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AbstrAct
Background: Healthcare Workers (HCWs) are a key element in managing the COVID-19 pandemic, but they are 
also at high risk of infection. Objective: The aim of this study was to describe, in a large university hospital which 
provided healthcare services to patients with SARS-CoV-2 infection, the course of the epidemic among HCWs and 
effectiveness of COVID-19 vaccination in reducing SARS-CoV-2 infection and disease. Methods: Our case series 
included all “Fatebenefratelli Sacco” University Hospital workers. Data were collected until the 15th of May 2021 
and analysed as part of the health surveillance program carried out by the Occupational Health Unit. Results: From 
March 2020 until May 2021, 14.4% of workers contracted COVID-19, with the highest incidence peak recorded 
during the second wave of the pandemic. The prevalence of infection was slightly higher in males than in females, 
and a greater number of cases was found in job categories characterized by direct patient care activities. We reported a 
higher prevalence of “serious/critical illness” in elder workers. A clear reduction of COVID-19 incidence was found in 
our population during the third pandemic wave, that coincided with the start of vaccination campaign. Discussion: 
HCWs have been at high risk of COVID-19 infection. Male sex and advanced age appear to be predisposing factor 
and negative prognostic factor respectively. An out-of-hospital setting appears to be the main source of COVID-19 
confirming that the correct use of protective devices during work counters the risk of infection. Vaccination seems to 
reduce both documented cases of infection and severe illness.
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IntroductIon

On December 31st, 2019, Chinese health au-
thorities reported an outbreak of pneumonia of 
unknown aetiology in the city of Wuhan (Hubei 
Province), China. On January 9th, 2020, the China 
CDC (China’s Centres for Disease Control and 

Prevention) identified a new coronavirus (provi-
sionally called 2019-nCoV and then called SARS-
CoV-2) as an etiological agent of this disease, 
called COVID-19 (1). On the 22nd of January 
2020, the WHO reported in its communications 
that there was evidence of human to human trans-
mission of the new virus. This led to the start of 
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the alert phase and a national task force to counter 
SARS-CoV-2 infection was set up also in Italy by 
the Minister of Health. On March 11, 2020 the 
WHO declared COVID-19 a pandemic (2). As of 
May 2021, about 160 million cases of COVID-19 
and more than 3 million deaths have been re-
ported worldwide (3). In Italy, after the first two 
Italian cases of COVID-19 infection reported on 
January 30, 2020, starting from February 21, 2020, 
several outbreaks of infection have been detected 
(4). The evolution of the COVID-19 epidemic in 
Italy, until today, recognizes three main waves. The 
first wave of infection, from February 2020 to July 
2020, was followed by a second increase in infec-
tions and deaths (second wave) from August 2020 
to December 2020, and finally a third wave which 
from January 2021 is still ongoing. Overall, in Italy, 
from February 2020 to May 2021, COVID-19 dis-
ease was diagnosed in more than 4 million people 
and caused about 124,000 deaths (5). Healthcare 
workers (HCWs) are a key element in managing 
this COVID-19 pandemic but they are also at high 
risk of infection and a source of transmission for 
patients and other staff (6,7). 

On December 27, 2020 the “Vaccine day” 
was held throughout Italy as well as through-
out Europe, marking the “symbolic” start of 
the COVID-19 vaccination campaign. The na-
tionwide vaccination campaign was therefore 
launched, initially aimed at the higher risk cat-
egories, including HCWs (8). BNT162b2 mRNA 
COVID-19 vaccine was chosen for higher risk 
categories vaccination by the Italian Minister of 
Health. Recent population studies suggested that 
BNT162b2 mRNA COVID-19 vaccine is effec-
tive for a wide range of COVID-19–related out-
comes like documented infection, symptomatic 
COVID-19, hospitalization and COVID-19 se-
vere disease (9). 

