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H ealth care workers have a critical role in the pan-
demic response to COVID-19, potentially increas-
ing their risk for infection as a consequence.1–3 It is 

important to understand risk factors that may predispose 
health care workers to SARS-CoV-2 infection and guide tar-
geted interventions and improved direct health and safety 
measures. Understanding risk and effective preventive mea-
sures is important to both ensure a healthy essential work-
force and protect patients and health care workers from 
potential nosocomial transmission.

Estimates of SARS-CoV-2 infection using only molecular 
diagnostic tests can lead to substantial testing bias and may 
underestimate the prevalence of infection.4 In contrast to 

molecular tests, which primarily detect acute infection, sero-
logic testing can assist in assessing prior infection and identi-
fying cases that may not have had acute diagnostic testing. 
As such, the use of serologic assays targeting SARS-CoV-2 

SARS-CoV-2 antibodies in Ontario health care workers 
during and after the first wave of the pandemic: a cohort 
study

Michelle Science MD MSc, Shelly Bolotin PhD, Michael Silverman MD, Jeya Nadarajah MD MSc, 
Bryan Maguire MSc, Rulan S. Parekh MD MS, Allison McGeer MD MSc, Kevin L. Schwartz MD MSc, 
Laura Alexander MHSc, Upton Allen MD MBBS, Archchun Ariyarajah MSc, Lucas Castellani MD MBBS, 
Ronald D. Cohn MD, Mark Downing MD, Kevin Katz MD, Kescha Kazmi MD, Jerome A. Leis MD MSc, 
Derek Liu RN, Jeffrey M. Pernica MD MSc, Jane E. Schneiderman PhD, Maya Sumaida RN, 
Aaron Campigotto MD

Competing interests: See the end of the article. 

This article has been peer reviewed.

Correspondence to: Michelle Science, michelle.science@sickkids.ca; 
Aaron Campigotto, aaron.campigotto@sickkids.ca

CMAJ Open 2021 October 12. DOI:10.9778/cmajo.20210044

Background: Health care workers have a critical role in the pandemic response to COVID-19 and may be at increased risk of 
infection. The objective of this study was to assess the seroprevalence of SARS-CoV-2 immunoglobulin G (IgG) antibodies among 
health care workers during and after the first wave of the pandemic.

Methods: We conducted a prospective multicentre cohort study involving health care workers in Ontario, Canada, to detect IgG 
antibodies against SARS-CoV-2. Blood samples and self-reported questionnaires were obtained at enrolment, at 6 weeks and at 
12 weeks. A community hospital, tertiary care pediatric hospital and a combined adult–pediatric academic health centre enrolled 
participants from Apr. 1 to Nov. 13, 2020. Predictors of seropositivity were evaluated using a multivariable logistic regression, 
adjusted for clustering by hospital site.

Results: Among the 1062 health care workers participating, the median age was 40 years, and 834 (78.5%) were female. Overall, 
57 (5.4%) were seropositive at any time point (2.5% when participants with prior infection confirmed by polymerase chain reaction 
testing were excluded). Seroprevalence was higher among those who had a known unprotected exposure to a patient with COVID-19 
(p < 0.001) and those who had been contacted by public health because of a nonhospital exposure (p = 0.003). Providing direct 
care to patients with COVID-19 or working on a unit with a COVID-19 outbreak was not associated with higher seroprevalence. In 
multivariable logistic regression, presence of symptomatic contacts in the household was the strongest predictor of seropositivity 
(adjusted odds ratio 7.15, 95% confidence interval 5.42–9.41). 

