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Abstract

:

We aimed to report SARS-CoV-2 seroprevalence after the first wave of the pandemic among healthcare workers, and to explore factors associated with an increased infection rate. We conducted a multicentric cross-sectional survey from 27 June to 31 September 2020. For this survey, we enrolled 3454 voluntary healthcare workers across four participating hospitals, of which 83.4% were female, with a median age of 40.6 years old (31.8–50.3). We serologically screened the employees for SARS-CoV-2, estimated the prevalence of infection, and conducted binomial logistic regression with random effect on participating hospitals to investigate associations. We estimated the prevalence of SARS-CoV-2 infection at 5.0% (95 CI, 4.3%–5.8%). We found the lowest prevalence in health professional management support (4.3%) staff. Infections were more frequent in young professionals below 30 years old (aOR = 1.59, (95 CI, 1.06–2.37)), including paramedical students and residents (aOR = 3.38, (95 CI, 1.62–7.05)). In this group, SARS-CoV-2 prevalence was up 16.9%. The location of work and patient-facing role were not associated with increased infections. Employees reporting contacts with COVID-19 patients without adequate protective equipment had a higher rate of infection (aOR = 1.66, (95 CI, 1.12–2.44)). Aerosol-generating tasks were associated with a ~1.7-fold rate of infection, regardless of the uptake of FFP2. Those exposed to clusters of infected colleagues (aOR = 1.77, (95 CI, 1.24–2.53)) or intra-familial COVID-19 relatives (aOR = 2.09, (95 CI, 1.15–3.80)) also had a higher likelihood of infection. This report highlights that a sustained availability of personal protective equipment limits the SARS-CoV-2 infection rate to what is measured in the general population. It also pinpoints the need for dedicated hygiene training among young professionals, justifies the systematic eviction of infected personnel, and stresses the need for interventions to increase vaccination coverage among any healthcare workers.
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1. Introduction


The global prevalence of SARS-CoV-2 infection was reported higher in healthcare workers than in the general population, at 8.7% (CI 95, 6.7% to 10.9%) [1,2]. It ranged from 0 to 45.3%, depending on the country, continent, and studies, and was around 8.5% in Europe [2].



In France, during the first wave, the national strategy was to detect symptomatic incident infections by reverse transcriptase polymerase chain reaction (RT-PCR). Yet, the prevalence of the infection, including asymptomatic forms, in French healthcare workers remains poorly known. In small-sized studies, it was ranging from 2.2% in serologic screening among asymptomatic healthcare workers to 28% in RT-PCR among symptomatic healthcare workers [3,4,5].



Demographics, patient-facing roles, and tests used for serologic testing can influence the estimation of infection prevalence [1,2]. In the general population, the uptake of personal protective equipment was shown to reduce virus transmission, but the effect of the type of occupation, protective equipment shortages, and hospital organization on the risk of infection is debated [2,6].



In this report, we aimed to estimate the seroprevalence of SARS-CoV-2 infection after the first wave of the pandemic among healthcare workers of the French Alps, and to explore if the infection rate varied by subgroups of care workers, types of occupation, hospital organization, or the uptake of protective equipment.




2. Materials and Methods


2.1. Study Context, Design, and Population


We conducted a multicentric cross-sectional study among four of the five public hospitals of the French Alps (NCT04845984). It was based on data issued from the mass serologic campaign initiated by the French Ministry of Health after the first wave of the pandemic, conducted at the national level among healthcare workers. The first wave of the pandemic ended at the time of the lockdown release on 11 May. According to national guidelines, from 27 June to 31 September 2020, any volunteer healthcare institution employees could reach the occupational medicine unit to be screened for SARS-CoV-2 infection by serology testing. Medical and nursing students were also invited to be screened. Before the serology testing, we invited the participants to fill out a self-questionnaire about (1) their demographics, (2) type and place of occupation, (3) being in a patient-facing role, (4) exposure to COVID-19 cases at work and in private life, (5) the use of personal protective equipment, and (6) symptoms of COVID-19. The self-questionnaire is available in Appendix A. We did not collect repeated data. At the beginning of the survey (27 June 2020), the daily incidence among the general population in the surveyed area was ranging from 0 to 0.2 per 100,000 inhabitants. At the end of the survey (31 September 2020), it increased to 8.3–32 per 100,000 inhabitants. The second national lockdown started on 29 October at a daily incidence of 163.5 to 203.7 per 100,000 inhabitants.




2.2. Serology Testing


The SARS-CoV-2 serology testing was done using the commercial test kits available in each participating hospital. Hospital 1 used the Abbott Architect SARS-CoV-2 IgG assay, Abbott Laboratories, Maidenhead, UK (IgG Sensitivity = 100%, IgG Specificity = 99.6%), the others used the Roche Elecsys Anti-SARS-CoV-2, Roche Diagnostics International Ltd, Rotkreuz, Switzerland (total antibody) assay (Pan IgG Sensitivity = 100%, Pan IgG Specificity = 99.8%). Sensibility and specificity are reported according to the EUA Authorized Serology Test Performance [7].




2.3. Healthcare Worker Classification


We classified healthcare workers according to the 2008 version of the International Standard Classification of Occupations (ISCO) [8]: (1) health professionals, (2) health associate professionals, (3) personal care workers in health services, (4) health management and support personnel, and (5) health service provider not elsewhere classified.




