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ABSTRACT
Objectives  Although healthcare workers (HCWs) have 
been particularly affected by SARS-CoV-2, detailed data 
remain scarce. In this study, we investigated infection 
rates, clinical characteristics, occupational exposure and 
household transmission among all symptomatic HCWs 
screened by SARS-CoV-2 RT-PCR between 17 March 
(French lockdown) and 20 April.
Methods  SARS-CoV-2 RT-PCR was proposed to 
symptomatic (new cough or dyspnoea) HCWs at Creteil 
Hospital in one of the Parisian suburbs most severely 
affected by COVID-19. Data on occupational profile, 
living situation and household, together with self–
isolation and mask use at home were collected, as well 
as the number of cases in the household.
Results  The incidence rate of symptomatic SARS-CoV-2 
was estimated to be 5% (110/2188). A total of 110 
(35%) of the 314 HCWs tested positive and 9 (8%) 
were hospitalised. On multivariate analysis, factors 
independently associated with positive RT-PCR were 
occupational profile with direct patient facing (OR 3.1, 
95% CI 1.1 to 8.8), p<0.03), and presence of anosmia 
(OR 5.7, 95% CI 3.1 to 10.6), p<0.0001). Being a 
current smoker was associated with negative RT-PCR (OR 
0.3, 95% CI 0.1 to 0.7), p=0.005). Transmission from 
HCWs to household members was reported in 9 (14%) 
cases, and 2 deaths occurred. Overall, self-isolation was 
possible in 52% of cases, but only 31% of HCWs were 
able to wear a mask at home.
Conclusion  This is the first study to report infection 
rates among HCWs during the peak of the SARS-CoV-2 
epidemic in France and the lockdown period, highlighting 
the risk related to occupational profile and household 
transmission.

INTRODUCTION
The SARS-CoV-2 epidemic is the worst world-
wide pandemic in the last five decades, with more 
than 40.5 million cases and 1119 283 deaths as 
of 18 October 2020.1 2 Europe has paid a heavy 
burden, as 23% (256 540) of all deaths have been 
registered in Europe1 2 and France is among the 10 
countries most severely affected by the pandemic 
with more than 910 277 cases reported as of 20 
October, and 33 623 deaths.3 Collection of data 

concerning healthcare workers (HCWs) contami-
nations in France started in May 2020 and a total 
of 36 266 COVID-19 cases have been reported 
across 18 French regions since 1 March 2020, 
including 29 610 (82%) HCWs and 3777 (10%) 
non-caregivers.4

HCWs have been particularly affected by 
SARS-CoV-2 all over the world, but data remain 
scarce with considerable variability, illustrating 
the complexity of collecting complete data in any 
country. In February 2020, China reported more 
than 3300 HCWs with SARS-CoV-2,5 which repre-
sented 2.7% of all exposed HCWs. Another review 
of the literature estimated the incidence in HCWs 
to be between 1.9% and 29.4%.6 Italy also reported 

Summary box

W)hat is already known about this subject?
►► Although healthcare workers (HCWs) have been 
particularly affected by SARS-CoV-2, no data are 
available concerning household transmission 
and the risk of SARS-CoV-2 infection related to 
their occupational exposure profile (direct or 
indirect patient facing).

What are the new findings?
►► To our knowledge, this is the first study 
conducted during the lockdown period of the 
epidemic peak in France to report a higher 
SARS-CoV-2 infection rate among symptomatic 
HCWs with direct patient facing compared with 
indirectly exposed HCWs, together with a high 
risk of household transmission.

How might this impact on policy or clinical 
practice in the foreseeable future?

