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ABSTRACT

Background: Health care workers (HCWs) were on the frontline of the current pandemic. We aimed at identify-
ing determinants of SARS-CoV-2 infection and the effectiveness of personal protection equipment (PPE) worn by
HCWs before vaccination. Methods: We abstracted data on SARS-CoV-2 infection based on positive PCR results
and sociodemographic characteristics of 38,793 HCWs from public hospitals and public health authorities from 10
European centers. We fitted cohort-specific multivariate logistic regression models to identify determinants of infec-
tion and combined the results using random-effects meta-analyses. Results: The overall prevalence of infection before
vaccination among HCWs was 9.58%. Infection was associated with the presence of selected symptoms; no associa-
tion was found between sociodemographic factors and increased risk of infection. The use of PPE and particularly
FFP2/FFP3 masks had a different protective effect during the first and second waves of the COVID pandemic.
Conclusions: The study provides evidence that mask use was the most effective PPE in preventing SARS-CoV-2
infection among HCWs.
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1. INTRODUCTION

During the COVID-19 pandemic, healthcare
workers (HCWs) were employed on the frontline
to guarantee patient care, having higher exposure to
SARS-CoV-2 infection than the general popula-
tion [1]. Following the WHO recommendations, an
intense activity of contact tracing and management
of SARS-CoV-2-positive HCWs was established
in many health facilities since the very beginning
of the pandemic. These protocols have achieved re-
markable results in identifying the determinants of
infections and, consequently, updating risk assess-
ment evaluation and establishing effective preven-
tion measures [2].

During the early stages of the pandemic, several
studies highlighted the importance of the correct
use of personal protection equipment (PPE), its ef-
ficacy in terms of protection [3], both for surgical
masks and FFP 2/3 [4], and the high tolerance pro-
file [5]. As a consequence, European governments
put specific measures to improve supply chains and
provisions of PPE during the SARS-CoV-2 pan-
demic [6, 7]. Nevertheless, the incorrect use of PPEs
documented during the SARS outbreak in 2005 [8]
has often been an issue of concern in the current
pandemic. Even among experienced HCWs, the
importance of the correct use of PPEs has generally
been underestimated: the right donning and doffing
procedures are not routinely followed [9]. Thus, the
protective effect of PPE may vary widely. In such a
scenario, assessing the maximum theoretical efficacy
of different PPEs can be difficult, while measuring
their effectiveness in the field is of great clinical and
public health importance.

Despite the COVID-19 vaccination campaign,
which started in Europe in December 2020, proved
to be very effective in preventing severe and symp-
tomatic SARS-CoV-2 cases [10, 11], breakthrough
infections (BIs) after vaccination occurred all over
the world, both in the general population and
among HCWs [12]. Initially related to the wan-
ing of the humoral response [13-16] and to the ap-
pearance of new virus variants [17], they can also
occur after booster dose administration [14]. Such
circumstances further highlight the role of the main
determinants of infection and the importance of

additional preventive measures, especially PPE use,
in minimizing the risk of infection for both unvac-
cinated and vaccinated subjects.

A detailed assessment of determinants of SARS-
CoV-2 infection among unvaccinated HCWs, in-
cluding the protection conferred by PPE, based on
high-quality data and a proper methodology would
inform prevention strategies in vaccinated subjects.
We used the data on over 30,000 unvaccinated
HCWs from 10 cohorts of HCWs to investigate
the determinants of infection and the effectiveness
of PPE worn by those who reported close contact
with a confirmed SARS-CoV-2 case.

2. METHODS

We use data from one cohort of HCWs em-
ployed in university hospitals and public health
agencies from France (Paris), eight cohorts from
Italy (Bologna, Brescia, Modena, Padua, Perugia,
Trieste, Turin, and Verona), and one cohort from
Romania (multicenter) to study the determinants
of SARS-CoV-2 infection before vaccination, i.e.,
in the period March 2020-January 2021. Data on
sociodemographic characteristics, PCR testing re-
sults, circumstances of contact with SARS-CoV-2
cases, symptoms, and use of PPEs were abstracted
from medical surveillance records or collected us-
ing questionnaires. The PCR tests have been ap-
plied in screening surveillance, after a high-risk
contact, or in case of symptoms onset. Both occupa-
tional and non-occupational sources of contact were
considered.

