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(SARS-CoV-2), with a potential risk of transmission to vulnerable
patients (Keeley et al., 2020; Galmiche et al., 2020). In Japan, Furuse
et al. have shown that 30% of clusters identified in reported
Coronavirus Disease 2019 (COVID-19) cases are linked to health-
care facilities (Furuse et al., 2020). Hospitals have initiated
infection control measures to protect HCWs, ensure workforce
availability, and decrease in-hospital transmission risk.

The Assistance Publique-Hopitaux de Paris (AP-HP) university
hospitals group is the largest public hospital system in Europe
with 39 centres and 100,000 employees serving 8.3 million
patients through a 20 000-bed capacity. In France, when the first
patients infected with SARS-CoV-2 arrived from China and Italy in
February 2020, AP-HP decided to prioritise testing COVID-19 for
individuals suffering from unknown and severe pneumonia and
organise a screening consultation for symptomatic HCWs. It was
estimated that approximately 500 HCWs had been already
infected at the AP-HP before the first lockdown in mid-March
2020. Along with standard precautions, droplet precautions for
routine care and using personal protective equipment (PPE) such
as wearing a medical mask, medical glasses or a face shield and
overcoat, were implemented (Société francaise d’Hygiéne Hos-
pitaliére, 2020). Wearing an N95 mask when conducting aerosol-
generating procedures (e.g. endotracheal intubation, airway
suctioning) was recommended soon after by the Haut Conseil
de la Santé Publique (Haut Conseil de la Santé Publique, 2020).
Hospital staff members (HSMs) may have different in-hospital
exposures according to their occupational roles (clinical or
administrative task), their assignment wards (e.g. first-line
emergency, critical care, medical technology departments), the
type of care provided, in-hospital meetings attended and their
access to PPE. The level of in-hospital exposure may vary
according to the phases of the epidemic. HSMs are also at risk
from general community transmission through contact with an
infected person outside the hospital (e.g. relatives, colleagues or
friends, passengers in public transportation).

A better understanding of how HCWs were infected during the
first wave can guide the implementation of preventive measures to
reduce the future risk of infection, especially during the current
second wave in Europe.

Our objectives were to characterise exposure types and explore
factors associated with the acquisition of SARS-CoV-2 infection
among Raymond Poincaré’s Hospital staff, a tertiary care hospital
in the greater Paris area belonging to the AP-HP.

Methods
Setting

Raymond Poincaré Hospital, a 386-bed AP-HP hospital located
in the surrounds of Paris, is a second-line centre in epidemic risk
management and pandemics and was appointed as one of the
referral centres for the management of COVID-19 patients by the
Health Ministry. Due to its pavilion-like structure, one of its
buildings, comprising a 42-bed physical medicine and rehabilita-
tion department on the first floor, a 26-bed infectious disease
department on the second floor and a 15-bed intensive care unit
(ICU) on the third floor, was dedicated to COVID-19 patients. Soon
after the first COVID-19 patient was admitted to the hospital, the
infectious disease department opened a weekday consultation
dedicated to the HSMs. Initially, in March, only symptomatic HSMs
had access to COVID-19 diagnosis; from July, SARS-CoV-2
screening was extended to HSMs who had been in contact with
a confirmed COVID-19 case. HSMs were considered symptomatic if
they reported any of the following symptoms before the visit:
fatigue, headache, cough, myalgia, sore throat, fever, diarrhoea,
anosmia or shortness of breath. A real-time reverse transcriptase-
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polymerase chain reaction (RT-PCR) amplifying the betacorona-
virus E gene and the SARS-CoV-2 RdRp gene was performed to
detect the SARS-CoV-2 genome from a nasopharyngeal swab
collected by a trained nurse. The physician in charge of the
consultation communicated results to the HSM within 12-24 h, by
phone, if positive, by email if negative.

Data collection

After receiving information on the study from the physician,
HSMs were requested to complete a questionnaire while waiting
for the nasopharyngeal swab to be performed or shortly after they
received their result. The questionnaire collected data on their
professional category (e.g. nurse, physician, nursing assistant,
support staff, administrative employee), their symptoms and date
of onset, and exposures in the 2 weeks before the onset of
symptoms. Exposures covered in-hospital activities (e.g. working
in a “COVID-19 dedicated unit”, specific at-risk procedures, use of
PPE, meetings) and potential outside exposures including trans-
portation (e.g. public transport, car-sharing), private gatherings,
contact with a suspected COVID-19 case, and the number of
children in the household.

