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Abstract
Background: This study aimed to investigate SARS-CoV-2 transmission among co-workers at the University of 
Genoa, Italy, during the second COVID-19 pandemic wave. Methods: A cross-sectional study was carried out in 
October 2020 – March 2021: RT-PCR confirmed cases of COVID-19 notified to the Occupational Health Service 
were included in the analysis. Results: Among the n = 201 notified cases, contact tracing of n = 53 individuals iden-
tified n = 346 close contacts. The household setting (IRR = 36.8; 95% CI: 4.9-276.8; p < 0.001) and sharing eating 
areas (IRR = 19.5; 95% CI: 2.5-153.9; p = 0.005) showed the highest Secondary Attack Rates (SARs) compared to 
the office setting. Fatigue (IRR= 17.1; 95% CI: 5.2-55.8; p < 0.001), gastrointestinal symptoms (IRR= 6.6; 95% CI: 
2.9-15.2; p< 0.001) and cough (IRR= 8.2; 95% CI: 3.7-18.2; p= p< 0.001) were associated with transmission of in-
fection. Polysymptomatic cases (IRR= 23.1; 95% CI: 3.1-169.2; p = 0.02) were more likely to transmit the infection. 
Among COVID-19 index cases aged >60 years (OR = 7.7; 95% CI: 1.9-31.9; p = 0.0046) SARs were higher than 
in other age groups. Wearing respiratory protections by both the case and the close contact resulted an effective measure 
compared with no use (IRR = 0.08; 95% CI: 0.03-0.2; p = < 0.0001). Conclusions: Accurate infection monitoring 
and contact tracing was useful to identify the main situations Conclusions: Accurate infection monitoring and 
contact tracing was useful to identify the main situations of SARS-CoV-2 transmission in the workplace, and hence 
for risk assessment and prevention programs. 
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Introduction

The COVID-19 pandemic is one of the biggest 
challenges that societies and businesses have faced (1). 

COVID-19 spreads primarily through respiratory 
droplets or contact with contaminated surfaces. Inter-
human transmission can lead to epidemic clusters both 

at the community and occupational levels. Regarding 
the occupational settings, exposure in the workplace or 
commuting may favour virus transmission (e.g., work-
related travel to an area with local community trans-
mission; crowded public transportation). 

The COVID-19 pandemic has caused more than 
200 million cases and nearly 5 million deaths world-
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wide. Workplaces have a role in spreading and miti-
gating the COVID-19 pandemic throughout the 
world. If the progressive increase in the number of 
cases has led many countries to adopt “stay at home” 
policies for workers, it has also imposed a challenge to 
guarantee safe workplaces for essential workers (e.g., 
healthcare workers, food retails, transport, services, 
etc.) (2). Authorities provided specific guidance on 
the protection and preventive measures to maintain 
essential services and control workplace infections. 
Even so, several clusters of COVID-19 have been 
recognized in different occupational settings.

During the pandemic, the European Centre for 
Disease Prevention and Control (ECDC) has acti-
vated a collection data survey to assess COVID-19 
cases in the workplaces across the EU/EEA. A 
report based on the collected data showed several 
clusters and outbreaks of COVID-19 in differ-
ent occupational settings. Most occupational cases 
were reported from the health and social care set-
ting, followed by food packaging and processing, 
factory/manufacturing, office, and educational fa-
cility. A total of 1266 clusters were reported in the 
period March-July 2020 (3). Occupational sectors 
with reported COVID-19 clusters and outbreaks 
were similar also in Italy, ranging from 0.7% in the 
education setting to 65.2% in the healthcare set-
ting. From January 2020 to August 2021, 179,992 
cases were notified in Italy (4). Jobs, work settings, 
socio-economic and demographic conditions may 
favour COVID-19 infection, and therefore influ-
ence workers’ health and safety. Healthcare work-
ers are known to be at greater risk of occupational 
exposure to biological agents, particularly infectious 
pathogens such as Mycobacterium Tuberculosis, in-
fluenza virus, SARS-CoV, measles virus etc. Close 
and direct contact with contagious cases, insufficient 
or incorrect use of personal protective equipment 
(PPE), work in confined indoor spaces contribute to 
the diffusion of infection (5, 6). Outside of health-
care facilities, several factors have been identified as 
determinants of COVID-19 transmission among 
co-workers, in particular: (i) person-to-person con-
tact; (ii) inadequate ventilation; (iii) common eating 
areas; (iv) shared work accommodation and shared 
travel to and from work. Factors outside the work-
place may also lead to an increased risk of SARS-
CoV-2 transmission in the workplace (e.g., shared 

accommodation, commuting and social gathering of 
co-workers) (7). 