The selected cohort characteristics (N=37,381,
giving rise to 3,579 cases) included in the present
analysis are described in Table 1.

These cohorts were mainly assembled during the
first wave of the epidemic (March-July 2020) and
are now included in the prospective follow-up. Data
from the individual cohorts were harmonized; for
several cohorts, de-identified data were pooled and
analyzed centrally, for the others, harmonized data
were analyzed at the local center.

The outcome of this analysis was infection with
SARS-CoV-2 before vaccination, diagnosed with a
positive PCR test. We first conducted a descriptive
analysis of the outcome and explanatory variables.
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Subsequently, we conducted cohort-specific logis-
tic regression analyses with the PCR result as a de-
pendent variable to estimate odds ratios (OR) and
the corresponding 95% Confidence Intervals (CI).
In the second step, cohort-specific results were com-
bined using random-effects meta-analyses; hetero-
geneity between cohort-specific results was tested
using the I? method [15]. We conducted additional
analyses on the use of PPEs separately for the first
(March 2020-July 2020) and the second wave of the
pandemic (August 2020-January 2021). The statisti-
cal package STATA V.16.1 was used for the analysis.

The study was part of the Orchestra project. It
was approved by the Institutional Review Boards of
the Italian Medicine Agency (AIFA) and the Italian
National Institute of Infectious Diseases “L. Spal-
lanzani”. Local Institutional Review Boards ap-
proved individual cohorts as appropriate.

3. RESULTS

A total of 38,793 HCWs from the ten cohorts
were included in the analyses. The distribution of
subjects in each cohort according to the outcome,
the explanatory variables, the distribution of symp-
toms, and the use of PPE according to the outcome
are provided in Table 2.

Overall, 3,716 cohort members were infected dur-
ing the study period (9.58%); this proportion varied
from 4.43% to 17.29% in the individual cohorts.

'The results of the meta-analysis on determinants of
infection before vaccination are reported in Table 3,
and the corresponding results for the individual co-
horts are reported in Supplementary Table 1.

Infection was not associated with the sex, age,
or job title of HCWs. Among the symptoms, fe-
ver, ache, fatigue, anosmia, cough, and ageusia were
strongly associated with SARS-CoV-2 infection. In
particular, the OR of infection was 4.63 (95% CI
1.70-12.65) for those with fever compared to those
without it. The results also showed that those who
did not report any contact with SARS-CoV-2 cases
had a higher chance of being infected than those
who reported contact with colleagues (OR=7.08;
95% CI 2.25-22.32) (Table 3).

The results of the analysis on the use of PPE are
reported in Table 4, and the corresponding results

for different waves of SARS-CoV-2 infection are
reported in Supplementary Table 2.

Use of surgical masks (OR=0.51; 95% CI
0.39-0.65), and FFP2/FFP3 masks (OR=0.43; 95%
CI 0.32-0.57) showed significant protection against
SARS-CoV-2 infection. However, eye protec-
tion/face shield use did not appear to be protective
(OR=1.65; 95% CI 1.22-2.24). FFP2/FFP3 mask
use was more protective during the second wave of
the SARS-CoV-2 pandemic (August 2020-January
2021, OR=0.27; 95% CI 0.17-0.43) than during the

first wave.
4. DISCUSSION

Among more than 38,000 HCWs, we reported
results on more than 3,700 un-vaccinated HCWs
who tested positive for SARS-CoV-2 between
March 2020 and January 2021. Sex, age, and job ti-
tle were not associated with infection, and HCWs
assigned to COVID-19 units were not at higher
risk of infection. Anosmia was the most predictive
symptom, and mask use was the most effective PPE
in reducing the risk of infection.

'The heterogeneity in infection rates found among
HCWs in these institutions demonstrates the wide
range of circumstances of infection among hospi-
tals, even within a single country. Such variability is
unsurprising, as local policies differed significantly
between institutions and have altered fast through-
out the pandemic as PPE access, capacity, and un-
derstanding of transmission have shifted.