►► Our results should have a real impact on 
public health and occupational health policies 
designed to ensure better preparation for 
another epidemic wave, essentially stock 
management of appropriate individual and 
collective protective equipment and efficient 
contact tracing with, if necessary, home 
isolation or rehousing to avoid the risk of 
household transmission.
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high infection rates among HCWs, as 10% of all COVID-19 
cases occurred in HCWs, and 80 doctors and 25 nurses died.7 8 
The US Centers for Disease Control and Prevention reported 
9282 COVID-19 cases in USA between February and 9 April and 
stressed that this number was largely underestimated, as 84% 
of patients had missing data concerning possible HCW status.9 
From 27 February to 31 August 2020 in Mexico City’s public 
database, 16 446 (13.1%) of cases concerned HCWs (28% 
physicians, 38% nurses and 34% other HCWs) and 321 (1.9%) 
of them died.10

Few data are available concerning HCW-to-household trans-
mission. We found only one study that pooled data for HCWs 
and household members. Among 30 individuals sharing a house-
hold with a virus-confirmed case of COVID-19, 80% were sero-
positive.11 This is an extremely high transmission rate, suggesting 
that members of HCW households actually incurred even greater 
collateral damage. However, the chronology of transmission and 
the environmental context (lockdown or no lockdown) were not 
detailed in this study.

The COVID-19 pandemic has resulted in a surge of patients 
exceeding available human and physical resources in many 
settings, triggering the implementation of crisis standards of 
care. Unpreparedness, lack of resources (masks and anaesthetic 
supplies) made the crisis difficult to manage for HCWs. In addi-
tion, some authors have hypothesised that high stress levels due 
to long working hours with a high emotional load could make 
HCWs abnormally susceptible to infection.12

Furthermore, France was unprepared and inexperienced to 
face the burden of the epidemic, especially during the early 
phases, leading to the need for a general lockdown that was 
implemented on 17 March in order to contain the epidemic. The 
peak of the epidemic in France occurred between 31 March and 
3 April. The north-eastern region of France and the greater Paris 
area were severely hit by the epidemic.13 Lockdown modalities 
differed from country to country. In metropolitan France, lock-
down consisted of banning all outdoor activities, for example, 
schools were closed, meetings, museums, public transport were 
very limited, except with a special waiver, such as HCWs.

Few studies have detailed the clinical characteristics and risk 
factors of HCWs with coronavirus disease,9 14 with high missing 
data rates.9 At the beginning of the epidemic, lack of awareness, 
training and shortages probably contributed to viral spread.15 
According to the study by Burrer et al,9 various factors interacted 
and probably contributed to infection in HCW patients, such as: 
reported contact with patients with COVID-19 in healthcare, 
household and community settings.

In this study, we investigated symptomatic infection rates, 
clinical characteristics, occupational exposure, living conditions 
and household transmission of symptomatic HCWs screened by 
SARS-CoV-2 RT-PCR between 17 March (date of French lock-
down) and 20 April.

PATIENTS AND METHODS
Screening was proposed to all HCWs with SARS-CoV-2 symp-
toms, defined as the presence of fever and/or respiratory symp-
toms (new cough or dyspnoea) between 17 March and 20 
April at Creteil Hospital (Centre Hospitalier Intercommunal 
de Créteil). Three groups were defined in order to investigate 
the occupational profile of HCW: (1) Directly patient facing 
(eg, nurses, doctors, allied health professionals, porters, etc), 
(2) Non-patient facing but potentially at higher risk of nosoco-
mial exposure (eg, domestic and laboratory staff), and (3) Non-
clinical (eg, clerical, administrative, information technology, 

secretarial, etc). Screening was not mandatory, but was highly 
recommended for symptomatic HCWs. Non-opposition consent 
was obtained from all participants.

Nasopharyngeal (NP) specimens were obtained by using the 
eSwab collection system (COPAN, Brescia, Italy). SARS-CoV-2 
reverse transcription (RT)-PCR was performed on the auto-
mated Seegene STARlet system, according to the manufacturer’s 
instructions using the CE marked Allplex 2019-nCoV RT-PCR 
assay (Seegene, South Korea) which targets N-gene (viral nucle-
ocapsid protein) and RdRP-gene (RNA-dependent RNApoly-
merase), both SARS-CoV-2-specific genes, and the sarbecovirus 
specific E-gene (viral envelope).