Statistical analysis

Participants’ characteristics were described as median (inter-
quartile range, IQR) and numbers (proportions) for continuous and
categorical variables, respectively. In the analysis of associations
between characteristics/exposures and SARS-CoV-2 PCR status,
univariate odds ratios (OR) and 95% CI were estimated using
logistic regression. Variables with P values < 0.2 in the univariate
analysis or variables having a specific interest (ward type variable)
were further assessed in 2 backward stepwise multivariable
logistic regression models. In the first model, restricted to HCWs,
we explored exposures related to the context of care. In the second
model, including all the participants (i.e. administrative employees
and HCWs), we explored “community” related exposures occur-
ring in and outside the hospital (such as “meals with coworkers”
and presence of “child under 15 years old at home”). They are
referred to as “community-related exposures in-and-out hospital”
later in the text. Gender was included in both models. Results are
presented using adjusted odds ratios (aOR) with 95% CI.

In univariate and multivariable analysis, continuous variables
were expressed as dichotomous variables using the median. The
variable “systematic use of facemasks” was obtained from 2
variables describing the wearing of the surgical mask and the N95
mask. Only the HCWs who stated that they had always worn a
surgical mask or an N95 mask were considered to have
systematically used a facemask.

Statistical analyses were carried out using the R studio open-
source software. A P value of <0.05 was considered statistically
significant.

Missing data handling

Several independent variables of interest in the dataset had
missing values. As the models detailed above are a complete-case
analysis, we performed the following additional analysis. For each
variable of interest, with more than 5% missing values (i.e.
“systematic use of facemask” and “procedure involving patient
airways” in the HCW model and “meetings” and “private social
gathering” in the HSM model), we first compared the proportion of
missing values in the PCR positive and negative groups (Fisher
exact test) to evaluate a potential information bias. We then
performed a sensitivity analysis by estimating ORs, with all
missing values imputed either to exposure or non-exposure, and
evaluated the potential impact on the direction and strength of
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association and statistical significance (Supplementary material 2
and 3).

Additional data from other sources

We also present additional aggregated data from the occupa-
tional health department: number of infected hospital staff by date
of onset of symptoms from March to May 2020 and the cumulative
daily number of patients hospitalised for COVID-19.

Ethics

The Ethical Review Committee of the GH University Paris-
Saclay (Polethis) (CER-Paris-Saclay-2020-048) approved the study.
All participants received written and oral information on the study
and signed a non-opposition statement.

Results

Of the 200 HSMs examined at the COVID-19 consultation from
March 5 to May 10, 99 (49.5%) completed the questionnaire. More
than two-thirds were female, and the median age was 44 (Table 1).
Approximately 9/10 HSMs were HCWs (n = 86) of which, 33 (38.4%)
were nurses, and 52 (60.5%) worked in a COVID-19 dedicated ward,
including Medicine or ICU. The systematic use of a facemask when
taking care of patients was reported by 70/77 (90.1%) HCWs who
answered this question.

Among the 87 (87.9%) symptomatic HSMs, the most frequently
reported symptoms were fatigue (80.5%), headache (64.4%) and
cough (52.9%). Fever and anosmia were reported by 40.2% and
31.0% of HSMs, respectively. In total, 28 (28.3%) HSMs had a positive
SARS-CoV-2 PCR, all reported at least 1 symptom, with fever, cough
and anosmia being the most frequent symptoms (each n = 18;
64.3%) and dyspnoea reported by 5 (17.9%) of them.

In the multivariable analysis among HCWs (Table 2), being aged
>44 (aOR = 5.2, 95% CI [1.4-22.5]) and not systematically using a
facemask when caring for a patient (aOR = 13.9, 95% CI [1.8-293.0])
were significantly associated with SARS-CoV-2 infection. Working
in a ward dedicated to COVID-19 patients (aOR = 0.7, 95% CI [0.2-
3.2]) and performing procedures involving patient airways (aOR =
2.6,95% CI[0.6-12.5]) were not significantly associated with SARS-
CoV-2 infection (Supplementary material 1).

