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Determinants of SARS-CoV-2
infection in Italian healthcare
workers: a multicenter study
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Healthcare workers (HCWs) are at increased risk of being infected with SARS-CoV-2, yet limited
information is available on risk factors of infection. We pooled data on occupational surveillance

of 10,654 HCW who were tested for SARS-CoV-2 infection in six Italian centers. Information was
available on demographics, job title, department of employment, source of exposure, use of personal
protective equipment (PPEs), and COVID-19-related symptoms. We fitted multivariable logistic
regression models to calculate odds ratios and 95% confidence intervals of infection. The prevalence of
infection ranged from 3.0 to 22.0%, and was correlated with that of the respective areas. Women were
at lower risk of infection compared to men. Fever, cough, dyspnea and malaise were the symptoms
most strongly associated with infection, together with anosmia and ageusia. No differences in the risk
of infection were detected according to job title, or working in a COVID-19 designated department.
Reported contact with a patient inside or outside the workplace was a risk factor. Use of a mask was
strongly protective against risk of infection as was use of gloves. The use of a mask by the source of
exposure (patient or colleague) had an independent effect in reducing infection risk.

Healthcare workers (HCWs) are a group at high risk of infection in general' and specifically of SARS-CoV-2
infection®’. However, few studies have been reported on prevalence of COVID-19, and on related risk factors in
this group of workers*, including a study of 1654 HCWs from England®, one on 72 infected HCW's from China®,
and two small studies of HCWSs from Switzerland and Singapore who had a contact with a case”®. Given the lack
of information on determinants of infection in this important occupational group, and the relevance of such
data for other groups of the population, we undertook an analysis of clinical and occupational data collected
among more than 10,000 Italian HCWs who were tested for presence of SARS-CoV-2 during March and April
2020. The project was conducted in seven academic centers under the auspices of the Scientific Committee of
the Italian Society of Occupational Medicine.

Results

A total of 10,654 HCWs were included in the analysis. Period of testing, incidence and mortality rates of COVID-
19 infection in the general population of the study areas are shown in Table 1. Key characteristics of the study
population are included in Table 2. Women represented two thirds of HCWs included in the analysis (which
reflects the HCW demographics in Italy); average age ranged from 34 to 47 years, with overall mean of 45.4 years
(sd 0.53). In all centers, nurses and doctors represented two thirds or more of HCWs tested for SARS-CoV-2.
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Center Period of testing® Incidence® Mortality*
Bari 19 March-6 May 115 2.9
Bologna 2 March-4 May 481 18.1
Brescia 3 March-6 April 1118 122.6
Genoa 8 March-7 May 631 14.7
Pisa 10 March-27 April 210 5.7
Turin 1 March-11 April 667 17.7

Table 1. Selected characteristics of surveillance programs and occurrence of COVID-19, by center.
“Period included in the analysis. *Cumulative incidence of COVID-19/100,000 in the study areas during
20 February-19 May 2020. ‘Cumulative mortality from COVID-19/100,000 in the study areas during 20

February-31 March 2020.

Sex (%) Job title (%)

Center N Men | Women | Age (years)® | Nurse | Physician | HC professionals | Techni-cian | Other
Bari 2967 437 |56.3 46.3+0.21 35.0 36.5 15.5 3.9 9.0
Bologna 1339 333 |66.7 41.6+0.25 44.0 35.3 14.6 2.7 3.4
Brescia 2404 252 | 748 45.3+0.22 45.5 18.5 18.7 9.8 7.5
Genoa® 50 46.0 |54.0 34.0+1.52 100.0

Pisa 1768 30.1 | 69.9 45.6+0.28 42.8 41.1 11.1 4.0 1.0
Turin 2126 29.5 170.5 47.0+1.04 39.9 28.4 16.0 11.4 44
Total 10,654 |33.2 |66.8 45.4+0.53 40.7 32.7 14.9 6.4 53

Table 2. Selected characteristics of study population. HC healthcare. *Mean + standard deviation. "Medical
school faculty and residents, among 881 HCWs under surveillance.

Center N total N positive % Positive
Bari® 516 14 2.7
Bologna 1339 78 5.8
Brescia 2404 535 22.2
Genoa® 50 17 34.0
Pisa 1768 56 3.2
Turin 2126 143 6.7
Total 8203 843 10.3

Table 3. Prevalence of SARS-CoV-2 infection among HCWs, by center. *Excluding 2451 HCWs and
subcontract workers who were tested outside high-risk protocol (12 positive results; 0.5%). "Medical school
faculty and residents, among 881 HCWSs under surveillance.