Interpretation: Health care workers exposed to household risk factors were more likely to be seropositive than those not exposed, 
highlighting the need to emphasize the importance of public health measures both inside and outside of the hospital.
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antibodies is a useful tool to understand the epidemiology 
of COVID-19 within a population and the burden of previ-
ous mild or asymptomatic infection.5 Serology tests typically 
have a high sensitivity for previous SARS-CoV-2 infection 
when testing occurs more than 14 days after the onset of 
symptoms.6,7

Some studies assessing whether SARS-CoV-2 seropositiv-
ity in health care workers is elevated compared with the gen-
eral population have reported higher seroprevalence.8–10 In 
addition to risk factors shared with the general population, 
such as age, ethnicity, household exposure to SARS-CoV-2 
and burden of COVID-19 in the residing communities, there 
are potential risk factors specific to the hospital, including 
general inpatient care, direct care of patients with COVID-19 
and working on a COVID-19 ward.8,11–15 It is therefore criti-
cal to place the risk of health care workers acquiring COVID-
19 in a local clinical context, which addresses hospital safety 
practices and also community disease prevalence.

The purpose of this study was to assess the overall sero
prevalence of SARS-CoV-2 immunoglobulin G (IgG) anti-
bodies in a population of health care workers within Ontario 
during and immediately after the first wave of the pandemic, 
and to explore factors associated with seropositivity. We also 
sought to explore the durability of antibodies specific to 
SARS-CoV-2 over time.

Methods

Study design
We conducted a prospective multicentre cohort study involv-
ing health care workers in Ontario, Canada, to detect IgG 
antibodies against SARS-CoV-2. The study was proposed to 
hospitals across Ontario through an infection prevention and 
control community of practice with representation from more 
than 30 hospitals. After review and approval of the protocol, 
interested sites obtained research ethics and legal approvals, 
leading to variable start dates. The sites that completed 
recruitment during and immediately after the first wave 
(Apr. 1 to Nov. 13, 2020) were included in this analysis.

Setting
Three hospitals from 3 Ontario regions16 participated during 
the study period: The Hospital for Sick Children (SickKids), 
a tertiary care pediatric hospital in Toronto, Ontario 
(Toronto Region); London Health Sciences Centre, an aca-
demic centre in London, Ontario, consisting of 2 hospitals 
including a combined pediatric–adult hospital (South West 
Region); and Markham Stouffville Hospital, a community 
hospital in Markham, Ontario (Central East Region). Infec-
tion prevention and control guidelines were the same across 
the hospitals and aligned with provincial guidelines, includ-
ing use of droplet and contact precautions for routine care of 
patients with suspected or confirmed COVID-19, with N95 
respirators used for aerosol-generating medical procedures.17 
Information on the number of patients with COVID-19 
receiving treatment during the study period was collected 
from each hospital.

Participants
Health care workers invited to participate included health 
care professionals, defined as physicians, nurses and nurse 
practitioners; allied health workers, defined as phlebotomists, 
respiratory therapists, social workers, dieticians, diagnostic 
imaging staff, physiotherapists, occupational therapists and 
dentistry staff; and auxiliary health care workers (as defined by 
the World Health Organization as workers who may have had 
contact with patients, their body fluids or their environ-
ments18), including environmental services, patient transport 
and laboratory personnel, and ward clerical workers. 

Recruitment tools included posters, all-staff emails from 
leadership, computer screen savers and a website (http://
cancovid19plasma.ca/healthcare-worker-serology/) that 
provided general information about the study and contact 
information for the study coordinators. In addition, we spe-
cifically recruited health care workers who worked in emer-
gency departments, COVID-19 wards or units and intensive 
care units, and those involved with aerosol-generating medi-
cal procedures (e.g., anesthesia and respiratory therapy) 
through directed communication at departmental meetings 
or emails by clinical directors, as these groups may have had 
a higher risk of exposure to SARS-CoV-2. 

Procedures
Blood samples and self-reported questionnaires were obtained 
from all enrolled participants at baseline (i.e., enrolment), at 
6 weeks and at 12 weeks. Blood samples were separated by 
centrifugation, and serum was stored frozen at –80°C. Ques-
tionnaires asked about potential risk factors for SARS-CoV-2 
exposure and mitigation strategies, including travel history, 
care of patients with COVID-19, known exposure (occupa-
tional or otherwise) to a confirmed case of COVID-19, per-
ceived adherence to physical distancing measures and the type 
of personal protective equipment (PPE) used during patient 
encounters (all patients and patients with suspected or con-
firmed COVID-19) (Appendix 1, available at www.cmajopen.
ca/content/9/4/E929/suppl/DC1). In addition, all participants 
were emailed weekly to request that they report any new 
symptoms.

