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Abstract

Objective: With the COVID-19 pandemic, documenting whether ltheaare workers
(HCWs) are at increased risk of SARS-CoV-2 contatiam and identifying risk factors is of

major concern.

Methods: In this multicenter prospective cohort study, HC¥ksm frontline departments

were included in March and April 2020 and followied 3 months. SARS-CoV-2 serology
was performed at month 0 (M0), M1, and M3 and RTRRE case of symptoms. The primary
outcome was laboratory-confirmed SARS-CoV-2 infactat M3. Risk factors of laboratory-

confirmed SARS-CoV-2 infection at M3 were identtfiby multivariate logistic regression.

Results: Among 1,062 HCWs (median [interquartile range] age, 38-42] years;758

[71.4%] women; 321 [30.2%] physicians), tlemulative incidence ofSARS-CoV-2

infection at M3 was 14.6% (95% confidence intef\] [12.5; 16.9]). Risk factors were the
working department specialty, with increased rigk ihtensive care units (odds ratio 1.80,
95%CI [0.38; 8.58]), emergency departments (3.983018.43]) and infectious diseases
departments (4.22 [0.92; 18.28]); current smokirgs vassociated with reduced risk (0.36
[0.21; 0.63]). Age, sex, professional category, hamof years of experience in the job or
department, and public transportation use weresmptificantly associated with laboratory-

confirmedSARS-CoV-2 infectiorat M3.

Conclusion: The rate ofSARS-CoV-2infection in frontline HCWs was 14.6% at the end of
the first COVID-19 wave in Paris and occurred maiearly. The study argues for an origin
of professionaln addition to private lifecontamination and therefore including HCWs in the

first-line vaccination target population. It alsighlights that smokers were at lower risk.



Trial registration: The study has been registered on ClinicalTrials.g¢®T04304690 first

registered on 11/03/2020.
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Introduction

The dynamics of the COVID-19 pandemic has deeplfecedd health services in
organizations and potentially exposed healthcandkaeve (HCWSs) to increased risk of SARS-
CoV-2 infection. Since the emergence of this newném coronavirus in December 20319

knowledge of the modes of transmission has impraveedkly, leading to the adaptation of
HCWs’ personal protective equipment (PPE). Henbe, risk of SARS-CoV-2 infection

among HCWs has been of major concern for frontinstitutions, to prevent COVID-19-

associated work disruption (at a time when carewees were critical) and HCW-to-patient
contamination. In France, SARS-CoV-2—positive RTRP@ests were first reported in
imported cases on January 24, 2020; the generaladdiown began on March 17 and
emergency room visits for possible COVID-19 peakedweek 13, decreasing thereafter,

which led the French government to ease lockdowtmictions on May 11.

Although some cross-sectional studies have repdB@BRS-CoV-2 seroprevalence among
HCWs being close to that of the general populatiohijttle is known about the dynamics of
SARS-CoV-2 contamination related to the epidemicvegaand the risk factors in this

population.

In the ascendant phase of the first COVID-19 wavd-iance, we initiated a multicenter
prospective cohort study to estimate the cumulatieelence of laboratory-confirmed SARS-
CoV-2 infection over the early phase of this oultramong frontline public hospital HCWs
in Paris and identify the risk factors (SEROCOV|nChalTrials.gov NCT04304690, first

registred orl1/03/2020.



Patients and methods

Setting, design and participants

The SEROCOV multicenter prospective cohort study wanducted in 4 adult hospitals
(Bichat, Pitié-Salpétriere, Saint-Antoine, Tenongddl pediatric hospital (Trousseau) of the
Assistance Publique-Hopitaux de Paris (AP-HP) netw®articipants were included from

March 16 to April 24 2020, with a 3-month follow-uBichat and Pitié-Salpétriere hospitals
are dedicated referent hospitals for emerging biold risk at AP-HP and primarily received

all COVID-19 confirmed cases, from the epidemiceains Paris until mid-March 2020, when

all AP-HP hospitals were positioned to take car€0VID-19 patients.

The SEROCOQV study was approved by the ethics coeen{CPP Sud-Ouest et Outre-Mer |,
approval no. 2-20-023 id7257) and all participasitgred informed consent before inclusion.
We also confirm that all experiments were perfornredccordance with relevant guidelines

and regulations.