As it is well recognized, during the second pan-
demic wave caused by SARS-CoV-2, additional 
preventive measures were implemented at national 
and local government levels to mitigate the trans-
mission of the novel coronavirus. One of these 
special arrangements placed non-healthcare work-
ers at high risk of infection and disease severity on 
smart working. These measures were taken to avoid 
the overcrowding of employees, teachers, educators, 
researchers, and students naturally immersed in po-
tentially higher-risk occupational settings. Indeed, 
only a tiny proportion of non-healthcare employees 
continued to work in person. Nonetheless, scien-
tific research concerning which and how the imple-
mented preventive measures contribute to lowering 
the risk of transmission in different workplaces and 
which occupational factors increase the possibility 
of spreading the infection to colleagues is limited.

Thus, this study investigates the determinants and 
factors of COVID-19 transmission in the specific 
occupational setting by evaluating the most critical 
aspects of secondary contagion and the most effec-
tive prevention measures adopted. 

Methods

The present study has been drafted according to 
the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) reporting 
guidelines (8). 

Study design and population

An observational study was performed among 
workers employed at the University of Genoa dur-
ing the ”second wave“ of the SARS-CoV-2 pan-
demic, from 1st October 2020 to 31st March 2021, 
involving the entire workforce of the University of 
Genoa, including the personnel employed as health-
care workers at the IRCCS-Ospedale Policlinico 
San Martino of Genoa. During the COVID-19 
pandemic, the Occupational Health Service (OHS) 
activated a surveillance system based on self-re-
porting. It aimed to identify, manage and follow-up 
suspect and confirmed cases and perform contact 
tracing among close contacts. Confirmed cases in-
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cluded a positive RT-PCR nasopharyngeal (NP) 
swab test processed by Authorized Laboratories 
in the Liguria Region. Close contact was defined 
according to the Italian Ministry of Health’s case 
definition (9) as a person who had exposure or lived 
with a probable or confirmed case or had direct and 
face-to-face contact exposure with the index case 
in the period between two days before the posi-
tive PCR test or two days preceding the onset of 
COVID-19 symptoms and end of isolation after 
infection resolution. 

Data Collection 

Data collection involved extrapolating available 
information from ad hoc datasets created by the 
OHS during COVID-19 surveillance activities. 
Moreover, all cases of COVID-19 reported to OHS 
were interviewed by telephone to collect additional 
information. All subjects with COVID-19 diagno-
sis underwent home isolation. Data of interest have 
been retrospectively extracted from the datasets and 
gathered as follows: (i) demographic, (ii) tasks, (iii) 
history of exposure to COVID-19 cases, (iv) close 
contact with suspected or confirmed COVID-19 
cases among co-workers, (v) setting of exposure, (vi) 
symptoms of infection, (vii) use of PPE.

The clinical spectrum and severity of SARS-
CoV-2 infection were defined following the Na-
tional Institutes of Health (NIH) guidelines (10).

All workers employed in-person activities who no-
tified themselves as confirmed cases of COVID-19 
and close contacts have been included. The primary 
outcome investigated was the secondary attack rate 
of SARS-CoV-2 infection. We analyzed exposures 
at the workplace and in a household setting, pro-
vided that exposures occurred among co-workers.  
All the activities were performed in compliance with 
the Declaration of Helsinki and current healthcare 
standards, following the recommendations of the 
Italian Ministry of Health. Data were anonymized 
before the analysis.

Statistical analysis

Continuous numerical variables were summa-
rized as means and standard deviations (SDs). 
Nominal and ordinal categorical variables were 

summarized and described as frequency and per-
centages. The Poisson regression test was used for 
univariate analysis regarding variables that were 
representative of different potential ways of SAR-
SCoV-2 transmission.

A 2-tailed p < 0.05 was considered statistically 
significant. Multivariate analyses were performed 
for variables with probability (p) values of <0.20 re-
porting only the ones with statistical significance. 
SAR was calculated as the proportion of secondary 
cases among close contacts (11). All analyses were 
performed using SPSS statisti-cal software v. 20.0 
(IBM Corp.).