Temperature, blood pressure and O2 saturation were recorded 
by a trained nurse, who also performed the NP swab. Clinical 
interview and, when necessary, physical examination, were 
performed by the physician. Occupational profile was recorded 
together with the date of onset of symptoms, smoking status, 
height, weight, treatments, clinical symptoms at illness onset 
and the day of screening. Pre-existing risk factors and chronic 
medical conditions defined as: age >65 years, chronic kidney 
disease on dialysis, NYHA (New York Heart Association (NYHA) 
Functional Classification) classes III or IV heart failure, cirrhosis, 
complicated insulin-dependent diabetes, chronic respiratory 
disease at risk of decompensation, asthma, immunosuppression 
(immunosuppressive treatment, cancer, haematological malig-
nancies, transplant,<200 CD4), obesity defined by body mass 
index (BMI) ≥30) were gathered by the physician.

If necessary, a complete physical examination, including 
respiratory examination, was performed. All consultants 
were given 24 hours sick leave and written advice about self-
isolation and hygiene. Results were provided by phone by 
a physician in less than 24 hours and a short clinical evalu-
ation was performed, comprising respiratory rate, tempera-
ture and the presence of clinical symptoms. All patients with 
positive SARS-CoV-2 RT-PCR were also followed by phone 
at Day(D)5, D7, D10 and D14 after illness onset using the 
same survey. Data on living situation (apartment or house, 
number of rooms and square metres) and household (other 
people sharing the same home) together with self-isolation and 
mask use at home were collected. The presence of SARS-CoV-
2-positive members in the household and the date of symptom 
onset were also recorded. As the median incubation period 
is 5.2 days (95% CI 4.1 to 7.0), potential HCW-to-household 
transmission was considered when the time interval between 
symptom onset was ≥7 days.16 Thus, transmission was consid-
ered true only if a household member developed COVID-
related symptoms ≥7 days after the HCW sharing the same 
house and testing positive for COVID-19. Details concerning 
occupational profile, health restrictions and telecommuting 
during the study period were recorded for a total of 2588 
people working at Creteil hospital.

Statistical analysis
Baseline characteristics were compared with χ2 test or Student’s 
t-test, as appropriate. Multivariate analysis was performed with 
a logistic regression model. Variables were included in the multi-
variate analysis when a value of p≤0.2 was observed in the 
bivariate analysis. Based on predictors identified in bivariate and 
multivariate analyses, we also constructed receiver operating 
characteristic (ROC) curves and calculated the corresponding 
area under the curve (AUC). Values of p<0.05 were considered 
to denote statistically significant differences. All analyses were 
performed with Stata V.14 software.



481Krastinova E, et al. Occup Environ Med 2021;78:479–485. doi:10.1136/oemed-2020-106866

Workplace

RESULTS
A total of 2588 people usually work at Creteil hospital (1352 in 
group 1; 603 in group 2 and 233 in group 3). During the study 
period, 151 were telecommuting and 249 (10%) were identified 
with risk factors for COVID-19 and were sent home. Finally, a 
total of 2188 people were working and present in the hospital. 
The overall observed incidence rate of symptomatic SARS-CoV-2 
infection was 5.0% (110/2188); 6.4% (87/1352) in group 1; 2% 
(12/603) in group 2; and 3% (7/233) in group 3. No significant 
difference was observed between groups 2 and 3, but these two 
groups were significantly different from group 1 (p<0.0001 and 
0.01, respectively). A total of 110 (35%) of the 314 symptom-
atic HCWs tested between 17 March and 20 April, 2020 were 
found to be SARS-CoV-2-positive; 9 (8%) of them were hospi-
talised and 2 were admitted to the intensive care unit. No deaths 
occurred among SARS-CoV-2-positive HCWs. During the same 
period, 371 patients were hospitalised for COVID-19 in the 
hospital and 61 of them died. High participation and response 
rates were observed, as all participants completed the survey. 
After systematic screening of the reasons for time off work by 
the occupational medicine unit, only 11 HCWs tested outside 
the hospital (n=11/110; 10%) were identified. Each participant 
also completed the survey and follow-up.