Our proposed sample size of at least 1000 health care 
workers would allow us to determine seropositivity at baseline 
with an 80% probability that the confidence interval (CI) has 
a precision of ± 1.5%, assuming a seroprevalence of 5% (80% 
power, α of 0.05).

Outcome
The EUROIMMUN Anti-SARS-CoV-2 IgG enzyme-linked 
immunoassay (ELISA)19 was used for testing in accordance 
with the manufacturer’s directions on the EUROIMMUN 
Analyzer I. This Health Canada–approved semiquantitative 
assay detects a recombinant S1 protein of SARS-CoV-2. 
Interpretation was based on the index values (signal to cut-off 
ratios) of less than 0.8 reported as negative, 0.8 or greater to 
less than 1.1 as borderline, and 1.1 or greater as positive.19 
This assay has a reported sensitivity of greater than 90% and 
specificity of greater than 98% in patients 15 days or more 
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post–symptom onset.20 All testing was performed at the 
Microbiology Laboratory at SickKids.

Statistical analysis
We reported continuous variables using the mean and stan-
dard deviation or median and interquartile range as appropri-
ate. We reported numbers and percentages for dichotomous 
outcomes. Proportion of samples seropositive at each time 
point (baseline, 6 weeks and 12 weeks) was calculated overall 
and stratified by whether participants had a known SARS-
CoV-2 infection before enrolment. The proportions with 
seropositive results at each time point were compared 
between sites using χ2 tests. Spaghetti plots were used to dis-
play antibody responses over time.

Detailed information on several potential predictors will be 
studied in a larger longitudinal study that is ongoing. Given 
the small number of seropositive participants, we focused this 
analysis on potential hospital risk factors and household expo-
sure, and included only 5 predictors in the multivariable 
model using the 10 events per variable rule of thumb. We tar-
geted the univariable analyses to hospital risk factors (working 
on a unit with a COVID-19 outbreak, providing care for 
patients with COVID-19, having had an unprotected 
COVID-19 exposure) and nonhospital risk factors (symptom-
atic household contacts as defined by participant, contacted by 
public health about exposure) and evaluated the relation with 
seropositivity using the χ2 or Fisher exact test. All analyses 
were based on the baseline questionnaire responses. The 
multivariable logistic regression model included predictors 
identified a priori including age, sex, race or ancestry, a non-
hospital risk factor (symptomatic contacts in the household) 
and a hospital risk factor (care of patients with COVID-19). 
We used generalized estimating equations with an exchange-
able correlation structure to adjust for clustering at the site. A 
sensitivity analysis was conducted removing patients with 
known infection at baseline.

All estimates are presented with 95% CIs. A p value less 
than 0.05 was considered significant. All analyses were con-
ducted using R (R Core Team, 2020).

Ethics approval
Research ethics approval was obtained by the Clinical Trials 
Ontario Research Ethics Board (Project ID 3182), with local 
site approvals as required. All participants provided informed 
consent.

Results

This analysis includes data from the first 3 hospitals recruited 
to participate in our study. A total of 2065 health care workers 
contacted the study team to learn more about the study, and 
1082 consented to participate. Of those who consented, 1062 
health care workers had baseline information available and 
bloodwork completed, and were included in the study from 
SickKids (n = 376), London Health Sciences Centre (n = 349) 
and Markham Stouffville Hospital (n = 337). This resulted in 
a total of 1062 baseline tests, 1042 six-week samples and 

966 twelve-week samples (Figure 1). Over the study period, 
each hospital saw more than 100 patients with COVID-19. 
The range of timing of recruitment and sample collection at 
each site is shown in Figure 2. 

