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Abstract
Objectives We previously estimated the seroprevalence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
antibodies following the first pandemic wave at 2.23% in Québec, Canada. Following the much bigger second wave in fall
2020 and early 2021, we estimated the seroprevalence of anti-SARS-CoV-2 in Québec during the first months of 2021.
Methods Blood samples from regular, asymptomatic (for ≥ 14 days) donors were collected between January 25, 2021 and
March 11, 2021. Anti-SARS-CoV-2 seropositivity was assessed using an enzyme-linked immunosorbent assay that captures
antibodies directed against the receptor binding domain of the SARS-CoV-2 spike (and hence cannot discriminate between
infection- and vaccine-induced seropositivity). Seroprevalence estimates were adjusted for regional distribution, age, and sex.
Results Samples from 7924 eligible donors were analyzed, including 620 (7.8%) vaccinated donors and 7046 (88.9%) unvac-
cinated donors (vaccination status unknown for 258 (3.3%) donors). Overall, median age was 51 years; 46.4% of donors were
female. The adjusted seroprevalence was 10.5% (95%CI = 9.7–11.3) in the unvaccinated population and 14.7% (95%CI = 13.8–
15.6) in the overall population. Seroprevalence gradually decreased with age and was higher among donors who self-identified as
having a racial/ethnic background other than white, both in the overall and in the unvaccinated populations.
Conclusion The seroprevalence of SARS-CoV-2 antibodies significantly increased in Québec since spring 2020, with younger
persons and ethnic minorities being disproportionately affected. When compared with the cumulative incidence rate reported by
public health authorities (i.e., 3.3% as of March 11, 2021), these results suggest that a substantial proportion of infections remain
undetected despite improvements in access to COVID-19 testing.

Résumé
Objectifs Lors d’une première étude, nous avons estimé la séroprévalence des anticorps contre le syndrome respiratoire aigu
sévère coronavirus 2 (SRAS-CoV-2) après la première vague pandémique à 2,23 % au Québec, Canada. Cette seconde étude
estime la séroprévalence de l’anti-SRAS-CoV-2 au Québec lors de la deuxième vague pandémique.
Méthodes Des échantillons de donneurs de sang asymptomatiques (≥ 14 jours) ont été prélevés entre le 25 janvier et le 11 mars
2021. La séropositivité a été évaluée à l’aide d’un dosage immuno-enzymatique qui capture les anticorps dirigés contre la
protéine Spike du récepteur de domaine de liaison du SARS-CoV-2 (et ne peut donc distinguer l’immunité induite par l’infection
et la vaccination). La séroprévalence a été ajustée en fonction de l’âge et du sexe par région.
Résultats Des échantillons de 7 924 donneurs ont été analysés, dont 620 (7,8 %) étaient vaccinés et 7 046 (88,9 %) étaient non
vaccinés (statut vaccinal inconnu pour 258 (3,3 %) donneurs). Dans l’ensemble, l’âge médian était de 51 ans et 46,4 % des
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donneurs étaient des femmes. La séroprévalence ajustée était de 10,5 % (IC 95% = 9,7 à 11,3) dans la population non vaccinée et
de 14,7 % (IC 95 % = 13,8 à 15,6) dans la population globale. La séroprévalence diminuait progressivement avec l’âge et était
plus élevée chez les donneurs d’origine ethnique autre que blanche.
Conclusion La séroprévalence anti-SRAS-CoV-2 a considérablement augmenté au Québec depuis le printemps 2020, les personnes
plus jeunes et lesminorités ethniques étant plus touchées. Comparés au taux d’incidence cumulatif signalé par la santé publique (c.-à-d.
3,3 % au 11 mars 2021), ces résultats suggèrent qu’une proportion importante d’infections reste non détectée.

Keywords Serology . Public health surveillance . COVID-19 . Prevalence
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Introduction

Early in the pandemic, public health authorities from devel-
oped countries implemented RT-PCR–based screening tests
to identify cases of coronavirus disease-19 (COVID-19), de-
tect community outbreaks, and limit disease spread. Despite
the unprecedented scale of these efforts, public health surveil-
lance data may be prone to biases, including the limited testing
of most asymptomatic individuals (Padula, 2020), the (likely)
underreporting of symptomatic cases, and limited or unequal
access to testing in some areas (Dryden-Peterson et al., 2021;
Lieberman-Cribbin et al., 2020; Souch & Cossman, 2021). As
a result, public health data on documented infections likely
underestimate the incidence of COVID-19. Reliable data on
the cumulative incidence of COVID-19, overall and in specif-
ic regions or subgroups, are necessary to inform containment
policies and validate dynamic models that aim to predict the
evolution of the pandemic.