Overall, 843 (10.3%) HCWs tested positive among 8,203 subjects included in surveillance systems. With the
exclusion of the center in Genoa, in which only faculty members and residents who presented a clinical picture
suggestive for COVID-19 (suspected cases) were tested (34% positive), the prevalence of HCW positive for SARS-
CoV-2 ranged from 3% in Bari and Pisa to 22% in Brescia, while this prevalence in the other centers was between
5 and 7% (Table 3): There was a strong correlation between prevalence of infection in HCWs and COVID-19
incidence (r=0.93, p=0.002) and mortality (r=0.99, p=0.0001) in the overall population of the study areas.

The ORs of SARS-CoV-2 infection for sex, age, and self-reported symptoms are reported in Table 4. Female
HCWs were at lower risk of infection than male HCWs; no differences were detected according to age. Self-
reported (or measured) fever was strongly associated with infection; additional symptoms associated with
SARS-CoV-2 infection include cough, dyspnea, malaise, and ageusia or anosmia; information on the latter two
symptoms was available only for a subset of HCWss, but they showed a very strong association with infection.
Conversely, self-reported sore throat and diarrhea were not associated with infection in this population.

Results on the association between SARS-CoV-2 infection and job-related circumstances of exposure are
reported in Table 5. No differences in the risk of infection were detected for job titles, although there was some
heterogeneity in results among centers (not shown in detail). Working in a COVID-19 designated department
was not a risk factor for infection. The analysis on the potential source of infection indicated that contact with a
patient was associated with a higher risk of SARS-CoV-2 infection compared to contact with a colleague, which
represented the majority of contacts at the workplace.

Scientific Reports |

(2021) 11:5788 |

https://doi.org/10.1038/s41598-021-85215-4 nature portfolio



www.nature.com/scientificreports/

Variable N pos/neg ‘ OR ‘ 95% CI
Sex®

Male 270/3259 1.0 | Ref
Female 584/6528 0.79 | 0.67-0.94
Age®

<35 194/2299 1.0 | Ref
35-44 154/1828 0.96 | 0.77-1.22
=45 469/5156 1.08 | 0.90-1.30
Symptoms®

Fever 165/179 7.10 | 5.48-9.21
Cough 245/875 2.411.97-2.94
Dyspnea 38/127 1.49 | 1.00-2.21
Sore throat 123/548 0.79 | 0.62-1.01
Ageusia/anosmia 166/63 18.4 | 13.3-25.5
Diarrhea 7/58 0.39 | 0.18-0.87
Malaise 212/505 2.60 | 2.05-3.29
Fever, cough or dyspnea | 317/1214 2.82|2.32-3.43

Table 4. Odds ratio of SARS-CoV-2 infection according to sex, age, and presence of symptoms. OR odds ratio,
CI confidence interval, Ref reference category. *OR adjusted for age and center. "OR adjusted for sex and center.
“Self-reported symptom at least one contact; OR adjusted for sex, age and center.

Variable N pos/neg ‘ OR ‘ 95% CI
Job?

Nurse 278/3635 1.0 | Ref
Physician 168/2949 1.01 | 0.80-1.26
Health care assistant 112/1359 1.10 | 0.86-1.41
Technician 55/567 1.05 | 0.76-1.45
Other 36/498 0.92 |0.62-1.36
Department of employmentb

Non-COVID-19 designated 419/7905 1.0 | Ref
COVID-19 designated 144/1185 096 |0.76-1.23
Exposure®

Out of workplace 30/138 0.98 | 0.47-2.05
At workplace 350/2706 0.52 |0.21-1.27
Colleague 223/2715 0.60 | 0.43-0.84
Patient 229/2434 1.18 | 0.84-1.65
Use of PPEs¢

Any mask 267/4794 0.69 | 0.47-1.00
Face shield 121/3164 122 |0.83-1.79
Gloves 215/4053 0.72 | 0.50-1.02
Gown 127/3220 1.39 | 0.94-2.09
Any PPE 317/6427 0.94 |0.76-1.16
Use of mask by contact

Any mask (contact)® 32/742 0.52 |0.32-0.85
Any mask (HCW and contact) 22/659 0.30 |0.16-0.55