The median age of health care workers was 40 (interquar-
tile range 32–51) years, and 834 (78.5%) were female 
(Table 1). Participants were predominantly nurses from 
inpatient units, critical care and the emergency department. 
Most participants racially self-identified as White, followed by 
Asian, with less than 2% self-identifying for each of Black, 
Hispanic, and Inuit, First Nations and Métis. 

Overall seropositivity
Overall, 57/1062 (5.4%) of health care workers were seroposi-
tive at any time point, of which 31 (54.4%) had a history of 
confirmed SARS-CoV-2 infection by polymerase chain reac-
tion (PCR) testing before enrolment. An additional 9 partici-
pants had previous confirmed SARS-CoV-2 infection but were 
seronegative. Of the 1022 health care workers with no con-
firmed SARS-CoV-2 infection before enrolment (i.e., excluding 
those with known recruitment bias), 26 (2.5%) were seroposi-
tive at any time point over the study (Table 2). Seroprevalence 
varied minimally by time point (Figure 2), and there was no sig-
nificant difference in seroprevalence by site (p = 0.1).

Health care workers expressing
interest in participating

n = 2065

Total to be included in the analysis  
n = 1062

Serologic data available for
analysis

Total consented with at least 1
blood draw
n = 1082

• Baseline  n = 1062
6 weeks  n = 1042
12 weeks  n = 966
•
•

Excluded (lack of completion of
demographic or clinical information)
• SickKids  n = 4

LHSC  n = 3
MSH  n = 13

•
•

Lost to follow-up
SickKids  n = 9 (6 wk), n = 19 (12 wk)
LHSC  n = 3 (6 wk), n = 8 (12 wk)
MSH  n = 8 (6 wk), n = 49 (12 wk)

Figure 1: Participant inclusion flow diagram. Note: LHSC = London 
Health Sciences Centre, MSH = Markham Stouffville Hospital, Sick-
Kids = The Hospital for Sick Children.
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Figure 2: Percentage of participants with positive serology for SARS-CoV-2 by month and by site. Horizontal lines represent the mean percent 
positivity at enrolment, 6-week or 12-week collection period. Note: LHSC = London Health Sciences Centre, MSH = Markham Stouffville Hospi-
tal, SickKids = The Hospital for Sick Children.
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Table 1: Baseline participant characteristics and potential risk factors for SARS-CoV-2 infection

Characteristic

No. (%) of participants*

Total
n = 1062

SickKids
n = 376

London Health 
Sciences
n = 349

Markham 
Stouffville
n = 337

Age, yr, median (IQR) 40 (32–51) 38 (31–49) 39 (31–52) 42 (33–51)

Sex, female 834 (78.5) 272 (72.3) 283 (81.1) 279 (82.8)

Role

    Physician 237 (22.3) 121 (32.2) 66 (18.9) 50 (14.8)

    Nurse practitioner 15 (1.4) 5 (1.3) 3 (0.9) 7 (2.1)

    Nurse 446 (42.0) 135 (35.9) 195 (55.9) 116 (34.4)

    Allied health worker 159 (15.0) 34 (9.0) 47 (13.5) 78 (23.1)

    Respiratory therapy 52 (4.9) 15 (4.0) 20 (5.7) 17 (5.0)

    Auxiliary health worker 76 (7.2) 41 (10.9) 14 (4.0) 21 (6.2)

    Other† 115 (10.8) 39 (10.4) 16 (4.6) 60 (17.8)

Workplace

    Emergency department 306 (28.8) 102 (27.1) 129 (37.0) 75 (22.3)

    Critical care 245 (23.1) 70 (18.6) 125 (35.8) 50 (14.8)

    Hospital ward 373 (35.1) 121 (32.2) 128 (36.7) 124 (36.8)

    Perioperative services or surgical ward 157 (14.8) 60 (16.0) 49 (14.0) 48 (14.2)

    COVID-19 assessment centre 37 (3.5) 8 (2.1) 5 (1.4) 24 (7.1)

    Other‡ 257 (24.2) 99 (26.3) 51 (14.6) 107 (31.8)

No. of individuals in household, median (IQR) 3 (2–4) 3 (2–4) 3 (2–4) 4 (2–4)