2.4. Sample Size


We enrolled 3454 healthcare workers, a sample that provided 84% power at a 5% bilateral first species risk (alpha) to detect a 4.4% (CI 95, 2.8% to 6.5%) prevalence of infection, as measured in the general population in the survey area after the first wave [9].




2.5. Statistical Analysis


We computed the frequencies and percentages for discrete variables and the median and interquartile range (IQR) for continuous variables. We used the chi-squared test to compare rates. We measured the prevalence of SARS-CoV-2 infection and its 95% confidence interval (CI 95) as the number of healthcare workers with positive serology testing over the number of tested personnel during the study. Because of the hospital effect, we used binomial logistic regressions with random effect (clustering) on the hospital to investigate the strength of associations between the presence of an infection in healthcare workers (outcome) and the variables included in the multivariable regression. The unit of analysis was the individual. Variables included in the multivariable regression were defined a priori, and no automatic variable selection was performed: age, sex, healthcare worker occupation according to the ISCO, student status, patient-facing role, professional exposure to SARS-CoV-2 (working in a COVID-19 unit, performing an aerosol-generating task, cases among colleagues), uptake of personal protective equipment, working in an emergency ward, working remotely full-time, and contact with intra- and extra-familial cases. Associations are reported as the odds ratio (OR) and their CI 95. All tests were two-tailed, and the level of significance was set at 5% bilateral. Analyses were performed on R, version 4.0.1 (R Foundation for Statistical Computing, Vienna, Austria), using the ‘glmmML’ and ‘ggplot2′ packages.




2.6. Patient and Public Involvement


No patients were involved in setting the research questions or the outcome measures, nor were they involved in developing plans for the study design. No patients were asked for advice on the interpretation or the writing up of the results.





3. Results


3.1. Characteristics of Respondents


We enrolled 3454 staff members across four hospitals, corresponding to a 28.3% participation rate, and to 77.6% of professionals who underwent serology testing (Figure 1). In Hospital 3, the serologic screening was only proposed in a few wards, and 8.5% of the personnel were tested for serology. In others, 50.4% to 62.5% of healthcare workers were screened. According to the ISCO, 1818 (52.6%) of staff members were healthcare professionals, 766 (22.2%) were health-associated professionals, 854 (24.7%) were health management and support personals, and 16 (0.5%) did not report their occupation. Workers had a median age of 40.6 years old (31.8–50.3), 83.4% were female, and 631 had performed RT-PCR before the study, of which 13.3% were positive. Table 1 details the staff members’ characteristics overall and by hospital.



Many participants reported symptoms compatible with COVID-19 infection. The presence of symptoms by serological status is presented on Appendix B.




3.2. Local Prevention Measures and Epidemiology in Each Hospital


The medico-surgical bed capacity ranged from 265 beds in Hospital 4 to 972 beds in Hospital 3. All but Hospital 4 had 12 to 18 ICU beds before the pandemic. Infection control teams and infectious disease specialists were available in all the participating hospitals before the pandemic. During the first wave, 1319 COVID-19 cases were admitted to the participating hospitals, ranging from 249 (Hospital 4) to 533 (Hospital 1). At the peak, COVID-19 cases were occupying 9.5% to 21.9% of the medico-surgical beds. Patients with COVID-19 were mostly hospitalized in dedicated units, with a ratio of 1 nurse per 7 to 10 beds. All hospitals had increased ICU bed capacity beyond 200%. All-cause mortality among COVID-19 cases ranged from 6.5% to 14.9%. Every hospital recommended systematic surgical mask-wearing, regardless of the patients’ COVID-19 status. It was first supported for professionals with a patient-facing role, then extended to any healthcare worker. In Hospitals 1 and 3, it was even recommended before the pandemic, as part of the usual hospital-acquired flu prevention strategy. Because of shortages, Hospitals 1 and 2 increased the using time of surgical masks to 8 h instead of 4 h. None of the hospitals faced shortages of disposable filter respiratory protection (N95/FFP2). Appendix C details the characteristics of the participating sites.




3.3. Prevalence of SARS-CoV-2 Infection


The overall seroprevalence of SARS-CoV-2 infection was 5.0% (CI 95, 4.3% to 5.8%). It varied by hospital, ranging from 3.3% (CI 95, 2.5% to 4.1%) to 10.4% (CI 95, 7.7% to 13.6%).




3.4. Factors Associated with an Increased Prevalence


Figure 2 shows the seroprevalence of infection by type of occupation according to the ISCO. The type of occupation, according to the ISCO, was not associated with higher prevalence.



Figure 3 shows the seroprevalence of infection according to healthcare workers’ characteristics. Young professionals below 30 years old (aOR = 1.59, (CI 95, 1.06 to 2.37)), including paramedical students and residents (aOR = 3.38, (CI 95, 1.62 to 7.05)), showed an increased rate of infection. The location of work, including emergency wards and COVID-19 units, was not associated with an increase in infections.



