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ABSTRACT

Objectives Healthcare workers are more likely to be
infected by SARS-CoV-2. In order to assess the infectious
risk associated with working in a hospital, we sought

to estimate the proportion of healthcare professionals
infected with SARS-CoV-2 by screening staff in a
University Medical Center in France.

Setting A hospital-wide screening campaign (comprising
a serological test and a questionnaire) ran from 18 May to
26 July 2020.

Primary and secondary outcome measures The
seroprevalence rate was analysed in a multivariate
analysis according to sociodemographic variables (age,
sex and profession), exposure to SARS-CoV-2 and
symptoms.

Results A total of 4840 professionals were included,
corresponding to 74.5% of the centre’s staff. The
seroprevalence rate (95% Cl) was 9.7% (7.0% to
12.4%). Contact with a confirmed case of COVID-19 was
significantly associated with seropositivity (OR (95%
Cl:1.43, (1.15 to 1.78)). The seroprevalence rate was
significantly higher among nursing assistants (17.6%)
than among other healthcare professionals. The following
symptoms were predictive of COVID-19: anosmia (OR
(95% Cl): 1.55, (1.49 to 1.62)), ageusia (1.21, (1.16 to
1.27)), fever (1.15, (1.12 to 1.18)), myalgia (1.03, (1.01 to
1.06)) and headache (1.03, (1.01 to 1.04)).

INTRODUCTION

Healthcare workers are more likely to be
infected by SARS-CoV-2 because of their close,
prolonged contact with infectious patients
and coworkers. At Amiens University Medical
Center (Amiens, France), a large number of
patients with COVID-19 were admitted to the
intensive care unit following the emergence
of local disease clusters at the very beginning
of the epidemic in France (figure 1).

The French national public health agency
runs a nationwide PCR-based screening
programme, in order to identify infected
healthcare workers following notifications
from hospitals. As of 30 June 2020, 31 171

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Study carried out on a large number of healthcare
workers (HCWs) in a hospital.

= Assessment of the contagion among HCWs during
the first wave of COVID-19.

= Bias related to the retrospective collection of data.

staff members in French hospitals had been
infected, and 84% of these were healthcare
workers. The proportion of infected hospital
staff varied from one region to another: it was
3.4% in the Hauts-de-France region, where
the city of Amiens is located.'

In order to assess the infectious risk associ-
ated with working in a hospital, we sought to
estimate the proportion of healthcare workers
who had been infected with SARS-CoV-2
during the first stage of the epidemic. Hence,
the primary objective of the present study was
to assess the prevalence of anti-SARS-CoV-2
antibodies among our hospital’s staff. We also
evaluate this seroprevalence as a function
of age, sex, the presence of symptoms, the
profession and the risk of contamination.

MATERIALS AND METHOD

The screening campaign at Amiens University
Medical Center ran from 18 May to 26 July
2020. It covered 6500 hospital employees and
comprised a free-of-charge, non-obligatory
serological test and a self-questionnaire.
The latter was based on the WHO protocol
for seroepidemiological investigation® and
updated with the knowledge at the time of
the study. It collected data on demographics,
the profession (see below), the presence of
symptoms suggestive of COVID-19 at any
time after 24 February 2020 (the date of the
first recorded case of COVID-19 among the
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centre’s staff) and the risk of exposure (ie, contact with a
confirmed case of COVID-19, patients, professionals or in
a private setting and level of exposure related to the type
of unit).

The professions were classified into five categories:
physicians (including residents), nurses (including
specialist nurses in surgery, anaesthesia and paediatrics),
nursing assistants (including child care assistants), other
healthcare professionals involved in patient care (such as
physical therapists, radiology staff, psychologists, dietitians
and stretcher bearers) and other hospital staff members
not directly involved in care (administrative staff, mainte-
nance staff, laboratory and pharmacy staff, etc).

At this time of the epidemics, patients with COVID-19
were hospitalised in dedicated units. So, the risk of occu-
pational exposure to SARS-CoV-2 can be estimated by
defining four levels of exposure : high risk of exposure

workplaces (dedicated COVID-19 units), lower risk
of exposure workplaces (other units), administrative
workplaces with contact with patients, other workplaces
without contact with patients.