No. with ≥ 3 individuals in household (including 
participant)

602/1043 (57.7) 178/359 (49.6) 182/349 (52.1) 242/335 (72.2)

No. with children (< 18 yr) in the household 401 (37.8) 122 (32.4) 121 (34.7) 158 (46.9)

Underlying medical conditions 386 (36.3) 124 (33.0) 135 (38.7) 127 (37.7)

Race or ancestry

    Inuit, First Nations, Métis 3 (0.3) 0 1 (0.3) 2 (0.6)

    White 734 (69.1) 243 64.6 296 (84.8) 195 (57.9)

    Black 16 (1.5) 9 (2.4) 3 (0.9) 4 (1.2)

    Hispanic 14 (1.3) 10 (2.7) 3 (0.9) 1 (0.3)

    Asian 172 (16.2) 52 (13.8) 25 (7.2) 95 (28.2)

    Middle Eastern 31 (2.9) 8 (2.1) 12 (3.4) 11 (3.3)

    Other 55 (5.2) 21 (5.6) 7 (2.0) 27 (8.0)

    Unknown/unspecified 40 (3.8) 33 (8.8) 3 (0.9) 4 (1.2)

Travel since Jan. 1, 2020 402 (37.9) 159 (42.3) 138 (39.5) 105 (31.2)

Worked on a unit with a COVID-19 outbreak 120 (11.3) 3 (0.8) 93 (26.6) 24 (7.1)

Provided direct care to patient with COVID-19 439 (41.3) 29 (7.7) 230 (65.9) 180 (53.4)

Known unprotected occupational exposure with direct 
patient care

41/439 (9.3) 4/29 (13.8) 24/230 (10.4) 13/180 (7.2)

Known SARS-CoV-2 positive by PCR before enrolment 40 (3.8) 17 (4.5) 7 (2.0) 16 (4.7)

Positivity proportion (to SARS-CoV-2 immunoglobulin G 
antibodies)

    Overall (at any time point) 57/1062 (5.4) 24/376 (6.4) 12/349 (3.4) 21/337 (6.2)

    Baseline (at enrolment) 48/1062 (4.5) 19/376 (5.1) 10/349 (2.9) 19/337 (5.6)

    6 weeks 53/1042 (5.1) 22/367 (6.0) 10/346 (2.9) 19/329 (5.8)

    12 weeks 48/966 (5.0) 18/348 (5.2) 11/338 (3.3) 19/280 (6.8)

Note: IQR = interquartile range, PCR = polymerase chain reaction, SickKids = The Hospital for Sick Children. 
*Unless stated otherwise.
†Included roles such as midwife, child life specialist, research coordinator, paramedic or transport personnel, speech and language therapists, and counselors.
‡Included workplaces such as diagnostic imaging, intravenous or phlebotomy, labour and delivery or midwifery, infection prevention and control, and research.
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Antibody responses
Of the 57 health care workers with positive serology at any 
time over the course of the study, 48 (84.2%) were positive at 
baseline testing, and 9 (15.8%) seroconverted during the 
study. Of the 9 who seroconverted, 1 had a confirmed SARS-
CoV-2 infection and had baseline testing before 15 days. Of 
the remaining 8 without previous confirmed infection, 3 were 
only transiently positive at the 6-week collection, 1 had more 
than 1 positive result but at a relatively low antibody index 
value, and the remaining 4 were positive only on the 12-week 
sample with a low antibody index value; none of these partici-
pants had confirmed infection over the course of the study. 

Figure 3A shows the antibody responses in the 26 partici-
pants who were antibody positive but had no history of con-
firmed SARS-CoV-2 infection by PCR testing. Antibody 
responses of the 31 participants with positive serology and 
history of previous PCR-confirmed infection are shown in 
Figure 3B (by month) and Figure 3C (days since positive 
PCR test).