While the proportion of missing values did not differ between
HCWs with a positive SARS-CoV-2 PCR test versus those testing
negative, sensitivity analysis for the systematic use of a facemask did
not show a significant impact of imputed values on the OR (
Supplementary material 2). Regarding “community”-related expo-
sures in-and-out the hospital among the HSMs, participation in
meetingsinside the hospital without wearing a facemask(aOR=21.3,
95% CI [4.5-143.9]) and participation in private gatherings (aOR =
10.0,95% CI[1.3-91.0]) were significantly associated with SARS-CoV-
2 infection (Table 3). The proportion of missing values did not differ
between HSMs with a positive SARS-CoV-2 and those with a negative
test. Sensitivity analysis for these 2 variables did not show a
significant impact on the ORs (Supplementary material 3).

Epidemic curve (Figure 1)

From March 5 to May 10, 2020, 70 HSMs tested positive for SARS-
CoV-2, with a higher number of cases in mid-March parallel to the
increasing number of COVID-19 patients hospitalised, followed by a
substantial decrease in April, although the number of patients stayed
at its highest level. Following the first case among HSMs, wearing
facemasks (surgical) became mandatory in the COVID-19 wards. A
few days later, wearing a facemask (surgical) became mandatory
during meetings and ultimately in all hospital premises. Two weeks
after the first case among HSMs, N95 masks were recommended in
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Table 1
Characteristics of the hospital staff members who participate to the study.
Characteristics N =99
n (%)
Sex
Male 27 (27.3)
Female 72 (72.7)
Age, Median (Iqr) 44 (34-55)
Age groups
<44 ans 49 (49.5)
>44 ans 50 (50.5)
Hospital staff professional category
Healthcare worker 86 (86.9)
Physician® 18
Nurse” 33
Nursing assistant 14
Support staff* 21
Administrative employee 13 (13.1)
Unit
COVID-19 wards 52 (52.5)
Medical COVID-19 ward 31
ICU 21
COVID-19 free wards 34 (34.3)
General management 13 (13.1)
Training session in hygiene? 53 (55.2)
Flu vaccination 2019-2020¢ 36 (37.1)
Use of personal protective equipment’
Surgical masks (n = 61) 45 (73.8)
N95 masks (n = 58) 22 (55)
Overcoats (n = 70) 24 (34.3)
Goggles (n = 70) 19 (27.1)
Systematic use of mask® 70 (90.9)
Individual risk factor for severity" 14 (15.2)
At least one COVID-19 symptom 87 (87.9)
Fatigue 70 (80.5)
Headache 56 (64.4)
Cough 46 (52.9)
Myalgia 44 (50.6)
Sore throat 40 (46.0)
Fever 35 (40.2)
Diarrhea 28 (32.2)
Anosmia 27 (31.0)
Shortness of breath 15 (17.2)
COVID-19 PCR status
Positive 28 (28.3)
Negative 71 (71.2)

2 Also include residents and medical students.

" Also include physiotherapists.

¢ Include:pharmacy and laboratory staff, cleaning staff, health manager, hospital
porter, speech therapists, ergo therapists, daycare staff, logisticians.

d Missing data: n = 3.

¢ Missing data: n = 2.

' Only healthcare workers are included; the total exceeds 100% because the same
respondent could use several equipment. Only staff working in COVID-19 wards are
included for N95 mask.

& “Yes” is when the mask (surgical or N95) is always worn. Any other case is coded
as “no”.

" Presence of at least one comorbidity associated with a high of risk of severe
COVID-19 form according to the national authorities (Société francaise d’Hygiéne
Hospitaliére, 2020). Missing data: n = 7.

the COVID-19 wards. The 28 HSMs who tested positive for SARS-CoV-
2 during the study were evenly distributed across the epidemic curve
by date of onset of symptoms.
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Table 2
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Frequency of exposures related to care according to SARS-CoV-2 PCR status, univariate and multivariable analysis. Healthcare workers, March-April 2020.

