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Abstract: During the two years of the COVID-19 pandemic, more than 400 million cases all over the
world have been identified. Health care workers were among the first to deal with this virus and
consequently a high incidence of infection was reported in this population. The aim of the survey
was to investigate health care workers’ (HCWs) clinical characteristics and potential risk factors
associated with the SARS-CoV-2 infection in a referral hospital in Northern Italy after the first and
second waves of the pandemic. We administered a questionnaire during the flu vaccination campaign
that took place at the end of 2020; among 1386 vaccinated HCWs, data was collected and analyzed
for 1065 subjects. 182 HCWs (17%) declared that they had tested positive on at least a molecular
or a serological test since the beginning of the pandemic. Comparing the infected vs. not infected
HCWs, median age, BMI, smoking habit, presence of hypertension or other comorbidities were not
significantly different, while having worked in a COVID ward was associated with the infection
(ORadj = 1.54, 95% CI: 1.07–2.20). Respondents declared that more than 70% of contacts occurred
in the hospital with patients or colleagues, while about 15% in domestic environments. Among the
infected, the most reported symptoms were fever (62.1%), asthenia (60.3%), anosmia/ageusia (53.5%),
arthralgia/myalgia (48.3%), headache or other neurological symptoms (46.6%), cough (43.1%) and
flu-like syndrome (41.4%). The percentage of subjects who have been infected with SARS-CoV-2
seems to be higher in HCWs than in the general population; hence, in hospitals, protective measures
and preventive strategies to avoid the spreading of the contagion remain crucial.

Keywords: COVID-19; healthcare workers; survey; SARS-CoV-2

1. Introduction

The new coronavirus SARS-CoV-2, identified in China in late December 2019, is the
cause of COVID-19 respiratory syndrome and has quickly spread around the world. As of
31 December 2020, confirmed cases worldwide were just under 83 million and confirmed
deaths were approximatively 2 million, while in Italy the death toll exceeded 73,000. One
year later, the total numbers had almost tripled: 280 million of cases and 5.4 million
deaths [1].
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The main clinical manifestations generally occur between four to five days after expo-
sure, and the incubation period can last up to 14 days. Common symptoms are nonspecific
and include fever, cough, fatigue, and shortness of breath [2]. There is also a multiorgan
involvement, with anosmia and ageusia or other alterations of the central and peripheral
nervous system, cardiac issues (myocardial damage, arrhythmia), gastrointestinal involve-
ment(nausea, vomiting, diarrhea), and cutaneous (petechiae, vesicles) and hematological
(lymphopenia and thrombocytopenia) complications [3].

Since the beginning of the pandemic, health care workers (HCWs) had to face an
emergency situation with little knowledge about this new infection. Therefore, in the
first months of 2020, the percentage of contagion was very high compared to the general
population (even reaching 12%), and it gradually reduced until it settled around 3–4% [4].
A rigorous follow-up of HCWs was then required in order to improve contagion prevention
and to develop a model that was also valid for public health. Many hospitals investigated
possible risk factors and clinical manifestations in workers who contracted the disease [5],
through the use of company health databases or via surveys [6,7].

Many international efforts have been made to safeguard the health of hospital workers,
encouraging the use of PPE and updating professionals on the most recent discoveries
about the new coronavirus [8]; however, the number of infections and deaths among health
personnel remained significant [9,10]. At the beginning of the pandemic, there might have
been a potential underestimation of the percentage infected due to poor resources and
insufficient knowledge to correctly identify deaths linked to COVID-19 [11].

In Lombardy, the university hospital IRCCS Policlinico San Matteo was one of the
major locations for the treatment of the SARS-CoV-2infection. The first confirmed Italian
case of COVID-19 was hospitalized on 21 February 2020 in its Intensive Care Unit. The
cumulative incidence of the SARS-CoV-2 infection among San Matteo hospital workers,
in May 2020, was 3.54% [12]. Following preliminary analysis carried out by occupational
doctors for the internal surveillance, we decided to collect additional data by administering
a questionnaire.

The principal aim of this study was to describe how many HCWs reported having
contracted the SARS-CoV-2 infection and the exposure factors that may have played a
role in susceptibility to infection in a potentially vulnerable population (i.e., healthcare
professionals) as well as clinical characteristics associated with the infection itself.

2. Materials and Methods

A single cross-sectional study was carried out on HCWs at the IRCCS Policlinico
San Matteo in Pavia, Lombardy. When the survey was carried out, the hospital workers
numbered just over 4600. Data were collected through a questionnaire that consisted
of 29 questions regarding socio-demographic characteristics, job qualification and work
department, alcohol intake and smoking habits, the correct use of personal protective
equipment (PPE), general health status, previous positivity to SARS-CoV-2 infection and
related symptoms, and infection risk perception. It was created on the basis of a COVID-19
symptom triage questionnaire that had been administered to symptomatic workers or
close contacts.

The SARS-CoV-2 positivity among the hospital workers undergoing swabs, in May
2020, was 11.3%; since an infection increase was expected (according to world data), the
minimum sample size was calculated by estimating a cumulative incidence of 20% ± 5%
and a confidence level of 95%; assuming, moreover, a response rate of 50% and setting
hospital total workers as population size (N = 4600), at least 467 subjects would have
been needed.