Nine (8%) HCWs with positive SARS-CoV-2 RT-PCR were 
hospitalised, including eight HCWs directly facing patients (eg, 
doctors, nurses and allied health professionals) and one working 
as a cleaner (classified in group 2). Hospitalised SARS-CoV-2-
positive patients were more frequently older than 50 years than 
non-hospitalised patients (56% vs 18%, p=0.01). Fifty-six per 
cent had a BMI ≥30 vs 30% of non-hospitalised patients, p=0.1. 
The sex ratio was five women to four men. Five of the hospital-
ised HCWs had hypertension, two had diabetes and one had 
asthma. The mean length of hospital stay was 15 days (range: 3 
days to 24 days). Two HCWs were discharged, then readmitted 
to the ICU following deterioration (one had bilateral pulmonary 
embolism and one had acute respiratory distress syndrome).

The growth of the number of positive SARS-CoV-2 RT-PCR 
tests over time among HCWs between 17 March (beginning of 
the French lockdown) and 20 April (last COVID-19 case iden-
tified among HCWs) is illustrated in figure  1. The RT-PCR 
positivity rate was initially 18 (27%) of 65 HCWs tested during 
week 1, then rose to 33 (40%) of 82 HCWs tested during 
week 2, 26 (31%) during week 3, 22 (36%) during week 4 and 
8 (21%) at week 5. On 31 March, a total of 13 HCWs tested 

SARS-CoV-2-positive on the same day in France and 7578 cases 
were declared. Figure 1 illustrates the epidemic curve in France 
during the same period (the number of cases has been divided by 
100 to facilitate reading).10

Population characteristics are detailed in table 1. Women repre-
sented 81% of the screened population. No difference was found 
in terms of age, sex, BMI. The median time interval between 
illness onset and NP swab was 4 days IQR3–7 and did not differ 
according to the screening result. Positive HCWs were followed 
for a median of 7 days. At the time of screening, 5 (2%) SARS-
CoV-2-negative HCWs were taking corticosteroids compared 
with 5 (5%) SARS-CoV-2-positive HCWs, p=0.2). Three HCW 
patients were taking non-steroidal anti-inflammatory drugs 
and 1 of them tested SARS-CoV-2-positive. Current smokers 
were less likely to be positive: 53 (27%) SARS-CoV-2-negative 
HCWs versus 8 (8%) SARS-CoV-2-positive HCWs, p<0.0001. 
HCWs with an occupational profile directly facing patients more 
frequently had positive SARS-CoV-2 RT-PCR (82% vs 68%, 
respectively, p=0.03).

A large number of clinical symptoms were reported by the 
patients at clinical onset (table  1). Clinical symptoms signifi-
cantly associated with positive RT-PCR were fever (48% vs 27%, 
p<0.0001) and the presence of anosmia (29 (28%) vs 18 (10%), 
p<0.0001). At screening, no difference was found in terms of 
heart rate, O2 saturation, temperature or patient self-reported 
clinical symptoms except for the presence of anosmia, which was 
reported in 48 (45%) of the SARS-CoV-2-positive HCW patients 
versus 26 (14%) SARS-CoV-2-negative HCWs (p<0.0001). 
Patient characteristics 7 days after onset were compared with 
characteristics at screening in order to assess the clinical course 
of the illness (table  1, part 3). Tiredness was reported more 
frequently at day 7 than at screening (71% vs 63%, p=0.01) 
together with anosmia (70% vs 45%, p<0.0001), diarrhoea 
(22% vs 15%) and chest pain (14% vs 7.5%). The area under the 
curve (AUC) of the ROC curve for the presence of anosmia and 
fever at illness onset was 0.596 (95% CI 0.54 to 0.66) and 0.640 
(95% CI 0.57 to 0.71), respectively (figure 2). The two curves 
were not significantly different (p=0.38). The highest AUC was 
found with a composite predictor combining the presence of 
anosmia and/or fever at illness onset (AUC=0.689; 95% CI 0.62 
to 0.75) (figure 2).