Table 2 summarizes the results of univariable and multivariable associations with seroprevalent infections. Staff members in patient-facing roles did not show an increased likelihood of infection. Healthcare workers reporting contact with COVID-19 patients without adequate protective equipment had a higher infection rate (aOR = 1.66, (CI 95, 1.12 to 2.44)). However, the systematic wearing of surgical face masks was not associated with decreased seroprevalence. For those who performed aerosol-generating procedures, the use of an N95/FFP2 mask did not reduce the rate of infection. Note that the wearing of an N95/FFP2 mask was not recommended for aerosol-generating tasks in patients without confirmed COVID-19. In addition, generalized screening of SARS-CoV-2 infection among any newly admitted patients was not performed during the study period. Healthcare workers exposed to clusters of COVID-19-infected colleagues (aOR = 1.77, (CI 95, 1.24 to 2.53)) or intra-familial COVID-19 relatives (aOR = 2.09, (CI 95, 1.15 to 3.80)) had a higher likelihood of infection, whereas healthcare workers with extra-familial exposure to COVID-19 cases did not show an increased rate of infection.





4. Discussion


The seroprevalence of SARS-CoV-2 infection among healthcare workers of the French Alps was 5.0% (CI 95, 4.3% to 5.8%) after the first wave of the pandemic. It was higher in young professionals (including students), in those performing an aerosol-generating procedure, those exposed to COVID-19 cases without adequate uptake of protective equipment, and those reporting contact with clusters of infected colleagues and intra-familial cases.



We showed a relatively low prevalence of infection (5.0%) after the first wave. This is in the 3.4% to 11.2% range described in other European surveys [10,11,12,13,14]. We estimated that the prevalence (inverse variance method with random effect) among French healthcare workers was 12.0% (CI 95, 7.0% to 19.0%), varying by the sampling method, and ranging from 7.0% when considering any healthcare workers to 12% among frontline caregivers, and 31.0% among symptomatic health professionals (Appendix D) [3,5,15,16,17,18]. Such a variation in estimation highlights the need to identify subgroups at higher risk of infection. In our multi-centric study, we estimated the effect of individual uptake of protective equipment and intra-/extra-professional exposure to the virus on the infection rate.



We found the lowest prevalence in health professional management support (4.3%), which served as a proxy for the general population. Over the same timeframe, Le Vu et al. reported a 4.4% prevalence within the surveyed area’s general population [9]. Other studies compared the prevalence among healthcare workers to the general population without a proper internal control group. They showed a higher likelihood of infection among healthcare workers but did not report on the availability and type of protective equipment used, its uptake by healthcare workers, nor organizational characteristics at the hospital level [10,19,20]. In our study, none of the participating hospitals faced a real shortage of protective equipment. The organizational and epidemiological characteristics of the hospitals were fairly homogeneous, as were the implementation of local guidelines for the systematic wearing of a facemask by healthcare workers.



Some studies have reported that males are at a higher risk of infection than females [13,17]. Females represented 83.4% of our sample and this may have contributed to a lower seroprevalence. However, the administrative data describing the workforce of the participating sites showed the same sex ratio. This low prevalence is likely to reflect a low circulation of the virus within the surveyed area, rather than a biased selection towards women. Only a third of professionals underwent serology testing, of which we enrolled three-quarters. A sampling bias can thereby exist for professionals previously infected, resulting in an underestimation of prevalence.



In our study, professionals who performed aerosol-generating procedures and who were exposed to COVID-19 patients without appropriate protective equipment were at higher risk of infection, unlike those facing patients (infected or not) or working in a COVID-19 unit. This contrasts with previous reports [1,10,14,20,21,22,23]. This suggests that a lack of compliance with hygiene measures drives the risk of infection rather than the location of practice. Indeed, at the time of the study, N95/FFP2s were used for aerosol-generating tasks in COVID-19 patients only (oral intubation, aerosolized therapy, high-flow oxygen, etc.). A French survey among healthcare workers showed a lower use of protective equipment in non-COVID-19 units (0% to 51%) than in high-risk areas (56% to 87%) [24]. These results stressed the implementation of reinforced preventive measures in our hospitals, including the systematic use of N95/FFP2 for any aerosol-generating task. Since November 2020, a generalized screening of COVID-19 infection by RT-PCR at hospital admission has also been implemented.



The professional category was not associated with an increased prevalence of infection, but young professionals (8.3%), including paramedic students and residents, had a higher infection rate (16.9%) compared to others (4.0% to 4.7%). A Danish study found similar results because of a hotspot identified among medical students attending a social gathering at a university club [25]. Hygiene training dedicated to students should be promoted.



Finally, in our study, the strongest associations with SARS-CoV-2 infection were not related to close contact with patients. Indeed, students and workers in contact with COVID-19 cases among their colleagues or relatives had the highest infection rate. In the literature, few articles have highlighted that cross-transmission between healthcare workers can occur [11,14]. During the first wave, most infected health professionals continued working unless being severely symptomatic. On February 16, 2021, the French Ministry of Health decided to ban any infected professional from work. Our results thereby support the eviction of infected personnel from the hospital to prevent cross-transmission between staff members. Intra-familial exposure was already shown to drive infections, but little can be done to limit this risk [14,22].



Our study was limited by the six-month lag between the first wave peak and the end of serological sampling. Some studies showed an antibody titer decrease three to six months after infection in more than half of the infected people [26]. Despite the high performance of serological kits used, this may have contributed to a low seroprevalence. Second, inclusions were not exhaustive, and sampling bias could have occurred. Third, the cross-sectional design did not allow for collecting repeated data or for drafting causalities. Nevertheless, we investigated the uptake of protective equipment and hygiene measures at an individual level. Even if measurement biases are likely with our design, the lack of shortage in protective equipment over the studied period reinforces the confidence in the interpretation of associations. We also used health management support professionals as an internal control group, allowing us to compare our results with the general population.