Table 5. Odds ratio of SARS-CoV-2 infection in HCW's according to source of contact and use of PPEs. OR
odds ratio, CI confidence interval, Ref reference category. *OR adjusted for sex, age, and center. "OR adjusted
for sex, age, center, and job title. “Self-reported source of contact at least one contact; OR adjusted for sex, age,
center and other sources of contacts. dSelf—reported PPE at least one contact; OR adjusted for sex, age, center,
job title and other PPEs. Self-reported at least one contact; OR adjusted for sex, age, center and use of mask by
HCW.
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The use of surgical mask was associated with a reduced risk of infection, while the use of a filtering facepiece
2 or 3 (FFP2/FFP3) mask did not appear to confer additional protection. Use of gloves was also associated with
a reduced risk of infection, while no difference was detected for use of face shield or gown. After adjusting for
personal use of mask, the fact that the contact (patient or colleague) wore a mask was associated with a strong
reduction in risk of infection (OR 0.52; 95% CI 0.32-0.85). If both the HCW and the contact wore a mask, the risk
of infection was strongly reduced (OR 0.31; 95% CI 0.17-0.57) compared to the situation in which neither did.

The results of the two-stage meta-analyses replicated those of the pooled analyses; for example, the meta-OR
for employment as health care attendant was 1.08 (95% CI 0.80-1.36; p-value of test for heterogeneity =0.73),
that for using a medical mask was 0.61 (95% CI 0.41-0.81, p heterogeneity=0.92).

Discussion

This analysis revealed that the prevalence of infection in HCWs varied across centers, with results collected
in centers with comparable protocols ranging from 3.0 to 22.0%, and was strongly correlated with that of the
respective geographic areas. These figures fitted the prevalence of infection and mortality from COVID-19 in
the general population of the study areas. Despite the limitations in the available data, in particular those from
the general population’, these results confirm and quantify the variability in the risk of infection experienced by
HCW according to the distribution of SARS-CoV-2 infection in the patient population of the hospitals where
they worked. A survey of 1097 HCWs from six hospitals in the Netherlands also reported ample variability
between regions'’.

In general, national guidelines for testing HCW were followed in all centers, although the number of available
PCR tests was low in the early phase of the epidemic. At the beginning, PCR tests were limited to symptomatic
HCWs, and eventually HCW s reporting a contact were also tested. Although there were differences among the
centers, they were relatively minor. In addition, these changes would not affect the association between exposure
circumstances and probability of a positive result, which was the main goal of our analysis. It is important to
note that we did not intend to provide a direct comparison of the proportion of positive PCR results between
HCWs and the population at large in each study area, rather to show that the proportion of positivity among
HCWs tested according to a similar protocol varied among areas, and this variation was similar to that observed
in the population at large.

Middle-aged women in Italy experienced during the first wave of the epidemic a slightly higher incidence of
SARS-CoV-2 infection compared to men, although incidence at older age and the proportion of cases of severe
COVID-19 and death across in the whole age range were lower. For example, as of June 3rd, 2020, the female/
male ratio in the number of cases in the age range 30-69 was 1.07'!. compared to a ratio of 1.02 in the Italian
population. In this population of HCWs, on the other hand, the risk of infection was lower in women compared
to men; however, in the subset of HCW's with information on source of contact, no difference in risk was shown
according to gender (OR 0.97; 95% CI 0.74-1.27 after adjustment for contact with colleague and patient). This
suggests that any difference may be due to circumstance of exposure rather than gender differences. In a study of
72 HCWs from Wuhan, China, men were at higher risk of infection compared to women®. Age was not associated
with risk of exposure in this population, similar to a small study from Wuhan, China®. These results suggest that
differences by age observed in the general population'! might be due either to higher opportunity of exposure,
or to higher number of tests performed.

Information on symptoms was available for most HCWs undergoing testing for SARS-CoV-2 infection. Fever
and, to a lesser extent, cough, dyspnea and malaise were the symptoms most strongly associated with infection,
while sore throat and diarrhea did not predict a positive results. Information on ageusia and anosmia was col-
lected in a few centers, and only after several weeks of testing: even if they were available on a relatively small
number of HCWs, these symptoms were strongly predictive of infection'?.