Predictors of seropositivity
A comparison of clinical and other possible exposures by 
detectable antibody status is summarized in Table 3 (addi-
tional factors are described in Appendix 2 available at www.
cmajopen.ca/content/9/4/E929/suppl/DC1, Supplementary 
Table 1). Seroprevalence was higher among those who had a 
known unprotected exposure to a patient with COVID-19 
(29.6% v. 8.0%, p < 0.001), those who had been contacted by 
public health because of a nonhospital exposure (15.8% v. 
5.5%, p = 0.003) and those with confirmed infection before 
enrolment (54.4% v. 0.9%, p < 0.001). Working on a unit 
with a COVID-19 outbreak was not associated with higher 
seroprevalence (8.8% v. 11.5%, p = 0.7). 

In the multivariable model (Table 4), presence of symp-
tomatic contacts in the household was the strongest predic-

tor of seropositivity (adjusted odds ratio [OR] 7.15, 95% 
CI 5.42–9.41). When health care workers with known 
infection at baseline were removed, several other predictors 
were identified. Presence of symptomatic contacts in the 
household remained a strong predictor (adjusted OR 7.22, 
95% CI 3.65–14.3). Younger age by year (adjusted OR 
0.94, 95% CI 0.91–0.98) and non-White race (adjusted 
OR 2.85, 95% CI 1.36–5.98) were also found to be signifi-
cant. Providing direct care to patients with COVID-19 was 
found to be associated with a lower odds of infection 
(adjusted OR 0.50, 95% CI 0.36–0.70).

Symptom history
A total of 47.9% (n = 23) of health care workers with positive 
serology at baseline reported a history of symptomatic illness 
(52.1% asymptomatic). The most reported symptoms 
included cough (n = 17, 35.4%) and fatigue (n = 17, 35.4%) 
(Appendix 2, Supplementary Table 2). Those with symptoms 
documented at least 2 symptoms (n = 22), with 1 health care 
worker reporting isolated anosmia.

Interpretation

Among the health care workers sampled across several 
Ontario hospital sites, including a community hospital, ter-
tiary care pediatric hospital and a combined adult–pediatric 
academic health centre, seroprevalence of SARS-CoV-2 anti-
bodies was 5.4%. The prevalence was even lower, at 2.5%, 
when we took into account recruitment bias of prior infection 
before enrolment. Among health care workers, the main risk 
factors identified for seroprevalence were outside of the hos-
pital (household or community exposure), unless the worker 
had a known unprotected health care exposure.

Our finding of 2%–5% prevalence of seropositivity depend-
ing on prior infection is consistent with most findings of other 

Table 2: Seroprevalence at collection time points overall and by SARS-CoV-2 infection 
confirmed by polymerase chain reaction testing

Serology status

Prior PCR status, no.
Total no. (%) of samples positive 
and negative at each time pointPositive Negative

Positive

    Baseline 30/40 18/1022 48/1062 (4.5)

    6 weeks 30/39 21/1003 51/1042 (4.9)

    12 weeks 29/38 19/928 48/966 (6.0)

    At any point 31/40 26/1022 57/1062 (5.4)

Negative

    Baseline 10/40 1004/1022 1014/1062 (95.5)

    6 weeks 9/39 982/1003 991/1042 (95.1)

    12 weeks 9/38 909/928 918/966 (95.0)

    At any point 9/40 996/1022 1005/1062 (94.6)

