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Abstract

Background: The dynamics of coronavirus disease 2019 (COVID-19) seroconversion of hospital employees are understudied. We measured
the proportion of seroconverted employees and evaluated risk factors for seroconversion during the first pandemic wave.

Methods: In this prospective cohort study, we recruitedGeneva University Hospitals employees and sampled them 3 times, every 3 weeks from
March 30 to June 12, 2020. We measured the proportion of seroconverted employees and determined prevalence ratios of risk factors for
seroconversion using multivariate mixed-effects Poisson regression models.

Results: Overall, 3,421 participants (29%of all employees) were included, with 92% follow-up. The proportion of seroconverted employees increased
from 4.4% (95% confidence interval [CI], 3.7%–5.1%) at baseline to 8.5% [(95% CI, 7.6%–9.5%) at the last visit. The proportions of seroconverted
employeesworking inCOVID-19geriatrics andrehabilitation (G&R)wards (32.3%)andnon–COVID-19G&Rwards (12.3%)werehigher compared
to officeworkers (4.9%) at the last visit. Only nursing assistants had a significantly higher risk of seroconversion compared to office workers (11.7%vs
4.9%;P= .006).Significant risk factors for seroconversion includedtheuseofpublic transportation(adjustedprevalenceratio, 1.59;95%CI,1.25–2.03),
known community exposure to severe acute respiratory coronavirus virus 2 (2.80; 95%CI, 2.22–3.54), working in a ward with a nosocomial COVID
outbreak (2.93; 95%CI, 2.27–3.79), andworking in aCOVID-19G&Rward (3.47; 95%CI, 2.45–4.91) or a non–COVID-19G&Rward (1.96; 95%CI,
1.46–2.63). We observed an association between reported use of respirators and lower risk of seroconversion (0.73; 95% CI, 0.55–0.96).

Conclusion: Additional preventive measures should be implemented to protect employees in G&Rwards. Randomized trials on the protective
effect of respirators are urgently needed.

(Received 14 December 2020; accepted 8 March 2021; electronically published 19 March 2021)

Hospital employees, and healthcare workers (HCWs) in particular,
are at increased risk for exposure to severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2).1 They may present with
pauci- or asymptomatic coronavirus disease 2019 (COVID-19).2

Detecting acute infections (using RT-PCR) is thus subject to many
limitations; infections may be unrecognized or not medically
attended, and the true infection rate may be largely underesti-
mated. For these reasons, serological studies assessing the presence

of specific IgG against SARS-CoV-2 in this population are needed
to reflect adequately the infection rate over time, as well as to esti-
mate the risk from occupational exposures.

Several IgG-based serologic point-prevalence studies have sug-
gested higher SARS-CoV-2 seropositivity among HCWs up to
31.6%,3–6 compared to 5.0%–10.8% in the community.7,8 This higher
prevalence may be driven by community acquisition, close contact
with other HCWs, or transmission from infected patients. Few
large-scale longitudinal cohort studies of hospital employees have
been conducted across multiple professional categories assessing
nosocomial and community risk factors for SARS-CoV-2 seroconver-
sion while accounting for nosocomial COVID-19 outbreaks and
time-varying exposures. Early in the first pandemic wave in
Europe, we conducted a hospital-wide study to determine trends
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and independent risk factors for SARS-CoV-2 seroconversion among
hospital employees with different occupational exposures during a
3-month exposure period.

Methods

Study design and participants

We conducted a longitudinal seroprevalence cohort study from
March 30, 2020, to June 12, 2020, on a convenience sample of all vol-
unteering employees working at GenevaUniversityHospitals (HUG),
regardless of their prior symptoms or documentation of SARS-CoV-2
infection. Starting from date of enrollment, 2 follow-up visits were
scheduled every 3 weeks from the baseline visit. Recruitment and fol-
low-up are further described in Appendix 1 (online). Employees
unable to provide consent or for whom serum samples were not col-
lected were excluded. We stratified hospital sectors with high expo-
sure to COVID patients (adult intensive care units [ICUs],
anesthesiology, COVID testing center, COVID-19 cohorting wards
and emergency ward, intermediate exposure (non–COVID-19 medi-
cal wards, non–COVID-19 geriatric and rehabilitation wards, sur-
gery, pediatrics, gynecology, obstetrics, radio-oncology, and
hemato-oncologywards), and low exposure (office workers in admin-
istrative sector) (Supplementary Fig. 1 online). The primary outcome
was the proportion of seroconverted employees, defined as the cumu-
lative proportion of employees seropositive for SARS-CoV-2 using a
2-step diagnostic strategy based on a combination of 2 serologic assays
(described in the following section). In the presence of an emerging
virus, the first detection of SARS-CoV-2–positive employees in the 20
days prior to the beginning of the study, and an immunologically
naive population, we assumed that employees positive at baseline
had recently seroconverted (as further discussed in Appendix 2
online). Secondary outcomes included the proportion of asympto-
matic seroconverted employees and prevalence ratios of risk factors
for SARS-CoV-2 seroconversion. This study was performed in accor-
dance with the STROBE statement for cohort studies (Appendix 1
online).9

