fac-
tors for seropositivity (Table 4). Inmultivariable parsimonious

Table 2 Association between symptoms and anti-SARS-CoV-2 seroprevalence test results, based on a univariate logistic regression model

Questions on symptoms occurring between
March 1, 2020 and 14 days before blood
donation date

Answers Number of individuals (%) Unadjusted
analysis

Age- and sex-adjusted
analysis

Antibody-positive
(n = 161)

Negative controls
(n = 162)

OR 95% CI OR 95% CI

Sick, and presenting symptoms similar
to those reported for COVID-19†

Yes 60 (37.3) 11 (6.8) 8.4 4.2–16.7 7.9 3.9–15.8
No 98 (60.9) 150 (92.6)

Do not know 3 (1.9) 1 (0.6)

Fever (≥38°C) or sensation of fever/chills Yes 39 (24.2) 3 (1.9) 16.9 5.1–55.9 15.1 4.5–50.3
No 121 (75.2) 157 (96.9)

Do not know 1 (0.6) 1 (0.6)

Weakness Yes 36 (22.4) 6 (3.7) 7.4 3.0–18.2 7.1 2.9–17.5
No 125 (77.6) 155 (95.7)

Do not know 0 (0.0) 1 (0.6)

Generalized pain (myalgia, arthralgia) Yes 23 (14.3) 3 (1.9) 8.9 2.6–30.3 8.4 2.4–28.8
No 136 (84.5) 158 (97.5)

Do not know 2 (1.2) 1 (0.6)

Rhinorrhea Yes 28 (17.4) 17 (10.5) 1.82 0.95–3.5 1.76 0.92–3.4
No 131 (81.4) 145 (89.5)

Do not know 2 (1.2) 0 (0.0)

Sore throat Yes 34 (21.1) 13 (8.0) 3.1 1.56–6.1 2.9 1.45–5.8
No 126 (78.3) 149 (92.0)

Do not know 1 (0.6) 0 (0.0)

Cough Yes 28 (17.4) 8 (4.9) 4.1 1.81–9.3 4.2 1.81–9.5
No 131 (81.4) 154 (95.1)

Do not know 2 (1.2) 0 (0.0)

Shortness of breath/difficulty breathing Yes 22 (13.7) 3 (1.9) 8.5 2.5–28.8 8.0 2.3–27.5
No 138 (85.7) 159 (98.1)

Do not know 1 (0.6) 0 (0.0)

Loss or reduction in smell or taste sensation Yes 25 (15.5) 1 (0.6) 30.0 4.0–224.6 27.6 3.7–207.9
No 134 (83.2) 161 (99.4)

Do not know 2 (1.2) 0 (0.0)

Diarrhea Yes 27 (16.8) 9 (5.6) 3.5 1.59-7.7 3.5 1.57–7.7
No 131 (81.4) 153 (94.4)

Do not know 3 (1.9) 0 (0.0)

At least one symptom‡ Yes 84 (52.2) 31 (19.1) 4.6 2.8–7.6 4.9 2.9–8.1
No 77 (47.8) 131 (80.9)

At least one symptom, excluding rhinorrhea Yes 80 (49.7) 29 (17.9) 4.5 2.7–7.5 4.6 2.8–7.8
No 81 (50.3) 133 (82.1)

OR, odds ratio

†Individuals for whom symptom onset occurred after blood donation were classified in the “no” group

‡Symptoms confirmed following interview with a nurse
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analysis (adjusted for age and sex), the only risk factors sig-
nificantly associated with antibody positivity were contact
with a known COVID-19 case (odds ratio 5.15; 95% CI

2.04–13.0), contact with a symptomatic individual (odds ratio
2.71; 95% CI 1.39–5.28), and living in the Montréal-Laval
area (odds ratio 2.28; 95% CI 1.26–4.11). Workplace

Table 3 Association between healthcare-seeking behaviour and anti-SARS-CoV-2 seroprevalence test results, based on a univariate logistic regression
model

Questions related to healthcare-
seeking behaviour

Answers Number of individuals
(%)