Serosurveys can address some of these limitations through
the identification of individuals with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)–specific antibodies,
which can generally be detected within 14 days post-symptom
onset (Long et al., 2020; Prévost et al., 2020; Seow et al.,
2020). Given their expertise and the nature of their routine
operations, blood banks are particularly well positioned to
perform large-scale serosurveys and have played a central role
in several such studies (O’Brien et al., 2021). Further, the
World Health Organization has recognized blood donors as
a reliable data source to study the seroprevalence of SARS-
CoV-2 antibodies (World Health Organization, 2020).

We previously estimated the seroprevalence of anti-SARS-
CoV-2 after the first pandemic wave at 2.23% in Québec,
Canada, based on samples from regular blood donors collect-
ed in May and June 2020 (i.e., the “phase 1 serosurvey”)
(Lewin et al., 2021). This rate was approximately four times
as high as the cumulative incidence reported by public health
authorities through RT-PCR–based screening, suggesting a
substantial proportion of cases go undetected. Québec has
since experienced a significant second wave of COVID-19
cases between September 2020 and March 2021. Therefore,
an update on the seroprevalence of SARS-CoV-2 antibodies

was needed. Using blood donors, we estimated the seroprev-
alence of SARS-CoV-2 antibodies in the Québec general pop-
ulation between January 2021 and March 2021.

Methods

Study participants

The methodology was similar to that used in the phase 1
serosurvey (Lewin et al., 2021). Briefly, regular blood donors
were included if they met the following criteria: (1) donated
blood between January 25, 2021 and March 11, 2021—a pe-
riod characterized by the vaccination of priority groups, in-
cluding older persons and health care workers; (2) resided in
Québec; (3) were free of COVID-19 symptoms in the preced-
ing 14 days; and (4) met standard blood donation criteria.
Blood samples were obtained from consenting blood donors
who gave a regular blood donation at one of Héma-Québec’s
permanent donation centres or mobile blood drives located in
14 out of the 18 health regions in Québec. This study was
approved by the ethics research board of Héma-Québec.

Anti-SARS-CoV-2 Spike RBD ELISA

The study outcome was anti-SARS-CoV-2 seropositivity,
which was determined using an in-house, enzyme-linked im-
munosorbent assay (ELISA) that captures antibodies targeting
the receptor binding domain (RBD) of the SARS-CoV-2 spike
protein (Perreault et al., 2020; Lewin et al., 2021). Of note, this
assay cannot discriminate between seropositivity due to a pri-
or infection versus vaccination, since spike is the immunogen
used in current vaccines. Therefore, seropositivity results were
stratified by vaccination status (i.e., the “overall population”
and “unvaccinated population”), which was obtained from the
Système d’information pour la protection des maladies
infectieuses registry (Ministère de la Santé et des Services
sociaux, 2021).

Results were further stratified by sex, self-reported
race/ethnicity, material deprivation index, and social depriva-
tion index. Race/ethnicity was assessed given the compelling
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data supporting that people of colour have a higher risk of
hospitalization and death due to COVID-19 (Centers for
Disease Control and Prevention, 2021).

Seroreversion substudy

All donors who tested positive in the phase 1 serosurvey (n =
173) were contacted for phase 2 (i.e., the current study) to
determine the proportion who seroreverted. For these patients,
blood samples were collected ~ 7–10 months after the previ-
ous serological assessment.

Statistical analyses

Seroprevalence rates, along with Clopper-Pearson confidence
intervals (CI), were adjusted for regional distribution, and age
and sex in each region based on overall and region-specific
2011 census data. In the unvaccinated population, adjustment
for seroreversion was done by adding to the observed sero-
prevalence the product of the proportion of donors who
seroconverted in the seroreversion substudy and the seroprev-
alence in the phase 1 serosurvey. In the overall population,
this adjustment was done only in unvaccinated individuals,
given that none of the vaccinated individuals seroreverted.