In fact, throughout much of 2020, the World
Health Organization (WHO) held tight to the
idea that SARS-CoV-2 spreads through relatively
large “respiratory” droplets that are expelled by in-
fected people while coughing, sneezing, or speaking
and stressed the importance of washing hands and
disinfecting surfaces. It took many months for the
Agency to acknowledge that the virus transmission
is sustained by aerosols that can spread widely and
linger in the air [18]. Higher SARS-CoV-2 infec-
tion rates were usually seen in centers from areas
with corresponding higher population rates [19]. In
particular, observations from Spain showed that the
epidemic dynamic among HCWs closely followed

that in the community, arguing against significant
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Table 3. Determinants of infection before vaccination — Results of the meta-analysis.

Characteristic [Centers included in the pooled analysis] OR (95% CI) I
Sex [All]

Men Ref

Women 1.00 (0.92-1.09) 29.1%
Age[All]

10-yr increase 0.96 (0.89-1.05) 88.1%
Job Title [All] *

Administration Ref

Physician 1.00 (0.82-1.21) 35.0%

Nurse 1.21 (0.87-1.69) 79.7%

Technician 0.98 (0.80-1.20) 13.9%

Other HCW 1.35 (0.93-1.94) 78.0%
Source of contact [Fr-Pa, It-Bo, It-Br, It-To] **

Colleague Ref

Family/friends or outside the workplace 2.07 (0.78-5.50) 60.4%

Patients 1.28 (0.63-5.29) 87.9%

Unknown (screening, symptomatic HCW) 7.08 (2.25-22.32) 57.9%
High-risk contact with COVID cases [It-Br, Ro-Mc] **

No Ref

Yes 1.17 (0.89-1.53) 0.0%
Dedicated to COVID patients [Fr-Pa, It-Br, It-To] **

No Ref

Yes 1.18 (0.95-1.46) 0.0%
Symptoms [Fr-Pa, It-Br, It-To] *

No symptom Ref

Fever 4.63 (1.70-12.65) 85.7%

Dyspnoea 1.45 (0.31-6.82) 85.3%

Diarrhoea 0.58 (0.35-0.96) 0.8%

Sore throat 0.99 (0.52-1.89) 55.9%

Headache 1.59 (0.81-3.11) 43.2%

Ache [i.e., Muscle (myalgia) and/or Joint (arthralgia)] 2.60 (1.80-3.78) 0.0%

Fatigue and/or malaise 2.77 (1.22-6.28) 50.1%

Loss of smell (Anosmia) 8.24 (3.48-19.51) 0.0%

Cough 2.61(1.23-5.57) 85.1%

Changes or loss in taste (Ageusia) 4.41 (1.87-10.39) 0.0%

* Adjusted for gender and age (categorical).
™ Adjusted for gender, age (categorical), and job title.

CIL, Confidence Interval; OR, odds ratio; Ref; reference category; empty cell, not available.
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Table 4. Use of PPE: Results of pooled data (Cl=confidence
interval; OR=o0dds ratio, adjusted for cohort, sex, age
(categorical), and job title; Ref reference category.

PPE OR (95% CI)
Surgical masks

No Ref

Yes 0.51 (0.39-0.65)
FFP2/FFP3 masks

No Ref

Yes 0.43 (0.32-0.57)
Eye protection/Face shield

No Ref

Yes 1.65(1.22-2.24)
Isolation/disposable gowns

No Ref

Yes 1.93 (1.43-2.60)
Gloves

No Ref

Yes 1.27 (0.98-1.66)

occupational transmission [20]. In addition, the dif-
terent geographic location of the centers involved
explains the different infection rates also because
of the asynchronous nature of the pandemic. Es-
pecially in Italy, regions considered the epicenter
of the virus spread were more involved in the first
wave, while others were more affected in the fol-
lowing waves. Male gender and advanced age rep-
resent well-known risk factors for the severity of
COVID-19 [21]. The present study did not find an
increased risk of infection according to age and gen-
der. These results align with the available literature
where age does not show a clear pattern with the
risk of infection, while gender findings often disa-
gree [19, 22]. Moreover, in a seroprevalence study
conducted in a large health center in Italy, age and
gender were not associated with the risk of seroposi-
tivity, not even evaluating part of the cohort after
five months [23].

