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Abstract
Background: The Covid-19 pandemic in Italy has been characterized by three waves of infection during 2020. 
Vaccination of healthcare workers started in January 2021, earlier than that of other population groups. The main 
aim of this study is to compare the spread of the pandemic between HCW and the general population focusing on 
potential effects of the vaccination. Methods:The study consisted of a retrospective analysis of results of RT-PCR 
tests performed between 6 March 2020 and 4 April 2021 among HCWs from Bologna, Italy, and those of the general 
population of Emilia Romagna region. We calculated the crude proportion of positive RT-PCR tests over total tests 
and the crude prevalence of positive test in population; then, we conducted joinpoint analyses using the Joinpoint 
Regression Program of the National Cancer Institute. Results: The results of the joinpoint analysis show that both 
φ and ψ ratio indicators have a similar pattern, with a sharp increase during the early phase of the pandemic, and 
a strong decrease at the end of the first wave around week 15. In both indicators there are no significant changes in 
the trend after week 25. Pandemic spread among HCWs appeared earlier than in the general population, but it oth-
erwise appeared to have comparable features. A decline in infection was apparent among HCWs after vaccination.  
Conclusions: Surveillance of HCWs would inform on the epidemic in the general population. The apparent effec-
tiveness of the anti-SarsCoV2 vaccine will likely occur in the general population.
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Introduction

Coronavirus are RNA viruses of the family Coro-
naviridae (1, 2), which consist of alpha CoV, beta 
CoV, gamma CoV and delta CoV genera based on 
genomic structure(3). 

Seven different coronaviruses from alpha and 
beta genera are known to infect and cause disease 
in humans. These include viruses that cause severe 
acute respiratory syndrome (SARS-CoV), the Mid-

dle East respiratory syndrome (MERS-CoV) (4), 
and SARS-CoV-2. All of them are relatively highly 
infective and lethal. 

In December 2019, for the first time a large 
number of viral pneumonia was reported in 
Wuhan city, Hubei province, China (5). The vi-
rus was initially named the 2019 novel corona-
virus (2019-nCoV), but then the International 
Committee of Taxonomy of Viruses named it  
SARS-CoV-2 (6). 
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Due to globalization, intercultural exchanges and 
intercontinental travels, the SARS-CoV-2 spread rap-
idly around the world, and since the onset, the number 
of infected individuals and deaths has risen constant-
ly; in fact, as of the end of April 2021, COVID-19 
has already been responsible for 148 million infections 
and more than 3 million deaths globally (7). 

Considering this, countries all around the world 
planned prevention strategies to reduce the transmis-
sion rate and consequently, the burden of COVID-19. 
Therefore, scientific research in the world has focused 
on development of vaccine against SARS-CoV-2 (8). 

In Italy, Coronavirus spread started in February 
2020, and the government reacted by adopting con-
tainment measurements, including a national lock-
down between March and May 2020. Furthermore, 
pandemic spread has led to strong consequences on 
healthcare system (9). 

Vaccination of Italian healthcare workers 
(HCWs) started at the end of December 2020, 
while that of other population groups started in 
March 2021.

We aimed at studying the patterns of the infection 
in HCWs compared to the general population, with 
focus on potential effects of the vaccination campaign.

Methods 

The study consisted of a retrospective analysis of 
results of RT-PCR tests performed among HCWs 
employed in a large university hospital, in a special-
ized orthopedic hospital or in other public hospitals 
in Bologna, Northern Italy, that were included in a 
surveillance program managed by the Occupational 
Health Unit of the university hospital. 

These data were compared to those of the popu-
lation of Emilia Romagna, the region in which Bo-
logna is located; these data were obtained from the 
national Civil Protection Authority (10). 