Results

Samples from 7924 eligible donors were analyzed, including
620 (7.8%) who had received at least one vaccine dose (81
(1.0%) had received two doses) and 7046 (88.9%) who were
unvaccinated at the time of the study; vaccination status was
unknown for 258 (3.3%) donors. The Astra Zeneca, Moderna,
and Pfizer vaccines were approved at the time of this analysis,
and 93% of vaccinated donors had received the Pfizer vaccine.
Median time since receipt of the last vaccine dose was 31 days
for seropositive donors and 6 days for seronegative donors. In
the overall population, median age was 51 years (interquartile
range = 28 years) and 46.4% were female.

Before statistical adjustments, 1191 (15.0%) donors in the
overall population, 685 (9.7%) donors in the unvaccinated
population, and 476 (76.7%) donors in the vaccinated popu-
lation had a seropositive test result (Table 1). The adjusted
seroprevalence was 10.5% (95% CI = 9.7–11.3) in the unvac-
cinated population, 14.7% (95% CI = 13.8–15.6) in the over-
all population, and 76.8% (95% CI = 73.5–80.0) in the vacci-
nated population (Fig. 1 and Table S1).

Seroprevalence estimates adjusted for seroreversion

In total, 109 out of 173 (63.0%) donors with a seropositive test
result in the phase 1 serosurvey provided informed consent
and were included in the analysis of seroreversion. In

agreement with previous studies showing a decrease of anti-
spike levels over time (Anand et al., 2021; Perreault et al.,
2020), 32 (29.4% (95% CI = 21.0–38.9)) had become sero-
negative (i.e., had seroreverted) 7–10 months after their initial
test (Table S6). This proportion remained similar regardless of
the age group considered. More than 277 days elapsed be-
tween the first blood sample collected (carried out during the
phase 1 serosurvey) and the second serological test for a ma-
jority of individuals who seroreverted (55.6% (95% CI =
30.8–78.5)).

Considering this seroreversion rate, the adjusted seroprev-
alence would increase to 11.2% (95% CI = 10.4–11.9) for the
unvaccinated population and 15.3% (95%CI = 14.4–16.2) for
the overall population.

Seroprevalence estimates stratified by region

In the overall population, the greater area of Montreal-Laval
(seroprevalence = 17.1% (95% CI = 15.3–18.8)), but not the
surrounding urban areas (12.3% (95% CI = 10.5–14.2)), ex-
hibited an above-average adjusted seroprevalence (Fig. 1);
data on other regions are available in Table S1. Similar obser-
vations were made in the unvaccinated population (Fig. 1 and
Table S1).

Regional seroprevalence in the unvaccinated population
strongly correlated with cumulative incidence rates reported
by Québec public health authorities (r = 0.83; Fig. 2).
However, the ratio between the observed seroprevalence in
the unvaccinated population and the cumulative incidence rate
reported by public health authorities—an indicator of
underreporting hereinafter referred to as the “undiagnosed ra-
t io”—var ied wide ly among regions ( range : 2 .3
(Lanaudière) to 7.01 (Outaouais)). Furthermore, the undiag-
nosed ratio was inversely correlated with the cumulative inci-
dence reported by public health authorities (Fig. 3).

Seroprevalence estimates stratified by sex, age, and
self-reported race/ethnicity

In the overall population, the adjusted seroprevalence was
significantly higher among females (seroprevalence = 16.9%

Table 1 Anti-RBD seropositivity stratified by vaccination status

Vaccinated Unvaccinated Unknown Total

Seropositive 476 685 30 1191

Seronegative* 144 6361 228 6733

Total 620 7046 258 7924

RBD receptor binding domain
* Seronegative after vaccination (sample obtained less than 8 days on
average after vaccination)
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Seroprevalence1 (95% CI)
Total 14.7% (13.8%–15.6%)

10.5% (9.7%–11.3%)

Region

Montréal-Laval 17.1% (15.3%–18.8%)
13.7% (12.0%–15.3%)

Surrounding Montréal-Laval urban areas 12.3% (10.5%–14.2%)
8.7% (7.1%–10.3%)

Other 14.3% (13.0%–15.6%)
9.4% (8.3%–10.5%)

Sex

Male 12.5% (11.3%–13.7%)
10.2% (9.1%–11.3%)