The aim of this study was to describe, in a large 
University Hospital which provided healthcare ser-
vices to patients with SARS-CoV-2 infection, the 
course of the epidemic of SARS-CoV-2 among 
HCWs, the sources of their infection, the sever-
ity of clinical symptoms, and the effectiveness of 
COVID-19 vaccination in reducing SARS-CoV-2 
infection and disease.

Methods

Fatebenefratelli-Sacco University Hospital is 
part of the Italian public healthcare system and is 
composed of four Hospital Centers (Sacco, Fate-
benefratelli, Macedonio Melloni, Buzzi) and several 
Territorial Outpatient Units in Milan. The Univer-
sity Hospital employs 5605 workers. It also has an 
agreement with the University of Milan, and its de-
partments and clinics are attended by numerous stu-
dents and resident doctors. During the COVID-19 
pandemic there was a progressive change in clinical 
activities within hospital wards: in relation to the 
local epidemiological trend of COVID-19 cases, an 
increasing number of beds were made available by 
converting various departments (internal medicine, 
surgery, etc.) into COVID-19 units which provided 
three levels of care: intensive care, subintensive care 
and regular care. These changes initially involved the 
Sacco Hospital, that is one of the reference hospitals 
for the treatment of infectious diseases in Italy, and 
then the other hospital centers. All HCWs involved 
in COVID Units were first properly informed, 
educated and trained about the correct use of per-
sonal protective equipment (PPEs) and compliance 
with the anti-contagion rules. Adequate informa-
tion and training on the rules to combat the spread 
of SARS-CoV-2 infection was also given both to 
HCWs operating in COVID-free areas and admin-
istrative and other non-sanitary workers. 

Since the beginning of the pandemic, the 
 Occupational Health Unit has carried out an in-
tense activity in contact tracing and management 
of SARS-CoV-2 positive HCWs, following the na-
tional and regional legislative directives. After the 
recognition of a positive molecular nasopharyngeal 
swab (NPS; in HCWs as well as in patients) the 
Occupational Unit, in collaboration with Epide-
miological Office, performed a survey to identify 
close contacts of this confirmed SARS-CoV-2 case. 
A “close contact” was defined as a person who had a 
face-to-face contact or who spent at least 15 min in 
an indoor environment with a COVID- 19 patient, 
without wearing a personal protective device (PPE, 
surgical mask, etc.) and at a distance of less than two 
meters. According to national and regional legisla-
tive directives, all close contacts underwent an initial 
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NPS. Symptomatic close contacts were quarantined 
at home pending the NPS result, while asympto-
matic ones remained at work. The close contacts 
with negative NPS result continued to work moni-
toring their symptoms for at least 2 weeks and  
underwent other NPS in the middle and at the 
end of the clinical monitoring period. HCWs with 
SARS-CoV-2 infection were isolated at home or 
hospitalized in relation to the severity of the illness. 
SARS-CoV-2-positive workers were considered vi-
rus-free after the resolution of respiratory infection 
symptoms and negative control NPS for SARS-
CoV-2: according to directives of the Italian Min-
ister of Health, until October 2020 negative result 
of two consecutive NPS were required to define the 
subject’s recovery, subsequently only a single nega-
tive NPS was needed.

From December 28, 2020 all physicians of the 
Occupational Unit have also been actively involved 
in the anti-COVID-19 vaccination of all workers of 
the Fatebenefratelli-Sacco University Hospital. The 
vaccine used was BNT162b2 mRNA COVID-19 
vaccine (Pfizer) and it was administered according 
to a two-dose schedule (21-day interval).  