Hospital employees were invited to participate in the survey when they showed up
to join the flu vaccination campaign between 27 November 2020 and 20 December 2020.
Participation was voluntary. Questionnaires were returned in a sealed urn. Information
was entered in an anonymized database by doctors of the hospital with the support of the
Biostatistics and Epidemiology Unit of the University of Pavia.
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2.1. Outcome and Variables

Subjects who declared at least one positive serological/molecular test were considered
to have a history of infection [13], while those without any positivity were considered
infection-naive (COVID+/COVID−). A scale, ranging from 0 to 5, was used to assess
the degree of risk perception of the SARS-CoV-2 infection. Body mass index (BMI) was
calculated on self-reported weight and height (kg/m2).

Data relating to symptoms following the SARS-CoV-2 infection were collected only for
subjects who tested positive on a molecular test, as serological positivity could be associated
with an unnoticed previous infection.

2.2. Statistical Analysis

The characteristics of subjects who completed the questionnaire were described using
mean and standard deviation (or median and interquartile range (IQR) if the assumption
of normality was not respected) for quantitative variables and frequency for qualitative
variables. Subjects who had declared a SARS-CoV-2 infection were compared to workers
who had not contracted it. A chi-square test (χ2) was applied for qualitative variables and a
t-test or Mann-Whitney test was used for quantitative variables. Those variables showing a
significance <0.1 in the exploratory analysis were included in the multiple logistic regression
model (SARS-CoV-2 infection COVID+/COVID− was the dependent variable). Candidate
confounders, such as smoking status and BMI, were not included in the model because
they were not primarily associated with the outcome. Sex and age (in years) were forced in
the model because of their clinical interest. For working roles, administrator and researcher
were considered as a reference category. We decided to exclude the risk perception of
the infection from the model, albeit significant, in order to exploratory analysis, as its
evaluation could have been influenced by previous contagion and therefore could not be a
real predictive factor. A p-value < 0.05 was considered significant in secondary analysis.
Crude and adjusted odds ratios (ORadj) and 95% confidence intervals (95% CI) were used
as the measure of effect and precision, respectively. McFadden pseudo-R2 was reported
as the measure of explained variance and the Hosmer-Lemeshow test was used for the
goodness-of-fit. Data were processed using STATA software (2019, release 16.1: StataCorp,
College Station, TX, USA).

3. Results

Subjects who joined the vaccination campaign totaled 1386; among them, 1093 took
part in the survey (response rate: 79%). Of these, data relating to 1065 health workers were
analyzed after the exclusion of poorly filled out questionnaires (i.e., the absence of more
than 50% of the required information). Two-thirds of subjects were female and the median
age was 42 years (see Table 1). 98.1% of the responders was Caucasian. Most of the sample
was composed of physicians (47.3%; N = 504), while 25.2% were made up of nurses or
midwives (N = 268), 15.8% were administrative personnel/researchers or fellows (N = 168),
6.0% were technical operators (N = 64) and 5.7% were OSS (social health workers) (N = 61).

Overall, 17.1% (N = 182) were declared to have been positive for COVID-19: 55 reported
only molecular test positivity, 66 only tested positive serologically, 61 both tests positivity
(10.9% of the sample was positive using a molecular test and 12.7% using a serological one).
There did not appear to be a significant difference in infection by working role (p = 0.085).

The BMI was found to be on average 23.6 ± 4.3 kg/m2, with no difference between
those who had contracted the infection and those who did not (Table 1). Just over twenty
percent of subjects reported being active smokers, with no differences between subjects
with previous infections and the uninfected ones. 36.5% of SARS-CoV-2 positive subjects
drank alcohol, compared to 43.9% of those who were not infected. Over ninety-six percent
of subjects declared to have received correct and adequate information about the use of PPE,
without differences between the infected and those that were not (Table 1). The percentage
of subjects who had worked in contact with COVID positive patients was significantly
higher (p = 0.009) among those who contracted the infection than among who did not
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contract it. As reported in Table 1, the proportion was reversed. The use of public transport
and parenting of school-age children did not have a significant association with contracting
the coronavirus (Table 1).

Table 1. Characteristics of IRCCS Policlinico San Matteo hospital workers.

TOTAL COVID+ COVID−

Sex (N)
p = 0.215Male 32.5% (346) 28.6% (52) 33.3% (294)

Female 67.5% (719) 71.4% (130) 66.7% (589)

Age in years a 42 (31–52) 42 (32–52) 42 (31–52)
p = 0.8119 b

(N) (1058) (181) (877)

BMI (kg/m2) c 23.6 ± 4.3 23.5 ± 4.3 23.7 ± 4.3
p = 0.6057 d

(N) (983) (175) (808)

Smoking status (N)

p = 0.549No 70.7% (749) 74.0% (134) 70.1% (615)
Ex 8.5% (90) 7.2% (13) 8.8% (77)
Yes 20.8% (220) 18.8% (34) 21.2% (186)