Concerning living conditions and entourage, SARS-CoV-
2-positive HCWs lived in a median floor space of 70 m2 IQR 
(50-100) with a median number (IQR) of 3 (2–5) other people 
(range: 1 to 7). Of the 65 HCWs who reported not living alone, 
self-isolation (a separate room) was possible in only 49 (52%) 
HCWs and only 29 (31%) HCWs were able to wear a mask due 
to general shortages. Among the 65 HCWs not living alone a 
total of 9 (14%) potentially transmitted SARS-CoV-2 to members 
of their household based on the date of onset of the symptoms 
(≥7 days after HCW). Among these nine HCW-to-household 
transmissions three could self-isolate and among the three only 
two had the possibility to wear a mask at home. In contrast, 
three (5%) HCWs probably acquired SARS-CoV-2 from their 
household. Two deaths occurred among HCW companions, 
one of whom may have contracted COVID-19 from his HCW 
companion.

In multivariate logistic regression (table 2), three parameters 
were identified as being independently associated with a positive 
RT-PCR test: occupational profile with direct patient facing (OR 
3.1 95% CI 1.1 to 8.8), p<0.03), presence of anosmia (OR 5.7, 
95% CI 3.1 to 10.6, p<0.0001), while being a current smoker 
was less likely to be associated with a positive RT-PCR (OR 0.3 
95% CI 0.1 to 0.7), p=0.005).

Figure 1  Number of positive SARS-CoV-2 RT-PCR tests per day in 
the general population in France (divided by 100) and among screened 
healthcare workers at Creteil Hospital between 17 March and 20 April.
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DISCUSSION
To our knowledge, this is the first French study to report occupa-
tional exposure, household transmission, symptomatic infection 

rates, clinical characteristics and outcome among HCWs during 
the peak of the SARS-CoV-2 epidemic in France during the lock-
down period that started on 17 March. France as a whole was 

Table 1  Characteristics of healthcare workers who performed screening according to SARS-CoV-2 RT-PCR results

Clinical characteristics SARS-CoV-2-negative n=204 (65%) SARS-CoV-2-positive n=110 (35%) P value

Men, n (%) 37 (18%) 22 (17%) 0.7

Women, n (%) 167 (82%) 88 (80%)

Age, median IQR 40 (30–49) 38 (30–49) 0.9

Age ≥65 years 1 0

Age, mean±SD 40.3±0.8 40.2±1.1 0.9

BMI ≥30 kg/m2 71 (35) 35 (32) 0.6

BMI, median (IQR) 24 (21–27) 25 (22–28) 0.3

Smoking status, n (%)* 119 (61) 80 (77) <0.0001

 � Never smokers

 � Former smokers 24 (12) 16 (15)

Current smokers 53 (27) 8 (8)

Healthcare workers with identified risk factors†, n (%) 4 (2) 4 (4) 0.2

Healthcare workers hospitalised, n (%) 0 9

Occupational profile‡ §, n (%) 0.03

 � Directly patient facing 127 (68) 87 (82)

 � Non-patient facing but at higher risk 33 (18) 12 (11)

 � Non-clinical activity 27 (14) 7 (7)

Time since onset and nasopharyngeal swab, median (IQR) 4 (3–7) 4 (2–7) 0.4

Corticosteroid therapy at screening 4 (2) 5 (5) 0.2

Clinical symptoms at illness onset, n (%)