All HCW staff (doctors- either senior physicians mgsidents- nurses, care assistants,
laboratory technicians and other personals in contgh patients)who worked in COVID-19
frontline departments (emergency, infectious digsasntensive care units and virology
laboratory) of the selected hospitals were inforrabdut the study and asked to participate.
Staff who were not active during the inclusion pdriwere not eligible. After signing
informed consent, each participant underwent vengosd sampling for SARS-CoV-2
serology and was asked to complete a self-repqrégbr-based questionnaire on baseline
characteristics and pre-inclusion symptoms suggesti COVID-19. Thereafter and up to 3
months after inclusion, the HCW participants reedia weekly reminder to repeat and fill the
survey on symptoms and, in case of symptoms, askealnasopharyngeal swab f&ARS-

CoV-2 RT-PCR. The survey was collected on a papemfwhich was stored in each



department and made available all along the follppperiod for the participants. At month 1
(M1) and M3 after inclusion, venous blood samphmgs again systematically proposed for

serology testing.

Anti—-SARS-CoV-2 IgG assay for serology testing

Blood samples were sent immediately to the virolagpartment of each participating
hospital and centrifuged, and EDTA plasma was fioae-20°C until tested by batch in the
Pitié-Salpétriere virology laboratory. Plasma sasphere analyzed on the Abbott Architect
platform with the Abbott SARS-CoV-2 IgG assay, &tigg the viral nucleoprotefhResults
were interpreted as recommended by the manufactameindex value < 0.5 was considered
negative, 0.5 to 1.4 weak positive, antl.4 positive. When SARS-CoV-2 infection was
suspected in an HCW during the study period, th&/IDAL9 diagnosis was established by
RT-PCR on a nasopharyngeal swab with the Cobas S2&RE2 kit (Roche Diagnostics) or

RealStar SARS-CoV-2 RT-PCR kit (Altona), as pregigueported®

Outcomes

The primary outcome was laboratory-confirmed SARS/Q infection at M3 (i.e., positive

serology results [positive or weak positive resoft SARS-CoV-2 IgG assay] and/or a
positive RT-PCR result on an unplanned nasophagjrgyeab at any time during the survey).
Secondary outcomes were positive serology for SARS-2 (considering weak positive

serology as positive) at MO, M1 and M3.

Covariates

Baseline characteristics collected were demograpbkimoking status (current, former or non-

smoker), public transportation use, and job-relatath (hospital, type of ward [emergency,



infectious diseases, intensive care unit and wyyltaboratory]), professional category,
number of years of experience in the job or depamtmand night or day shift. Physicians
(senior or medical students, including residentslyses and care assistants who had direct
close contacts with COVID-19 patients were con&dehigh-risk HCWs (in contrast to

nurses managers for example).

At baseline and up to 3 months after inclusion,tipgants completed a self-reported
guestionnaire weekly on symptoms suggestive of @M and as appropriate, SARS-CoV-
2 RT-PCR results, the diagnosis retained, and COMIBted sick days and/or

hospitalization.

At M3, adherence to PPE recommendations duringtily period was reported on a 5-point

Likert scale (from “never” to “systematically”).

Statistical analysis

The number of eligible HCWs in participating seegovas estimated at approximately 1,000
at the time this study was designed. This planreedpse size allowed for estimating a
cumulative incidence of laboratory-confirmed SARSM=2 infection at M3of 5% (95%
confidence interval [CI] [3.7; 6.5]), @mulative incidencef 10% (8.2; 12), and @umulative

incidence of 20% (17.6; 22.6).

Staff characteristics are reported as percentagescdtegorical variables and median

(interquartile range [IQR]) for continuous variadle

Multiple imputation was used to replace missingokryy testing at MO, M1 or M3. Briefly,
10 copies of the dataset were created with theimgisglues replaced by imputed values
based on observed data including observed seroésgyts and characteristics of participants

(including age, sex, job-related data, smokingustapublic transportation use, adherence to



PPE recommendations and occurrence of ageusiararaismia over the study period). Each
dataset was then analyzed by using standard statistethods, and the results from each
dataset using the statistical methods describemlbelere pooled into a final result by using
Rubin’s rule*®