Our case series included all workers of the Fate-
benefratelli-Sacco University Hospital. Data were 
collected from the beginning of the pandemic un-
til the 15th of May 2021 and analyzed as part of 
the health surveillance program carried out by the 
Occupational Health Unit. Data were also com-
pared with COVID-19 infection incidence data 
in the Italian and Milan populations, available 
at: https://www.epicentro.iss.it/coronavirus/sars-
cov-2-sorveglianza-dati (10) and at: https://statis-
tichecoronavirus.it/coronavirus-italia/coronavirus-
lombardia/coronavirus-milano/ (11), respectively. 
These data collected during the third wave of the 
pandemic - which coincided with the start of the 
vaccination campaign – were also used as an in-
direct and approximate measure of COVID-19  
vaccine effectiveness. Furthermore, to estimate vac-
cine effectiveness, we calculated COVID-19 cumu-
lative incidence and odds ratio of infection during a 
period of 90 days comparing two groups of work-
ers: vaccinated group (n. 2037 who received vaccine 
second dose by January 31, 2021) and unvaccinated 
group (n. 441, who were still unvaccinated at the 

end of the 90-days monitoring period). Workers 
previously affected by COVID-19 were excluded. 
The beginning of the 90-days monitoring period 
coincided with the eighth day after administration 
of the second dose of vaccine for subjects included 
in the vaccine group; for unvaccinated subjects the 
beginning of the monitoring period was considered 
coinciding with the end of recruitment period of 
vaccinated ones ( January 31, 2021). The choice of a 
90-days monitoring period was driven by the need 
to acquire data for a reasonable period of time while 
maintaining a sufficient number of subjects in the 
unvaccinated group. The monitoring periods for the 
two groups, although chosen according to different 
criteria, mostly overlap.

All data showed in our study were expressed as 
absolute number, percentage and/or mean ± SD. We 
have tested associations between categorical vari-
ables using Pearson’s Chi-square test and between 
continuous variables with the student’s t-test. A p-
value < 0.05 was considered significant. Descriptive 
analysis was performed for vaccinated vs unvacci-
nated subjects, in terms of age, female sex and job 
category. Between-group differences for the con-
tinuous variables were analysed by the student’s 
t-test while categorical variables were analysed by 
Pearson’s Chi-square test. Tests were two tailed, 
with significance set at a p-value of 0.05. The crude 
odds ratio (OR) and the adjusted odds ratio (aOR) 
were calculated using univariate and multivariate lo-
gistic regression analysis adjusted for potential con-
founding factors (age, gender, job category). Given 
the high potential for confounding by monitoring 
time, we stratified analysis to mitigate confounding 
by this covariate. All analyses were performed us-
ing counts of unique cases. Statistical analysis was 
performed with Microsoft Excel (Microsoft Office 
vers. 2003) and R-Studio (R Core Team (2019). R: 
A language and environment for   statistical comput-
ing. R Foundation for Statistical Computing, Vienna, 
Austria. URL:  https://www.R-project.org/). 

results

Fatebenefratelli-Sacco University Hospital em-
ployed a total of 5605 workers. As shown in Table 1, 
out of all workers, 72.6% were female and the mean 
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age was 44.6 ± 11.9 years old, with a higher preva-
lence of workers over the age of 50 (30.2%) com-
pared to other age groups. 31.3% of workers were 
nurses (n. 1754), 20.6% were physicians (n. 1154), 
and 9% were nursing assistants (n. 507). Job cat-
egory “other health professional” included radiology 
technicians, laboratory technicians, biologists and 
other health professionals not included in the main 
groups reported: they represented 16.4% of workers 
(n. 918). Non sanitary workers (including techni-
cal and administrative staff ) count about 16.6 % of 
all workers (n. 932). Lastly, in connection with the 
agreement with the University of Milan, hospital 
departments and clinics were attended by about 340 
resident doctors (6.1% of total workers).

In the period from March 2020 until May 
2021, 805 workers (14.4% of all workers) con-
tracted COVID-19 as demonstrated by the posi-
tive NPS result. There was no clear difference in 
the prevalence of SARS-CoV-2 infection by most 
representative age group. The prevalence of infec-
tion was slightly higher in males (16.8%) than in 
females (13.5%) (p = 0.09). A higher prevalence 
of COVID-19 infection was found in job catego-
ries characterized by direct patient care activities 
(17.9% in nurses group, 18.9% in nursing assistant 
group, 14.6% in physicians group) than in non san-
itary workers (8.5%). 