Inclusion criteria
All hospital employees aged over the age of 18 years and
with a serological test result and a completed question-
naire were included in the present study. All employees
could be included in the study, whether they have been
infected or not.

Serological test

Serological tests were performed with the WANTAI SARS-
CoV-2 Ab test. At this time, this qualitative test showed the
best sensitivity (94.5%) and a high specificity (100%) in
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screening campaign
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\ 4

4840 matching pairs questionnaires/test results meeting the
inclusion criteria

Figure 2 Study flow diagram.

comparison with the other available kits for the detection
of total antibodies.®

Statistical analysis

We calculated the seroprevalence with its 95% CI. Inter-
group differences were assessed with a x* test. The
threshold for statistical significance was set to 5%. ORs
(95% CI) were calculated in univariate analyses. Vari-
ables with a statistically significant difference were then
included in two regression analyses. Age, sex and the risk
of exposure (the profession and contact with a confirmed
case of COVID-19) were analysed in the first model,
and all the symptoms were included as covariates in the
second model. On each questionnaire, any questions with
missing data were excluded from the analysis. All statis-
tical analyses were performed using R software (V.3.6.0),
with ‘forestplot’ package and ‘glm’ function.

Patient and public involvement
No patient involved.

RESULTS
We included a total of 4840 people, corresponded to
74.5% of the hospital staff (figure 2).

The mean=SD age of the included staff was 40.5+11.4.
Women (n=3778, 78.1%) outnumbered men. Total anti-
bodies or IgGs against SARS-CoV-2 were detected in 471
participants, corresponding to a seroprevalence (95%
CI) rate of 9.7% (7.0% to 12.4%).

In a multivariate analysis, the three variables signifi-
cantly associated with seropositivity were female sex,
contact with a confirmed case of COVID-19 and work as
a nursing assistant (figure 3). The seroprevalence rate
was significantly lower in the 30-39 age class than in the
18-29 age class.

Data on symptoms were missing for 19 participants. At
least one possible symptom of COVID-19 during the study
period was reported by 3019 (62.6%) people: the preva-
lence of symptoms was significantly higher among sero-
positive people than among seronegative people (90.6%
(n=426) and 59.6% (n=2593), respectively; p<0.01).

In a multivariate analysis, the symptoms that predicted
seropositivity were fever, myalgia, headache, anosmia and

ageusia. Conversely, the symptoms that predicted sero-
negativity were sore throat, wheeze, abdominal pain and
rash. The other symptoms were not significantly associ-
ated with seropositivity or seronegativity.

DISCUSSION

In a hospital-wide screening campaign, the seropreva-
lence (95% CI) rate for antibodies against SARS-CoV-2
among staff was 9.7% (7.0% to 12.4%).

Seroprevalence for antibodies against SARS-CoV-2
among healthcare professionals is known to depend on
many variables, such as viral circulation in the region,
the availability and use of personal protective equipment,
and involvement in care for patients with COVID-19.
Given that Amiens University Medical Center is located
in one of the French regions most severely affected by
COVID-19, we expected to find a higher seroprevalence
rate among its staff.

A modelling study by the Pasteur Institute estimated
that 5.3% (3.2% to0 9.2%) of the population in the Hauts-
de-France region had been infected with SARS-CoV-2 as
of 11 May 2020.° The French Public Health Agency has
also estimated seroprevalence rates in the French popu-
lation by age group, sex and county, using randomly
selected serum samples.® In week 15 (6-12 April 2020),
the seroprevalence rate was 6.73% (5.36% to 8.11%).
The number of infected people has increased since then
but updated national data are not available. A number of
international studies have investigated seroprevalence in
the general population. However, it is difficult to compare
seroprevalence rates when the level of viral contagion
differs from one country to another.