PCR result Univariate OR p Adjusted OR*
N =86 (95% CI) (95% CI)
Positive: 27 Negative: 59
n (%) n (%)
Age
<44 9(33.3) 35 (59.3) ref ref
>44 18 (66.7) 24 (40.7) 2.9 (1.2-7.9) 0.03 5.2 (1.4-22.5)
Gender
Female 22 (81.5) 41 (69.5) ref ref
Male 5(18.5) 18 (30.5) 0.5 (0.2-1.5) 0.2 1.5 (0.3-6.3)
Systematic use of mask
Yes 14 (70.0) 49 (98.0) ref ref
No 6 (30.0) 1(2.0) 21.0 (3.2-414.6) 0.007 13.9 (1.8-293.0)
Missing data”:16
Ward type
COVID-19 free ward 13 (48.1) 21 (35.6) ref ref
COVID-19 ward 14 (51.9) 38 (64.4) 0.6 (0.2-1.5) 0.3 0.7 (0.2-3.2)
Procedure involving patient airways
No 11 (50.0) 36 (65.5) ref ref
Yes 11 (50.0) 19 (34.5) 1.9 (0.7-5.2) 0.2 2.6 (0.6-12.5)
Missing data“: 9
Profession
Physicians® 4(14.8) 14 (23.7) 0.7 (0.2-4.3) 0.7
Nurses® 11 (40.7) 22 (37.3) 1.3 (0.4-4.3) 0.7
Nursing assistants 6 (22.2) 8 (13.6) 1.9 (0.5-8.0) 0.4
Support staff 6 (22.2) 15 (25.4) ref
Access to a locker
No 9 (37.5) 10 (17.9) ref
Yes 15 (62.5) 46 (82.1) 0.4 (0.1-1.1) 0.06
Missing data:6
Contact with infected coworker
No or unknown 13 (52.0) 36 (64.3) ref
Yes 12 (48.0) 20 (35.7) 1.7 (0.6-4.4) 0.3

Missing data: 5

@ Multivariable logistic regression analysis final model.

b Fisher-test: p = 0.25.

¢ Fisher-test: p = 0.13.

4 Also include residents and medical students.
Also include physiotherapist.

e

Discussion

Reporting of SARS-CoV-2 infection, together with the investi-
gation of potential exposures, both implemented at the very
beginning of the first wave, provided insights into transmission
among the HSMs of a referral hospital. The number of cases in
HSMs first increased rapidly, just before the increasing number of
patients hospitalised in the first 3 weeks of March 2020. After that,
the number of HSM cases started to decrease before the peak of
COVID-19 patients hospitalised at the beginning of April. This trend
may be aresponse to the control measures rapidly implemented by
the hospital in the second week of March, such as mandatory
facemask wearing for HSMs as in other settings where the
effectiveness of these measures had been reported. Suarez Garcia
et al. (Suarez-Garcia et al., 2020) described the same shift between
HCW infection and the global population in Madrid (Spain), with
an earlier control of the transmission of SARS-CoV-2 due to the
recommendation to wear N95 masks. Wang et al. also observed a
strong association between the universal wearing of facemasks in a
healthcare facility and a decrease in the incidence of SARS-CoV-2
among HCWs (Wang et al., 2020).

The 28.3% of symptomatic HSMs testing positive for SARS-CoV-
2 in our study is higher than the reported rate during the first wave
in a study conducted in a large NHS Foundation Trust hospital in
the United Kingdom during March 2020. This study by J. Keeley
et al. (Keeley et al., 2020) described 18% of symptomatic HCWs
testing positive for SARS-CoV-2. This discrepancy may be due to
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our study being in a region affected severely and early by COVID-
19. However, our rate of approximately 30% is concordant with a
study by the Québec Public Health Institute in Canada, where 37.4%
of symptomatic HCWs tested positive for SARS-CoV-2 between
February and June 2020 (De Serres et al., 2020).

Approximately 25% of individuals infected with SARS-CoV-2 in
the general population are asymptomatic (Santé publique France,
2020). Therefore, the SARS-CoV-2 positivity in symptomatic HCWs
does not reflect overall transmission in this population. Other
studies reported variable proportions of positive SARS-CoV-2 tests
among asymptomatic HCWs. At London Hospital, a study by
Treible et al. (Treibel et al., 2020) found that early in the first wave,
starting on March 23, 2020, the percentage of asymptomatic HCWs
who tested positive peaked at 7.1% and decreased to 1.1% after 4
weeks despite the persistence of a high number of COVID-19 in-
patients, but consistent with the decreasing number of new cases
in London. As suggested by the authors, testing strategies in HCWs
could target those presenting symptoms in low circulation phases
and be extended to asymptomatic HCWs during new waves.