Study setting and local COVID-19 epidemiology

HUG is the largest tertiary-care center in Switzerland, with >2,000
beds and 11,945 employees.10,11 After the first COVID-19 patient
was hospitalized in Geneva on February 27, 2020, the daily number
of hospitalized COVID-19 patients peaked on March 31, 2020.
Based on our screening program recommended for HUG employ-
ees (Appendix 3 online), 697 of 3,790 tested employees (18.4%) had
PCR-confirmed SARS-CoV-2 infection by July 1, 2020. Multiple
interventions were implemented at the community and hospital
levels to control the spread of SARS-CoV-2 (Appendix 4 and
Supplementary Figs. 1 and 2 online).

Sampling and data collection

As described in Appendix 1 (online), study nurses visited wards
and office areas to recruit volunteering employees. The recruit-
ment period occurred fromMarch 30, 2020, to April 17, 2020, with
2 follow-up periods from April 17 to May 11 and from May 11 to
June 12. Each participant was asked to attend every 3 weeks. To
ensure a high follow-up rate, participants received e-mails and tele-
phone calls as reminders. At each visit, a serum sample was drawn,
and health-related data were collected using a self-completed
questionnaire (Supplementary Table 1 and Appendix online)
under the supervision of medical students. In addition to demo-
graphic data, hospital sector, and profession, data from the 20 days

prior to each visit were collected and included symptom-related
data, nosocomial exposures (aerosol-generating procedures, close
contact of <1 m with a COVID-19 patient), community exposures
(close contact with SARS-CoV-2–positive persons within or out-
side the household, number of household members, use of public
versus private transportation), preventive measures (use of surgical
mask versus N95 respirators, knowledge of SARS-CoV-2–related
institutional infection prevention and control [IPC] recommenda-
tions,12 and self-reported adherence to IPC recommendations).
Categorization and definitions of these variables are detailed in
Appendix 5 (online). We assumed, according to our hospital set-
ting, that all office workers worked in the administrative sector.
Other professional activities or undetermined sectors mainly
included employees with no available information or with mixed
assignments (eg, working in the whole institution). Time-varying
exposures included hospital sectors; aerosol-generating proce-
dures; and nosocomial contact with positive employees, patients,
or community contacts. Data were entered into a REDCap data-
base. Whenever available, results from RT-PCR tests performed
during routine screening were matched to participants in the elec-
tronic database (Appendix 3 online).

Serological testing of anti-SARS-CoV-2 IgG antibodies

In serological investigations, we applied a 2-tiered diagnostic strat-
egy (Appendix 6 online) using a first S1 protein-based IgG
enzyme-linked immunosorbent assay (ELISA; EUROIMMUN
AG, Lübeck, Germany, no. EI 2606-9601 G). Following the 2-tiered
strategy, all samples with undetermined and positive results were
retested with an ElectroChemiLuminescence ImmunoAssay
(ECLIA) Elecsys Anti-SARS-CoV-2 Ig (Roche Diagnostics,
Germany) according to the manufacturer’s instructions. First-step
equivocal and positive results were considered positive only if con-
firmed by the ECLIA test; all others were considered negative.

Sample size calculation

As of April 23, 2020, 3.82% of employees (205 of 5,366) working in
hospital sectors with low, intermediate, and high exposure were
positive by PCR for SARS-CoV-2 at rates of 3.5% in the low-expo-
sure group, 4.5% in the intermediate-exposure group, and 15.5% in
the high-exposure group. The comparisons of interest concerned
hospital sectors with low versus high exposure and intermediate-
versus high-risk areas. The maximum sample size of the 2 compar-
isons was retained. With 80% power and a 2.5% false-positive rate
accounting for Bonferroni correction, 2-sided power calculations
(using the “pwr” package) yielded a sample size of 131 participants
by group, or 393 in total. Anticipating a conservative 30% dropout
rate, 188 participants were required in each group, or 564 in total.