Unlike other studies [24-26], we have not found
differences in the risk of infection across HCW job
titles, possibly because of the long observation period

and the onset and diffusion of different SARS-CoV-2
variants with a higher infection rate [27]. Many

prevalence studies, based on either PCR or serol-
ogy, also reported no difference in risk of infection
according to job title [23, 28]. These data partially
overlap with those used in our previous publication.
We suggested that the lack of a clear pattern of risk
according to job categories indicates that all HCWs
were at comparable risk of becoming infected, even
if we consider HCWs who worked in COVID-19
departments [19], consistently with the multiple
sources of exposure to SARS-CoV-2 reported by
HCW, whether from infected patients or colleagues,
but also with individuals outside the workplace that
do not directly depend on HCW's job title.

Our analysis confirms that either surgical or
FFP2/3 masks are the most effective PPE in re-
ducing SARS-CoV-2 transmission. Scientific evi-
dence supports their role in infection control [19,
29, 30]. Besides their mechanical barrier function,
some studies [31, 32] suggest their active role in
modulating viral load and boosting the immune
response, especially in the pre-vaccinal period. This
mechanism is similar to the so-called “variolation”
process, where people susceptible to smallpox were
inoculated with a small amount, causing a mild in-
fection and subsequent immunity. In particular, we
found that FFP2/FFP3 masks were more protective
than surgical masks during the second wave of the
COVID pandemic, which is an original result of our
study. This result may be derived from two factors.
First, the virus has changed, resulting in multiple
variants with different physical and transmissibility
properties. In this view, a recent study by Riediker
et al. [33] highlighted that for Delta and Omicron
variants, surgical masks were not effective in most
public settings, while correctly fitted FFP2 respi-
rators still provided sufficient protection. Several
other studies on SARS-CoV-2 variants suggest that
higher viral load and increased infectivity were likely
to contribute to the rapid spread of the Delta variant
of SARS-CoV-2, the dominant variant during the
second wave of the epidemic [34]. The Delta variant
seems more stable in aerosol than the original form
of the virus, which may explain the greater relevance
of face-filtered masks compared to surgical ones. On
the other hand, another critical aspect is that during
the second wave of the epidemic, PPE shortage was
no longer an issue, and mask-wearing was strongly
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required, so the lack of compliance with the rules by
the HCW would be less justified.

On the contrary, an initial reading of our results
indicates that using facial shields, disposable gowns,
and gloves is associated with an increased risk of in-
fection. This counterintuitive finding is attributable
to the extensive use of these PPEs, mainly in de-
partments with higher infection rates. These results
are confirmed by the increased risk of infections for
HCWs dedicated to COVID-19 patients.

Notable is the strong association we detected be-
tween increased risk of infection and fevers, muscular
or joint aches, anosmia, and ageusia. Those findings
are consistent with the scientific literature on other
populations of COVID-19 patients [35, 36].

The large sample size and the collection of so-
ciodemographic information from occupational
health records or regional databases are strengths of
our study. However, our analysis suffers from some
limitations, including the retrospective nature of the
data and the different health surveillance protocols
throughout our cohorts. In particular, variations in
PPE access, reuse, and types offered between cent-
ers raise the possibility of measurement error, which
could have masked our ability to detect an associa-
tion between PPE use and SARS-CoV-2 infection.
In addition, data sources and symptoms’ classifica-
tion varied among cohorts. As shown in Table 2, not
all cohorts recorded data concerning the type/risk
of contact and the use of PPE. Also, some centers
conducted statistical analyses internally while oth-
ers shared raw data. This heterogeneity was partially
resolved by subsequent harmonization of the data.
Nevertheless, these differences may have affected
the generalizability of the results.

Moreover, the multicentric nature of the study,
while significantly increasing the size of the analyzed
sample, makes it more difficult to compare and may
have partially affected the accuracy of the infection
rate data. Furthermore, because we did not compare
the viruses of cases and contacts, we cannot state
with certainty which contact caused the infection.