Unadjusted
analysis

Age- and sex-
adjusted analy-
sis

Antibody-
positive

Negative
controls

OR 95% CI OR 95% CI

Have you consulted a physician
regarding your symptoms?†

Yes 16 (18.6)‡ 3 (9.7) 2.1 0.58–7.9 1.17 0.29–4.8
No 70 (81.4) 28 (90.3)

Did you have a COVID-19 PCR test? Yes, as per the physician’s recommendation 8 (29.6) 1 (20.0) 2.00 0.15–26.7 2.1 0.15–14.4

Yes, even though a physician was not consulted
and donor was symptom-free

11 (40.7) 2 (40.0) 1.38 0.16–11.9 1.59 0.17–14.4

No, as per the physician’s recommendation 8 (29.6) 2 (40.0) Ref. Ref. Ref. Ref.

What was the COVID-19 PCR test
result?†

Negative 5 (26.3) 3 (100.0) - - - -
Positive 14 (73.7) 0 (0.0)

OR, odds ratio; Ref., reference values

†If symptom onset or PCR testing occurred after blood donation, the answer to this question is considered to be “no”

‡Percentages were calculated on the basis of participants who experienced symptoms and includes two donors who were symptom-free

Table 4 Association between demographic characteristics and anti-SARS-CoV-2 seroprevalence test results, based on a univariate logistic regression
model

Demographic characteristics Values Number of individuals (%) Unadjusted
analysis

Age- and sex-
adjusted analysis

Antibody-
positive
(n = 161)

Negative
controls
(n = 162)

OR 95% CI OR 95% CI

Sex Female 88 (54.7) 72 (44.4) 1.51 0.97–2.34 1.32 0.84–2.08
Male 73 (45.3) 90 (55.6)

Age range† (years) 18–24 26 (16.2) 17 (10.5) 2.49 1.15–5.42 2.29 1.04–5.04

25–39 46 (28.6) 36 (22.2) 2.08 1.09–3.98 1.89 0.97–3.68

40–59 62 (38.5) 65 (40.1) 1.55 0.86–2.81 1.46 0.80–2.66

60+ 27 (16.8) 44 (27.2) Ref. Ref. Ref. Ref.

Close contact‡ with a person diagnosed with
COVID-19

Yes 34 (21.1) 6 (3.7) 6.96 2.83–17.09 6.12 2.46–15.21
No 127 (78.9) 156 (96.3)

Close contact with a person not diagnosed with
COVID-19, but who has had cough or fever

Yes 42 (26.1) 16 (9.9) 3.22 1.73–6.02 2.84 1.51–5.37
No 119 (73.9) 146 (90.1)

Healthcare worker§ Yes 22 (13.7) 6 (3.7) 4.12 1.62–10.44 3.22 1.24–8.37
No 139 (86.7) 156 (96.3)

Area of residence Montréal-Laval 87 (54.0) 59 (36.4) 2.59 1.51–4.45 2.2 1.25–3.86

Surrounding
Montréal-Laval
urban areas

41 (25.5) 45 (27.8) 1.6 0.88–2.92 1.5 0.82–2.76

Other regions 33 (20.5) 58 (35.8) Ref. Ref. Ref. Ref.

OR, odds ratio; Ref., reference values

† Only 3 donors were more than 69 years old and all were seronegative

‡ Defined as a contact of more than 15 min within 2 m with no safety protections

§ Defined as any person who works close to ill persons in acute care and chronic care institutions, and first responders; this includes nurses, assistant
nurses, physicians, orderlies, and cleaning staff
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(36.6%) and home (19.9%) are the two settings where con-
tacts with a COVID-19 case were most frequently reported by
antibody-positive individuals (Table 5).

Discussion

In the province of Québec, as ofMay 25, 2020 when our study
started, a total of 31,077 laboratory-confirmed COVID-19
cases had been reported among the 20–69-year-olds. This
number represents 0.55% of the 5.6 million people belonging
to this age group. Our seroprevalence data in this age group
rather suggest that 2.23% of these adults have been infected by
SARS-CoV-2, which is four times more than laboratory-
confirmed COVID-19 cases.