5. Conclusions


In a general population of healthcare workers with sustained availability of personal protective equipment, the rate of SARS-CoV-2 infection was low and comparable to that of the general population. Young professionals are particularly at risk and may benefit from dedicated hygiene training. Cross-transmission between healthcare workers is a real threat to care continuation. It justifies the systematic eviction of infected personnel and stresses the need for interventions to increase vaccination coverage among any healthcare workers.
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Appendix A


Self-Questionnaire Administered to Healthcare Workers



Date of birth: MM/YYYY



Sex: M/F



Weight: kgs



Height: cm



Date of survey completion: DD/MM/YYYY



PROFESSIONNAL ACTIVITY



	(1)

	
What is your occupation (unique choice)?







Assistant nurse



Service agent



Support services agent (administrative staff, catering, clinical research, etc.)



Stretcher bearer



Nurse manager



Student (assistant nurse student, nurse student, etc.)



Nurse



Medical student



Physiotherapist



Medical doctor/specialist physician



Pharmacist



Laboratory staff



Pharmaceutical technicians and assistant



Clinical research staff



Technical services



Other paramedics (social assistant, psychologist, etc.)



Midwife



Other (specify):



	(2)

	
Usual affectation (before COVID-19 period) (unique choice)?







Medicine (geriatric included)



Surgery



Anesthesia



Emergency



Gynecology



Pediatrics



Critical care



Pharmacy



Technical services



Administrative units



Other (specify):



	(3)

	
Usual working time:







	
Before COVID-19 pandemic (unique choice)?






100%



80–99%



50–79%



<50%



	
During COVID-19 pandemic (unique choice)?






100%



80–99%



50–79%



<50%



	(4)

	
Did you work remotely during lockdown (unique choice)?







Never



Sometimes



Every day



	(5)

	
During lockdown, did you work at least 12 h physically per day (unique choice)?







Never



Sometimes



Often



Always



	(6)

	
According to you, between February and May 2020, did you work longer than your usual working time?







Yes



No



	
COVID-19 PREVENTION MESURES






	(7)

	
Did you receive hygiene training since your recruitment?







Yes



No



If yes, please specify when the training was:



In the past 12 months



Between 1 and 4 years ago



More than 5 years ago



	(8)

	
Since February 2020, did you receive specific COVID-19 hygiene information?







Yes



No



If yes, which items were discussed (multiple choice)?



	○

	
Surgical mask use




	○

	
Particle filter disposable system (FFP2) use




	○

	
Hands hygiene




	○

	
Professional scrubs




	○

	
Patient orientation




	○

	
Case definition and screening







	(9)

	
Complete the following questions only if you have a patient-facing role:







	
Are you aware of the WHO guidelines on hand hygiene in health care?






Yes



No



If yes, please specify (unique choice):



One moment out of five



Two moments out of five



Three moments out of five



Four moments out of five



Five moments out of five



	(10)

	
During the COVID-19 period, did you wear a surgical mask at work (unique choice)?







Never



Sometimes



Often



Always



	(11)

	
During the COVID-19 period, were you exposed to aerosol-generating procedures (nasopharyngeal test, intubation, etc.) for COVID-19 or non-COVID-19 patients?







Yes



No



If yes, did you systematically use a particle filter disposable system (N95/FFP2) (unique choice)?



Never



Sometimes



Often



Always



If not, why didn’t you wear adapted protective equipment (unique choice)?



Shortage



Emergency



Forgot



Other (specify)



	
SYMPTOMS






	(12)

	
During the past six months, have you had one or more symptoms?







Yes



No



If yes, specify (multiple choice):



	○

	
Fever




	○

	
Sore throat




	○

	
Cough




	○

	
Nasal discharge




	○

	
Dyspnea




	○

	
Chills




	○

	
Vomiting




	○

	
Nausea




	○

	
Diarrhea




	○

	
Headache




	○

	
Skin rash




	○

	
Conjunctivitis




	○

	
Muscle pain/aches




	○

	
Loss of appetite




	○

	
Loss of smell (anosmia) or taste




	○

	
Nose bleeds




	○

	
Tired




	○

	
Convulsions




	○

	
Altered consciousness




	○

	
Other neurological signs




	○

	
Other symptoms







If you have presented one or more symptoms, please indicate the overall intensity of your symptoms:



Please indicate the intensity of your symptoms from 0 (no symptoms) to 10 (most intense symptoms)



If you have had one or more symptoms, please indicate when they appeared, compared to today’s date (unique choice):



In the last 14 days



Between 15 and 30 days ago



More than 30 days ago



If you have presented one or more symptoms, please indicate whether any persist to this day:



Yes



No



Overall intensity of current symptoms:



	
Please indicate the intensity of your symptoms from 0 (no symptoms) to 10 (most intense symptoms)






	(13)

	
Have you ever performed a PCR test for SARS-CoV-2?







Yes



No



If yes, please indicate the test result (unique choice):



Positive



Negative



Undetermined



If not, specify the reason (unique choice):



No indication



Not available



Unsuitable practical method (waiting period, location, hours, etc.)