HCWs who either experienced a close contact 
with a confirmed case of Covid-19 (whether a cow-
orker or a patient) or exhibited symptoms compat-
ible with COVID-19 (either two major symptoms, 
including cough, sore throat, fever, myalgia, asthe-
nia, anosmia, ageusia, and dyspnea, or one major and 
two minor symptoms, including rhinorrhea, chills, 
arthralgia, diarrhea, conjunctivitis, and vesicular 

erythema) were tested for SARS-CoV-2 infection 
and were included in a surveillance program, that 
included telephone contacts for symptoms monitor-
ing and, where required, the prescription of medi-
cations. A further group of asymptomatic HCWs 
were screened on a voluntary basis.

Nasopharyngeal/oropharyngeal swab samples 
were analyzed by RT-PCR according to the guide-
lines proposed by the World Health Organization 
(11). Samples were collected between 6 March 2020 
and 4 April 2021.

We abstracted results for the same period on 
swabs provided by the Civil Protection Authority, 
based on aggregate data provided by the Regions 
coordinated by the Ministry of Health, with the 
support of the Civil Protection and the National In-
stitute of Public Health, to collect timely informa-
tion on the number of positive tests, deaths, hospital 
admissions and intensive care admissions in each 
Province of Italy. Because of lack COVID-19 tests 
during pandemic spreads, swabs were mainly per-
formed on symptomatic persons and asymptomatic 
close contacts; furthermore, we have no data about 
age, sex and job title in the general population.

Since the data on RT-PCR tests in the regional 
population are available only in aggregate form, and 
it is not possible to link the results of multiple tests 
performed by the same individual, we performed the 
analysis on the data aggregated by week, under the as-
sumption that it was unlikely that the same individual 
tested positive more than once within the same week. 
In other words, the number of positive tests during a 
week represents a good approximation of the number 
of subjects who tested positive during that week. We 
tested this assumption using the data on HCWs. We 
abstracted, for both HCWs and the general popula-
tion; the number of positive tests, the number of tests 
performed, and the number of people at risk, the lat-
ter was considered constant over time for each week 
between March 9, 2020 and April 4, 2021.

We then calculated, for each week and for both 
HCWs and the general population, the crude pro-
portion of positive RT-PCR tests over total tests 
(p), and the crude prevalence of positive test in the 
population (q). We then used 2 letters of the Greek 
alphabet to calculate the ratios of these indicators 
among HCWs and in the general population: φ 
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= p(HCW) / p(pop); ψ = q(HCW) / q(pop), and 
analyzed how they changed over time. To this aim 
we conducted joinpoint analyses using the Join-
point Regression Program of the National Can-
cer Institute ( Joinpoint Regression Program, Ver-
sion 4.9.0.0. Statistical Research and Applications 
Branch, National Cancer Institute, March 2021) 
(12) to identify changes in trends over time, setting 
the maximum number of changes to 5.

Vaccination of HCWs started at the end of De-
cember 2020. Almost all vaccinated HCWs received 
a double dose of the Comirnaty vaccine (BioN-
Tech/Pfizer), while only a very small percentage in 
the final phase of the vaccination campaign received 
the Moderna COVID-19 (mRNA-1273) vaccine 
or the Oxford / AstraZeneca COVID-19 vaccine.

Results 

From March 9, 2020 to April 4, 2021, a total 
of 20,109 HCWs were included in the study, of 
whom 7,451 from the university hospital, 1,703 
from a specialized orthopedic hospital and 10,955 
from other public hospitals. Among them, a total of 
96,122 RT-PCR tests were performed (average 4.8 

tests/HCW), of which 5,187 were positive (5.4%), 
90,627 were negative and 308 were not interpret-
able. A total of 2,968 HCW (14.8%) had at least 
one positive test (average 1.75 positive tests/posi-
tive HCW); among multiple positive tests in the 
same HCW, 165 (3.18% of all positive tests) were 
performed in the same week. Descriptive results of 
HCWs RT-PCR tests are shown in Table 1.