The analysis by job title and department of employment represents one of the most important contributions
of this study. The lack of a clear pattern in risk according to job categories indicates that all HCWs, at least those
in the centers included in the analysis, were at comparable risk of becoming infected. The lack of information on
the denominators, that include also HCWs who were not tested because they did not fulfill the criteria initially
established by the Italian Ministry of Health'® or were tested outside the occupational surveillance system, limits
our ability to draw conclusions on the absolute risk in the different occupational groups. To address this question,
we analyzed a group of HCWs from one center (Bari) who were tested outside the protocol based on contact
and symptoms. Among 2373 such HCWs, 11 cases of SARS-CoV-2 infection were detected, of whom three
among 831 nurses, seven among 798 physicians (OR 4.1; 95% CI 1.0-16.4) and one among 381other health care
professionals (OR 0.7; 95% CI 0.1-6.5). The lack of difference in infection prevalence by job is consistent with
the results of a study of 1654 HCWs from England®. The lack of difference in risk between HCW's who worked
in designated COVID-19 departments and those who worked in other departments is reassuring as it indicates
that working in high-risk environment did not entail a higher risk of infection, probably because of increased
awareness and proper use of PPEs by the employees. For example, the proportion of HCWs employed in COVID-
19 departments who reported using surgical mask or FFP2/3 was 87%, compared to 78% of other HCWs. Our
results are also comparable to those reported in a study of 183 SARS-CoV-2 positive US HCWs, among whom
the prevalence of infection was comparable between frontline and non-frontline HCWs!*.

Although the group of HCWs from Genoa was restricted to physicians, we do not think that this selection
has introduced bias. Physicians in Genoa were tested according to the same criteria used in other centers, and
job title was adjusted for in the analyses. The analysis of circumstances of exposure with a COVID-19 case sug-
gested a role for contact with a patient compared to contact with a colleague or a contact outside the workplace.

The effect of PPE use on the risk of becoming infected with SARS-CoV-2 varied according to the device.
The use of a surgical mask or a FFP2/3 mask appeared to be the single most effective approach to reduce risk.
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We found no difference in the effect of using a FFP2/3 instead of using a surgical mask (results not shown in
detail). Reported use of gloves was also associated with a reduced risk of infection, although the result did not
reach the formal level of statistical significance, while use of face shield or disposable gown was not associated
with reduced risk of infection. It is important to note that this information was self-reported by the HCWs,
and might be subject to some degree of misclassification, which is likely to be non-differential with respect to
infection, since it was collected before the HCW's knew about their status. Such misclassification would likely
reduced the measured protective effect of PPEs. An original and important finding of our analysis is the strong
protection offered by the use of a surgical or FFP2/3 mask by both the HCW and the patient: the effects of the
two devices appear to be additive, with a measured risk of SARS-CoV-2 infection that was less than one third
when both were used compared to when neither was. The World Health Organization recommends that HCWs
caring for inpatient COVID-19 patients wear a medical mask, gown, gloves and eye protection'®. Wearing a
medical-grade mask is consistent with our findings, there is strong evidence in the literature that use of medical-
grade masks protects against viral infection in both outpatient and inpatient settings'®!?, including infection
with Coronaviruses'®. When we searched for randomized trials comparing the protective effects of surgical vs.
FFP2/3 masks against Coronaviruses, we did not identified any for novel SARS-CoV-2 causing COVID-19. The
debate concerning the comparison of the protection exerted by FFP2/3 masks compared to surgical masks is still
ongoing and needs further research!®?. No data were available in the literature on the effect of mask wearing
by the source of exposure (patient or colleague). The evidence concerning which characteristics of other PPEs
affect their effectiveness in preventing SARS-CoV-2 infection is still limited!”?!.

Our study suffers from some limitations. Data were collected independently in the different centers; the har-
monization process might have generated some misclassification, which however was likely non-differential with
respect to infection status since information on risk factors was collected before tests were conducted. Although
standard protocols were established at the national level to test HCWs, it is possible that some individuals were
tested outside such protocols. In addition, rhinopharyngeal swabs detect the presence of SARS-CoV-2 at the time
of the test, and it is possible that some HCWs who tested negative had been previously infected and developed
an asymptomatic disease. In addition, the test itself has estimated sensitivity of 80% or less, while the specificity
is as high as 99%?*. Information on SARS-CoV-2 infection status among contacts of HCWs was not available.
Finally, no information was available on the viral load of positive tests, comorbidities, or hospital admissions of
HCWs included in the study was not available. However, none of them died from COVID-19. In general, HCWs
represent a healthier group compared to the population at large.

Advantages of our study include, in addition to the large number of HCWSs and the heterogeneity of their jobs
and exposure circumstances, the availability of data on multiple potential determinants of SARS-CoV-2 infection,
and the prospective collection of information, that reduces the likelihood of reporting bias. Each center followed
the guidelines issued by the National Institute of Public Health; there were some minor differences decided by
regional health authorities; the policy regarding PPE use was quite homogeneous among centers, although the
availability of equipment was limited in the initial phase of the epidemic.