For binomial proportions, confidence intervals westimated by the Wilson method for
multiple imputation*

Risk factors of laboratory-confirmed SARS-CoV-2eadfion at M3 were assessed in the
whole cohort by univariate and multivariate logistegression. Baseline variables included in
the multivariate model were defined a priori (agex, job-related data, public transportation
use and smoking status), and no variable selewgtams performed. A second logistic model
was developed for the same outcome among highHGWs only (i.e., excluding virology
staff and jobs rated as “other”) and accounting ddherence to PPE recommendations.
Finally, risk factors of laboratory-confirmed SAR®V-2 infection at inclusion (MO) were
evaluated by the same approach.

All the analyses were computed at a two-sidéelvel of 5% with R software, version 4.0.0.

Results

From March 16 to April 24, 2020, 1,177 HCWs wereluied; 115 were excluded because
they did not work in the participating departmests,1,062 HCWs remained for analysis. The
participation rate was 77%r medical staff and 59.5% fornurses/care ag#istdhe main

characteristics of the study population are in €dblMedian [IQR] age was 33 [28-42] years,
758 (71.4%) were women, 741 (69.8%) were nurses/easistants staff (including 405
[38.1%] nurses) and 321 (30.2%) were physicianslyding students); 380 (35.8%) were

working in an emergency department, 282 (26.6%niinfectious diseases unit, 355 (33.4%)



in an intensive care unit and 45 (4.2%) in a viggldaboratory. Among the participants, 250

(26.9%) reported currentlysmoking, and 387 (36.4%ed public transportation.

Overall, 1,060 (99,8%) participants underwent baseserology testing at inclusion, 1,004
(94.5%) at M1, and 938 (88.3%) at M3; 903 (85%) lE&GARS-CoV-2 serology result
available for the 3 samples (Figure 1). At M3, dgrthe whole study period, 93.0% of HCWs
reported that they wore a surgical mask, 77.8% warBl95 mask when performing high-risk
tasks (nasopharyngeal swab), and 98.5% washed larttler used hydro-alcoholic hand
friction before and after each contact with a pdti@able 1).The dates of inclusion and

follow-up serologies according to the epidemic euave in Figure 2.

At baseline, 154/1062 (15.4%) HCWs with available data reporteing symptoms
suggestive of COVID-19 before inclusiomainly fever (n=42), myalgia (n=34), headache
(n=54), ageusia and/or anosmia (n=24), cough (n=B&3piratory signs (n=69), and

gastrointestinal signs (n=27) (Table 1).

At inclusion, 61 (5.8%) HCWs had positive SARS-CBVserology results: 23 (7.2%)
physicians and 38 (5.1%) nurses/care assistanté &aports of previous symptoms
suggestive of COVID-19 were more frequent for HCWith positive than negative serology
at inclusion (50% vs 13.3%; p<0.0001), particulayynptoms very suggestive of COVID-19
such as ageusia/anosmia (48.3% vs 8%). ConverSeB4 of participants with positive

serology at inclusion reported no previous symptoms

Because of symptoms suggestive of COVID-19, 33ig@pants submitted an intermediate
nasopharyngeal swab for SARS-CoV-2 RT-PCR betweension and M3: 14 (42.4%) had a
positive result, 2 with negative results at allosegy points. Among the 134 participants with
seropositive results at inclusion or M1, 11 (8.2k&d negative serology results at M3,

including 8 with positive results at inclusion.



Outcomes

The estimated cumulative incidence of laboratomficmmed SARS-CoV-2 infection at M3
after imputation of missing data was 14.6% (95%12.%; 16.9]), and the difference across
professional categories was not statistically $igant, although the incidence was highest for
medical students (23.5% [20.8; 26.4]) and higharurses than in care assistants (Table 2 and

figure 3).

The estimated seroprevalence after imputation skimg data at MO, M1, and M3 was 5.9%
[4.7; 7.5] 12.9% [10.9; 15.1] and 13.0% [11.1; 15.2], witle same trend across professional

categories but not statistically significant.