Fever 54 (27) 49 (48) <0.0001

Cough 110 (55) 64 (62) 0.3

Dyspnoea 55 (28) 17 (17) 0.03

Tiredness 121 (68) 56 (55) 0.03

Sore throat 91 (46) 36 (35) 0.07

Rhinorrhoea/nasal congestion 105 (53) 47 (46) 0.2

Headache 136 (68) 60 (58) 0.08

Muscle pain 97 (49) 53 (51) 0.7

Chest pain/pressure 38 (19) 8 (8) 0.01

Nausea, vomiting 47 (24) 10 (9.7) 0.003

Diarrhoea 50 (25) 19 (18) 0.19

Anosmia 18 (10) 29 (28) <0.0001

Course of clinical symptoms At screening only, n (%) n=204 At screening, n (%)/day 7 (%) n=110

Heart rate, mean±SD 88±1.1 87±1.7 0.8

Oxygen saturation <96%, n (%) 92 (45) 41 (37) 0.2

Fever, n (%) 15 (7) 11 (10) / (8) 0.4

Cough, n (%) 105 (56) 68 (64) / (67) 0.2

Dyspnoea, n (%) 51 (27) 26 (24) / (23) 0.5

Tiredness, n (%) 109 (62) 63 (59) / (71) 0.7

Sore throat, n (%) 71 (38) 37 (35) / (23) 0.5

Rhinorrhoea/nasal congestion, n (%) 92 (49) 48 (45) / (46) 0.4

Headache, n (%) 98 (53) 53 (50) / (43) 0.6

Muscle pain, n (%) 73 (39) 45 (42) / (40) 0.6

Chest pain and/or pressure, n (%) 32 (17) 8 (7.5) / (14) 0.02

Nausea and/or vomiting, n (%) 33 (18) 16 (15) / (15) 0.5

Diarrhoea, n (%) 34 (18) 16 (15) / (22) 0.5

Anosmia, n (%) 26 (14) 48 (45) / (70) <0.0001

*Smoking status missing data for 8 SARS-CoV-2-negative and 6 SARS-CoV-2-positive workers, respectively.
†Age >65 years, chronic kidney disease on dialysis, NYHA class III or IV heart failure, cirrhosis, complicated insulin-dependent diabetes, chronic respiratory disease at risk of 
decompensation, asthma, immunosuppression (immunosuppressive treatment, cancer, haematological malignancy, transplant, <200 CD4).
‡Occupational profile was classified into three groups: (1) Directly patient facing (eg, nurses, doctors, allied health professionals, porters, etc), (2) Non-patient facing but 
potentially at higher risk of nosocomial exposure (eg, domestic and laboratory staff), and (3) Non-clinical (eg, clerical, administrative, information technology, secretarial, etc)
§Missing data for 17 SARS-CoV-2-negative and 4 SARS-CoV-2-positive workers, respectively.
BMI, body mass index.
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unprepared to deal with the epidemic, especially at the beginning 
of the COVID-19 pandemic, which required implementation of 
a general lockdown. Although disposable protective equipment, 
such as masks, was available in French hospitals, the use FFP2 
(filtering facepiece) masks had to be strictly limited to high-
risk situations.15 The risk of a potential shortage of protective 
equipment made working conditions more stressful. As already 
reported, the inexperience for certain HCWs made it even more 
difficult to deal with this health crisis.16

The local epidemic curve among HCWs was parallel to that 
of the general population (figure 1), reflecting the same pattern 
as that of community transmission. Similar results have been 
observed in other countries, for example, in London hospi-
tals,17–19 although no difference was observed between occu-
pational profile groups. In our study, the overall observed rate 
of symptomatic SARS-CoV-2 infection was 5.0% and varied 
according to the occupational profile from 6.4% in group 1, 
2% in group 2% and 3% in group 3. The occupational profile 
with direct patient facing (group 1), such as nurses, doctors, 
allied health professionals, was also independently associated 
with symptomatic positive SARS-CoV-2 RT-PCR (table 2). The 
COVID-19 pandemic resulted in a surge of patients exceeding 
available human and physical resources, which probably 
contributed to the higher rate of COVID-19 patient-to-HCW 