In conclusion, our study showed the importance of studying SARS-CoV-2 infection in HCWs with potential
high exposure to the virus, and identified several determinants of infection that are also relevant to other occupa-
tional groups and the population at large. More large-scale studies are warranted on HCWs from other countries
which experienced a range of severity of the COVID-19 epidemic and implemented different approaches for the
prevention of infection in HCWss.

Methods

We pooled the data on SARS-CoV-2 infection collected by the occupational medicine centers involved in the
surveillance of HCWs in large urban Italian hospitals in Bari, Bologna, Brescia, Genoa, Pisa and Turin. The
study centers are shown in Fig. 1, together with the regional cumulative incidence of SARS-CoV-2 infection as
of 6 May 2020. Starting in March 2020, surveillance systems were established in each center to monitor HCWs
for possible infection with SARS-CoV-2, including testing them with swabs to detect SARS-CoV-2 RNA by RT-
PCR, in Regional Reference Laboratories, and databases were established to monitor and follow them up. No
information on viral load was available.

In all centers, HCW's were tested for SARS-COV-2 infection using either a rhinopharyngeal or an-oro-phar-
yngeal swab®. Samples were analyzed according to the guidelines proposed by the World Health Organization'*.
In general, HCWs were tested if matched one of the following case definitions, although some details differed
across different centers, and definitions changed slightly over time:

(i) patients with severe acute respiratory illness (fever and at least one sign or symptom of respiratory
disease, i.e., cough, shortness of breath, and requiring hospitalization) in the absence of an alternative
diagnosis that fully explains the clinical presentation;

(ii) patients with acute respiratory illness (fever and at least one sign/symptom of respiratory disease, e.g.,
cough, shortness of breath), and a history of travel to or residence in a location reporting community
transmission of COVID-19 disease prior to symptom onset;

(iii) subjects with or without acute respiratory illness or symptoms, who have been in contact with a con-
firmed or probable COVID-19 case in the absence of adequate protection.

Tests were repeated for most subjects with a positive result to monitor the infection; a proportion of subjects
with a negative result were re-tested because of repeated contact with a COVID-19 case. In one center (Bari)
additional HCWs, including subcontract workers, who did not fulfill the inclusion criteria described above, were
also tested. In another center (Genoa) only physicians (faculty members and residents) who presented a clinical
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Cumulative incidence: Yellow: < 0.1%; Orange: 0.1-0.29%; Red: 0.3-0.59%; Purple: >0.6%.

Figure 1. Cumulative incidence of SARS-CoV-2 infection (both sexes combined) as of 6 May 2020 in Italian
regions, and centers included in the analysis.

picture suggestive for COVID-19 (suspected cases) were tested. These subjects were excluded from the analysis
of prevalence of SARS-CoV-2 infection, but were retained in the analysis of determinants of infection. The period
during which tests included in this analysis were performed, as well as key characteristics of the COVID-19
epidemic in the provinces (intermediate administrative units) where the centers are located.

HCWs in centers located in heavily affected areas (Bologna, Brescia, Genoa, Turin) started to be tested at the
beginning of March 2020, while testing started in subsequent weeks in centers located in less affected areas (Bari,
Pisa). The present analysis included results of tests performed up to April or early May 2020, depending on center.

Different formats were used to collect data in each center, we established a minimum data record whit this
set of variables: basic demographic data, job title, hospital department or department of employment, including
working in a designated COVID-19 department, self-reported circumstances of contact with a case, self-reported
use of personal protection equipment (PPE), including, in one center, use of PPEs by the contact person, and
selected self-reported (or measured) symptoms. The list of variables is specified in Supplementary Table S1.

We retained in the analysis HCW's with at least one valid test result; the outcome of the analysis was the pres-
ence of at least one positive result. Multivariable logistic regression models were fitted to the data to estimate
odds ratios (ORs) of positive result in at least one test, together with 95% confidence intervals (Cls). All models
included sex, age group and center as potential confounders. Models including additional potential confounders
were also run, but in general there was little evidence of reciprocal confounding between exposure variables. In
a secondary analysis, center-specific ORs for selected risk factors were combined using a random-effects meta-
analysis® to assess the validity of the data pooling approach.

The study was reviewed and considered exempt by the Ethics Committee of the University of Bologna.

Ethical approval. All methods were carried out in accordance with relevant guidelines and regulations. The
study was reviewed and considered exempt by the Ethics Committee of the University of Bologna. Informed
consent was not deemed necessary by the Ethics Committee of the University of Bologna.
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