Of the 147 participants with laboratory-confirmedRS-CoV-2 infection at M3, only 88
(59.9%, 95% CI [51.47; 67.85]) reported symptonggastive of COVID-19 before or during
the study period. Among the 416 participants widgative serology at MO and reporting
symptoms suggestive of COVID-19 during the studyiqog in those with and without
documented SARS-CoV-2 infection, 58.7% vs 13.3%orenl sick leave related to these
symptoms (p<0.0001). Among the 147 participant atboratory-confirmed infection by

SARS-CoV-2 at M3, 3 were hospitalized for COVID-d4Rd none died.

Risk factors foSARS-CoV-2positive serology at inclusion

After multiple imputation for missing data, on mu#triate analysis (Table 3), risk factors for
SARS-CoV-2 positive serology at inclusion (i.e.ridg the increasing phase of first epidemic
wave) were the department where the participanke&dyrwith increased risk for intensive
care units (OR 1.29, 95%CI [0.47; 3.51]) and patéidy infectious disease units (6.61 [2.64;
16.54]) versus emergency departments (virology riaiooy was not included because no

virology staff were positive at inclusion). Beingarrent smoker reduced the risk (0.28 [0.10;



0.82]). Age, sex, using public transportation, pssional category, working in a referent
hospital for emerging biological risk, number ofiy® of experience in the job or department,

and night shift were not significantly associatathvaseline positive serology.

Risk factors fotaboratory-confirmed SARS-CoV-2 infection at M3

After multiple imputation for missing data, on mudriate analysis (Table 4), risk factors for
laboratory-confirmed SARS-CoV-2 infection at M3e(j. at the end of the first epidemic
wave) were the department where the participank&dyrwith increased risk for intensive
care units (OR 1.80, 95%CI [0.38; 8.58]) and paftddy emergency departments (3.91 [0.83;
18.43]) and infectious diseases units (4.22 [018228]) versus the virology laboratory. Being
a current smoker reduced the risk (0.36 [0.21;)0R&ye, sex, use of public transportation,
professional category, working in a referent h@ditr emerging biological risk, number of
years of experience in the job or department, ghtnghift were not significantly associated

with laboratory-confirmed SARS-CoV-2 infection aBM

In the subgroup of high-risk HCWs (i.e., physiciansirses and care assistants in clinical
wards), adjustment on adherence to PPE recommendatlid not change these results

(Supplementary Table 5)

Discussion

We conducted this multicenter prospective cohardystamong frontline HCWSs to investigate
SARS-CoV-2 infection in HCWs during the first CO\UD® epidemic wave in Paris, France.
We report a 5.8% baseline (early phase) SARS-Ca¥r@prevalence rate together with a 3-
month 14.6% rate of laboratory-confirmed SARS-Co\fifection (end of first wave). Most

infections occurred very early, that is, diagnoaet1. Among the identified risk factors was
the working department, infectious disease unitsgoat highest risk at the very early phase,

then emergency departments during the epidemic, pattkkthe same level of risk for both at



the end of the wave and intensive care units withindermediate risk, with the virology
laboratory staff as reference. Current smokers &ereduced risk. Demographics, other job-
related characteristics, adherence to PPE, and ofispublic transportation were not
significantly associated with SARS-CoV-2 infectioho our knowledge, our study is the
largest reporting the longitudinal evolution of i®ARS-CoV-2 antibodies in HCWs over a

3-month period.

The seroprevalence in the general population et the SAPRIS study/in the same
geographical area (Greater Paris) in May 2020 esponding to M1 in the SEROCOV study,
was significantly lower than in the SEROCOQV firgstd HCWSs: 6.4% in the 20- to 59-year-
old population of the SAPRIS study (using a siméati-nucleoprotein assand considering
weak positive as positive as in SEROCQOMrsusl3.3% in SEROCOVp<0.0001) Previous
published HCW surveys reported seroprevalence magnfjom 3.4% to 38%>"* However,
the heterogeneity in type of HCW tested, type aslhgsused, period of testing and countries
with incomparable SARS-CoV-2 epidemic burden préetua face-to-face comparison. In a
multicenter cross-sectional study in the New Yoitk area, Moscola et al. reportedld.7%
prevalence (95%CI [13.4; 14.0]) of SARS-CoV-2 aatles in 40,329 HCWs, a rate similar
to that among adults randomly tested in New Y oskes{14.0%)> However, in another cross-
sectional study in Roslyn, New York, in one hodpitanployees had a significantly lower
serology-positive rate than the general populaf®% vs 16.7%P < 0.001)* Stubblefield

et al. reported a 7.6% seroprevalence among 24#8lifre HCWs during the first month of
epidemic in Nashville, Tennessee, whereas Jespetsah reported a 3.4% seroprevalence
(95% CI [2.5; 3.8])among 17,971 HCWSs, administrative personnel, pspital services and
specialist practitioner clinics in Denmark, withghi geographical seroprevalence variation
(from 1.2% to 11.9%)%' In the United Statesn a Multistate Hospital Network, Self et al.