5. CONCLUSIONS

In this study, we present findings that evaluate
predictors of SARS-CoV-2 transmission, which are

important to limit the risk of infection inside and
outside the workplace. Mask wear should be compul-
sory in hospital settings to ensure the safety of both
HCWs and patients. Even among vaccinated sub-
jects, PPEs remain an important set of instruments,
and proper usage should be emphasized. It would
be desirable to conduct more research on the com-
bined usage of PPEs under various SARS-CoV-2
transmission scenarios. Models of prospective pub-
lic health actions that could have prevented the epi-
demic and early recommendations for using surgical
masks would be extremely useful in the future.

SUPPLEMENTARY MATERIALS: The following are available:
Supplementary Tables 1A, 1B, and 2.
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Source of contact ™*

High-risk contact with COVID cases **

Colleague

Family/friends
or outside
workplace

No opportunity

of contact

Patients

No
Yes

Ref

1.97 (0.74-5.29)

Ref

Dedicated to COVID patients **

No
Yes

Symptoms*

No symptom
Fever
Dyspnoea
Diarrhoea
Sore throat
Headache

Ache (i.e.,
Muscle ache
(myalgia) and/
or Joint ache
(arthralgia))

Fatigue and/or
malaise

Ref
2.16 (0.77-6.40)

Ref
3.42 (0.90-13.46)
3.16 (0.68-14.88)
0.79 (0.19-2.85)
1.75 (0.40-7.60)
0.63 (0.15-2.34)
1.95 (0.48-8.38)

1.47 (0.32-6.33)

Ref
1.02 (0.29-3.59)

17.34 (3.48- 86.41)

0.96 (0.51-1.80)

Ref

Ref

Ref

Ref
3.02 (2.10-4.33)

4.93 (3.82-6.38)

2.30 (1.79-2.95)

Ref
1.05 (0.66-1.65)

Ref
1.13 (0.90-1.43)

Ref
2.71 (1.70-4.30)
0.41 (0.19-0.85)
0.48 (0.26-0.86)
0.66 (0.45-0.98)
1.56 (1.07-2.28)
2.63 (1.78-3.88)

2.05 (1.067-3.94)

Ref

Ref

Ref

Ref
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APPENDIX
SUPPLEMENTARY Table 1a. Determinants of infection before vaccination — results by cohort.
France-Paris Italy-Bologna Italy- Brescia Italy-Modena Italy-Padua
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Sex
Men Ref Ref Ref Ref Ref
Women 0.56 (0.24-1.34)  1.12(0.67-1.88)  0.91 (0.75-1.11)  0.86 (0.73-1.01)  1.06 (0.91- 1.23)
Age
10-yrincrease  1.00 (0.68-1.44) 113 (0.89- 1.43)  1.07(0.99-1.17)  1.01(0.95-1.07)  0.97 (0.92- 1.03)
Job Title *
Administration Ref Ref Ref Ref Ref
Physician 0.84 (0.22-5.63)  0.71(0.35-1.40)  0.91 (0.63-1.31)  2.11(1.26-3.54) 1.12(0.80- 1.56)
Nurse 0.80 (0.19-4.06)  1.06 (0.59-1.90) 0.74 (0.53-1.03)  3.59(2.17-5.96)  1.57 (1.15-2.14)
Technician 1.02 (0.23- 4.57)  0.89(0.59-1.33)  1.80(0.91-3.54)  1.17(0.77- 1.77)
Other HCW 1.12 (0.27-5.64) 0.77 (0.49-1.21)  2.63 (1.56- 4.43)  2.30 (1.66- 3.18)