Alcohol consumption (N)
p = 0.067Yes 42.6% (448) 36.5% (66) 43.9% (382)

No 57.4% (604) 63.5% (115) 56.1% (489)

COVID Ward (N)
p = 0.009Yes 45.4% (479) 54.2% (97) 43.6% (382)

No 54.6% (577) 45.8% (82) 56.4% (495)

Working Role (N)

p = 0.085

Physician 47.3% (504) 44.0% (80) 48.0% (424)
Nurse/Midwife 25.2% (268) 33.0% (60) 23.6% (208)
Social-Heath Operator 5.7% (61) 6.0% (11) 5.7% (50)
Technician Operator 6.0% (64) 4.4% (8) 6.3% (56)
Administrative/Researcher 15.8% (168) 12.6% (23) 16.4% (145)

PPE use information (N)
p = 0.933Yes 96.6% (1023) 96.7% (176) 96.6% (847)

No 3.4% (36) 3.3% (6) 3.4% (30)

Hypertension (N)
p = 0.576Yes 12.5% (132) 13.7% (25) 12.2% (107)

No 87.5% (925) 86.3% (157) 87.8% (768)

Other Comorbidities (N)
p = 0.536Yes 26.0% (277) 24.2% (44) 26.4% (233)

No 74.0% (788) 75.8% (138) 73.6% (650)

School-age Children (N)
p = 0.445Yes 30.9% (327) 33.3% (60) 30.4% (267)

No 69.1% (730) 66.7% (120) 69.6% (610)

Public Transport (N)
p = 0.473Yes 7.4% (78) 6.1% (11) 7.7% (67)

No 92.6% (978) 93.9% (169) 92.4% (809)

Physical Activity (N)
p = 0.132Yes 75.9% (808) 80.2% (146) 75.0% (662)

No 24.1% (257) 19.8% (36) 25.0% (221)

Risk perception (N)

p = 0.079

0 2.1% (22) 2.9% (5) 2.0% (17)
1 5.4% (56) 6.3% (11) 5.2% (45)
2 17.2% (178) 17.1% (30) 17.2% (148)
3 37.58% (389) 29.1% (51) 39.3% (338)
4 23.2% (240) 24.6% (43) 22.9% (197)
5 14.5% (150) 20.0% (35) 13.4% (115)

Risk Perception (N)

p = 0.253Inside the Hospital 50.2% (519) 51.2% (89) 50.1% (430)
Outside the Hospital 47.0% (485) 44.3% (77) 47.5% (408)
Both 2.8% (29) 4.6% (8) 2.4% (21)

a: median (IQR); b: t-test; c: mean ± sd; d: Mann-Whitney.
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The multiple logistic regression model includes sex, age, alcohol intake, having worked
in contact with SARS-CoV-2 positive patients, and job position as independent variables
(Table 2). Having worked in a ward with COVID positive subjects significantly increased
the odds of COVID infection, independently from the other variables included in the model
(ORadj = 1.54; p = 0.020). Being a nurse/midwife or OSS increased the odds of COVID
infection compared to an administrative/researcher role in the univariate model, while
after adjusting by sex, age and alcohol intake and COVID ward, the statistical significance
was lost. Alcohol consumption showed inverse association with infection, but was above
the significance threshold (p = 0.084), while smoking was not significant in the exploratory
analysis (Table 2).

Table 2. Logistic Regression Model.

Logistic Regression

Univariate Model Adjusted Model (N = 1041) a

OR (95% CI) p-Value ORadj (95% CI) z * p-Value

Sex
−1.03Male 0.80 (0.56–1.14) 0.216 0.82 (0.57–1.20) 0.305

Female 1 1

Age (years) 0.99 (0.98–1.01) 0.746 1.00 (0.99-1.02) 0.10 0.920

Alcohol
−1.73Yes 0.73 (0.53–1.02) 0.068 0.74 (0.52–1.04) 0.084

No 1

COVID Ward
2.33Yes 1.53 (1.11–2.12) 0.010 1.54 (1.07–2.20) 0.020

No 1 1

Job category
Physician 1.19 (0.72–1.96) 0.497 0.98 (0.56–1.71) −0.77 0.941
Nurse/Midwife 1.82 (1.08–3.08) 0.026 1.37 (0.78–2.40) 1.11 0.268
Social-Heath Operator 1.39 (0.63–3.05) 0.415 1.17 (0.52–2.64) 0.38 0.704
Technician Operator 0.90 (0.38–2.13) 0.812 0.73 (0.29–1.81) −0.69 0.493
Administrative/Researcher 1 1

a Pseudo R2 = 0.018; H-L χ2(556) = 538.77 p-value = 0.692; * Wald test.

Table 3 reports the main symptoms declared by subjects who contracted the coron-
avirus infection (molecular test positivity). A total of 3.5% said that they were asymptomatic,
while fever, fatigue, anosmia/ageusia were described by more than 50% of subjects. Over
40% of workers reported arthralgia/myalgia, cough, headache/neurological symptoms
or flu-like syndrome. Less frequent symptoms included the presence of diarrhea, pharyn-
godynia, conjunctivitis and dyspnea or other respiratory symptoms, nausea or vomiting.
Among workers positive on a molecular test (N = 116), 48.3% had been infected by a patient,
while 25.0% were infected by a colleague; 15.5% stated that the infection took place within
their home, while 3.5% that the contact was not a cohabitant. Among them, 10 subjects
declared a double way of contagion.
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Table 3. Symptoms of positive subjects (rt-PCR) (N = 116).