In the same period among the general popula-
tion of Emilia Romagna (N= 4,474,292), a total of 
4,958,917 RT-PCR tests were performed (average 
1.1 test/subject), of which 341,735 were positive 
(6.9%), and 4,617,182 were negative. Detailed re-
sults by week are reported in Supplementary Table 1.

The trends of the proportion of positive RT-PCR 
tests over total tests (p) and of the prevalence of pos-
itive tests in the population (q) in both HCW and 
regional population are shown in Figures 1 and 2, re-
spectively. The ratios between HCW and the re-
gional populations (φ and ψ) are shown in Figures 3  
and 4. 

The results of the joinpoint analysis are shown in 
Supplementary Table 1. Both φ and ψ ratio indica-
tors show a similar pattern, with a sharp increase 
during the early phase of the pandemic, and a strong 

Table 1. Descriptive analysis of HCWs RT-PCR tests by gender, age and job title
Negatives, No. Not Interpretable, No. Positives, N. Total, n.

Total 90,627 308 5,187 96,122
Sex

Men 26,018 75 1,549 27,642
Women 64,048 233 3,587 67,868
Not available / / / 612

Age group
<35 23,728 59 1,291 25,078
35-44 19,922 70 1,112 21,104
45-54 25,434 81 1,491 27,006
55+ 20,990 98 1,243 22,331
Not available / / / 603

Job title
Administration 662 3 47 712
Physician 21,860 58 1,054 22,972
Nurse 40,903 118 2,367 43,388
Other HCW 27,202 129 1,719 29,050
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Figure 1. Proportion of positive swabs [p] (on the y-axis) as a function of weeks (on the x-axis)

0

0.0005

0.001

0.0015

0.002

0.0025

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55

Q ALL HOSPITALS Q E.R.

Figure 2. Positivity rate [q] (on the y-axis) as a function of weeks (on the x-axis)
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Figure 3. Ratio between proportion of positive swabs [φ] (on the y-axis) as a function of weeks (on the x-axis)

Figure 4. Ratio between positivity rate [ψ] (on the y-axis) as a function of weeks (on the x-axis)
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decrease at the end of the first wave around week 15. 
In both indicators there are no significant changes 
in the trend after week 25.

However, when we restricted the joinpoint analy-
sis starting from week 26 (beginning of September 
2020, i.e., excluding the first wave of the epidemic) 
we could observe a significant decrease for the ratio 
of prevalence of positive tests over total tests (in-
dicator φ) starting from week 47 (end of January, 
slope=-0.29) and for the ratio of the prevalence of 
positive tests in the population (indicator ψ) start-
ing from week 41 (end of December, slope=-0.23). 
(Table 2)

Discussion

Between March 2020 and April 2021, each 
HCW from public hospitals in Bologna performed 
an average of 4.8 RT-PCR tests, with 5.4% over-
all positive results. As expected, the number of tests 
performed in the population of the region was low-
er (1.1 test/person), and the proportion of positive 
tests was higher (6.9%). While we were able to cal-
culate that 14.8% of HCWs was tested positive at 
least once, we cannot provide a comparable number 
for the regional population. 

Data on RT-PCR tests in the regional popu-
lation are only available in aggregate form and it 
is not possible to link the results of multiple tests 
performed by the same individual; we therefore 
performed the analysis on aggregate data per week, 
under the assumption that it was unlikely that the 
same individual had tested positive more than once 
in the same week. Among multiple positive tests in 
the same HCW, 165 (3.18% of all positive tests) 

were performed in the same week; it is likely that 
in the regional population this percentage is even 
lower, due to the lower proportion of people be-
ing tested compared to HCWs. (Supplementary  
Figure 1)

While the trends in the general population have 
been previously reported, both for Emilia-Romagna 
region and for Italy at large, few reports have been 
published on prevalence of infection in HCWs. [13]

In an Italian HCWs seroprevalence study during 
the first wave of last spring, no differences in sero-
positivity were observed by sex, while older HCWs 
had higher positivity than other groups, and nurses 
had higher positivity compared to physicians, but 
not other HCWs (14). 