Contact tracing has allowed to recognize the source 
of the infection in 55.2% of cases. In particular, 21.7% 
of infected workers reported an in-hospital exposure 
(related to risky contact with a COVID-19 positive pa-
tient and/or collegue) while 33.5% of infected workers 
reported an out-of-hospital exposure (related to risky 
contact with infected relatives or friends).  Unknown 
exposure (44.8% of cases) was correlated to the ab-
sence of evident risky situations both in the workplace 
and outside the workplace. When it was possible to 
recognize the source of the infection, out-of-hospital 
exposure was reported more frequently by workers of 
all job categories. A higher prevalence of in-hospital 
exposure was found in job categories characterized by 
direct patient care activities (27.3% in nurses group, 
18.7% in nursing assistant group, 20.7% in physicians 
group) than in non sanitary workers (7.6%) (p = 0.02).

Symptoms associated with COVID-19 and their 
severity were different, from absent to severe; 29.2% 

of infected workers (n. 235) were totally asymptomat-
ics while 514 COVID-19 cases had mild conditions 
(63.4%) and needed home care. 7.4% of infected 
workers (n. 56) had more serious/critical conditions 
that required hospitalization. During the whole mon-
itoring period, no case of death was recorded among 
our workers. Elder workers affected by COVID-19 
needed hospitalization most frequently than younger 
ones as show in figure 1. In particular, we reported 
an increase of “serious/critical illness” from 1.6% in 
18-30 years old workers to 19.6% in infected workers 
over the age of 60 (p<0.001). 

Table 2 shows the main characteristics of 
COVID-19 infection in the study population 
stratified by pandemic waves. In the first wave of 
COVID-19 pandemic (from February 2020 to July 
2020) we recorded 176 cases of COVID-19 (21.9% 
of all of infected workers). In-hospital exposure was 
most frequently reported by infected workers in that 
pandemic wave as cause of infection (39.7%) and 
the course of COVID-19 was characterized by mild 
symptoms or no symptoms in most cases (69.9% 
and 21.6%, respectively). The largest number of 
COVID-19 cases (n. 559; 69.4% of infected  workers) 
was diagnosed during the second wave of the pan-
demic (from August 2020 to December 2020). The 
source of infection most frequently reported in that 
phase was the out-of-hospital one (36.5% of cases) 
and the clinical characteristics of the infection was 
similar to the previous phase: in particular, 28.3% of 
cases had no symptoms and 64.8% had a mild course 
of the illness. 6.9% of infected workers during the 
second wave needed hospitalization. 

The beginning of the third wave ( January 2021) 
coincided with the start of the national vaccination 
campaign which involved primarily HCWs. In the 
Fatebenefratelli-Sacco University Hospital, the vac-
cination campaign against COVID-19 started on 
December 28, 2020 and 2215 HCWs received a 
second vaccine dose within the following month. 
As of May 2021, 90.4% of all workers were fully 
vaccinated. Seventy COVID-19 cases (8.7% of all 
infected workers) were diagnosed during the third 
wave: 35% of them were not vaccinated, while 
8% were partially vaccinated and 57% were fully  
vaccinated. More than 55% of COVID-19 cases 
diagnosed during this phase had no symptom of 
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Table 2. COVID-19 prevalence and clinical characteristics: data stratified by pandemic waves
COVID-19 

cases (all)
COVID-19 

cases (first wave)
COVID-19 

cases (second wave)
COVID-19 

cases (third wave)
n. % n. % n. % n. %

Total  805 100 176 21,9 559 69,4 70 8,7
Source of infection
In-hospital 175 21,7 70 39,7 89 15,9 16 22,8
Out-of-hospital 270 33,5 36 20,6 204 36,5 30 42,9
Unknown 360 44,8 70 39,7 266 47,6 24 34,3
Clinical course
Asymptomatics 235 29,2 38 21,6 158 28,3 39 55,7 (*)
Mild conditions 514 63,4 123 69,9 362 64,8 29 41,4
Serious/critical conditions 
(hospitalized ones) 56 7,4 15 8,5 39 6,9 2 2,9

Deaths 0 0 0 0 0 0 0 0

* p < 0.001 compared to the number of asymptomatic cases diagnosed during the second wave of the COVID-19 pandemic.