Statistical analysis

Main analyses. The overall proportion of seroconverted employees
during the whole study period in the 3 categories of COVID-19
exposure (high, intermediate, and low) were compared using χ2
tests with Bonferroni correction. We performed univariate and
multivariate mixed-effect Poisson regression to estimate preva-
lence ratios of risk factors for SARS-CoV-2 seroconversion over
all participants and visits.13–15 Random effects on individuals
and on weeks of follow-up were included to account for the multi-
level nature of the data. These consisted of repeated measurements
within subject and multiple subjects within weeks of follow-up,
thus accounting for time-varying infection risks. Candidates for

Infection Control & Hospital Epidemiology 327

https://doi.org/10.1017/ice.2021.117 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2021.117
https://doi.org/10.1017/ice.2021.117
https://doi.org/10.1017/ice.2021.117
https://doi.org/10.1017/ice.2021.117
https://doi.org/10.1017/ice.2021.117
https://doi.org/10.1017/ice.2021.117
https://doi.org/10.1017/ice.2021.117
https://doi.org/10.1017/ice.2021.117
https://doi.org/10.1017/ice.2021.117
https://doi.org/10.1017/ice.2021.117
https://doi.org/10.1017/ice.2021.117
https://doi.org/10.1017/ice.2021.117


Table 1. Characteristics of SARS-CoV-2 Seroconverted and Nonseroconverted Employees

Variable

Seroconverted
(n=271),
No. (%)a

Nonseroconverted
(n'=3,150),
No. (%)a

Demographics

Age, mean (SD) 41.2 (11.5) 42.8 (11.4)

Sex Male 56 (21) 696 (22)

Female 215 (79) 2,439 (77)

Subcohort based on enrollment week First week of enrollment
(30.03–04.04)

77 (28) 872 (28)

Second week of enrollment
(06.04–10.04)

88 (32) 1,010 (32)

Third week of enrollment
(13.04–17.04)

106 (39) 1,268 (40)

Community exposure

Transportation Private (include biking) 183 (68) 2,272 (72)

Public 39 (14) 342 (11)

Public and private 34 (13) 363 (12)

No. of household members (med, IQR) 2 (2) 2 (2)

No. of children 0–10 years, median (IQR) 0 (0) 0 (1)

No. of children 11–20 years, median (IQR) 0 (1) 0 (1)

Close contact in the community with a person positive for SARS-CoV-2
within the prior 20 days

Baseline 63 (23) 270 (9)

1st follow-up 35 (13) 140 (5)

2nd follow-up 21 (8) 124 (4)

Close contact with another SARS-CoV-2 positive employee within the
prior 20 days

Baseline 135 (50) 1,337 (42)

1st follow-up 109 (42) 866 (29)

2nd follow-up 65 (24) 495 (17)

Occupational exposure

Low exposure Administrative sectorb 18 (7) 357 (11)

Moderate exposure Geriatrics and rehabilitation
(non-COVID-19) ward

74 (27) 535 (17)

Surgeryc 2 (1) 168 (5)

Pediatrics, gynecology, obstetricsc 20 (7) 424 (13)

Hemato-oncology,
radio-oncologyc

7 (3) 184 (6)

Internal medicine
(non COVID) wardc

9 (3) 196 (6)

High exposure Internal medicine
(COVID-19) ward

38 (14) 399 (13)

Geriatrics and rehabilitation (COVID-19) ward 51 (19) 136 (4)

COVID testing centred 1 (0) 63 (2)

Intensive care units & anesthesiologyd 9 (3) 242 (8)

Emergenciesd 22 (8) 207 (7)

Undetermined exposure Undetermined sectors 20 (7) 239 (8)

Professional category Nurses 104 (38) 1,182 (38)

Physicians 49 (18) 528 (17)

Nursing assistants 63 (23) 510 (16)

Allied health professionals 16 (6) 176 (6)

Office workersb 18 (7) 357 (11)

Hospital cleanerse 13 (5) 133 (4)

Mid-wivese 1 (0) 78 (2)

Other professional activitiese 7 (3) 183 (6)

(Continued)
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the multivariate model were selected using stepwise regression,
Lasso penalized regression, Bayesian model averaging (BMA)
methods, and clinical relevance (Appendix 7 online). To account
further for the time-varying exposure relative to the first wave of
the pandemic, the full cohort was categorized into subcohorts
based on their enrollment week (S1, S2, or S3) (Supplementary
Figs. 3 and 4 online) and were entered as fixed effects in the multi-
variate model. To allow model convergence, certain hospital sec-
tors and professional subcategories were merged. Any possible
collinearity and confounding effects were examined.