Asymptomatic 3.5% (N = 4)
Fever 62.1% (N = 72)

Cough 43.1% (N = 50)
Dyspnea/Other respiratory symptoms 9.5% (N = 11)

Pharyngitis/Pharyngodynia 21.6% (N = 25)
Conjunctivitis 13.8% (N = 16)

Diarrhea 28.5% (N = 33)
Nausea/Vomiting 8.6% (N = 10)

Arthralgia/Myalgia 48.3% (N = 56)
Asthenia 60.3% (N = 70)

Anosmia/Ageusia 53.5% (N = 62)
Headache/Neurological Symptoms 46.6% (N = 54)

Flu-like syndrome 41.4% (N = 48)

4. Discussion

One of the aims of this study was to evaluate the percentage of contagion among
workers at the Policlinico San Matteo hospital, one year after the beginning of the pandemic
and two important waves of COVID-19 in Italy [14]. An increase in cumulative incidence
was observed, moving from 11%, at the end of first wave, to about 17% after it [12]. The
percentage of subjects who declared that they had tested positive was slightly higher
than what emerged from the meta-analysis by Gómez-Ochoa et al. [15]: in that study, the
prevalence of positive HCWs on a molecular test was 11%, and the average positivity to an
antibody test was 7%. If we consider positivity to serological test alone, in our survey it
was 12.7%, while the positivity to the molecular test was consistent with the meta-analysis
(10.9%). This percentage is higher than that of the Italian population’s cumulative test
positivity at the end of November 2020, i.e., just under 3% of cases were determined (about
1.5 million) [1].

Medical staff working in intensive care or first aid units were potentially most at risk
of getting the infection at the beginning of the pandemic: 48.3% of workers who tested
positive on a molecular test declared that they had contracted the infection from contact
with a positive patient (as observed in another study [16]), while 25.0% reported having
contracted the infection through work colleagues. Contacts with family members also
proved to be an important vehicle for transmission [17,18]: in our survey, contagion outside
the workplace, mainly attributable to a cohabitant, was 19%. These data seem to contrast
with the reporting of risk perception. A possible explanation could be that infections inside
the hospital date mainly to the beginning of the pandemic, while risk perception was
detected at the date of the survey.

Twenty percent of subjects who got the infection reported having worked in a ward
with positive COVID patients, compared to 14% of those who didn’t work in contact with
infected subjects: a logistic regression model highlighted this association (ORadj = 1.54).
It was also observed that almost all operators declared that they had received adequate
instructions for their use, which is in line with other hospital investigations [19,20]. Un-
fortunately, not all hospitals were able to supplying adequate equipment to their staff,
especially at the beginning of the pandemic [21].

The median age of HCWs who tested positive for infection was 41 years, which
is slightly lower than what was observed at the national level [22] and in our previous
study [12], but is in line with American preliminary data [23] and meta-analyses [15]. In
our study, age did not appear to be associated with risk of infection either in the univariate
analysis or in the logistic model, and was found to be almost similar between positive
and negative subjects, with no difference from other studies [24]. This lack of association
was already observed in our previous study [12]. However, in the general population, age
seems to be associated with both coronavirus mortality [25,26] and risk of contagion [27].
A possible explanation could be a better physical condition of HCWs compared to the
general population.
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Another aspect which should not be overlooked is the impact on HCWs’ mental
state, due to their constant engagement during the pandemic [28–30]. In our survey, this
aspect was not specifically studied. However, we wanted to briefly ask workers about risk
perception of the infection and where they believed they felt safer. About 75% of the inter-
viewed reported a risk perception ≥3 (median value of the data distribution), attributing
an almost equal probability of contagion inside and outside the hospital. Perhaps due to
their closer contact with patients, 80% of nurses/midwifes declared a risk perception ≥3:
this observation doesn’t differ from what emerged in a multicenter Italian study [31] and
from preliminary data relating to Chinese hospitals [32]. As mentioned above, however,
we didn’t include the risk perception in the logistic model, as the answer to this question
may have been influenced by having already contracted the infection and therefore it
could have increased the perceived fear. The absence of difference in having contracted
or not contracted the infection and the correct information about the use of PPE could be
explained considering that we don’t have any information on when the infection might
have occurred. As we have already pointed out, little was known at the beginning of the
pandemic, therefore, information on the correct use of PPE has progressively improved.

The absence of an association between the SARS-CoV-2infection and age, sex, BMI and
the possible presence of comorbidities was also observed in other studies, including a mul-
ticenter one [24]; however, these observations are not universal [33]. It must be considered
that HCWs may pay significant attention to nutrition and lifestyle-based pathologies, and
this could partially explain the difference from the general population [34]. In our previous
study, it was instead observed how BMI and smoking seem to be associated with risk of
infection [12]. A possible explanation could be the source of information, which came from
the health surveillance records.