In our study, HCWs who reported not systematically wearing a
facemask were more likely to be infected. Indeed, intermittent use
of a facemask places HCWs at risk of infection. It has been
acknowledged that surgical and N95 masks are effective in the
prevention of infection (Bartoszko et al., 2020). However, medical
masks (surgical masks and even N95 masks) could not completely
block the transmission of virus droplets/aerosols even when sealed
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Table 3
Frequency of community related exposure: in-and-out hospital according to SARS-CoV-2 PCR status univariate and multivariable analysis. Hospital staff members, March-
April 2020.
PCR result Univariate OR p Adjusted OR®
N =99 (95% CI) (95% CI)
Positive: 28 Negative: 71
n (%) n (%)
Age
<44 9(32.1) 40 (56.3) ref ref
>44 19 (67.9) 31 (43.7) 2.9 (1.2-7.9) 0.03 6.7 (1.7-37.7)
Gender
Female 22 (78.6) 50 (70.4) ref ref
Male 6(21.4) 21 (29.6) 0.7 (0.2-1.8) 04 0.8 (0.2-2.36)
Meetings”
None or meetings with mask 16 (59.3) 60 (93.8) ref ref
Meetings without mask 11 (40.7) 4 (6.2) 10.3 (3.1-41.4) <0.001 21.3 (4.5-143.9)
Missing data“: 8
Child < 15 years old at home
No 10 (43.5) 44 (62) ref ref
Yes 13 (56.5) 27 (38) 2.1 (0.8-5.6) 0.1 3.1(0.9-12.9)
Missing data: 5
Private social gathering
No 18 (78.3) 61 (91.0) ref ref
Yes 5(21.7) 6(9.0) 2.8 (0.7-10.5) 0.1 10.0 (1.3-91.0)
Missing data“: 9
Active smoking
No 25 (92.6) 54 (76.1) ref
Yes 2(74) 17 (23.9) 0.3 (0.04-1.0) 0.08
Missing data:1
Meals with coworkers
No 5(18.5) 19 (28.4) ref
Yes 22 (81.5) 48 (71.6) 1.7 (0.6-5.8) 0.3
Missing data:5
Suspected COVID-19 at home
No 22 (78.6) 61 (87.1) ref
Yes 6(214) 9(12.9) 1.9 (0.6-5.7) 03
Missing data:1
Type of transportation
Personal 23 (82.1) 54 (771) ref
Public 5(17.9) 16 (22.9) 1.4 (0.5-4.6) 0.6

Missing data:1

Multivariable logistic regression analysis final model.
Meetings with variable number of participants.
Fisher-test: p = 0.43.

Fisher-test: p = 0.11.

o n T ow

(Ueki et al., 2020), which suggests that both HCWs and patients
should wear medical masks.

Our results did not show a higher risk of SARS-CoV-2 infection
in HCWs practising in COVID-19 dedicated units; this could be
linked to the pavilion layout of Raymond Poincaré’s hospital, with a
single building dedicated to the management of COVID-19, and
better use of PPE in these units. The hospital-initiated training
sessions in hygiene regarding isolation precautions for 668 HSMs
between January 27 and April 30, 2020 (652 h of training) may
have contributed to limiting nosocomial transmission of COVID-19.
Suarez-Garcia et al. (2020), in a study where 11.1% of 1911 HCWs
tested positive for SARS-CoV-2, also did not find any significant
difference between COVID-19 and non-COVID-19 departments.
Procedures involving patients’ airways were not associated with a
higher risk in our study; this may be interpreted as a global low-
risk exposure as long as N95 masks are used when performing
aerosol-generating procedures (Ueki et al., 2020). We did not find
any significant difference in the risk of infection between
physicians and nurses.