70

60

50

40

30

20

10

%

0
18-30 Y.O.

* P<0,001 VS 18-30 Y.O. GROUP

*

ASYMPTOMATICS MILD SYMPTOMS SERIOUS/CRITICAL ILLNESS

31-40 Y.O. 41-50 Y.O. 51-60 Y.O. >60 Y.O.

Figure 1. COVID-19 clinical characteristics: data stratified by age groups

 infection (p<0.001 vs. second wave cases), about 
41% of them had a mild course and only two cases 
had a “serious/critical illness” Sars-CoV-2-related 
and needed hospitalization. These two hospitalized 
cases were not vaccinated. The out-of-hospital set-
ting was the most frequent source of infection iden-
tified by infected workers during the third wave.

In the period from March 2020 to May 2021, 805 
workers of our University Hospital (14.4%) con-
tracted COVID-19. Epidemiological data released 
by the Italian Superior Institute of Health (10, 11) 
showed a prevalence of COVID-19 of about 7% 
in the Italian population and of about 8.8% in 
the population of Milan. In figure 2 we compared 
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Figure 2. COVID-19 incidence among our population study and comparison with Italian and  Milan population data

COVID-19 incidence data in our population with 
those of the Italian and Milan populations. Data 
showed a higher COVID-19 incidence during the 
second wave in our population when compared 
both to Milan population and Italian national data. 
Conversely, a clear reduction of the COVID-19 
new cases in our population was found during the 
third wave when compared both to Italian and 
Milan population: in particular, while during this 
pandemic wave the incidence of new COVID-19 
cases reached a peak in March 2021 in Italian and 
in Milan population, a progressive decrease in the 
number of monthly diagnosed COVID-19 cases 
was observed from January 2021 to May 2021 in 
our population, also as a result of the beginning of 
vaccination campaign. 

To evaluate COVID-19 vaccine effectiveness, 
we also compared SARS-CoV-2 infection inci-
dence in vaccinated (n. 2037 who received vaccine 
second dose by January 31, 2021) and unvaccinated 
subjects (n. 441, who were still unvaccinated at the 
end of the 90-days monitoring period). As shown 
in table 3, the two groups had similar characteristics 
in age but there was a greater prevalence of females 
in unvaccinated than in vaccinated group. After a 
monitoring period of 90 days, 22 COVID-19 cases 
were detected in the unvaccinated group (5%), 13 
in the vaccinated group (0.6%). Multivariate logis-

tic regression analysis adjusted for potential con-
founding factors (age, gender, job category) showed 
an adjusted Odds Ratio (aOR) of infection of 0.11 
(0.05-0.22; p: 0.001) in the vaccinated group after 
90 days since vaccination. In the vaccinated group 
we found 53.8% of asymptomatic cases and 46.2% 
of cases with mild symptoms. Conversely, in the un-
vaccinated group an asymptomatic course of infec-
tion was described in 27.3%, while 63.6% had mild 
symptoms and 2 cases (9.1%) had severe illness re-
quiring hospitalization. 

dIscussIon

The aim of this study was to describe, in a large 
 University Hospital which provided healthcare ser-
vices to patients with SARS-CoV-2 infection, the 
course of the COVID-19 epidemic among HCWs, 
the sources of their infection, the severity of  clinical 
symptoms and the effectiveness of COVID-19 vac-
cination in reducing SARS-CoV-2 infection and 
disease.