Ref

Ref

Ref

Ref
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France-Paris Italy-Bologna Italy- Brescia Italy-Modena Italy-Padua
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Loss of smell 14.50
(Anosmia) (3.21-19.51)
Cough 0.98 (0.25-3.43) 2.21 (1.55-3.16)
Changes or 4.81 (1.62-14.29)
loss in taste
(Ageusia)
Other symptoms  6.88 (1.89-29.90)
* Adjusted for gender and age (categorical).
™ Adjusted for gender, age (categorical), and job title.
CIL confidence interval; OR, odds ratio; Ref; reference category; empty cell, not available.
SUPPLEMENTARY Table 1b. Determinants of infection before vaccination — results by cohort.
Romania-
Italy-Perugia Italy-Turin Italy-Trieste Italy-Verona Multicenter
Characteristics™ OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Sex
Men Ref Ref Ref Ref Ref
Women 0.93(0.73-1.20) 0.92(0.66-1.28) 1.00(0.83-1.21) 1.18(1.02-1.37) 1.14(0.81-1.59)
Age
10-yrincrease  0.89 (0.80-0.99)  0.97 (0.84-1.12)  0.81(0.75-0.88) 1.13 (1.07-1.19)  0.78 (0.70-0.87)
Job Title *
Administration Ref Ref Ref Ref Ref
Physician 1.15 (0.66- 2.03)  0.79 (0.39-1.60)  0.69 (0.45-1.05) 1.05 (0.77- 1.42)  0.79 (0.39-1.57)
Nurse 0.93 (0.53-1.63) 0.72(0.39-1.41) 0.84(0.58-1.22) 1.85(1.39-2.47) 1.30(0.62-2.73)
Technician 0.91 (0.48- 1.72) 0.64 (0.37- 1.13)  1.08 (0.75- 1.55)  0.59 (0.27-1.32)
Other HCW 1.90 (1.07- 3.38)  0.80 (0.40-1.63)  0.83 (0.57-1.21) 1.84(1.35-2.50) 0.62 (0.17-2.18)
Source of contact **
Colleague Ref Ref Ref Ref Ref
Outside
workplace
No contact
Patients 0.67 (0.43-1.05)
High-risk contact with COVID cases **
No Ref Ref Ref Ref Ref
Yes 1.24 (0.88-1.72)
Dedicated to COVID patients **
No Ref Ref Ref Ref Ref
Yes 1.28 (0.70-2.32)
Symptoms*
No symptom Ref Ref Ref Ref Ref
Fever 9.88 (5.87-16.65)

Table S1b (Continued)



14 MANSOUR ET AL

Romania-
Italy-Perugia Italy-Turin Italy-Trieste Italy-Verona Multicenter

Characteristics* OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Dyspnoea 3.04 (1.16-8.00)

Diarrhoea 1.22 (0.34-4.29)

Sore throat 1.42 (0.70-2.90)

Headache 3.36 (1.11-10.17)

Myalgia/

arthralgia)

Fatigue/malaise 6.35 (2.29-17.61)

Anosmia 5.87 (1.83-18.80)

Cough 4.95 (3.48-7.03)

Ageusia 2.89 (0.66-12.66)

Other

symptoms

* Adjusted for gender and age (categorical).
™ Adjusted for gender, age (categorical), and job title.

CL confidence interval; OR, odds ratio; Ref, reference category; empty cell, not available.

SUPPLEMENTARY Table 2. Use of PPE- results by pandemic wave.

1° wave 2" wave Bologna,
Brescia and Turin Brescia, and Turin
OR (95% CI) OR (95% CI)
Surgical masks
No Ref Ref
Yes 0.52 (0.38-0.71) 0.58 (0.37-0.91)
FFP2/FFP3 masks
No Ref Ref
Yes 0.90 (0.60-1.36) 0.27 (0.17-0.43)
Eye protection/Face shield
No Ref Ref
Yes 1.03 (0.72-1.48) 4.25 (2.13-8.50)
Isolation/disposable gowns
No Ref Ref
Yes 1.03 (0.72-1.48) 1.97 (1.05-3.69)
Gloves
No Ref Ref
Yes 1.37 (0.99-1.89) 1.12 (0.66-1.90)
Centers

Italy-Bologna
Italy-Brescia
Italy-Turin

4.24 (3.09-5.81)
Ref

Ref
6.44 (3.91-10.59)
0.61 (0.08-4.72)

CIL confidence interval; OR, odds ratio; Ref;, reference category; empty cell, not available.