Total 40 1022 1062

Note: PCR = polymerase chain reaction.
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Figure 3: (A) Antibody responses of the 26 participants who had no history of confirmed SARS-CoV-2 infection and tested positive for SARS-
CoV-2 antibodies at any time point during the study. Points above the dashed red line represent a positive antibody result. (B) Antibody 
responses of the 31 participants who had confirmed SARS-CoV-2 infection by polymerase chain reaction (PCR) testing and tested positive for 
SARS-CoV-2 antibodies at any time point during the study by collection time. Points above the dashed red line represent a positive antibody 
result. (C) Antibody responses of the 31 participants who had confirmed SARS-CoV-2 infection by molecular testing and tested positive for 
SARS-CoV-2 antibodies at any time point during the study expressed as a time from their positive PCR result. Points above the dashed red line 
represent a positive antibody result.
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seroprevalence studies involving health care workers, in which 
seroprevalence ranged from 0% to 44%, depending on the 
jurisdiction.8,9,11,12,21–33  Since the start of the pandemic, given 
the experience with severe acute respiratory syndrome 
(SARS)34–36 and studies of SARS-CoV-2 showing environmen-
tal contamination37 and occasionally (though not consistently) 
presence in air samples, there was a concern of higher preva-
lence of infection among health care workers.38,39 Not surpris-
ingly, we found higher seroprevalence among health care work-
ers from jurisdictions with higher community rates. Overall, 
seroprevalence in the 2 hospitals from the Greater Toronto 
Area (where community rates and seroprevalence were 
higher16,40) was 6.4% (2.5% excluding known positives) and 
6.2% (3.1% excluding known positives), whereas in southwest-
ern Ontario (a community where incidence and seroprevalence 
were lower) it was 3.4% (2.0% excluding known positives).

In addition to variation in COVID-19 burden by 
region,9,12,28,31 studies showing higher seroprevalence among 
health care workers attributed these estimates to availability of 
PPE27,32 and delayed implementation of public health measures 

in the hospital (i.e., universal masking).28,29 Shortages of PPE 
and episodes of lacking facial coverings while caring for 
patients with COVID-19 (defined as lack of surgical mask, 
N95 respirator or powered air purifying respirator [PAPR]), 
were associated with seropositivity in a multicentre US-based 
serosurvey.24 This is in line with our finding of a higher odds 
of infection among health care workers who had unprotected 
exposures with patients with COVID-19. Across our hospi-
tals, as across Canada, medical masks are used as part of drop-
let and contact precautions for routine care of patients, with 
N95 respirator or PAPRs recommended for use only in 
aerosol-generating medical procedures.17 This approach dif-
fers from that of the United States, where an N95 respirator 
or PAPR is recommended for all encounters with patients 
with COVID-19, while acknowledging that medical masks are 
an acceptable alternative.41 Although further studies are 
needed, our results suggest a lack of substantially different 
seroprevalence in our health care workers compared with 
either rates in the local communities or other health care 
workers involved in seroprevalence studies in other countries. 

Table 3: Factors associated with having detectable SARS-CoV-2 antibodies (univariable comparisons)

Variable

No. (%) of participants

p value

SARS-CoV-2 
serology positive 

n = 57*

SARS-CoV-2 
serology negative 

n = 1005*

Symptomatic contacts in the household 7/53 (13.2) 25/971 (2.6) < 0.001

Provided direct care to patients with COVID-19 27 (47.4) 412/995 (41.4) 0.5

Unprotected occupational exposure to a patient 
with COVID-19†

8/27 (29.6) 33/411 (8.0) < 0.001

Worked on a unit with a COVID-19 outbreak 5 (8.8) 115/996 (11.5) 0.7

Contacted by public health to indicate exposure 9 (15.8) 54/985 (5.5) 0.003

Known positive PCR test at baseline 31 (54.4) 9 (0.9) < 0.001

Note: PCR = polymerase chain reaction.
*The denominator of each outcome variable is the total in the column heading unless stated otherwise. 
†Only those health care workers who indicated they had direct patient contact were asked this question.

Table 4: Multivariable model for predictors of having SARS-CoV-2 antibodies

Variable

Adjusted odds ratio (95% CI)*

All participants
n = 1008

Participants excluding those with previously 
confirmed SARS-CoV-2 infection

n = 971

Age by year 0.98 (0.96–0.99) 0.94 (0.91–0.98)

Female sex 1.86 (0.72–4.78) 1.60 (0.48–5.35)

Non-White race† 1.26 (0.46–3.52) 2.85 (1.36–5.98)

Symptomatic household exposure 7.15 (5.42–9.41) 7.22 (3.65–14.3)

Direct care of patients with COVID-19 1.33 (0.72–2.47) 0.50 (0.36–0.70)

Note: CI = confidence interval.
*Adjusted for all variables in table and for clustering by hospital site.
†Participants indicating unknown ancestry were excluded.
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This is reassuring that our current infection prevention and 
control practices appear to be effective. 