Missing data. Using the cumulative nature of the main out-
come, missing serological results were inferred (Appendix 8
online). Remaining missing serological data were handled using
mixed-effects models under the assumption of missing at random
(Appendix 8 online).

Secondary analyses.An additional analysis examined self-reported
symptoms in the previous 20 days among seroconverted employees.
The amplitude of a potential selection bias was assessed by comparing
(1) PCR-based SARS-CoV-2 prevalence between study participants
and nonparticipants and (2) basic demographic information between
study participants and the overall population of HUG employees
(Appendix 9 online). All analyses were conducted using R studio
version 4.0 software (R Foundation for Statistical Computing,
Vienna, Austria) including the “lme4” package.

Ethical considerations

This study was approved by the Ethics Committee of the Canton of
Geneva (no. 2020-01330). Each study participant provided written
informed consent.

Results

Among 11,945 hospital employees, we recruited 3,436 employees
(29%), of whom 3,421 were included in the final analysis, with an
overall follow-up rate of 92% (Supplementary Figs. 3 and 4 online).
At the baseline visit, 3,402 employees were tested. At the first fol-
low-up visit, 3,119 employees were tested. At the second follow-up
visit, 3,154 employees were tested. After using inference for miss-
ing events, 3,419 cases were included in the baseline group; 3,275

cases were included in the first follow-up group; and 3,173 cases
were included in the second follow-up group. In total, 15 recruited
persons were not sampled: 8 with incomplete consent, 3 withdraw-
als, and 4 without information (Supplementary Fig. 5 online). Most
participants worked in geriatric and rehabilitation (G&R) wards,
followed by COVID-19 cohorting wards and pediatric, gyneco-
logic, and obstetric wards (Table 1). Regarding profession, nurses
comprised the largest group of participants, followed by physicians
and nursing assistants. We observed no impact of data inference
for missing events (Appendix 8 online).

Proportion of seroconverted employees with SARS-CoV-2 IgG

Confirmatory tests were performed on 983 samples with equivocal
screening tests and 871 samples with positive screening tests.
Among first-step equivocal and positive samples, respectively, 76
(7.7%) and 546 (62.7%) were confirmed positive by the second test.
IgG seropositivity among hospital employees increased from 4.4%
(95% CI, 3.7%–5.1%) at recruitment to 7.3% (95% CI, 6.4%–8.2%)
at the first follow-up visit and to 8.5% (95% CI, 7.6%–9.5%) at the sec-
ond follow-upvisit (Fig. 1). Results from the first-step test are detailed in
Supplementary Table 2 (online). Over all time points, the cumulative
proportion of seroconverted employees was 7.9% (271 of 3,421; 95%
CI, 7.0–8.8) (Supplementary Tables 3 and 4 online). Among the 3 sub-
cohorts, the baseline proportion of seroconverted employees varied
from2.0% (19 of 949) the first week to 6.0% (83 of 1,373) the thirdweek
of recruitment (Supplementary Fig. 6 online).

Over all time points, sectors with high exposure had signifi-
cantly more seroconverted employees than sectors with low expo-
sure (10.0% vs 4.9%; P = .005) and intermediate exposure (6.8%;
P = .005). At the last visit, large differences emerged among sub-
sectors; the highest proportions were observed in COVID-19
wards (32.3%; 95% CI, 24.5–40.2) and in non–COVID G&R wards
(12.3%; 95% CI, 9.5–15.2). At the final visit, we observed the lowest
rates of seroconversion among office workers (4.9%; 95% CI, 2.7–
7.2), in ICU and anesthesiology workers (3.9%; 95%CI, 1.2–6.6), in
hemato-oncology workers (3.3%; 95% CI, 0.7–5.8), in workers in
the COVID-19 testing center (2.1%; 95% CI, 0.0–6.2), and in sur-
gery workers (1.8%; 95% CI, 0.0–3.8) (Fig. 2 and Supplementary