reported 6.0% positive serology in front-line HCW#&mong the 194 participants with



positive results, 56 (29%) reported no symptomshan previous weeks. In our study, this
asymptomatic proportion was 50% among participavite positive serology at inclusion.
Conversely, we confirm that anosmia and/or ageudsiang the epidemic wave was a
discriminative clinical sign, although with low sstivity. This result confirms the Belgian
monocentric study findings reporting of anosmieoagged with an OR for positive serology
of 7.78 ([95%ClI [5.22; 11.53]f.

Most HCW contaminations occurred very early durithg epidemic wave, almost half
documented at baseline (positive serolo§y@%, 95% CI [4.7; 7.5]and 12.9% at M1
(corresponds to infections during tlascendant phase of the epidemic wageshown in
Figure 2). The kinetics of these infections propatdflects both infections in the private
sphere, following the epidemic curve of the genergulation, but also the effectiveness of
better adherence to protective measures in profesisactivity related to an enforcement of
PPE and standard measures as the epidemic pradyreSbe family and friends or
professional origin of HCW contamination is stilelshted In a single center study in
Belgium of 3,056 HCWs (tested with an IgG/IgM rapateral flow assay), the OR for
positive serologywas 3.15 (95% CI [2.33; 4.25]) when reporting hehad contact with a
suspected or confirmed COVID-19 ca8eConversely, a large study in Denmark of 17,971
hospital staff (based on the adjusted seroprevaleascording to living and working places)
found risk of SARS-CoV-2ositive serologyassociated with workplace rather than place of
living.

Recently, a large survey of HCWs in the United Kiogn reportedanti-spike or anti-
nucleocapsid 1IgG antibodies associated with subatgnreduced risk of SARS-CoV-2
reinfection and highlighted thahdividual HCWs middle-/long-term protection by gto
COVID self-immunization is a major concefhOur data support the persistence of SARS-

CoV-2 antibodies at 3 months: only 11 (8%) paraais with positive serology had later



negative results. Controversial results were regbhy Patel et al. for 249 HCWs with a
positive serology rate decreasing from 7.6% at Ibesdgo 3.2% at 60 days, wheas
Gudbjartsson et al. showed no decline in anti-SARS-2 antibodies at 4 months after
COVID-19 diagnosis'"*®

Workers in first-line clinical departments (infemiis diseases, emergency, intensive care unit)
were at higher risk of laboratory-confirmed SARSWE® infection as compared with
virology laboratory staff (Table 3). In a large d&yun Denmark, Jespersen et al. reported the
highest adjusted seroprevalence in emergency degais: 29.7% (95% CI [23.1; 37.6));
departments with no or limited patient contact hiael lowest seroprevalence: 1.79% (0.31;
3.90)/ From January to mid-March 2020, infectious disedegartments and intensive care
units directly admitted patients with suspected T@¥9 from home or the general
practitioner’s office, bypassing the emergency depant, and were therefore initially more
exposed to SARS-CoV-2 than emergency departmerktarsrThis situation may explain the
association o5ARS-CoV-2 positive serology witivorking in intensive care units (OR 1.2
[95%CI (0.47; 3.51)]) and especially infectious edises units (6.61, [2.64; 16.54]) at
inclusion versus emergency departments (TableVaplogy laboratory staff, although
handling numerous SARS-CoV-2—contaminated samples probably more concerned and
stricter about PPE enforcement to prevent contamomaand had no staff with positive
serology at inclusion, together with the lowesbbpeevalence rate at 3 months. Similarly, as
compared with emergency department staff, intensave unitstaff were at intermediate risk,
which could be explained by a more usual conceoutathe risk of pathogen transmission

(particularly during highly resistant bacteria aeiks).