The evolution of the COVID-19 epidemic in 
Italy, until today, recognizes three main waves. The 
first wave of infection, from February 2020 to July 
2020, was followed by a second largest increase in 
infections and deaths (second wave) from August 
2020 to December 2020, and finally a third wave 
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which started in January 2021 and is still ongoing 
(10). From March 9, 2020 to May 4, 2020 the Ital-
ian government imposed a national total lockdown, 
restricting the movement of the population except 
for necessity, work (only for few job categories), 
and health circumstances, in response to the grow-
ing COVID-19 pandemic in the Country. A large 
percentage of workers worked from home (“smart 
 working” mode) in order to limit interpersonal 
 contacts and contrast the spread of the virus. From 
May 4, 2020 there has been a partial reopening of the 
work activities in Italy maintaining the restrictions 
on not-essential movements for the general popula-
tion. Since the beginning of the pandemic, HCWs, 
together with a few other job categories, continued 
to carry out their activity in the workplace as con-
sidered of primary necessity (12). The Occupational 
Health Unit of our University Hospital is part of 

the group of the “Occupational Medicine  Hospital 
Units”: they are a peculiarity of the Lombardy 
Health System and, in the context of the COVID 
pandemic, have played a central role in homogeniz-
ing procedures for managing cases of infection and 
contact tracing, providing recommendations as a re-
sult of national and regional directives. In the period 
from March 2020 to May 2021, 805 workers of our 
university hospital (14.4%) contracted COVID-19. 
Epidemiological data released by the Italian Supe-
rior Institute of Health (10) showed a prevalence 
of COVID-19 in the Italian population of about 
7% while in the Milan population 8.8% contracted 
COVID-19 from March 2020 to May 2021 (11). 
The higher prevalence of SARS-CoV-2 infec-
tion observed among HCWs when compared with 
data from the general population seems to suggest 
that HCWs are at high risk of infection and other 

Table 3. Descriptive and univariate/multivariate analysis of COVID occurrence in vaccinated vs unvaccinated subjects during 
a 90-days monitoring program

Unvacci-
nated group 

(n. 441)

Vaccinated 
group

(n. 2037)
p

Age, yrs #

Mean (SD) 44.9 (11.5) 44.8 (11.7) 0.9
Gender, n (%) *
Female 351 (79.6) 1418 (69.9) <0.001
Job category, n (%) * n. (%) n. (%)
Sanitary workers 337 (76.4) 1932 (94.8) < 0.001

COVID-19 occurrence n. (%) n. (%) OR
(95% CI) p aOR §

(95% CI) p

Stratified analysis:

8 to 30 days later 12 (2.7) 2 (0.1) 0.04
(0.01;0.13) < 0.001 0.03

(0.01;0.11) < 0.001

after 60 days 19 (4.3) 8 (0.4) 0.09
(0.04;0.20) < 0.001 0.07

(0.03;0.16) < 0.001

after 90 days 22 (5.0) 13 (0.6) 0.12
(0.06;0.24) < 0.001 0.11

(0.05;0.23) < 0.001

Subgroup analysis on clinical characteristics:
Asymptomatics 6 (27.3) 7 (53.8) Ref. group - Ref. group -