Symptomatology described by those interviewed was similar to the one of either
the general or the hospitalized population [35,36], and to other investigations carried
out on healthcare personnel [23,37]; symptoms such as fever, cough, loss of taste/smell
and pharyngodynia were confirmed as typical of this pathology. We must consider how
many of these symptoms are also characteristic of endemic infections by Adenovirus or
Rhinovirus or Parainfluenza virus; therefore, even if some subjects have declared to be
Clinical COVID (i.e., subjects who had symptoms compatible with the infection and contact
with infected subjects) they were not considered as COVID positive subjects as they did not
have a molecular or serological confirmation. We did not have information about symptom
duration or severity because these questions were missing from the questionnaire.

During the pandemic, there was a debate on the potential risk associated with the use
of public transportation and infection. Only about 7% of our sample reported using public
transport daily, with any difference between infected and uninfected. However, it should
be noticed that some workers living outside Pavia used individual means of transport;
furthermore, government restrictions limited the use of public transport, and the alarming
daily news may have discouraged the use of shared transportation. Having school-age
children at home did not appear to be a risk factor. We need to point out that, during
2020, schools have often carried out distance learning, reducing the possibility of student
aggregation and consequently the risk of becoming infected and transmitting the infection
to cohabiting parents.

Finally, it has to be highlighted that, unlike what was observed in the previous
analysis [12], being a current smoker would not seem to be a protective factor for in-
fection, as evidenced by other studies in which it was assumed that chronic inflammatory
disease of the respiratory epithelium hindered wall adhesion to the SARS-CoV-2 virus, thus
animating a strong debate on its role [38].

Limitations: The study has some limitations. First of all, the questionnaire was self-
reported, therefore there may have been mistakes in the interpretation of the questions. We
tried to minimize this risk with staff presence in clinic sites and by using a questionnaire
based on a validated model. The level of risk perception referred to the time of the
questionnaire’s administration, so it may have changed during the pandemic or in relation
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to the infection. Some questionnaires had missing data, but not so much as to compromise
the validity of the analysis. Positivity to a serological/molecular test was self-reported, so
there could be a bias in detecting cases. Respondents belonged to a subgroup of workers
who joined the flu vaccination campaign, and therefore they may be more sensitive to the
topic of infection prevention.

5. Conclusions

This study confirms results observed in our hospital at the beginning of the pandemic,
except for smoking and BMI. Contact with COVID-19 patients is still the principal risk
factor for SARS-CoV-2 infection. The role of smoking remains controversial even in the
literature; therefore, further investigations are needed.

Discrepancies observed for age and BMI, with respect to the general population,
could be explained by the fact that health care workers are a selected cohort of subjects.
Considering that more than 50% of workers fear a contagion inside the hospital, we believe
that it is necessary to keep a high level of surveillance and that prevention strategies could
be improved. The use of personal protective equipment is strongly recommended. This
data collection will be useful for future surveys.

Author Contributions: Conceptualization: V.N., A.M. (Alba Muzzi) and C.M.; Methodology: A.M.
(Alba Muzzi) and M.C.M.; Data curation: G.R., A.D., D.G., A.M. (Alessandro Meloni), G.O., M.B.
and S.C.; Formal analysis: F.F.; Writing–original draft: V.N. and F.F., Writing–review & editing: S.V.,
M.C.M. and A.M. (Alba Muzzi), Supervision: C.M., S.V. and A.O.; Funding acquisition: V.N., A.M.
(Alba Muzzi) and C.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Italian Ministry of Health (Ministero della Salute della
Repubblica Italiana), grant number: 08054019, Current research (ricerca corrente).

Institutional Review Board Statement: The study has been by approved by the Ethics Committee of
the IRCCS Policlinico San Matteo (protocol number: 20200099180. Meeting date: 18 November 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. The study was conducted in accordance with the Declaration of Helsinki.

Data Availability Statement: The data presented in this study are available on request from the
Medical Direction of the IRCCS Policlinico San Matteo, Pavia.

Acknowledgments: Ministero della Salute, IRCCS Policlinico San Matteo.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. WHO. Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int (accessed on 17 February 2022).
2. Chams, N.; Chams, S.; Badran, R.; Shams, A.; Araji, A.; Raad, M.; Mukhopadhyay, S.; Stroberg, E.; Duval, E.J.; Barton, L.M.; et al.

COVID-19: A Multidisciplinary Review. Front. Public Health 2020, 8, 383. [CrossRef]
3. Eskian, M.; Rezaei, N. Clinical Manifestations of COVID-19. In Coronavirus Disease—COVID-19; Advances in Experimen-

tal Medicine and Biology; Rezaei, N., Ed.; Springer International Publishing: Cham, Switzerland, 2021; pp. 179–196;
ISBN 978-3-030-63761-3.

4. INAIL Monitoraggio Sugli Operatori Sanitari Risultati Positivi a Covid-19 dall’Inizio dell’Epidemia Fino al 30 Aprile 2020:
Studio Retrospettivo in Sette Regioni Italiane. Available online: https://www.inail.it/cs/internet/comunicazione/pubblicazioni/
catalogo-generale/pubbl-monitoraggio-operatori-sanitari-studio.html (accessed on 10 November 2021).