Fear of test



	
RISK CONTACT AT WORK






	(14)

	
In your professional activity during the past 6 months, have you had direct contact (s) with COVID-19 or non-COVID-19 patients within one meter (unique choice)?







Never



Sometimes



Often



Every day that I was in office



	(15)

	
Have you worked in a COVID-19 unit (unique choice)?:







Never



Sometimes



Often



Every day that I was in office



	(16)

	
Have you been in direct contact with a confirmed COVID-19 patient, without adequate protection (unique choice)?







Never



Sometimes



Often



Every day that I was in office



	(17)

	
Have there been any professional clusters of COVID-19 infection in your unit?







Yes



No



	(18)

	
If your activity takes place in a non-COVID-19 unit, have there been any clusters of COVID-19 infection in patients/residents?







Yes



No



	(19)

	
In your professional activity, have you complied with physical distancing when not wearing a facemask (i.e., during breaks) (unique choice):







Never



Sometimes



Often



Every day that I was in office



	(20)

	
During your professional activity, have you been in contact (without suitable protective measures) with a work colleague confirmed to have COVID-19 (unique choice)?







Never



Sometimes



Often



Every day that I was in office



	
EXTRA-PROFESSIONAL RISK CONTACT






	(21)

	
At home, you live (unique choice):







Alone



Two people (including you)



3 people (including you)



4 or more people (including you)



	(22)

	
In your household, there are children <18 years old (unique choice):







Yes



No



If yes, over the past 6 months, have your children been in community care? (School, nursery, daycare, etc.) (unique choice):



Never



Sometimes



Often



Every day that I was in office



	(23)

	
In your household, there are other caregivers than you:







Yes



No



	(24)

	
In the past 6 months, have you been in contact (without adequate protection) with a confirmed case of COVID-19 in your family:







Yes



No



I don’t know



	(25)

	
In the past 6 months, have you been in contact (without adequate protection) with a confirmed case of COVID-19 in extra-family private life:







Yes



No



I don’t know



	(26)

	
In the past 6 months, have you used public transport (unique choice)?







Never



Sometimes



Often



Systematically



	(27)

	
In the past 6 months, have you been in contact with no protective measures with a sick person (respiratory symptoms, such as cough, dyspnea, fever)?







Yes



No



I don’t know
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Table A1. Symptoms Reported by SARS CoV-2 Seropositive and Seronegative Professionals.






Table A1. Symptoms Reported by SARS CoV-2 Seropositive and Seronegative Professionals.





	
Characteristics and Timing of Reported Symptoms

	
Missing (%)

	
Overall

	
Negative Serology

	
Positive Serology

	
p-Value




	
N = 3454

	
N = 3281

	
N = 173

	




	
N (%)

	
N (%)

	
N (%)

	






	
Reporting symptoms compatible with COVID-19

	
0.0%

	
2254 (65.3)

	
2098 (63.9)

	
156 (90.2)

	
<0.001




	
Fever

	
1.7%

	
589 (17.3)

	
508 (15.8)

	
81 (47.1)

	
<0.001




	
Sore throat

	
1.7%

	
414 (12.2)

	
364 (11.3)

	
50 (29.1)

	
<0.001




	
Cough

	
1.7%

	
1037 (30.5)

	
973 (30.2)

	
64 (37.2)

	
0.062




	
Nasal discharge

	
1.7%

	
963 (28.3)

	
879 (27.3)

	
84 (48.8)

	
<0.001




	
Dyspnea

	
1.7%

	
1155 (34.0)

	
1074 (33.3)

	
81 (47.1)

	
<0.001




	
Chills

	
1.7%

	
424 (12.5)

	
371 (11.5)

	
53 (30.8)

	
<0.001




	
Digestive symptoms

	
1.7%

	
692 (20.4)

	
644 (20.0)

	
48 (27.9)

	
0.015




	
Vomiting

	
1.7%

	
111 (3.3)

	
105 (3.3)

	
6 (3.5)

	
1.000




	
Nausea

	
1.7%

	
332 (9.8)

	
310 (9.6)

	
22 (12.8)

	
0.216




	
Diarrhea

	
1.7%

	
513 (15.1)

	
472 (14.6)

	
41 (23.8)

	
0.002




	
Headache

	
1.7%

	
1325 (39.0)

	
1226 (38.0)

	
99 (57.6)

	
<0.001




	
Skin rash

	
1.7%

	
114 (3.4)

	
102 (3.2)

	
12 (7.0)

	
0.013




	
Conjunctivitis

	
1.7%

	
113 (3.3)

	
106 (3.3)

	
7 (4.1)

	
0.734




	
Muscle pain/aches

	
1.7%

	
650 (19.1)

	
575 (17.8)

	
75 (43.6)

	
<0.001




	
Loss of appetite

	
1.7%

	
191 (5.6)

	
155 (4.8)

	
36 (20.9)

	
<0.001




	
Loss of smell (anosmia) or taste

	
1.7%

	
149 (4.4)

	
77 (2.4)

	
72 (41.9)

	
<0.001




	
Nose bleeds

	
1.7%

	
83 (2.4)

	
74 (2.3)

	
9 (5.2)

	
0.029




	
Tired

	
1.7%

	
1379 (40.6)