Results

The population of this study consisted of 201 
COVID-19 cases, of which 167 were index cases. 
Among them, 44 HCWs reported being exposed to 
COVID-19 patients during medical care activities. 
Seventy workers and students did not report occu-
pational close contact exposure and were therefore 
excluded from our analysis. Furthermore, the con-
tact investigation of 53 COVID-19 cases with avail-
able exposure information showed that they caused  
346 close contact exposures in co-workers, 34 of 
whom acquired the infection as secondary cases, 
with an overall SAR of 9.8%.

The investigation of demographic characteristics, 
professional tasks, and contact records regarding 
known exposures to COVID-19 cases are reported 
in Table 1.

The most represented job task among COVID-19 
cases was working as residents (38.8%), followed by 
professors (17.9%) and administrative staff (14.9%). 
Regarding the exposure modality, the most frequent 
was household/community (33.8%) and close con-
tact with patients (21.9%), followed by contact with 
co-workers (16.9%). About a quarter (26.4%) of 
COVID-19 cases were not aware of known expo-
sures with other index cases. 

Regarding the close contact exposures identified 
among co-workers, the SARs are reported for each 
exposure setting in Table 2: the highest SARs were 
observed to occur in household settings and shar-
ing eating areas, respectively with Incidence Rate 
Ratio (IRR) equal to 36.8 (95% CI: 4.9-276.8) and 
to 19.5 (95% CI: 2.5-153.9) Compared to the of-
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fice setting, no significant difference was found with 
classrooms (IRR= 5.2; 95% CI: 0.5-57.3; p = 0.18) 
and with laboratories (IRR= 2.6; 95% CI: 0.2-41.6; 
p = 0.50); moreover, close contact exposures between 
co-workers in the health-care setting did not show 
increased odds of transmission (IRR = 2.9; 95% CI: 
0.3-25.8; p = 0.34).

Concerning the clinical characteristics of the 
index cases as potential determinants of transmis-
sion of SARS-CoV-2 infection (Table 2), fatigue 
(IRR= 17.1; 95% CI: 5.2-55.8; p< 0.001), gastroin-
testinal symptoms (IRR= 6.6; 95% CI: 2.9-15.2; p< 
0.001) and cough (IRR= 8.2; 95% CI: 3.7-18.2; p= 
p< 0.001) were found to be significantly associated 
with transmission of infection. Conversely, no sec-
ondary cases of COVID-19 were observed follow-
ing exposure to asymptomatic or presymptomatic 
index cases in the 48 hours before illness onset by 
the index case (Supplementary Table 1).

Further considering the clinical presentation of 
COVID-19 index cases, all presented with mild 

Table 1. Demographic characteristics, tasks and exposure 
history to COVID-19 cases between 1st October 2020 
– 31st March 2021 notified to the Occupational Health  
Service of the University of Genoa (N=201)

Variable Confirmed
COVID-19 cases n (%)

Female 91 (45.3)
Male 110 (54.7)
age [years], Mean (SD) 35.2 (12.3)
Task  
Residents 78 (38.8)
Professors 36 (17.9)
Administrative staff 30 (14.9)
Students 28 (13.9)
PhD students 18 (9.0)
Postdoctoral Researchers 11 (5.5)
Exposure Setting  
Household/community 
close contact 68 (33.8)
Unknown exposure 53 (26.4) 
Close contact with patients 44 (21.9)
Workplace close contact 34 (16.9)
Classroom 2 (1.0) 

SARS-CoV-2 infection, and it was found that the 
patients who had a clinical presentation with three 
or more symptoms were more likely to transmit the 
infection than those with a single one (IRR= 23.1; 
95% CI: 3.1-169.2; p = 0.02) as shown in Table 2. 
Moreover, the correlation between age of the index 
cases and transmission of SARS-CoV-2 to close 
contacts were investigated: SARs were higher in 
COVID-19 index cases aged >60 years (OR =7.7; 
95% CI: 1.9-31.9; p = 0.0046) than in other age 
groups. On the other hand, no association was found 
with the age of close contacts (Supplementary Ta-
ble 1). The use of respiratory protection (defined as 
the wearing of a respiratory PPE such as a surgi-
cal mask or filtering facepieces of higher efficiency) 
was an effective measure in pre-venting secondary 
cases compared to no PPE use by both the case and 
the exposed (IRR = 0.08; 95% CI: 0.03-0.2; p = < 
0.0001) as shown in Table 2. However, the use of 
PPE only by close contact (but not by the index 
case) was not different compared to no-masking in 
reducing the odds of new cases of infection (IRR = 
0.2; 95% CI 0.03-1.7; p = 0.15).