5. Gholami, M.; Fawad, I.; Shadan, S.; Rowaiee, R.; Ghanem, H.; Hassan Khamis, A.; Ho, S.B. COVID-19 and Healthcare Workers: A
Systematic Review and Meta-Analysis. Int. J. Infect. Dis. 2021, 104, 335–346. [CrossRef]

6. Felice, C.; Di Tanna, G.L.; Zanus, G.; Grossi, U. Impact of COVID-19 Outbreak on Healthcare Workers in Italy: Results from a
National E-Survey. J. Community Health 2020, 45, 675–683. [CrossRef]

7. Garzaro, G.; Clari, M.; Ciocan, C.; Grillo, E.; Mansour, I.; Godono, A.; Giuditta Borgna, L.; Sciannameo, V.; Costa, G.; Marina
Raciti, I.; et al. COVID-19 Infection and Diffusion Among the Healthcare Workforce in a Large University-Hospital in Northwest
Italy. SSRN J. 2020, 111, 184. [CrossRef]

8. Mohamed, K.; Rezaei, N.; Rodríguez-Román, E.; Rahmani, F.; Zhang, H.; Ivanovska, M.; Makka, S.A.; Joya, M.; Makuku, R.; Md
Shahidul Islam, M.S.I.; et al. International Efforts to Save Healthcare Personnel during COVID-19. Acta Biomed. Atenei Parm. 2020,
91, e2020044. [CrossRef]

https://covid19.who.int
http://doi.org/10.3389/fpubh.2020.00383
https://www.inail.it/cs/internet/comunicazione/pubblicazioni/catalogo-generale/pubbl-monitoraggio-operatori-sanitari-studio.html
https://www.inail.it/cs/internet/comunicazione/pubblicazioni/catalogo-generale/pubbl-monitoraggio-operatori-sanitari-studio.html
http://doi.org/10.1016/j.ijid.2021.01.013
http://doi.org/10.1007/s10900-020-00845-5
http://doi.org/10.2139/ssrn.3578806
http://doi.org/10.23750/abm.v91i3.9891


Int. J. Environ. Res. Public Health 2022, 19, 8194 9 of 10

9. Erdem, H.; Lucey, D.R. Healthcare Worker Infections and Deaths Due to COVID-19: A Survey from 37 Nations and a Call for
WHO to Post National Data on Their Website. Int. J. Infect. Dis. 2021, 102, 239–241. [CrossRef]

10. Bandyopadhyay, S.; Baticulon, R.E.; Kadhum, M.; Alser, M.; Ojuka, D.K.; Badereddin, Y.; Kamath, A.; Parepalli, S.A.; Brown, G.;
Iharchane, S.; et al. Infection and Mortality of Healthcare Workers Worldwide from COVID-19: A Systematic Review. BMJ Glob.
Health 2020, 5, e003097. [CrossRef]

11. World Health Organization. The Impact of COVID-19 on Health and Care Workers: A Closer Look at Deaths; World Health Organization:
Geneva, Switzerland, 2021. Available online: https://apps.who.int/iris/handle/10665/345300 (accessed on 10 November 2021).

12. Colaneri, M.; Novelli, V.; Cutti, S.; Muzzi, A.; Resani, G.; Monti, M.C.; Rona, C.; Grugnetti, A.M.; Rettani, M.; Rovida, F.; et al. The
Experience of the Health Care Workers of a Severely Hit SARS-CoV-2 Referral Hospital in Italy: Incidence, Clinical Course and
Modifiable Risk Factors for COVID-19 Infection. J. Public Health 2021, 43, 26–34. [CrossRef]

13. INAIL Test di Laboratorio per SARS-CoV-2 e Loro uso in Sanità Pubblica, Online la Nota Tecnica ad Interim. Available
online: https://www.inail.it/cs/internet/comunicazione/news-ed-eventi/news/news-nota-tecnica-test-sars-cov-2-2020.html
(accessed on 10 November 2021).

14. ISTAT Impatto dell’Epidemia Covid-19 Sulla Mortalità Totale della Popolazione Residente Primo Trimestre 2020. p. 30. Available
online: https://www.istat.it/it/files/2020/05/Rapporto_Istat_ISS.pdf. (accessed on 10 November 2021).