At MO and M3 and in the analysis restricted to higtk HCWs and accounting for adherence
to PPE measures, being a current smoker reducedsthef laboratory-confirmed SARS-

CoV-2 infection (OR 0.36, 95% CI [0.21; 0.63]). Ancreasing number of studies have



reported this reduced risk of SARS-CoV-2 infectiorcurrent smokers in different contexts
(cross-sectional studies in the general populat@oss-sectional, case—control or control
studies in different population$}:* Our results from a large multicenter prospectivelg in

a young population of HCWs with 26.9% current smeksupport the role of use of tobacco
substances as protective against SARS-CoV-2 iofectwhich may act through the nicotine
pathway?>® This result should not encourage smoking to lithi¢ risk of COVID-19;
indeed, 78,000 deaths per year are due to smokingrancé® However, the nicotinic
hypothesis is of interest, even in the era of at-®ARS-CoV-2 vaccine, and is being

investigating for prevention of COVID-19 (NCT0458%).

The professional category was not a risk factor ladyoratory-confirmed SARS-CoV-2
infection, even if medical students exhibited higrevalence as compared with senior
physicians (23.5%, 95% CI [20.8-26.4] ¥4.2% [12.2-16.5]) (Table 2). This result may be
explained by an insufficient practice or experiemgth PPE recommendations in medical
students or confounded by ag&imilarly, reporting high compliance with PPE wast n
protective (Table 4 and supplementary table 1). él@x, reported adherence to PPE was
very good in the SEROCOV population. Regardlessers¢é studies highlighted greater
prevalence of SARS-CoV-2 positive serology in HCk&gorting not systematically wearing
PPEs in general or covering the face during clireceounters than in HCWs fully compliant
(15.8% vs 4.3%p=0.07, and 9% vs 6%=0.012).>°"* The questionnaire on PPE compliance
completed only at the end of follow-up in our studgy explain in part this discrepancy due

to a potential memory bias in addition to sociaidbility bias.

The strengths of the study are the prospectivegdetiie recruitment in the early phase of the
first epidemic wave; the multicenter, multi-depagtmh and multi-professional recruitment of
the study; the large sample size; the 3-point sggotesting; the centralization of serology

assays; and the criteria retained for laboratonfiomed SARS-CoV-2 infection (rather than



seroprevalence alone, which is exposed to negemnjatAs limitations, first, 11.7% HCWs
were lost to follow-up at M3, but missing serologgsults were handled by multiple
imputations. Second, national and center-drivenmanandations concerning PPE may have
evolved along the study period, while compliancéhviRPE and standard recommendations
were queried only at the end of the study and ne¢kly, as for the clinical signs, with
therefore a potential risk of memory bias and datgsirability bias. Third, we did not adjust
for clustering by site, which was not possible tuéhe limited number of centers. Fourth, we
did not collect personal risk factors (social am¥ionmental data) as we were focused on
professional one’s. This deliberate choice wasoitgnt in the context of the first wave, to
promote adhesion of HCW'’s to the study. Finallye #erology assay we usddrfeting the
viral nucleoprotein) is less sensitive than antkepassay&® Therefore, the reported
incidence rate of documented SARS-CoV-2 infectiothe SEROCOQV study may be slightly
underestimated. However, we accounted for thisigsuhe comparison with seroprevalence

data available in the general population.

In summary, in this study of frontline HCWs in Rarrrance, we report a 14.6% SARS-CoV-
2 cumulative incidence rate at the end of the f@&VID-19 wave, with a seroprevalence in
May 2020 significantly higher than in the generapplation. The study of risk factors for
laboratory-confirmed SARS-CoV-2 infection argues # significant part of professional
(together with household) contaminations and hgiité smoker status as an independent
protective factor. At the era of anti-SARS-CoV2 eiaation, our results represent an

argument to include HCWs in the first-line targepplation.
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Figure 1: Flow chart

Figure 2: Dates of inclusion (recruitment) and &&gyp tests according to the epidemic curve
(inpatients with documented COVID-19 in AP-HP haoapnetwork)

Figure 3: Laboratory-confirmed infection with SAR®V-2 at month 3 (M3) and
seroprevalence at MO, M1 and M3 according to psifesl category