The seroprevalence rate among healthcare workers has
also been studied in various countries around the world.
In studies of large numbers of healthcare workers in
France’s neighbouring countries, carried out during the
same period (April-July), the estimated seroprevalence
rates ranged from 10.3% to 31.6%."'" In France, seroprev-
alence rate among healthcare workers in different hospi-
tals has been estimated between 3.2% and 11.9%.""™"*

In the present study, five symptoms were predictive of
seropositivity: anosmia, ageusia, fever, myalgia and head-
ache. In line with the literature data, anosmia was the best
predictor of seropositivity.l‘;’_17 Results concerning the
symptoms that predicted seropositivity should be consid-
ered only in the context of the infection with the Wuhan
variant since symptoms suggestive of COVID-19 may have
evolved with the emergence of other variants.

We found that the seropositivity rate was significantly
higher among nursing assistants than among other
professions. We do not have an explanation for this
result, which has only been found in a few other studies."®
For example, Comar et al found a higher seroprevalence
rate among physicians.'? Other studies did not observe an
association between the profession and the prevalence of
antibodies against SARS-CoV-2.2" %!
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A Characteristics of the study population,

and exposure to SARS-CoV-2 Total SiEn r;zi::jsljt;: Adjusted odds ratio Odds ratio[355C1]
n n [5) [35%C1] 02 04 06 05 1 12 14 16 18
Sex
Female 3778 397 (10.5) 1
Male 1061 74(7) 0.73 [0.55—-0.57] e
Age,y
18-29 1021 120(11.8) 1
30-39 1372 115 (3.4} 0.69 [0.52, 0.91] ey
40-49 1189 118(9.9) 0.84[0.63 1.11] i Ly
50-59 1045 102 [9.8) 0.85 [0.63, 1.14] —y
>80 211 16(7.6) 0.79 [0.42, 1.38] ' %
Contact with a confirmed case of COVID-19
No 2018 115(5.7) 1
Yes 2532 303 (12) 1.43 [1.15, 1.75] S —
Profession
MNurses assistants 739 130(17.6) 1
Murses 1234 138[11.3) 0.59 [0.45, 0.76] i
Physicians 709 60(8.5) 0.48 [0.34, 0.68] —
COther healthcare professionals E76 53(7.8) 0.43 [0.30, 0.61] e —
MNeon healthcare professionals 1315 73(5.6) 0.43 [0.27, 0.65] —
Level of cccupational exposure
High risk of exposureworkplaces 822 94(11.4) 1
Lower risk of exposureworkplaces 2600 297 [11.4) 1.11[0.86, 1.45] ——
Admin. workpl. with contact with patients 434 17 (3.3) 0.54[0.27, 1.04] ——————
Other workpl. without contact with patients 5853 59 [6.2) 0.91[0.56, 1.49] v *
B Symptoms )y gty 5P /Total