In an American study, results indicate that vac-
cination can have a substantial impact on mitigating 
COVID-19 outbreaks, even with limited protection 
against infection (15). 

In another American study SARS-CoV-2 cases 
occurred in 1.4% of HCWs given at least a first 
dose and 0.3% of HCWs given both vaccine doses; 
the results indicate a positive impact of COVID-19 
vaccines on SARS-CoV-2 case rates (16). 

The main result of our analysis is that pandemic 
spread among HCWs appears earlier than in the 
general population, but it otherwise appears to have 
comparable features (curve slope). Furthermore, the 
decline in infection among HCWs after vaccination 
is shown, that can be considered an indirect measure 
of the effectiveness of the anti-SarsCoV2 vaccine, 
and will likely occur also in the general popula-
tion. Joinpoint regression demonstrated a clear ef-
fect of vaccination with decrease of the variable φ 
starting from week 47 (end of January, slope=-0.29) 

Table 2. Slopes in Joinpoint Regression (week 26-56)

1 2 3 4 5 6
p (Hospitals)* +33.05 (26-36) +6.03 (36-44) -15.62 (44-56) / / /
p (E.R.)* -5.53 (26-29) +48.15 (29-35) +0.48 (35-44) -27.28 (44-47) +7.45 (47-54) -12.75 (54-56)
q (Hospitals)* +54.10 (26-35) +2.97 (35-45) -36.42 (45-48) +16.36 (48-53) -19.17 (53-56) /
q (E.R.)* -10.05 (26-29) +71.52 (29-35) -5.05 (35-49) +34.05 (49-52) -10.37 (52-56) /
Ratio p (φ) +0.16 (26-29) -0.19 (29-32) +0.06 (32-47) -0.29 (47-50) -0.01 (50-56) /
Ratio q (ψ) +0.53 (26-29) -0.63 (29-32) +0.28 (32-41) -0.23 (41-56) / /

*values ​​transformed into logarithms; p - Proportion of positive swabs; q - Positivity rate
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and of the variable ψ starting from week 41 (end of 
December, slope=-0.23) (Table 2). This analysis al-
lows to demonstrate that the difference of the slopes 
before and after the change is significant.

There are several limitations to this study. First of 
all, for the data in the general population we relied 
on published data from government websites, and 
could not assess the validity of the datasets.

Secondly, we compared the data of HCW from 
the city of Bologna with those of the population of 
the whole region. The comparison might be inap-
propriate during the first wave of the epidemic, in 
which the distribution of infections was particularly 
high in areas of the regions outside Bologna. In 
addition, p and q indicators are influenced by rate 
of testing among HCWs and general population 
(accessibility of swab test was higher for HCWs). 
(Supplementary Figure 1)

The last issue is the lack of information on determi-
nants of infection in the general population. Previous 
studies conducted among HCWs try to prove the 
effectiveness of the use of PPE, before the vaccina-
tion campaign; a multicentric study performed dur-
ing spring 2020, showed no differences of infection 
risk in job titles, but a decline in risk with the use of 
surgical mask, with not additional protection by use 
filtering facepiece 2 or 3 (FFP2/FFP3) (13). 

The main strength of our study lies in being 
able to have a large number of data: (i) population 
of HCWs is composed by 20,109 persons, while 
Emilia-Romagna residents are 4,474,292; (ii) the 
period of observation was long (56 weeks).

Conclusion

The main result of our analysis is that pandemic 
spread among HCWs appears earlier than in the 
general population, but it otherwise appears to have 
comparable features. 

Furthermore, the decline in infection among 
HCWs after vaccination is demonstrated and it can 
be considered an indirect measure of the effective-
ness of the anti-SarsCoV2 vaccine. Other studies 
are needed to define how long that effect will last. 
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