Table 1. (Continued )

Variable

Seroconverted
(n=271),
No. (%)a

Nonseroconverted
(n'=3,150),
No. (%)a

Close contact with a patient positive for SARS-CoV-2 (<1 m) within the
prior 20 days

Baseline 196 (72) 1,768 (56)

1st follow-up 169 (65) 1,465 (49)

2nd follow-up 112 (41) 1,028 (35)

Report of a nosocomial COVID-outbreak in the concerned ward 50 (18) 136 (4)

Aerosol-generating procedures within the prior 20 days Baseline 72 (27) 789 (25)

1st follow-up 76 (29) 676 (22)

2nd follow-up 58 (21) 549 (19)

IPC measures

Knowledge of IPC recommendations 268 (99) 3’057 (97)

In case of contact with COVID-19–positive patients Use of a respirator (FFP2/N95) 36 (13) 593 (19)

Use of a surgical mask 196 (72) 1’788 (57)

Self-perceived adherence to IPC recommendations (0–10) (mean, SD) concerning SARS-CoV-2 9.0 (1.1) 8.8 (1.2)

aUnless otherwise indicated.
bSame population considered interchangeably.
c,d,e Categories were merged in the regression model.
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Table 5A online). Slightly increased proportions of seroconverted
employees were observed when considering only employees work-
ing in the same hospital sector during the entire study period who
were present at all 3 visits (n= 2,380) (Supplementary Fig. 7
online). At the last visit, we observed a higher proportion of sero-
converted employees in COVID-19 cohorting wards compared to
noncohorting wards (15.1% [95% CI, 12.0–18.2] vs 10.0% [95% CI,
7.8–12.1]; P = .008). We observed a higher proportion of serocon-
verted employees in wards with a confirmed COVID-19
outbreak than in wards without outbreaks (28.1% [95% CI,
21.3–35.0] vs 6.9% [95% CI, 6.0–7.8]; P < .001) (Supplementary
Figs. 8 and 9 online).

Over all time points and among all professional categories com-
pared to office workers, only nursing assistants had a statistically
significant higher risk of seroconversion (11.7% vs 4.9%; P = .006).
At the last follow-up visit, the highest proportions of seroconver-
sion occurred among nursing assistants (11.7%; 95% CI, 8.9%–
14.5%), nurses (8.1%; 95% CI, 6.5%–9.5%), physicians (8.9%;
95% CI, 6.4%–11.3%), and allied health professionals (8.1%;
95% CI, 4.2%–12.0%) (Fig. 2 and Supplementary Table 5B online).
Among 271 seroconverted employees, 227 (84%) had reported
symptoms prior to seroconversion. At baseline, 151 were positive,
including 126 (83%) who had reported symptoms in the previous
20 days.

Risk factors for SARS-CoV-2 seroconversion among employees

Risk factors retrieved by univariate analysis are shown in
Supplementary Table 6 (online). Bymultivariate analysis, significant
predictors for seroconversion (Table 2) included use of public trans-
portation and close community contact with a known COVID-19
case. Compared to sectors with intermediate exposure to
COVID-19 patients, working in undetermined sectors (eg, mixed
assignments or undefined assignments), G&R COVID-19 wards,
and non–COVID-19 G&R wards were also associated with
increased risk of seroconversion. We observed other independent
associations for wards reporting a COVID-19 outbreak and among
participants with self-reported higher adherence to SARS-CoV-2–
related IPC recommendations. Compared to physicians, other pro-
fessional activities (eg, midwives, hospital cleaners, and technicians)
had a lower risk of seroconversion. Reported use of respirators

(compared to surgical masks) also lowered the risk of seroconver-
sion. Exposure to aerosol-generating procedures was not associated
with an increased risk of seroconversion (Table 2).

Assessment of selection bias

The study population shared basic demographic characteristics
with the overall population of hospital employees (Appendix 9
online), though nursing assistants and nurses were slightly overre-
presented in our study population: 17% versus 8% of nursing
assistants and 38% vs 31% of nurses. Furthermore, study partici-
pants who underwent PCR-based testing had a positivity rate of
14.7%, whereas the proportion of positive PCR results among
tested nonparticipants was 19.9% (535 of 2,690).