15. Gómez-Ochoa, S.A.; Franco, O.H.; Rojas, L.Z.; Raguindin, P.F.; Roa-Díaz, Z.M.; Wyssmann, B.M.; Guevara, S.L.R.; Echeverría, L.E.;
Glisic, M.; Muka, T. COVID-19 in Health-Care Workers: A Living Systematic Review and Meta-Analysis of Prevalence, Risk
Factors, Clinical Characteristics, and Outcomes. Am. J. Epidemiol. 2021, 190, 161–175. [CrossRef]

16. Spilchuk, V.; Arrandale, V.H.; Armstrong, J. Potential Risk Factors Associated with COVID-19 in Health Care Workers. Occup.
Med. 2022, 72, 35–42. [CrossRef]

17. Madewell, Z.J.; Yang, Y.; Longini, I.M.; Halloran, M.E.; Dean, N.E. Household Transmission of SARS-CoV-2: A Systematic Review
and Meta-Analysis. JAMA Netw. Open 2020, 3, e2031756. [CrossRef]

18. Metlay, J.P.; Haas, J.S.; Soltoff, A.E.; Armstrong, K.A. Household Transmission of SARS-CoV-2. JAMA Netw. Open 2021, 4, e210304.
[CrossRef]

19. Seitz, R.M.; Yaffee, A.Q.; Peacock, E.; Moran, T.P.; Pendley, A.; Rupp, J.D. Self-Reported Use of Personal Protective Equipment
among Emergency Department Nurses, Physicians and Advanced Practice Providers during the 2020 COVID-19 Pandemic. Int. J.
Environ. Res. Public Health 2021, 18, 7076. [CrossRef]

20. Garg, K.; Grewal, A.; Mahajan, R.; Kumari, S.; Mahajan, A. A Cross-Sectional Study on Knowledge, Attitude, and Practices of
Donning and Doffing of Personal Protective Equipment: An Institutional Survey of Health-Care Staff during the COVID-19
Pandemic. Anesth. Essays Res. 2020, 14, 370. [CrossRef]

21. Tabah, A.; Ramanan, M.; Laupland, K.B.; Buetti, N.; Cortegiani, A.; Mellinghoff, J.; Conway Morris, A.; Camporota, L.;
Zappella, N.; Elhadi, M.; et al. Personal Protective Equipment and Intensive Care Unit Healthcare Worker Safety in the COVID-19
Era (PPE-SAFE): An International Survey. J. Crit. Care 2020, 59, 70–75. [CrossRef]

22. Lapolla, P.; Mingoli, A.; Lee, R. Deaths from COVID-19 in Healthcare Workers in Italy—What Can We Learn? Infect. Control Hosp.
Epidemiol. 2021, 42, 364–365. [CrossRef]

23. CDC COVID-19 Response Team; Burrer, S.L.; de Perio, M.A.; Hughes, M.M.; Kuhar, D.T.; Luckhaupt, S.E.; McDaniel, C.J.;
Porter, R.M.; Silk, B.; Stuckey, M.J.; et al. Characteristics of Health Care Personnel with COVID-19—United States,
February 12–April 9, 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 477–481. [CrossRef]

24. Valdes, A.M.; Moon, J.C.; Vijay, A.; Chaturvedi, N.; Norrish, A.; Ikram, A.; Craxford, S.; Cusin, L.M.L.; Nightingale, J.;
Semper, A.; et al. Longitudinal Assessment of Symptoms and Risk of SARS-CoV-2 Infection in Healthcare Workers across 5
Hospitals to Understand Ethnic Differences in Infection Risk. eClinicalMedicine 2021, 34, 100835. [CrossRef]

25. Grasselli, G.; Greco, M.; Zanella, A.; Albano, G.; Antonelli, M.; Bellani, G.; Bonanomi, E.; Cabrini, L.; Carlesso, E.; Castelli, G.; et al.
Risk Factors Associated With Mortality Among Patients With COVID-19 in Intensive Care Units in Lombardy, Italy. JAMA Intern.
Med. 2020, 180, 1345. [CrossRef]

26. Wiersinga, W.J.; Rhodes, A.; Cheng, A.C.; Peacock, S.J.; Prescott, H.C. Pathophysiology, Transmission, Diagnosis, and Treatment
of Coronavirus Disease 2019 (COVID-19): A Review. JAMA 2020, 324, 782. [CrossRef]

27. Oster, A.M.; Caruso, E.; DeVies, J.; Hartnett, K.P.; Boehmer, T.K. Transmission Dynamics by Age Group in COVID-19 Hotspot
Counties—United States, April–September 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 1494–1496. [CrossRef]

28. Awano, N.; Oyama, N.; Akiyama, K.; Inomata, M.; Kuse, N.; Tone, M.; Takada, K.; Muto, Y.; Fujimoto, K.; Akagi, Y.; et al. Anxiety,
Depression, and Resilience of Healthcare Workers in Japan During the Coronavirus Disease 2019 Outbreak. Intern. Med. 2020, 59,
2693–2699. [CrossRef]

29. Gilleen, J.; Santaolalla, A.; Valdearenas, L.; Salice, C.; Fusté, M. Impact of the COVID-19 Pandemic on the Mental Health and
Well-Being of UK Healthcare Workers. BJPsych Open 2021, 7, e88. [CrossRef]

30. Gramaglia, C.; Marangon, D.; Azzolina, D.; Guerriero, C.; Lorenzini, L.; Probo, M.; Rudoni, M.; Gambaro, E.; Zeppegno, P. The
Mental Health Impact of 2019-NCOVID on Healthcare Workers From North-Eastern Piedmont, Italy. Focus on Burnout. Front.
Public Health 2021, 9, 483. [CrossRef]