Symptomatics 16 (72.7) 6 (46.2) 0.32
(0.07;1.33) > 0.05 0.28

(0.04;1.63) > 0.05

SD: standard deviation; OR: Odds Ratio; 95% CI: confidence interval 95%
# t-test
* chi-squared test
§ Adjustment for gender, age, job categories (sanitary workers, non-sanitary workers)
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 studies appear to confirm this data (6, 7). However, 
the national legislative directives, indicated above, 
may have influenced COVID-19 prevalence data in 
our HCWs compared to general population. In par-
ticular, the start of the lockdown and other control 
measures ordered by the Italian government, reduc-
ing interpersonal contacts and gathering situations, 
seem to have allowed a reduction in the spread of the 
infection within the general population. Conversely, 
HCWs continued to work tirelessly throughout this 
period, exposing themselves to a greater risk of con-
tagion despite an adequate training and information 
about the correct use of PPEs and respect of hygiene 
rules, both in hospital and in out-of-hospital setting. 
Furthermore, if we analyze the prevalence of infec-
tion stratified by pandemic wave, we can see that the 
largest number of new cases in our study population 
was recorded during the second pandemic phase. In 
this period, both more rigorous regional directives in 
contact tracing programs among healthcare work-
ers and a greater availability of NPS in our univer-
sity hospital have certainly favoured the diagnosis 
of infection even in asymptomatic or paucisymp-
tomatic subjects. Specific directives ordered by the 
 Government for COVID-19 sorveillance in HCWs 
(for example: periodic NPS for HCWs that work 
with weak patients, more frequent NPS for close 
contacts of COVID-19 cases that continue to work, 
performing NPS even in case of very mild symp-
toms) and the higher NPS availability in our univer-
sity hospital compared to Italian and Milan general 
populations could partly explain the important gap 
highlighted in our study. An association between 
healthcare activities and increased risk of infection 
is, however, suggested by our finding of a higher 
prevalence of infection in job categories character-
ized by direct patient care activities (nurses, nurs-
ing assistants and physicians) than in non-sanitary 
workers.  Literature studies disagree on this aspect: 
some previous studies showed similar results with 
a greater risk of infection in HCWs compared to 
non-sanitary ones (13, 14); differently, a higher risk 
in non sanitary workers have been reported in other 
investigations (15). These dissimilar results can be 
explained by possible different information, educa-
tion and training programs about the correct use of 
personal protective equipment (PPE) and compli-

ance with the anti-contagion rules among the study 
populations involved. In our university hospital all 
HCWs involved in COVID units were first proper-
ly informed, educated and trained about the correct 
use of PPEs and compliance with the anti-contagion 
rules. Adequate information and training on the rules 
to combat the spread of SARS-CoV-2 infection was 
also given both to HCWs operating in COVID-
free areas and administrative and other non-sanitary 
workers. In a recent study, Al Maskari et al (16) eval-
uated the principal sources of COVID-19 among 
HCWs: the most common setting of infection ac-
quiring was the community (61.3%, n = 125), fol-
lowed by hospital setting (25.5%, n = 52). They also 
showed a significant association between acquiring 
COVID-19 in the hospital and carrying out activi-
ties characterized by direct contact to patients (doc-
tors and nurses). Concerning this data, our study 
highlighted that, when it was possible to recognize 
the source of the infection, out-of-hospital exposure 
was reported more frequently by workers of all job 
categories. However we found a higher prevalence of 
in-hospital exposure in job categories characterized 
by direct patient care activities than in non sanitary 
workers. These data suggest that, within a popula-
tion in which all individuals have the same basal 
degree of information and education on the respect 
of hygiene rules against Sars-CoV-2 and the cor-
rect use of protective devices and PPEs (with spe-
cific differences job category-related), occupational 
exposure is an addictional risk factor for contagion. 
Therefore, the correct use of PPEs and compliance 
with the anti-contagion rules, both during care and 
non-care working moments and during social life, 
are essential to prevent COVID-19 infection.

In addition to a greater risk of infection, meta-
analysis studies reported a prevalence of hospitali-
zation among HCWs affected by COVID-19 of 
15.1% and a mortality rate of 1.5% (17). Conversely, 
our data showed a lower hospitalization rate (7.4%) 
compared to literature data; no case of death was 
registered among our HCWs during the entire 
monitoring period. Our study showed a prevalence 
of infection slightly higher in males (16.8%) than 
in females (13.5%). This finding is consistent with 
literature data (14, 18). In particular, Nanshan Chen 
et al, in one of the first published studies about 
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COVID-19, suggested that 2019-nCoV is more 
likely to infect adult males than females. The same 
Authors highlighted a higher prevalence of infec-
tion in the older age groups (67% of COVID-19 
cases registered in subjects over 50 years of age) 
(18). In our study, however, there was no clear dif-
ference in the prevalence of SARS-CoV-2 infection 
by most representative age groups (31-40; 41-50; 
51-60 years). Nevertheless, we found a correlation 
between age and severity of clinical manifestations: 
in particular, an increase of “serious/critical illness” 
from 1.6% in 18-30 years old workers to 19.6% in 
infected workers over the age of 60 was found in our 
study population. Previous studies confirmed this 
finding: CDC data showed that in the United States 
62% of hospitalized patients with COVID-19 were 
older than 55. Conversely, less than 1% of hospital-
ized patients were 19 years old or younger (19). In a 
retrospective cohort study of 1591 patients in Italy 
(20), the Authors showed a median age of 63 years 
old in COVID-19 infected subjects requiring hos-
pitalization (only 13% of hospitalized patients were 
younger than 51 years old). 