Discussion

The following principal findings summarize the results of this hos-
pital-wide cohort study: (1) The proportion of seroconversion was
relatively low among employees of this large Swiss University
Hospital during the early phase of the pandemic. (2) The G&R
wards had significantly higher seroconversion rates compared to
other sectors traditionally considered to be high risk. (3) Only a
small proportion of seroconversions were asymptomatic. (4)
Exposure to community risk factors increased the risk of serocon-
version. And the use of respirators compared to surgical masks
seemed to be protective against seroconversion. (5)

The proportion of seroconverted employees observed in our
study is similar to the 9.3% in a Spanish cross-sectional survey
among 578 HCWs and to another Italian study that reported a
seroprevalence of 7.4% among 202 HCWs, both in early April
2020.3,4 In New York, seroprevalence among 40,329 employees
from April through June in a hospital network was observed to
be 13.7%.5 A higher seroprevalence of 31.6% was observed among
2,004 British hospital employees in May–June 2020.6 Differences
across these studies can be explained by heterogeneity across pop-
ulations, study design, sampling schemes, and serological tests
used.16 The baseline estimate of asymptomatically infected
employees observed in our study (17%) was similar to those in
other reports (15.5%–20.2%).17

Fig. 1. Evolution of the proportion of SARS-CoV-2 seroconverted employees during follow-up visits, with counts of positive SARS-CoV-2 PCRs among all study participants.
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Employees working in what are conventionally considered to be
high-risk sectors (e.g. ICU) had similar proportions of seroconver-
sion compared to office workers (<5%). Potential explanations
include case-mix differences and possibly a higher adherence to
IPC measures in these sectors. In addition, risk perceptions may
not always align with true high-risk situations, especially in intu-
bated patients with protected airway circuits. By contrast, preva-
lence ratios were particularly high for employees working in
wards reporting nosocomial COVID-19 outbreaks or COVID-
19 cohort wards in geriatrics. The high risk in nondedicated
G&R wards might be explained by the mixing of COVID-19–dedi-
cated and nondedicated wards in the same institution, which prob-
ably facilitated cross infections as well as the occurrence of several
large-scale nosocomial clusters involving 185 HCWs, with spill-
over effects. Alternative determinants include limited staff resour-
ces, high staff turnover, insufficient infection prevention training,
and frailty of patients requiring close nursing care.18,19

We observed that use of public transportation and community
contact with persons with COVID-19 were predictors of serocon-
version. Public transportation was also a significant exposure
among Brazilian hospital employees.20 Notably, wearing masks
in public transportation in Geneva only became mandatory after
July 1, 2020. Community acquisition by HCWs was already

demonstrated in other reports that observed either epidemiological
links with community contacts,21 genetic relatedness between hos-
pital and community clusters,22 or high genetic diversity suggestive
of community transmission.23

We observed several interesting associations concerning infec-
tion control measures, toward increased risk of seroconversion for
reported use of surgical masks compared to N95 respirators and
employees with higher self-reported adherence to IPC recommen-
dations. However, this latter association may have been artificially
increased by social desirability bias and thus does not represent
true clinical adherence, as has been previously reported for other
IPC measures such as hand hygiene.24 Finally, the reported use of
respirators (FFP2/N95 masks) showed a protective effect with
lower seropositivity. This observation might reflect either true pro-
tection or residual confounding (eg, higher general adherence to
IPC recommendations), which needs to be elucidated in well-
designed clinical trials.

Our study has several strengths, including the large sample size
and high follow-up rate, which allowed a robust estimate of the sero-
conversion dynamics among different professional categories and
across hospital sectors. Furthermore, the analysis accounted for vari-
ous confounders, including community and time-varying expo-
sures, and we used a 2-tiered strategy to correct for testing biases.