We found that exposure to a symptomatic household 
member was the strongest predictor of positive serology, and 
providing direct care to patients with COVID-19 or working 
on a unit with a COVID-19 outbreak was not a significant 
predictor. Evidence supporting household exposure as poten-
tially contributing more to infection risk than the health care 
environment has been previously described. Wilkins and col-
leagues found that exposure outside of the hospital was 
strongly associated with seropositivity in a large seropreva-
lence study involving health care workers in Chicago,13 and 
Steensels and colleagues found that having a household con-
tact with suspected COVID-19 was strongly associated with 
seropositivity.11 Additionally, younger age and non-White 
race were significant predictors of seropositivity, a finding 
described in other studies42,43 and consistent with community 
risk factors.44

Only about half of the health care workers with antibodies 
in our study reported signs or symptoms of COVID-19. Simi-
lar prevalence findings among asymptomatic or paucisymp-
tomatic health care workers with positive serology were docu-
mented in other studies.9,23–28,45 This highlights the need for a 
low threshold for testing among health care workers as well as 
ensuring that health and safety measures are followed consis-
tently in hospitals and the community.

The longitudinal collection of samples allowed for the eval-
uation of the durability of the antibody response. Present evi-
dence suggests that measurable antibody responses may 
decrease over time.46–48 This decline has been observed in 
assays using the SARS-CoV-2 S protein, including the one 
used for this study.49 It was surprising that a decline in anti-
body levels that resulted in a change of serostatus from positive 
to negative was rare, occurring in only 3 health care workers 
who had positive baseline serology, in contrast to the signifi-
cant decline of more than 50% seen over a 60-day period 
among health care workers in a study by Patel and colleagues.46 

Limitations
Limitations of this study include the convenience sampling of 
health care workers and modest sample size. Owing to logisti-
cal difficulties in bringing on study sites midpandemic, only 
3 sites were included in this analysis, which focuses on the first 
wave. In addition, given the passive and broad nature of 
recruitment, it is difficult to know the exact number of health 
care workers notified about the study at each site to obtain an 
accurate recruitment rate. Ongoing recruitment at additional 
hospital sites has also focused on increasing the number of 
high-risk workers. 

Our study had low power to detect differences between 
seropositive and seronegative groups. Furthermore, as com-
monly seen in studies assessing seroprevalence, there may 
have been a recruitment bias toward health care workers who 
suspected previous infection and were interested in their anti-
body response (e.g., history of undiagnosed respiratory symp-
toms or previous confirmed infection). In terms of the risk-
factor assessment, questionnaires were self-completed. 

However, antibody testing was batched, and questionnaires 
were completed before results were available, so the results 
should not have biased the responses. 

The serologic response to SARS-CoV-2 can cross-react 
with antibodies after infections with SARS, Middle East respi-
ratory syndrome coronavirus (MERS-CoV) and other sea-
sonal coronaviruses in circulation.50 Two individuals with self-
reported previous infection with SARS or MERS-CoV were 
tested, with 1 being seropositive. Although we did not per-
form orthogonal testing with an alternative target antigen, we 
followed patient status over time as a mitigation strategy, with 
87% of participants with positive testing remaining positive 
on more than 1 blood collection. False-negative results may 
have occurred because the assay may have failed to detect a 
measurable antibody response from a limitation in its sensitiv-
ity.51–53 False-negative results may also occur if a participant 
did not mount a robust antibody response or if the antibody 
response waned before recruitment.54,55 Additionally, the assay 
used was not quantitative, and instead signal to cut-off ratios 
were used as a surrogate for antibody titres.

Conclusion
We found that health care workers with community risk factors 
such as household or community exposure were more likely to 
be seropositive with SARS-CoV-2 antibodies, and direct care of 
patients with COVID-19 was not associated with increased 
seropositivity. Our results highlight the importance of public 
health measures both inside and outside of the hospital. 
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