To evaluate the effect of BNT162b2 mRNA 
COVID-19 vaccine, at first we compared the preva-
lence of COVID-19 infection in our population 
during the three pandemic waves and we found a 
clear reduction in the number of cases of infection 
during the third wave, which coincided with the 
start of the vaccination campaign in our University 
Hospital. During the same period, Italian and Milan 
population data described a third wave characterized 
by an increase in COVID-19 cases that reached a 
peak incidence in March 2021 (10, 11). These data 
seem to indicate, althought indirectly, the effective-
ness of BNT162b2 mRNA COVID-19 vaccine in 
preventing COVID-19 infection. Furthermore, in 
our study, we also found a significant reduction of 
severe/critical illness and an increase of asympto-
matic COVID-19 cases in the third wave compared 
with previous periods. All these data appear to be 
consistent with those reported by a recent Israelian 
population study (9): in this study Noa Dagan et al 
estimated BNT162b2 mRNA vaccine effectiveness 
for both documented infection and symptomatic 
COVID-19. Comparing two groups, vaccinated vs. 
unvaccinated, they also estimated that vaccine ef-

fectiveness during the follow-up period starting 7 
days after the second dose was 92% for documented 
infection, 94% for symptomatic COVID-19, 87% 
for hospitalization, and 92% for severe COVID-19. 
The Authors concluded suggesting that effective-
ness is high for the most serious outcomes (such 
as hospitalization, severe illness, and death). In our 
study, we also compared vaccinated and unvacci-
nated groups and found a significant reduction of 
SARS-CoV-2  infection in vaccinated HCWs dur-
ing a 90-days monitoring period (aOR of infection 
in vaccinated vs. unvaccinated subjects was 0.11). 
As reported by Dagan et al., when comparing the 
two groups we also found a significant difference in 
infection outcome: in particular, we found a lower 
severity of symptoms and a consequent lower risk 
of hospitalization in vaccinated HCWs. Our data 
about COVID-19 incidence and severity of symp-
toms in HCWs after vaccination were consistent 
with data of a recent Italian study (21): Sansone 
et al. monitored the SARS-CoV-2 infection and 
COVID-19 symptoms among HCWs of a large 
Hospital in Northern Italy and showed that vacci-
nation campaign effectively reduced the appearance 
of symptoms and the incidence of infections among 
vaccinated HCWs.

Although the vaccine has led to a clear reduction in 
cases of infection, the risk of infection is not eliminat-
ed in vaccinated subjects, as shown by our results and 
previous studies (9, 21). This aspect has already been 
considered by several international companies who 
have reiterated the absolute need for all HCWs to use 
appropriate PPEs and adopt correct hygiene habits 
until the end of the COVID-19 pandemic (22).

conclusIons

HCWs have been a high risk group for 
COVID-19 infection. Male sex and older age are 
confirmed to be predisposing factor and negative 
prognostic  factor, respectively. The use of protec-
tive devices (PPEs, surgical mask, etc.) during work 
seems to reduce the risk of infection: indeed, the 
main source of COVID-19 appears to be in an out-
of-hospital setting, as suggested by previous stud-
ies. Vaccination appears to be able to reduce both 
documented cases of infection and severe illness. 
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However, COVID-19 vaccine does not prevent all 
cases of infection and HCWs should continue to 
wear personal protective equipment, observe physi-
cal distancing and other measures against the spread 
of SARS-CoV-2  both in “in-hospital” and “out-of-
hospital” settings until the end of COVID-19 pan-
demic.
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