Fig. 2. Evolution of the proportion of SARS-CoV-2 seroconverted employees among follow-up visits, stratified by professional activities and subsectors. Despite the cumulative
nature of this outcome, certain observationsmight decrease among sectors and follow-up visits because ofmissing results, or seroconverted employees changing ward affiliations
between visits.
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This study also had some limitations. First, using a convenience
sample with 3,421 participants among 11,945 employees and recruit-
ing only certain hospital sectors at specific working hours might have

introduced a selection bias. Lower PCR-based prevalence among par-
ticipants suggests that PCR-positive employees had fewer incentives
or time to participate, which might have slightly underestimated the

Table 2. Adjusted Prevalence Ratios of Risk Factors for SARS-CoV-2 Seroconversion From the Multivariate Mixed-Effect Poisson Regression Model Among All Visits of
Participating Hospital Employees

Variable
Prevalence

Ratio
95% Confidence

Interval P Value

Demographics

Age (1-year increments) 0.99 [0.99–1.00] .15

Sex Female Reference

Male 0.99 [0.8–1.23] .94

Subcohort based on
enrollment week

First week of enrollment
(30.03–04.04)

Reference

Second week of enrollment
(06.04–10.04)

1.31 [0.90–1.90] .16

Third week of enrollment
(13.04–17.04)

1.37 [0.96–1.97] .09

Community exposure

Transportation Private (include biking) Reference

Public and private 1.14 [0.88–1·48] .33

Public 1.59 [1.25–2.03] <.001

Close contact in the community with a person positive for SARS-CoV-2 within the prior 20 days 2.80 [2.22–3.54] <.001

Close contact with another SARS-CoV-2 positive employee within the prior 20 days 0.92 [0.75–1.13] .43

Occupational exposure

Professional category

Physicians Reference

Nurses 0.89 [0.69–1.14] .35

Nursing assistants 0.85 [0.63–1.14] .27

Allied health professionals 0.81 [0.54–1.21] .30

Office workers in administrative sectora 1.04 [0.69–1.57] .83

Other professional activities 0.53 [0.36–0.78] .001

Workplace

Hospital sector Hemato-oncology, radio-oncology, pediatrics, gynecology, obstetrics, surgery,
internal medicine (non–COVID-19) ward

Reference

Geriatric and rehabilitation (non–COVID-19) ward 1.96 [1.46–2.63] <.001

Geriatric and rehabilitation
(COVID-19) ward

3.47 [2.45–4.91] <.001

Internal medicine (COVID-19) ward 1.27 [0.88–1.81] .20

COVID-19 testing center, emergencies, anesthesiology, intensive care units 1.33 [0.95–1.87] .09

Undetermined sectors 2.03 [1.45–2.84] <.001

Report of a nosocomial COVID-19 outbreak
in the concerned ward

2.93 [2.27–3.79] <.001

IPC measures

Self-perceived adherence to IPC recommendations (0–10) concerning SARS-CoV-2 1.08 [1.00–1.17] .046

Mask use Respirator (FFP2/N95) 0.73 [0.55–0.96] .02

Surgical mask 1.21 [0.98–1.49] .08

Other occupational exposures

Aerosol-generating procedures within the prior 20 days 1.11 [0.89–1.38] .35

Close contact with a patient positive for SARS-CoV-2 (<1m) within the prior 20 days 1.21 [0.97–1.51] .08

Note. IPC, infection prevention and control.
aOffice workers and administrative sectors are used interchangeably. Because of collinearity, the variable administrative sector has been dropped from this model.
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true seroconversion rate. Misclassification bias is always possible with
serological testing, due to frequent cross reactivity among coronavi-
ruses. However, adequate performance was observed by the chosen
assays that were thoroughly validated by our laboratory. Recall bias
might have been present regarding past exposure history of
HCWs. We decreased this risk by only collecting exposure histories
for the 20 days prior to each visit. Residual confounding might persist
because not all possible confounders were included in the question-
naire regarding additional community or nosocomial exposures (eg,
cafeteria visits). Office workers might also have had occasional con-
tacts with patients in the context of their administrative duties.
However, we hypothesized that these contacts were nonsignificant.
Indeed, compared to other countries, few office workers work in clini-
cal areas at HUG. Finally, the 3 periods occurred in different epi-
demiological contexts with multiple time-varying confounders (eg,
nonpharmaceutical interventions implemented in community).
Comparisons between visits must be made with caution, though
adjustments for correlation within individuals and within weeks were
made in the statistical models.

In conclusion, likelihood of SARS-CoV-2 seroconversion
among employees was influenced by both community and health-
care-related exposures. Increased risk of seroconversion was par-
ticularly observed in units reporting a nosocomial outbreak, and in
G&R wards, highlighting additional efforts needed to protect
HCWsworking in elderly care wards. The role of routine respirator
use, as opposed to surgical face masks, requires further validation.
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