transmission in this group. Hospitals may also amplify an 
epidemic and epidemics may overwhelm a hospital’s capacity 
to deliver healthcare services.20 HCW-to-HCW transmission 
may also have been a possibility, at least at the beginning of the 
epidemic, as protective measures (such as face mask, eye protec-
tion, physical distancing) were not applied during lunch or coffee 
breaks and at meetings. Some HCWs were also not specifically 
trained to deal with airborne communicable diseases, in contrast 
with Asian countries.17 We can also speculate that groups 2 and 
3 were more frequently telecommuting and were therefore less 
exposed to public transport and contacts with colleagues, but 
unfortunately no data were available.

It is not easy to provide evidence that COVID-19 contam-
ination is a transmission from HCW to household member.21 
However, our study provides important insight into HCW-to-
household transmission, as we observed 9 (14%) cases of poten-
tial transmission based on the date of onset of symptoms (interval 
≥7 days between onsets). The choice of the 7-day time interval 
was based on the median incubation period of 5.2 days (95% CI 
4.1 to 7.0).22 23 The upper limit defined for the CI probably even 
underestimated the real number of HCW-to-household trans-
missions. A mode of transmission other than HCW-to-household 
transmission was unlikely, as all outdoor activities were banned 
during the metropolitan France lockdown, for example, schools 
were closed, meeting, public transport was very limited, except 
with a special waiver, such as HCWs. The observed shortage 
of protective equipment at home (only 39% of SARS-CoV-
2-positive HCWs were able to wear a mask at home) and the 
impossibility of self-isolation (52%) reflect shortages in basic 
equipment outside hospital settings, at least at the beginning of 
the epidemic. Genome sequencing could not be performed on 
HCW household members during the French lockdown in this 
study. Further genome sequencing might be useful to identify the 
circulation and transmission of viral subtypes.24

In our study, multivariate analysis showed that anosmia was 
associated with positive SARS-CoV-2 RT-PCR in symptom-
atic HCWs. However, the AUC of the ROC curve of anosmia 
at illness onset was poorly discriminative (AUC=0.596). The 
composite predictor combining the presence of anosmia and/or 
fever at illness onset had a better AUC=0.689 (95% CI 0.62 
to 0.75) (figure  2). Results of anosmia were concordant with 
those reported in the literature, as anosmia has been frequently 
described in patients with SARS-CoV-2.25–27 The new finding 
reported by this study was the follow-up clinical data, illus-
trating that anosmia was not a premonitory symptom, as already 
reported elsewhere,26 but rather tended to occur after several 
days together with other symptoms such as diarrhoea. The study 
by Spinato et al25 focused exclusively on mild forms, which 
might explain the different interpretation of anosmia. The asso-
ciation of anosmia and hypogeusia and the presence or absence 
of previous ENT disorders were studied by Benezit et al,27 who 
found a sensitivity of 42% (95% CI 27% to 58%) and a speci-
ficity of 95% (95% CI 90% to 98%) when combining the pres-
ence of both symptoms (hypogeusia and anosmia) in patients 
with no history of ENT disorders.27 Benezit et al27 reported a 
retrospective study, associated with a risk of memory bias. Based 
on our results and those reported in the literature, anosmia 
has a good specificity and a poor sensitivity for the diagnosis 
of COVID-19 and should not be recommended as a first-line 
symptom screening, but more data are needed.

Risks factors associated with severe forms of SARS-CoV-2 
were consistent with those reported in the literature.14 Hospi-
talised patients were more frequently older than 50 years than 
non-hospitalised patients. Comorbidities were also frequent, as 

Figure 2  Receiver operating characteristic (ROC) curve of anosmia, fever 
and a composite predictor (anosmia and/or fever) at illness onset.