individuals, Total

Symptom  Symptom

Total 5P SN Adjusted odds ratio

swmber: pi niN) p;EE::nnt a:?;?t Beel 1 Ddi%zratiﬂ[gimz 16 A8
Fevaer 618 |227(48.4) 391(9) | 227(367) 242(5.8) | L.15[1.12,1.15] vt
Feeling faverish 959 |232(50.4) 727(16.8) | 232 (24.3) 228(6) | 1.00[0.98 1.02] -
Chills 877 |219(46.7) 658(15.2)| 219(25) 250(6.4) | 1.00[0.95 1.02] -
Severe fatigue 1524 [313(67.2) 1211(28 | 313(20.5) 153(4.7)| 1.01[0.99 103] .
Malzise 179 | 45(o.6) 134(3.1) | 45(25.1) 422(9.2) | 0.98[0.95 102] o
Myalgia 1140 |267(57.4) 873(20.2)| 267(23.4) 198(5.4) | 1.03[L.00, 1.06] -
Sore throat 1102 |179(38.8) 923(21.3)| 179(16.2) 285(7.7)| 0.97 [0.95 099] -
Cough 1129 |236(50.8) 293 (20.6) | 236(20.9) 229(5.2) | 1.01[0.99, 1.03] -
Rhinorrhea 1164 |198(42.8) 966(22.3)| 198(17) 267(7.3)| 1.00[0.98 102] .
Wheeze 235 | 66(14.1) 169(3.9) | 66(28.1) 402(8.8)| 0.94[0.91 098] o
Chest pain 372 |99(21.1) 273(6.3) | 99(26.6) 370(3.3)| 1.00[0.95 103] -
Dyspnes 574 |166(35.5) 408(9.4) | 166(28.9) 301(7.1) | 1.02[0.99, 104 -
Headache 1908 |317(67.4) 1551 (367 317 (16.6) 153(5.3) | 1.03[L.00, 1.04] -
Nausesjvomiting | 393 | 67(14.3) 326(7.5)| 67017) 401(3.1)| 0.97 [0.94 1.00] ot
Abdominal pain 589 | 84(17.9) 505(11.6)| 84(14.3) 386(9.1) | 0.95[0.93 098] -
Diarrhes 790 |[151(32.2) 639(14.7)| 151(19.1) 318(7.9)| 1.02[1.00 105] -
Anosmia 335 |236(s0.4) 99(2.3) | 236(70.4) 232(5.2) | L.55([L.49 1.67] ——
fgeusia 310 |207(44.1) 103(2.4) | 207 (66.8) 262(5.8) | L21[L.16 1.77] i
Rash 182 | 27(s.8) 155(3.6) | 27(14.8) 442(9.6) | 0.93[0.90 0.57] o

Figure 3 (A) Characteristics of the study population and exposure to SARS-CoV-2, and (B) symptoms that predicted
seropositivity. SN, seronegative individuals; SP, seropositive individuals.
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Further studies are needed to explain our result, which
may depend on many factors, ranging from the applica-
tion of prevention measures to social conditions.

Eyre et al observed an association between seropositivity
and working in COVID-19 units.”” However, other studies
found that neither direct involvement in clinical care
nor working in a COVID-19 unit increased the likelihood
of being seropositive.'® ' % 2! Indeed, some researchers
have even reported a below-average seroprevalence rate
for individuals working in intensive care units.”> * At
this time of the epidemics in our hospital, patients with
COVID-19 were hospitalised in specific units. Healthcare
workers of these units were equipped with appropriate
individual protective equipment and were trained by the
infection prevention team. This may explain why profes-
sionals in these units do not have a significantly higher
risk of contamination.

These various findings suggest that the availability
and use of personal protective equipment (especially a
face mask and alcohol-based hand sanitiser) effectively
limit the risk of infection. In the months following this
study, the information to all professionals on hygiene
measures has been continued and adapted according to
the recommendations.

In our hospital, other measures might have limited the
circulation of SARS-CoV-2 (figure 1). Healthcare workers
presenting symptoms suggestive of COVID-19 were offered
a specific consultation and could provide a nasopharyngeal
swab for reverse transcriptase PCR screening, within the
limits of test availability. If SARS-CoV-2 was detected, workers
remained on sick leave until 7 days after the symptoms had
disappeared. The hospital’s usual activities were dramatically
reduced: non-urgent consultations and surgical operations
were cancelled. Employees could work from home if their
presence at the hospital was not essential, and face-to-face
meetings were replaced by video conferences.

The present study has some limitations. Our retrospec-
tive collection of data on symptoms induced bias. Indeed,
participants were asked to report all the symptoms they had
presented since 24 February 2020, some of which may have
had a cause other than COVID-19. This bias might explain
the low proportion of asymptomatic seropositive people
(9.3%). On 23 July 2020, the French Public Health Agency
estimated that 24.3% of PCR-positive individuals were asymp-
tomatic.”* Our methodology prevented us from linking the
selfreported symptoms to infection with SARS-CoV-2; this
might have resulted in underestimation of the proportion
of asymptomatic patients infected with SARS-CoV-2. Lastly,
this study reported data collected after the first wave in
France. At this time, data on cluster among the professionals
were not available due to limited test accessibility. National
contact tracing strategy dedicated to healthcare workers in
French hospitals started in June 2020.
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