Based on the number of seropositive donors who reported a
positive diagnosis of COVID-19 in our nested case-control
study, we calculated that this number was three times lower
than expected according to the number of cases reported in the
general population; we only had 14 such donors, whereas our
calculations predicted that we should have had 28 more. The
most likely explanation for this discrepancy is that some indi-
viduals diagnosed with COVID-19 self-excluded from blood
donation, even beyond the mandated 14-day period. This self-
exclusion bias would only apply to symptomatic, infected
individuals, especially those who had severe enough symp-
toms to seek medical care. When we calculated the potential
impact of this bias on the true seroprevalence rate, the
corrected seroprevalence would only be marginally higher,
2.61% versus 2.23%.

A number of studies reporting anti-SARS-CoV-2 seroprev-
alence data have been published (Barzin et al., 2020; Biggs
et al., 2020; Chen et al., 2020; Hallowell et al., 2020; Kshatri

et al., 2020; Lai et al., 2020; Majdoubi et al., 2020;
Makaronidis et al., 2020; Murhekar et al., 2020; Picon et al.,
2020; Rudberg et al., 2020; Song et al., 2020; Squeri et al.,
2020; Stadlbauer et al., 2020; Takita et al., 2020; Wells et al.,
2020), including a few with respect to blood donors (Amorim
Filho et al., 2020; Erikstrup et al., 2020; Fiore et al., 2020;
Fischer et al., 2020; Gallian et al., 2020; Ng et al., 2020;
Percivalle et al., 2020; Younas et al., 2020). Our results are
consistent with these reports in that seroprevalence estimates
are generally low, albeit often several-fold higher than cumu-
lative COVID-19 incidence rates. In addition to providing an
estimate of the burden of the first wave of the pandemic in
Québec, our nested case-control study confirms that a substan-
tial proportion of individuals infected with SARS-CoV-2 re-
main asymptomatic. We also found that fever or sensations of
fever/chills, and loss or decline of smell or taste sensation, are
most strongly associated with a serological positive test for
SARS-CoV-2. Unsurprisingly, contact with a confirmed
COVID-19 case or with a symptomatic individual was also
predictive of the presence of anti-SARS-CoV-2 antibodies.

Nearly half of antibody-positive individuals did not report
any symptom. Among symptomatic, antibody-positive indi-
viduals, it is likely that a proportion of those who experienced
mild, common cold-like symptoms that are not typical of
COVID-19 may have been infected by another virus, as sug-
gested by the fact that 19.1% of antibody-negative individuals
did report similar symptoms. These observations suggest that
between half and two thirds of individuals who were infected
by SARS-CoV-2 remained asymptomatic. A self-exclusion
bias owing to symptomatic, diagnosed COVID-19 cases
might have amplified this proportion to some extent. As a side
note, thus far there is no evidence that SARS-CoV-2 is blood
transmissible (Leblanc et al., 2020).

Table 5 Exposure context of
antibody-positive individuals and
negative controls

In what context might you have been exposed
to a COVID-19-affected person?

Antibody-positive

(n = 161)

Negative controls

(n = 162)

Number† % Number† %

Work 59 36.6 32 19.8

Home 32 19.9 8 4.9

Public places 27 16.8 17 10.5

Travel 22 (1)‡ 13.6 10 (1)‡ 6.2

Friends and families 13 8.1 20 12.3

Leisure activities 6 3.7 4 2.5

Gatherings 2 1.2 0 0.0

School/university 1 0.6 2 1.2

No known exposure/unknown 33 22.4 110 74.1

†Participants could give more than one answer to the question, which explains why totals exceed the number of
participants