Female 16.9% (15.6%–18.3%)
10.9% (9.7%–12.0%)

Age (years)

18-24 19.0% (16.5%–21.5%)
12.0% (9.8%–14.2%)

25-39 16.7% (14.8%–18.6%)
11.7% (10.0%–13.4%)

40-59 14.4% (12.9%–15.8%)
10.8% (9.5%–12.2%)

60-69 9.8% (7.9%–11.6%)
7.5% (5.9%–9.2%)

≥70 9.5% (5.8%–13.2%)
7.4% (4.1%–10.8%)

Race

White 13.9% (13.0%–14.9%)
9.5% (8.7%–10.4%)

Other 22.1% (18.7%–25.4%)
19.3% (16.0%–22.5%)

Material deprivation index2

Q1 15.0% (13.1%–16.8%)
10.9% (9.2%–12.6%)

Q2 13.6% (11.6%–15.6%)
9.3% (7.6%–11.1%)

Q3 14.3% (12.2%–16.3%)
10.1% (8.3%–11.9%)

Q4 13.4% (11.3%–15.5%)
9.4% (7.6%–11.2%)

Q5 17.3% (14.8%–19.9%)
13.1% (10.7%–15.4%)

Social deprivation index2

Q1 14.4% (12.3%–16.4%)
10.0% (8.2%–11.8%)

Q2 16.2% (14.0%–18.3%)
11.7% (9.8%–13.6%)

Q3 14.8% (12.7%–16.9%)
10.4% (8.5%–12.3%)

Q4 14.2% (12.1%–16.3%)
10.2% (8.3%–12.1%)

Q5 13.4% (11.4%–15.4%)
9.9% (8.1%–11.7%)

4% 9% 14% 19% 24%

Seroprevalence3

Overall population

Unvaccinated population

Abbreviation: CI = confidence interval

Note:

1. Seroprevalence estimates unadjusted for seroreversion
2. Material and social deprivation indexes are calculated based on the 6-character postal code. The index has been broken down

into quintiles (Q), with individuals in Q1 being the least disadvantaged and those in Q5 being the most disadvantaged. The 
material deprivation index reflects deprivation of goods and conveniences, such as adequate housing, car, access to high-
speed internet, and access to recreational areas. Postal codes with poorer material deprivation indices are associated with lower 
income, lower academic achievement, and higher unemployment. The social deprivation index reflects social network, 
including family and the wider community. Postal codes with poorer social deprivation indices are associated with more single,
divorced, or separated parents, and widowers.

3. Adjusted for regional distribution, and age and sex in each region.

Fig. 1 Seroprevalence of SARS-CoV-2 antibodies in Québec, overall and stratified by region, sex, age, race, and material and social deprivation index
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(95% CI = 15.6–18.3)) than among males (12.5% (95% CI =
11.3–13.7)), as shown by the non-overlap of 95% CIs (Fig. 1
and Table S2). However, in the unvaccinated population, rates
were similar between females (10.9% (95% CI = 9.7–12.0))
and males (10.2% (95% CI = 9.1–11.3); Fig. 1 and Table S2).
Seroprevalence gradually decreased with age, both in the
overall and unvaccinated populations (Fig. 1 and Tables S3-
S4). Donors who self-identified as having a racial/ethnic back-
ground other than white had a seroprevalence nearly twice as
high as those who self-identified as white (Fig. 1 and
Table S5), both in the unvaccinated (white: 9.5% (95% CI =
8.7–10.4); other: 19.3% (95% CI = 16.0–22.5)) and overall
populations (white: 13.9% (95% CI = 13.0–14.9); other:
22.1% (95% CI = 18.7–25.4); see Table S5 for data on indi-
vidual races/ethnicities). This difference corresponds to a rel-
ative risk (RR) of 2.01 (95% CI = 1.66–2.44) in the unvacci-
nated population and 1.48 (95%CI = 1.25–1.75) in the overall
population. No discernable trend or statistically significant
difference was observed when results were stratified by mate-
rial or social deprivation index (Fig. 1).