Considering the HCWs employed at IRCCS 
Ospedale Policlinico San Martino, contact tracing 
activities found that the most represented route of 
exposure was direct assistance to contagious pa-
tients, followed by exposures that occurred in the 
community and contacts with infected colleagues 
(45.4%, 15.5%, and 4.1% respectively) (Supple-
mentary Table 2). More than one-third of HCWs 
(34/97 COVID-19 cases) reported an unknown 
route and source of exposure, demonstrating an 
important gap in the information required for 
contact tracing to disrupt the transmission chain 
of SARS-CoV-2. The overall infection prevalence 
among HCWs was observed to be 11.3%. No dif-
ferences were found between HCWs employed in 
COVID-19 and non-COVID-19 wards, with in-
fection prevalence of 13.0% and 10.5%, respectively 
(Supplementary Table 2). However, resident doctors 
working in a COVID-19 designated ward showed 
an increase in SAR, although with borderline sta-
tistical significance (OR = 1.15; 95% CI: 1.0 -2.3; p 
= 0.0514), compared to residents employed in non-
COVID-19 wards.
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Discussion

To our knowledge, this is the first study con-
ducted in occupational settings concerning the odds 
of transmission of SARS-CoV-2 and the potential 
predictors among co-workers. The results obtained 
may contribute to consolidating the evidence on this 
issue and providing helpful information to occupa-
tional health professionals to guide their decisions. 
COVID-19 pandemic has been challenging both 

for the public health and the occupational context 
(12). In particular, many work settings have under-
gone restrictions or forced to diversify the work pro-
cesses overcrowding. Indeed, the results showed that 
the implementation of preventive measures in the 
University setting limited the spread of the disease, 
with no increased risk of transmission in workers 
attending COVID-19 patients and with most in-
fective exposures occurring outside of the workplace 
or during lunch breaks. This highlights the impor-

Table 2. Relevant Incidence Rate Ratio (IRR) / Secondary Attack Rate (SARs) - univariate and multivariate analysis concerning 
variables investigated as potential determinants of SARS-CoV-2 transmission.

Variable 
Index 
cases 

(n=53) 

Close 
contact 
(n=346)

Secon-
dary 
cases 

(n=34) 

 SARs

Mean n. 
cases for 
patient 

(SD)

univariate analysis multivariate analysis

IRR  (95% CI) p IRR  (95% CI) p

Clinical characteristics of COVID-19 index cases
Cough 

no 38 191 8 4.2% 0.21 (0.70) ref. - ref. -
yes 15 155 26 16.8% 1.73 (3.36) 8.2 (3.7-18.2)  <0.001 6.94 (3.13-15.38) <0.001

Fever 
no 30 177 11 6.2% 0.37 (1.33) ref. -
yes 23 169 23 13.6% 1 (2.58) 2.7 (1.3-5.6) 0.006

Fatigue 
no 33 158 3 1.9% 0.09 (0.29) ref. -
yes 20 188 31 16.5% 1.55 (3.02) 17.1 (5.2-55.8) <0.001

Gastroenteric symptoms
no 51 328 27 8.2% 0.52 (1.79) ref. -
yes 2 18 7 38.9% 3.5 (4.9) 6.6 (2.9-15.2) <0.001

Concurrent symptom presentation among COVID-19 index case
Single symptom at exposure 10 49 1 2% 0.1 (0.3) ref. -
≥ 3 symptoms at exposure 13 125 30 24% 2.31 (3.54) 23.1 (3.1-169.2) 0.002
Setting of exposure
Office 13 53 1 1.9% 0.08 (0.28) ref. -
Classroom 5 91 2 2.2% 0.4 (0.89) 5.2 (0.5-57.3) 0.18
Laboratory 5 34 1 2.9% 0.2 (0.45) 2.6 (0.2-41.6) 0.50
Healthcare setting 18 70 4 5.7% 0.22 (0.43) 2.9 (0.3-25.8) 0.34
Sharing eating areas 6 47 9 19.1% 1.5 (2.8) 19.5 (2.5-153.9) 0.005
Household 6 51 17 33.3% 2.8 (4.8) 36.8 (4.9-276.8) <0.001
Adoption of PPE
No PPE adopted 12 98 26 27% 2.2 (3.8) ref. - ref. -
PPE by close contact, not 
by case 2 8 1 13% 0.5 (0.7) 0.2 (0.03-1.7) 0.15 0.17 (0.02-1.28) 0.086