Table 2  Multivariate analyses of factors associated with positive 
SARS-CoV-2 RT-PCR

Clinical characteristics OR 95% CI P value

Sex (M:F ratio) 0.83 (0.42 to 1.66) 0.6

Age >50 years 1.45 (0.76 to 2.77) 0.2

BMI ≥30 kg/m2 0.92 (0.62 to 1.63) 0.8

Fever at onset 1.38 (0.51 to 3.73) 0.5

Anosmia at onset 5.57 (3.02 to 10.23) <0.0001

Occupational profile

 � Non-clinical ref

 � At-risk non-patient facing 1.57 (0.5 to 5.31) 0.4

 � Direct patient facing 3.08 (1.09 to 8.78) 0.03

Smoking status ref 0.62

 � Never smokers

 � Former smokers 0.83 (0.40 to 1.74)

Current smokers 0.30 (0.15 to 0.62) <0.001

BMI, body mass index.
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previously described. In our study, current smokers were less 
likely to have a positive SARS-CoV-2 RT-PCR. These results 
should be interpreted with caution, as our study was not designed 
to address this question. To our knowledge, no published peer-
reviewed studies have evaluated the risk of SARS-CoV-2 infec-
tion among smokers. Such a research question would require 
well-designed population-based studies controlling for age and 
relevant underlying risk factors. A review of the literature also 
identified smoking as a risk factor of more severe forms of the 
disease.28

One of the strengths of this study is the high participation 
and response rate. The high participation rate can be explained 
by the circumstances, as few screening centres were available 
outside hospitals during the study period and the easiest way to 
be screened was to go to the hospital at which the HCW worked. 
Survey questions mainly concerned clinical presentation, which, 
together with the occupational status, probably explains the high 
response rate.

A limitation of our study was that, by definition, only symp-
tomatic patients were tested so that the real number of cases was 
underestimated by excluding asymptomatic cases, who could 
represent 6%–23% of all SARS-CoV-2 infections.29 30 Asymptom-
atic cases may have contributed to spread the epidemic among 
HCWs, at least at the beginning of the epidemic before strict 
implementation of barrier measures. False-negative RT-PCR 
results have also been described.31 In the meantime, during the 
review process of this paper, free serological screening has been 
proposed to all HCWs since serological testing has been avail-
able in France (29 May 2020). Preliminary data, not shown here, 
estimated an overall prevalence of SARS-CoV-2 (symptomatic or 
asymptomatic) forms in HCWs of about 12%. This prevalence 
was obtained after adding symptomatic HCWs with positive 
PCR to those with positive serology. Some authors recommend 
that serological testing, RT-PCR swabs and symptom monitoring 
should be performed in all HCWs.32 However, frequency of 
testing, feasibility, acceptability and cost should be taken into 
account.

CONCLUSION
This is the first French study to report SARS-CoV-2 infection 
rates among HCWs during the peak of the first wave (spring 
2020) of the SARS-CoV-2 epidemic in France and the lockdown 
period and the risk related to the occupational profile. Our 
results highlight the risk of HCW-to-household transmission 
and the lack of protection in households during the peak of the 
epidemic. Collateral damage to households should be studied 
in more detail in future research and public health measures 
should be implemented, such as hotel isolation of SARS-CoV-2-
positive HCWs. Now, in October 2020, France is approaching 
the peak of a second wave of the epidemic, which, according 
to the Institute for Health Metrics and Evaluation (Washington 
University) modelling predictions, is expected to be reached 
between November 2020 and January 2021.33 Although the 
interval between the two waves was less than 6 months, we hope 
that we are now better prepared and that the lesson has been 
learnt allowing a better public health emergency response in 
terms of equipment, contact tracing, isolation, medical training 
and protection of household members. Hotel isolation should 
be proposed to all SARS-CoV-2-positive HCWs not living alone 
and who are unable to correctly self-isolate at home.
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