Discussion

Between February 2021 and April 2021, the adjusted sero-
prevalence of SARS-CoV-2 antibodies, corrected for
seroreversion, was estimated at 11.2% (95% CI = 10.4–

11.9) in the unvaccinated population and 15.4% (95% CI =
14.5–16.3) in the overall population. Compared with the cu-
mulative incidence rate reported by public health authorities
(i.e., 3.3% as of March 11, 2021), the estimate in the unvac-
cinated population suggests that 2.4 COVID-19 cases may go
undetected for every confirmed case reported to public health
authorities. This ratio of undiagnosed to diagnosed cases (i.e.,
2.4:1) is largely similar to that observed in our previous as-
sessment of seroprevalence in May and June 2020 (2.2% vs.
0.6%; a ~ 3:1 ratio) (Lewin et al., 2021). Taken together, and
consistent with other published results (Byambasuren et al.,
2021), our data suggest that a substantial proportion of SARS-
CoV-2 infections remain undetected, despite notable improve-
ments in access to testing since the early phase of the
pandemic.

In phase 2 of the Tang et al. study (October 2020–March
2021), 16.0% of contacted panel members provided dried
blood spots and contributed to the final analysis.
Seropositivity was defined by the presence of anti-spike, an-
ti-RBD, or anti-nucleocapsid antibodies, as assessed by
ELISA. The education-adjusted seroprevalence was 6.4% in
Québec (Tang et al., 2022). While seemingly lower, this esti-
mate is not comparable with that of the current study since this
study did not adjust for age and sex, was conducted over a 6-
month period (vs. < 3 months in the current study), used a
different definition of seropositivity, and was limited by a low
response rate.
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Fig. 2 Correlation between the cumulative incidence reported by public health authorities and the seroprevalence of SARS-CoV-2 antibodies in the
unvaccinated population
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The population analyzed in this study was sufficiently large
to derive estimates that may be generalized to the overall
Québec population. Estimates were adjusted for age, sex,
and regional distribution, which should control for the modest
differences between the characteristics of our sample and
those of Québec’s general population. However, a caveat of
our analysis is the apparent underrepresentation of visible mi-
norities in the study sample (current study: 7.3%, 2016 census:
13.0%) (Sta t i s t ics Canada, 2017) , which l ike ly
underestimated seroprevalence given that these groups were
disproportionately affected by COVID-19 (Kalish et al., 2021;
Saeed et al., 2021). Of note, nearly 90% of participants were
not vaccinated, which was expected given that vaccine rollout

only started in April 2021 for individuals younger than 70
years who were not health care workers. The rate of serocon-
version appeared suboptimal in the vaccinated population
(i.e., 76.7%), likely because time since receipt of the vaccine
dose (median = 31 days for seropositive and 6 days for sero-
negative donors) did not enable the humoral response to peak
(Table 2), which can take up to 29 days according to vaccine
immunogenicity studies (Jackson et al., 2020; Walsh et al.,
2020).

Interestingly, regions with relatively low cumulative inci-
dence rates (as reported by public health authorities) tended to
exhibit the highest undiagnosed ratios, suggesting a greater
proportion of undiagnosed infections. Several factors, such
as limited access to testing, lack of disease awareness, and
fear of stigma, may drive this apparent underreporting in re-
gions with low incidence rates (Earnshaw et al., 2020;
McElfish et al., 2021; Sotgiu & Dobler, 2020).

Seroprevalence was similar in unvaccinated individuals of
both sexes. When vaccinated individuals were included, sero-
prevalence was higher among females than among males. This
observation may in part be driven by the overrepresentation of
women among essential workers (e.g., health care workers), who
were prioritized for vaccine rollout. Additionally, in one study,
COVID-19 vaccines seemingly elicited a stronger and more
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Fig. 3 Inverse correlation between the undiagnosed ratio and the cumulative incidence reported by public health authorities for each region

Table 2 Seroprevalence according to time since vaccine receipt

Quintile Time since vaccine receipt n/N Seroprevalence

Q1 1–9 days 20/125 16.00%

Q2 10–18 days 91/123 73.98%

Q3 19–28 days 120/122 98.36%

Q4 29–46 days 126/129 97.67%

Q5 47–117 days 119/121 98.35%
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sustained humoral response in women than inmen (Shrotri et al.,
2021), as observed for many vaccines in other disease areas
(Fischinger et al., 2019). However, no statistical test was per-
formed between the groups in that study (Shrotri et al., 2021), so
that this potential explanation remains highly uncertain.