	
1269 (39.3)

	
110 (64.0)

	
<0.001




	
Neurological signs

	
1.7%

	
36 (1.1)

	
32 (1.0)

	
4 (2.3)

	
0.200




	
Convulsions

	
1.7%

	
10 (0.3)

	
10 (0.3)

	
0 (0.0)

	
0.993




	
Altered consciousness

	
1.7%

	
7 (0.2)

	
6 (0.2)

	
1 (0.6)

	
0.802




	
Other neurological signs

	
1.7%

	
19 (0.6)

	
16 (0.5)

	
3 (1.7)

	
0.107




	
Other symptoms

	
1.7%

	
67 (2.0)

	
58 (1.8)

	
9 (5.2)

	
0.004




	
Time between symptoms and serological screening

	
34.8%

	

	

	

	
0.014




	
≤14 days

	

	
104 (4.6)

	
102 (4.9)

	
2 (1.3)

	




	
15–29 days

	

	
194 (8.6)

	
188 (9.0)

	
6 (3.8)

	




	
≥30 days

	

	
1857 (82.5)

	
1714 (81.8)

	
143 (91.7)

	




	
Not disclosed

	

	
96 (4.3)

	
91 (4.3)

	
5 (3.2)

	




	
Performed RT-PCR for COVID-19

	
0.1%

	
631 (18.3)

	
544 (16.6)

	
87 (50.6)

	
<0.001




	
Positive

	
0.1%

	
84 (2.4)

	
19 (0.6)

	
65 (37.8)

	




	
Negative

	

	
547 (15.9)

	
525 (16.0)

	
22 (12.8)
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Table A2. Characteristics of Participating Hospitals.
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	Hospital Characteristics
	Hospital 1
	Hospital 2
	Hospital 3
	Hospital 4





	Before COVID-19
	
	
	
	



	Number of medical and surgical beds
	886
	377
	972
	265



	Number of ICU beds
	16
	12
	18
	0



	Local epidemiology

(from 2 February 2020 to 30 June 2020)
	
	
	
	



	Total of COVID-19 patients admitted to the hospital during the period
	533
	262
	275
	249



	Number of COVID-19 patients admitted to medical-surgical beds
	441
	247
	250
	249



	Date of peak
	1 April
	30 March
	31 March
	14 April



	At peak, occupation rate of COVID-19 cases †
	12.6%
	15.1%
	9.5%
	21.9%



	At peak, percentage increase in ICU beds
	268%
	275%
	211%
	NA



	Mortality rate (all-cause) among COVID-19 patients
	9.7%
	6.5%
	14.9%
	9.6%



	Number of outbreaks in units (clusters) *
	3
	NA
	1
	0



	Nurse ratio in COVID-19 unit
	1 nurse/7 beds
	NA
	1 nurse/10 beds
	1 nurse/10 beds



	Local anti-COVID-19 measures
	
	
	
	



	Number of hygienists per 1000 medico-surgical beds
	2.48
	1.06
	2.73
	1.9



	COVID-19 patient’s hospitalization in dedicated units
	Always
	NA
	Often
	Always



	Date of systematic surgical mask-wearing recommendation for HCW with a patient-facing role
	Before COVID-19 (flu)
	March 26
	Before COVID-19(flu)
	March 9



	Date of systematic surgical mask-wearing recommendation for all HCW (including administrative staff)
	20 March
	26 March
	17 March
	9 March



	Systematic use of disposable filter respiratory protection (N95/FFP2) for all contacts with COVID-19 confirmed or suspected patients
	Not systematic
	Not systematic
	Not systematic
	Not systematic



	Modification of protective equipment recommendations due to shortage
	For surgical masks only
	For surgical masks only
	No
	No







† Number of COVID-19 patients over total of medico-surgical beds in the hospital. * Outbreaks were defined as three related cases during a period of seven days.
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Figure A1. Pooled Prevalence of SARS-CoV-2 Infection among French Healthcare Workers. 
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We estimated the pooled prevalence using the inverse variance method with random effect (‘meta’ package).
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Figure 1. Flowchart of participant enrolment. 
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Figure 2. Seroprevalence of SARS-CoV-2 infection by type of occupation according to the ISCO. Health management and support personnel are presented in red, health associate professionals are yellow, and health professionals are blue. The size of the dots represents the number of subjects. The vertical dashed line is the estimated seroprevalence in the healthcare worker population with its 95% confidence interval (grey area). 
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Figure 3. Seroprevalence of SARS-CoV-2 infection by characteristics of healthcare workers. The size of the dots represents the number of subjects. The vertical dashed line is the estimated seroprevalence in the healthcare worker population with its 95% confidence interval (grey area). 
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Table 1. Characteristics of healthcare workers, overall and by participating hospital.
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Healthcare Worker Characteristics

	
Missing (%)

	
Overall

	
Hospital 1

	
Hospital 2

	
Hospital 3

	
Hospital 4




	
N = 3454

	
N = 2016

	
N = 823

	
N = 172

	
N = 443




	
Demographics

	

	
N (%) or Med (IQR)

	
N (%) or Med (IQR)

	
N (%) or Med (IQR)

	
N (%) or Med (IQR)

	
N (%) or Med (IQR)






	
Age, continuous (years)

	
2.2%

	
40.6 (31.8, 50.3)