31. Gorini, A.; Fiabane, E.; Sommaruga, M.; Barbieri, S.; Sottotetti, F.; La Rovere, M.T.; Tremoli, E.; Gabanelli, P. Mental Health and
Risk Perception among Italian Healthcare Workers during the Second Month of the Covid-19 Pandemic. Arch. Psychiatr. Nurs.
2020, 34, 537–544. [CrossRef]

http://doi.org/10.1016/j.ijid.2020.10.064
http://doi.org/10.1136/bmjgh-2020-003097
https://apps.who.int/iris/handle/10665/345300
http://doi.org/10.1093/pubmed/fdaa195
https://www.inail.it/cs/internet/comunicazione/news-ed-eventi/news/news-nota-tecnica-test-sars-cov-2-2020.html
https://www.istat.it/it/files/2020/05/Rapporto_Istat_ISS.pdf.
http://doi.org/10.1093/aje/kwaa191
http://doi.org/10.1093/occmed/kqab148
http://doi.org/10.1001/jamanetworkopen.2020.31756
http://doi.org/10.1001/jamanetworkopen.2021.0304
http://doi.org/10.3390/ijerph18137076
http://doi.org/10.4103/aer.AER_53_20
http://doi.org/10.1016/j.jcrc.2020.06.005
http://doi.org/10.1017/ice.2020.241
http://doi.org/10.15585/mmwr.mm6915e6
http://doi.org/10.1016/j.eclinm.2021.100835
http://doi.org/10.1001/jamainternmed.2020.3539
http://doi.org/10.1001/jama.2020.12839
http://doi.org/10.15585/mmwr.mm6941e1
http://doi.org/10.2169/internalmedicine.5694-20
http://doi.org/10.1192/bjo.2021.42
http://doi.org/10.3389/fpubh.2021.667379
http://doi.org/10.1016/j.apnu.2020.10.007


Int. J. Environ. Res. Public Health 2022, 19, 8194 10 of 10

32. Dai, Y.; Hu, G.; Xiong, H.; Qiu, H.; Yuan, X. Psychological Impact of the Coronavirus Disease 2019 (COVID-19) Outbreak on
Healthcare Workers in China. medRxiv 2020. [CrossRef]

33. Rizza, S.; Coppeta, L.; Grelli, S.; Ferrazza, G.; Chiocchi, M.; Vanni, G.; Bonomo, O.C.; Bellia, A.; Andreoni, M.; Magrini, A.; et al.
High Body Mass Index and Night Shift Work Are Associated with COVID-19 in Health Care Workers. J. Endocrinol. Investig. 2021,
44, 1097–1101. [CrossRef]

34. Gold, M.S.; Sehayek, D.; Gabrielli, S.; Zhang, X.; McCusker, C.; Ben-Shoshan, M. COVID-19 and Comorbidities: A Systematic
Review and Meta-Analysis. Postgrad. Med. 2020, 132, 749–755. [CrossRef]

35. Da Rosa Mesquita, R.; Francelino Silva Junior, L.C.; Santos Santana, F.M.; Farias de Oliveira, T.; Campos Alcântara, R.; Monteiro
Arnozo, G.; Rodrigues da Silva Filho, E.; Galdino dos Santos, A.G.; Oliveira da Cunha, E.J.; Salgueiro de Aquino, S.H.; et al.
Clinical Manifestations of COVID-19 in the General Population: Systematic Review. Wien. Klin. Wochenschr. 2021, 133, 377–382.
[CrossRef]

36. Alimohamadi, Y.; Sepandi, M.; Taghdir, M.; Hosamirudsari, H. Determine the Most Common Clinical Symptoms in COVID-19
Patients: A Systematic Review and Meta-Analysis. J. Prev. Med. Hyg. 2020, 61, E304. [CrossRef]

37. Colaneri, M.; Sacchi, P.; Zuccaro, V.; Biscarini, S.; Sachs, M.; Roda, S.; Pieri, T.C.; Valsecchi, P.; Piralla, A.; Seminari, E.; et al.
Clinical Characteristics of Coronavirus Disease (COVID-19) Early Findings from a Teaching Hospital in Pavia, North Italy, 21 to
28 February 2020. Eurosurveillance 2020, 25, 2000460. [CrossRef] [PubMed]

38. Usman, M.S.; Siddiqi, T.J.; Khan, M.S.; Patel, U.K.; Shahid, I.; Ahmed, J.; Kalra, A.; Michos, E.D. Is There a Smoker’s Paradox in
COVID-19? BMJ Evid.-Based Med. 2020, 26, 279–284. [CrossRef] [PubMed]

http://doi.org/10.1101/2020.03.03.20030874
http://doi.org/10.1007/s40618-020-01397-0
http://doi.org/10.1080/00325481.2020.1786964
http://doi.org/10.1007/s00508-020-01760-4
http://doi.org/10.15167/2421-4248/JPMH2020.61.3.1530
http://doi.org/10.2807/1560-7917.ES.2020.25.16.2000460
http://www.ncbi.nlm.nih.gov/pubmed/32347201
http://doi.org/10.1136/bmjebm-2020-111492
http://www.ncbi.nlm.nih.gov/pubmed/32788164

	Introduction 
	Materials and Methods 
	Outcome and Variables 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