The higher seroprevalence observed in younger donors is
consistent with the high incidence of confirmed COVID-19
cases reported by public health authorities (Institut national de
santé publique du Québec, 2021). Recent evidence suggests that
younger individuals are less adherent to COVID-19 preventive
measures (World Health Organization, 2021), which might par-
tially explain this observation. Young adults generally have
more contacts than older ones, which also increases their risk
of infection. Occupational exposure might also contribute to this
finding, since the steepest decline in age-stratified seropreva-
lence occurred between donors aged 40–59 years and those aged
60–69 years, which generally corresponds to retirement age. Of
note, a similar decline can be observed in cumulative incidence
rates reported by public health authorities (Institut national de
santé publique du Québec, 2021).

Seroprevalence among non-white unvaccinated donors
was almost twice as high as that among white donors, in line
with findings from previous serosurveys that the pandemic
had a disproportionate toll on ethnic minorities (Kalish et al.,
2021; Saeed et al., 2021). Additional outreach efforts may
thus be necessary to limit the spread of COVID-19 in com-
munities affected by linguistic, occupational, and cultural
barriers.

Several studies have shown that the levels of SARS-CoV-
2–specific antibodies begin to decline 1 to 4 months following
symptom onset (Anand et al., 2021; Beaudoin-Bussières et al.,
2020; Masiá et al., 2021; Perreault et al., 2020; Prévost et al.,
2020; Seow et al., 2020; Zhang et al., 2020), so that some
previously infected donors might have transitioned from a
seropositive to a seronegative state (i.e., seroreversion) since
the beginning of the pandemic. The analysis of seroreversion
showed that 32 out of 109 (29.4%) consenting donors had
seroreverted 7–10 months after their last serological test.

Limitations

The current study has limitations. First, the anti-RBD ELISA
cannot discriminate between infection- and vaccine-induced
seropositivity. Although seroprevalence was stratified by vac-
cination status to mitigate this limitation, seroprevalence in the
unvaccinated population is likely underestimated. Second, per
eligibility criteria, symptomatic donors were excluded from
this study, thereby underestimating the seroprevalence of
SARS-CoV-2 antibodies and the undiagnosed ratios. Our re-
sults may therefore be viewed as a complement to the cumu-
lative incidence rate reported by public health authorities,
which is more likely to capture symptomatic cases. Third,
estimates could not be adjusted for race/ethnicity because of

the relatively small sample sizes of some groups, as well as
discrepancies in racial categories between census and internal
data, thereby potentially underestimating seroprevalence and
undiagnosed ratios. Fourth, asymptomatic donors with an ac-
tive infection might have been classified as seronegative if the
sample was collected before the onset of a robust humoral
response. Fifth, some low-density areas (i.e., Nord-du-
Québec, Nunavik, and Terres Cries de la Baie James) could
not be sampled owing to the absence of centres or mobile
drives in these regions at the time of study participation.
Last, despite the high sensitivity (98.9%) and specificity
(98.5%) of the anti-RBD ELISA used in this study
(Perreault et al., 2020), some donors might have been
misclassified. Had we adjusted for the assay’s sensitivity and
specificity using the Rogan-Gladen estimator (Rogan &
Gladen, 1978), seroprevalence (95% CI) would have been
13.6% (12.6–14.5) in the overall population (vs. 14.7% with-
out such adjustments) and 9.2% (8.4–10.1) in the unvaccinat-
ed population (vs. 10.5% without such adjustments).

Conclusion

In this analysis of nearly 8000 blood donors in Québec, the
seroprevalence of SARS-CoV-2 antibodies was estimated at
10.5% in the unvaccinated population and 11.2% after ac-
counting for seroreversion. These figures are three times as
high as the cumulative incidence rates reported by public
health authorities, suggesting that a substantial proportion of
cases remain undetected.

Contributions to knowledge

What does this study add to existing knowledge?

& This study suggests that the seroprevalence of SARS-
CoV-2 antibodies significantly increased between
February and April 2021 in Québec, Canada, and that up
to 75% of cases may not be detected by public health
surveillance efforts.

& The results also confirm that younger persons and ethnic
minorities were disproportionately infected by COVID-
19.

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

& Additional public health measures may be warranted to
increase diagnostic rates and alleviate the burden of the
pandemic on vulnerable groups, such as younger persons
and people of colour.
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