	
40.2 (31.8, 49.2)

	
41.2 (32.0, 51.2)

	
40.3 (32.6, 50.9)

	
41.8 (31.3, 51.4)




	
Sex, female

	
0.0%

	
2880 (83.4)

	
1667 (82.7)

	
683 (83.1)

	
145 (84.3)

	
385 (86.9)




	
BMI, continuous (kg/m2)

	
6.0%

	
22.6 (20.4, 25.1)

	
22.3 (20.3, 24.7)

	
23.2 (20.8, 26.0)

	
22.7 (20.8, 24.7)

	
22.5 (20.2, 25.2)




	
Children at home

	
10.2%

	
1695 (54.6)

	
1031 (56.6)

	
396 (53.7)

	
80 (51.0)

	
188 (48.3)




	
Household, >1 inhabitant

	
0.0%

	
2078 (60.2)

	
1232 (61.1)

	
499 (60.6)

	
100 (58.1)

	
247 (55.8)




	
Occupation according to ISCO †

	
0.5%

	

	

	

	

	




	
Health management and support personnel

	

	
854 (24.7)

	
482 (23.9)

	
225 (27.3)

	
30 (17.4)

	
117 (26.4)




	
Health associate professionals

	

	
766 (22.2)

	
442 (21.9)

	
170 (20.7)

	
49 (28.5)

	
105 (23.7)




	
Health professionals

	

	
1818 (52.6)

	
1080 (53.6)

	
425 (51.6)

	
93 (54.1)

	
220 (49.7)




	
Missing data

	

	
16 (0.5)

	
12 (0.6)

	
3 (0.4)

	
0 (0.0)

	
1 (0.2)




	
Extra-professional exposure

	

	

	

	

	

	




	
Intra-familial confirmed cases

	
0.0%

	
175 (5.1)

	
96 (4.8)

	
41 (5.0)

	
11 (6.4)

	
27 (6.1)




	
Extra-familial confirmed cases

	
0.1%

	
185 (5.4)

	
107 (5.3)

	
39 (4.8)

	
18 (10.5)

	
21 (4.7)




	
Professional exposure

	

	

	

	

	

	




	
Working in emergency ward

	
0.1%

	
282 (8.2)

	
151 (7.5)

	
57 (6.9)

	
0 (0.0)

	
74 (16.7)




	
Working in COVID-19 unit

	
2.7%

	

	

	

	

	




	
Never

	

	
1496 (44.5)

	
885 (45.3)

	
380 (47.4)

	
81 (47.1)

	
150 (34.6)




	
Sometimes

	

	
749 (22.3)

	
465 (23.8)

	
175 (21.8)

	
12 (7.0)

	
97 (22.4)




	
Often

	

	
382 (11.4)

	
209 (10.7)

	
90 (11.2)

	
12 (7.0)

	
71 (16.4)




	
Always

	

	
734 (21.8)

	
396 (20.3)

	
156 (19.5)

	
67 (39.0)

	
115 (26.6)




	
Working in COVID-19 intensive care unit

	
2.8%

	
134 (4.0)

	
71 (3.6)

	
30 (3.8)

	
27 (15.7)

	
6 (1.4)




	
Working in COVID-19 room

	
2.8%

	
1730 (51.5)

	
999 (51.1)

	
390 (48.8)

	
64 (37.2)

	
277 (64.0)




	
Contact with COVID-19 patients without PPE ‡

	
3.9%

	
866 (26.1)

	
458 (23.9)

	
200 (25.2)

	
30 (17.4)

	
178 (41.3)




	
Cluster of cases among the team

	
0.1%

	
1102 (31.9)

	
578 (28.7)

	
245 (29.8)

	
67 (39.0)

	
212 (48.1)




	
Cluster of cases among patients

	
0.0%

	
283 (8.2)

	
188 (9.3)

	
50 (6.1)

	
6 (3.5)

	
39 (8.8)




	
Performed aerosol-generating tasks

	
2.4%

	
1033 (30.7)

	
616 (31.5)

	
221 (27.5)

	
70 (41.2)

	
126 (28.6)




	
N95/FFP2 mask during aerosol generating-tasks

	
2.6%

	

	

	

	

	




	
Not applicable

	

	
2337 (69.5)

	
1341 (68.6)

	
582 (72.8)

	
100 (58.8)

	
314 (71.7)




	
Never

	

	
82 (2.4)

	
54 (2.8)

	
21 (2.6)

	
2 (1.2)

	
5 (1.1)




	
Sometimes

	

	
107 (3.2)

	
59 (3.0)

	
32 (4.0)

	
2 (1.2)

	
14 (3.2)




	
Often

	

	
261 (7.8)

	
158 (8.1)

	
61 (7.6)

	
11 (6.5)

	
31 (7.1)




	
Always

	

	
576 (17.1)

	
343 (17.5)

	
104 (13.0)

	
55 (32.4)

	
74 (16.9)




	
Systematic wear of surgical face mask

	
0.0%

	
2715 (78.6)

	
1601 (79.4)

	
612 (74.4)

	
163 (94.8)

	
339 (76.5)




	
SARS-CoV-2 infection

	

	

	

	

	

	




	
Seroprevalence of COVID-19

	
0.0%

	
173 (5.0)

	
66 (3.3)

	
53 (6.4)

	
8 (4.7)