In the model of all HSMs, our study shows that attending
meetings without facemasks is a high risk for SARS-CoV-2
infection. It has been previously highlighted that there is an
increased potential risk of transmission during situations where
HCWs are not wearing a facemask, such as meetings or lunch
breaks in small spaces (Belingheri et al., 2020). Richterman et al.
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emphasise that adequate and well-ventilated dedicated spaces
must be provided for breaks from daily work activities
and mealtimes for HCWs to minimise contact and reduce the
risk of transmission (Richterman et al,, 2020). In a national
French survey among HCWs diagnosed with COVID-19, approxi-
mately two-thirds reported participating in meetings without
facemasks before March 20, 2020, and 20% after that (Olivier
et al., 2020). Our work emphasises that meetings are a situation
at risk for transmission, but we did not find that sharing meals
with coworkers was associated with a high risk of SARS-CoV-2
infection. Although this could be due to the limited sample
size, it could be partly explained by instructions given in our
hospital to avoid having meals with colleagues, especially in
small rooms.

We did not find any association with exposures in the
community, such as using public transportation or contact with
a suspected case at home. The testing policy for contact-cases was
implemented in July 2020 and therefore did not affect the HSMs in
our study; this may have impacted how they answered the
question on contacts with COVID-19 cases and the possibility for
the study to find an association. However, private social gatherings
were associated with SARS-CoV-2 infection, underlying that
prevention outside the hospital is also essential, as previously
described in the ComCor study (Galmiche et al., 2020).



B. Davido, S. Gautier, I. Riom et al.

mmm Cases of
Covid-19 in
hospital staff,
reported

Cases of
Covid-19 in
hospital staff,
included

——Covid-19
hospitalized

$0-€0
LO€0

12-€0
£C-€0

LT€0

L

[

03.09: Face mask mandatory in the COVID-19 wards

6T-€0

=)
3
&

International Journal of Infectious Diseases 105 (2021) 172-179

80-70 j—

2040 ]
7070
9040
0
YTH0
9240
060 ]
20750 ]
70-50
90-50
80-50
01-50

0T

L 03.20: N95 masks recommanded in the COVID-19 wards

03.16: Face masks mandatory in the hospital

03.11: Face masks mandatory during meetings

Figure 1. Cases of COVID-19 in hospital staff reported and included by date of onset of symptoms (day) and the cumulative number of patients hospitalised by date.

Black bars represent COVID-19 positive cases among hospital staff. Grey bars represent the COVID-19 cases who participated in the study. The sum of the black and grey bars
represents the total number of COVID-19 positive cases at each date. For example: on March 20, 2020, there were 8 new cases among hospital staff members, including 2 who
participated in the study. The grey line represents the cumulative number of patients hospitalised by day. Dates of several control measures implemented in the hospital are

indicated below the figure.

Our study has several limitations. First, we mainly studied
symptomatic HSMs, which may partly explain why being aged >44
was independently associated with infection since older individu-
als are more likely to develop symptoms of COVID-19 (Davies et al.,
2020). It has also been reported that HCWs are uncommonly
asymptomatic, ranging from 1.6% to 3% of the individuals tested
(Rivett et al., 2020; Lombardi et al., 2020).

Second, our study only evaluated the HSMs who completed the
questionnaire (50%), contributing to limited sample size. There-
fore, our study was underpowered and unlikely to find exposures
not strongly associated with SARS-CoV-2 infection. Third, some
symptomatic HSMs may have been classified wrongly as SARS-
CoV-2 negative due to an early nasopharyngeal PCR testing with up
to 30% false-negatives reported (Woloshin et al., 2020), therefore
potentially underestimating the OR.

Fourth, due to the study’s design, memorisation bias cannot be
ruled out, with HSMs testing positive for SARS-CoV-2 more likely
to remember potential exposures than those testing negative.
However, a substantial proportion of the participants completed
the questionnaire before knowing their PCR status.

Nevertheless, to our knowledge, this work is one of the first to
explore the risk factors associated with HSMs infection due to SARS-
CoV-2. Our results support the effectiveness of PPE and underline
that in-hospital transmission not related to patient care may occur
and that some infections may be related to exposures in the
community. Therefore, better protecting HCWs against COVID-19
includes limiting the number of face-to-face meetings and wearing
facemasks during those meetings. In addition to the timely screening
of symptomatic HSMs, or those with known contact with a case of
SARS-CoV-2 infection, systematic screening of asymptomatic HSMs
after potential out-of-work exposures, including holidays, could be
suggested. Those recommendations are necessary until the ongoing
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COVID-19 vaccination campaign demonstrates efficacy to block the
transmission of SARS-CoV-2 between individuals.
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