PPE adopted by either 
close contact or case 39 240 7 3% 0.18 (0.45) 0.08 (0.03-0.2)  <0.001 0.098 (0.04-0.23) <0.001
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tance of the adherence of all individuals to collective 
and institutional measures, not only at work but also 
at home, with evident contributions to the occupa-
tional setting in terms of risk reduction.

In this regard, occupational physicians played a 
crucial role in promptly identifying close contacts 
and mandating quarantine to prevent workplace 
clusters while ensuring that essential workers who 
were required to work on-site continued to perform 
their tasks.

This aspect was particularly critical for the 
healthcare sector: balancing the necessities to pro-
vide workforce in clinical care with the risk of intro-
ducing workers into the wards who are potentially 
infectious requires accurate risk assessment in the 
face of the emergency context.

Based on our analyses, several key aspects should 
be taken into consideration when performing a risk 
assessment. One of the items to consider concerns 
the clinical picture of COVID-19 index cases. Symp-
toms such as cough and fatigue were more frequently 
linked to secondary infection. Polysymptomatic clin-
ical patterns were observed to be an important risk 
factor for SARS-CoV-2 transmission (13). 

In contrast with the evidence available from the 
literature (14), a finding pertains to the absence of 
secondary transmission of COVID-19 in our pop-
ulation, both among pre-symptomatic cases and 
asymptomatic contacts. This can be partly explained 
by the exposure in these events occurring in lower-
risk settings (e.g., offices) and by the adoption of 
respiratory PPE by both cases and close contacts. 

In our experience, the early identification of symp-
tomatic individuals and their removal from work-
places represents another pillar of the administrative 
controls for COVID-19 IPC measures. If workers 
with symptoms quickly undergo testing and contact 
tracing, outbreaks can be contained effectively. 

Another aspect that requires assessment is the 
source and point in which exposure occurs between 
index case and contact. Our data underline the high 
risk of infection for household contacts (15) and 
colleagues sharing a meal (16), thus suggesting that 
quarantine should be encouraged for this type of 
exposure, even for HCWs assigned to urgent and 
non-deferrable clinical care activities. On the other 
hand, specific settings are found to be at lower risk 

of transmission, even considering the feasibility 
of implementing IPC measures. Our study offices 
and classrooms (17, 18) showed low SARs, 1.9%  
and 2.2%, respectively, perhaps because of the pos-
sibility of maintaining social distancing, the manda-
tory use of surgical masks and other IPC measures 
in these settings (19). 

Another relevant aspect (20) concerns the assess-
ment of PPE adoption. In our study, the rigorous 
adherence to the use of PPE allowed us to observe 
very low SARs (3%) compared to the settings where 
the recommendation regarding their use was not 
applied (SARs = 27%) (21). However, this study is 
limited in some respects, mainly the possible intro-
duction of non-response, recall, and self-report bias; 
moreover, a multivariate analysis was not performed 
due to the limited sample size and the possible in-
clusion of confounders. Further research is needed 
to overcome the generalizability of our results.

Conclusion

The correct management of index cases and 
avoiding secondary cases of SARS-CoV-2 infec-
tion among co-workers can help to reach the goal of 
maintaining open, safe and healthy workplaces and, 
in turn, protecting livelihoods, wellbeing and public 
health as claimed by WHO (22). In this scenario, 
the occupational physician acquired an important 
role as a key player during the pandemic. Investi-
gating the determinants of secondary transmission 
allows improving risk assessment to adopt appro-
priate preventive measures to disrupt the chain 
of transmission. The present study’s findings may 
be helpful as we approach a post-pandemic era in 
which the return to work must be guaranteed by 
applying tailored IPC in settings at greater risk of 
SARS-CoV-2 spreading.

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