	
46 (10.4)




	
Reporting symptoms compatible with COVID-19

	
0.0%

	
2254 (65.3)

	
1346 (66.8)

	
493 (59.9)

	
98 (57.0)

	
317 (71.6)




	
Time between symptoms and serological screening

	
34.8%

	

	

	

	

	




	
≤14 days

	

	
104 (4.6)

	
61 (4.5)

	
20 (4.1)

	
13 (13.4)

	
10 (3.2)




	
15–29 days

	

	
194 (8.6)

	
112 (8.3)

	
36 (7.3)

	
21 (21.6)

	
25 (7.9)




	
≥30 days

	

	
1857 (82.5)

	
1102 (82.0)

	
423 (85.8)

	
62 (63.9)

	
270 (85.2)




	
Not disclosed

	

	
96 (4.3)

	
69 (5.1)

	
14 (2.8)

	
1 (1.0)

	
12 (3.8)




	
Performed RT-PCR for COVID-19

	
0.1%

	
631 (18.3)

	
263 (13.1)

	
196 (23.8)

	
77 (44.8)

	
95 (21.4)




	
Positive

	

	
84 (13.3)

	
35 (13.3)

	
22 (11.2)

	
14 (18.1)

	
13 (13.7)




	
Negative

	

	
547 (86.7)

	
228 (86.7)

	
174 (88.8)

	
63 (81.8)

	
82 (86.3)








† ISCO: International Standard Classification of Occupation. ‡ PPE: Personal protective equipment.
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Table 2. Univariable and multivariable binomial logistic regression associations with SARS-CoV-2 infection among healthcare workers (N = 3299).






Table 2. Univariable and multivariable binomial logistic regression associations with SARS-CoV-2 infection among healthcare workers (N = 3299).





	
Variables

	
Univariate

	
Multivariate




	
Odds Ratio

	
CI 95

	
p-Value

	
Adjusted Odds Ratio

	
CI 95

	
p-Value






	
Age (ref. 30 to 50 years)

	

	

	

	

	

	




	
<30 years

	
2.17

	
(1.52–3.11)

	
<0.001

	
1.59

	
(1.06–2.37)

	
0.024




	
>50 years

	
1.12

	
(0.75–1.66)

	
0.581

	
1.28

	
(0.83–1.96)

	
0.259




	
Female (ref. male)

	
1.39

	
(0.88–2.19)

	
0.161

	
1.55

	
(0.94–2.54)

	
0.085




	
Profession, according to ISCO †

(ref. health management and support personnel)

	

	

	

	

	

	




	
Health associate professionals

	
1.12

	
(0.70–1.79)

	
0.632

	
0.87

	
(0.50–1.53)

	
0.634




	
Health professionals

	
1.27

	
(0.86–1.87)

	
0.223

	
0.67

	
(0.39–1.16)

	
0.157




	
Paramedical student or resident (ref. not a student)

	
4.05

	
(2.13–7.69)

	
<0.001

	
3.38

	
(1.62–7.05)

	
0.001




	
Patient-facing role (ref. not in facing role)

	
1.61

	
(1.09–2.38)

	
0.016

	
1.10

	
(0.65–1.87)

	
0.712




	
Working in emergency ward (ref. not in emergency ward)

	
1.51

	
(0.93–2.44)

	
0.097

	
0.85

	
(0.49–1.49)

	
0.571




	
Working in a COVID-19 unit (ref. not in COVID-19 unit)

	
1.54

	
(1.12–2.13)

	
0.008

	
1.03

	
(0.67–1.58)

	
0.899




	
Contact with COVID-19 patients without PPE ‡

(ref. systematic use of PPE for contact with patients)

	
2.37

	
(1.73–3.25)

	
<0.001

	
1.66

	
(1.12–2.44)

	
0.011




	
Systematic wear of surgical face mask

(ref. not systematic)

	
0.93

	
(0.65–1.34)

	
0.706

	
0.71

	
(0.45–1.13)

	
0.151




	
Aerosol-generating task (ref. not concerned)

	

	

	

	

	

	




	
Systematic use of FFP2

	
1.70

	
(1.15–2.49)

	
0.007

	
1.74

	
(1.06–2.85)

	
0.028




	
Without systematic use of FFP2

	
2.03

	
(1.36–3.02)

	
<0.001

	
1.81

	
(1.09–3.01)

	
0.021




	
Cluster of cases among patients (ref. not)

	
1.69

	
(1.06–2.68)

	
0.028

	
1.31

	
(0.79–2.19)

	
0.299




	
Cluster of cases within the team (ref. not)

	
2.28

	
(1.68–3.11)

	
<0.001

	
1.77

	
(1.24–2.53)

	
0.002




	
Working remotely at full-time (ref. not)

	
1.41

	
(0.51–3.95)

	
0.509

	
2.39

	
(0.79–7.19)

	
0.121




	
Intra-familial confirmed cases (ref. not)

	
2.47

	
(1.49–4.09)

	
<0.001

	
2.09

	
(1.15–3.80)

	
0.015




	
Extra-familial confirmed cases (ref. not)

	
1.47

	
(0.82–2.64)

	
0.199

	
0.81

	
(0.40–1.64)

	
0.555








† ISCO: International Standard Classification of Occupation. ‡ PPE: Personal protective equipment.
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