‡Numbers in parentheses indicate the number of participants who have been in contact with another traveler
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This study has some limitations. First, given that the level
of SARS-CoV-2-specific antibodies, using RBD or nucleo-
capsid antigen, tends to wane in some individuals about
100–110 days post-symptom onset (Anand et al., 2020;
Perreault et al., 2020; Seow et al., 2020), some cases of pre-
vious exposure to SARS-CoV-2 might have been missed;
recall that Québec’s first documented COVID-19 case was
identified in late February 2020. This would lead to an under-
estimation of the actual seroprevalence rate. However, sam-
ples were collected within 4 months of the onset of the first
wave of the epidemic in Québec; thus, we would not expect to
miss a significant number of cases by loss (waning) of anti-
bodies (seroreversion). It is interesting to note that despite the
temporal decline of antibody levels in blood, seropositive in-
dividuals may still have immunity, as virus-specific T- and/or
memory B-cell responses seem to increase with time and to
persist for 6 to 8 months after infection (Dan et al., 2021;
Sherina et al., 2020). Second, since the anti-SARS-CoV-2
Spike RBD ELISA is not 100% sensitive, some antibody-
positive individuals might have been missed (Burgess et al.,
2020). Conversely, given the very low prevalence of antibod-
ies and a specificity of 98.5% (with a sensitivity of 98.9%) for
our in-house assay, some seropositive donors might not have
been previously infected by SARS-CoV-2. We decided not to
adjust our results for imperfect specificity because we believe
our in-house assay likely had better precision than what was
estimated, since it was only based on one false-positive event
out of 67 negative samples collected before the SARS-CoV-2
outbreak. If seroprevalence is adjusted for specificity,
based on the Rogan-Gladen equation (Rogan & Gladen,
1978), then an overall seroprevalence rate of 1.18% (95%
CI 0.86–1.55) is obtained. Finally, participants were blood
donors, who may not be perfectly representative of the
general population because they are generally healthier.
Additionally, a small proportion of participants included
plasma donors, who are generally more educated (high
school level or higher) and are likely of a higher socio-
economic status (Charbonneau et al., 2015). Furthermore,
some of the populations that were more greatly affected
by SARS-CoV-2 are less likely to be blood donors, spe-
cifically plasma donors. Blood donors may also self-
exclude following a COVID-19 infection beyond the man-
dated 14-day period. As this bias only applies to symp-
tomatically infected individuals who sought medical care,
it minimally underestimates the seroprevalence in the gen-
eral population. However, blood donors can provide con-
venient samples and are reasonably representative of the
healthy adult population. More importantly, donation left-
over samples could be used for COVID-19 antibody test-
ing, and large numbers of donations are collected on a
daily basis, which allow routine monitoring of seropreva-
lence over time (O’Brien et al., 2020). Finally, one limi-
tation is the reliance on self-reported health events. Recall

bias of such events might have under- or overestimated
their true prevalence. Despite these limitations, this study
likely provides an accurate estimate of the order of mag-
nitude of the rate of SARS-CoV-2 infection among 18–
69-year-old adults in the province of Québec during the
first pandemic wave.

Conclusion

Our results, based on a sample set collected during the first
pandemic wave, indicate that despite Québec’s being the
Canadian province most severely affected by COVID-19,
SARS-CoV-2 seroprevalence in Québec, though much higher
than the cumulative COVID-19 incidence, was still relatively
low, and far from the level of herd immunity needed to limit
viral spread.

Contributions to knowledge

What does this study add to existing knowledge?
& Although the number of confirmed COVID-19 cases

identified by healthcare systems is one indicator of the
progression of the pandemic, the true burden of infec-
tion can be more precisely estimated by SARS-CoV-2
antibody seroprevalence in the general population.

& Few studies in a general population setting have correlated
the presence or absence of anti-SARS-CoV-2 antibodies
with the occurrence of COVID-19 symptoms, and none of
these studies have used a control group to estimate the
frequency of asymptomatic SARS-CoV-2 infections in
this population.

& Our study advances understanding of the epidemiology of
COVID-19.

What are the key implications for public health interventions,
practice, or policy?

& Based on blood donor samples collected after the first
pandemic wave, this study shows that, in Québec,
which had the highest rate of PCR-confirmed COVID-
19 infections in Canada, less than 3% of 18–69-year-old
adults have been infected, which is relatively low, and
far from the level of herd immunity needed to limit viral
spread.

& The fact that three out of four infections escaped de-
tection by public health illustrates the limitations of
current control policies based on contact tracing of
confirmed cases.
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