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Background The year 2020 was marked by the new coronavirus pandemic, resulting in millions of cases and 
deaths, placing healthcare workers at high risk of infection.

Aims The aim of this study was to describe the role of an occupational health service during coronavirus 
disease 2019 pandemic in an oncologic hospital and characterize the most likely sources of viral 
infection.

Methods The information of all healthcare workers with severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection from 11 March to 15 December 2020 was collected through an epi-
demiological survey conducted during contact tracing. The data extracted included gender, age, 
comorbidities, occupational group, source of infection, clinical presentation, duration of the disease, 
need for hospitalization and persistent or late symptoms after disease or upon returning to work.

Results Out of a total of 2300 workers, 157 were infected, consisting of nurses (36%), nurse assistants (33%) 
and diagnostic and therapeutic professionals (10%). Physicians and administrative staff accounted 
for 8% each. The most frequently reported source of infection was occupational (43%), owing to 
worker-to-worker transmission (45%) and patient-to-worker transmission (36%). The most frequent 
moments of infection perceived corresponded to the removal of protective equipment during meals 
and moments of rest in the staff and changing rooms.

Conclusions The study revealed that occupational transmission from patients and colleagues might be an im-
portant source of SARS-CoV-2 infection in healthcare workers. Spread between colleagues ac-
counted for 45% of the occupational source infections reported. Implementing physical distancing 
measures and limiting the number of people in changing and rest rooms could significantly reduce 
infection and related absenteeism.
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Introduction

Since December 2019, a highly infectious respiratory 
disease caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), originating in Wuhan, 
China, has spread worldwide [1]. After a year since the 
start of the pandemic, the coronavirus disease 2019 
(COVID-19) has infected more than 83 million people 
and caused more than 1.8 million deaths globally [2]. At 
the forefront of this crusade, healthcare workers (HCWs) 
have been and continue to be at excessive risk. In mid-
August, it was estimated that about 300 000 HCWs had 
been infected with SARS-CoV-2, and more than 2500 

perished worldwide [3]. These figures are underesti-
mated, given that many countries do not accurately re-
port their data [3]. HCWs are both victims and vectors 
of infection, so it is critical to guarantee their safety and 
mitigate transmission chains.

The main goal of occupational health services 
(OHS) is to protect HCWs from work-related risks. 
Consequently, during the COVID-19 pandemic, these 
services acquired a fundamental role in the care of the 
hospital personnel [4]. Notably, OHS had to adapt rap-
idly, implementing strategies that protect the health 
of HCWs and ensure the maintenance of healthcare. 
Additionally, OHS in many hospitals contribute to 
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implementing infection control measures, the provision 
of personal protective equipment (PPE) and the system-
atic screening of HCWs, testing and contact tracing.

The Portuguese Oncology Institute of Porto (IPO-
Porto) is a highly differentiated hospital that belongs 
to the National Health System (NHS). It has 2300 
employees and provides specialized oncological diag-
nosis, treatment, research and education in Portugal’s 
northern region. When a SARS-CoV-2-infected patient 
is detected in IPO-Porto, he is referred to another insti-
tution of the NHS and only returns to IPO-Porto when 
considered cured.

The care of cancer patients during the pandemic 
can be compromised both by the delay in cancer diag-
nosis and treatment along with the susceptibility of im-
munosuppressed patients’ higher risk of infection [5]. 
Consequently, limiting nosocomial transmission of 
SARS-CoV-2 and preventing absenteeism is also one of 
OHS responsibilities.

The fundamental activity of OHS against COVID-
19 is structured on a risk assessment process that 
mitigates viral transmission in the workplace and es-
tablishes preventive and protective measures to keep 
HCWs safe [6]. Due to the novelty of SARS-CoV-2, 
precise risk assessment frameworks are still under de-
velopment, but risk control methods can be inferred 
from other biological risks [7]. One available ap-
proach is the hierarchy of controls, which consists of 
a system of interdependent strategies stratified from 
the most effective to the least effective protective 
strategies. The United States National Institute for 
Occupational Safety and Health (NIOSH) defines five 
steps of the hierarchy of controls: elimination, substi-
tution, engineering controls, administrative controls 
and PPE [8].

Considering the hierarchy of control system, the most 
effective means to prevent transmission of SARS-CoV-2 
is through the elimination of the hazard. This involves 
not only limiting visitors and working remotely (tele-
working and teleconsultations), but also systematically 
conducting triage questionnaires on symptoms, both for 
patients and professionals whenever physical presence is 
necessary [9]. An extreme measure used at the onset of 
the pandemic was to temporarily suspend non-essential 
activity, which in an oncology hospital can have dramatic 
consequences. Additionally, identifying and screening 
suspected COVID-19 cases, isolation of index cases, and 
contact tracing and testing are basic occupational health 
procedures to eliminate the hazard inside healthcare set-
tings. Mandatory screening of patients for SARS-CoV-2 
infection before procedures and social isolation of positive 
cases are means to eliminate the risk and protect HCWs. 
The next applicable level of control is engineering con-
trols consisting in optimizing ventilation and disinfection 
procedures for facilities and equipment. Next, the ad-
ministrative controls are achieved with mandatory use of 
surgical masks within the institution, physical distancing 
attitudes, workers education, training and health sur-
veillance. The last level of control strategy is the protec-
tion of workers with PPE in accordance with their risk. 
For example, during aerosol-generating procedures, the 
worker utilizes adequate full body protection, including 
isolation gowns with head covers, face shields and FFP2/
N95 respirators, protective suit, gloves, boots and foot 
covers. This level includes not only the management of 
PPE provisions but also training, education and compli-
ance with guidelines, especially during invasive airway 
procedures [7,10].

Overall, the nosocomial transmission of SARS-CoV-2 
needs further understanding. It is important to mention 

Key learning points

What is already known about this subject:
 • Healthcare workers are on the frontline of the fight against the new coronavirus pandemic. They are often at 

high risk of infection in the workplace and can transmit the disease to patients, colleagues and family.
 • When assessing the risk of infection with coronavirus disease 2019 in healthcare workers, it is vital to under-

stand when and how they become infected in the hospital either by colleagues or patients.

What this study adds:
 • Healthcare workers may undervalue the risk of co-worker spread and overlook protective measures during 

breaks or mealtimes.
 • The moments of rest of the workers may have a substantial impact on infection transmission in the hospital 

settings.

What impact this may have on practice or policy:
 • Our findings may raise awareness among workers on the importance of maintaining all protective measures in 

all interactions with colleagues, including during breaks.
 • Strengthening administrative control measures, improving social distancing barriers and limiting the duration 

and number of people in the staff rooms could have a significant impact on reducing severe acute respiratory 
syndrome coronavirus 2 infection.
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that HCWs can be infected either in the community or 
within the hospital, being able to trigger or amplifying 
outbreaks [11,12]. The fear of spreading the infection 
to patients and colleagues in the hospital or relatives in 
the household raises mental health issues [13]. In add-
ition to the risk of infection, the high workload leaves 
professionals at increased risk of anxiety, depression and 
burnout, undermining the health system’s capacity [13]. 
Characterizing the source of infection among workers 
can help discover additional intervention methods to 
reduce the transmission of SARS-CoV-2 in healthcare 
settings. Therefore, we analysed the reported sources of 
infection and epidemiological data of contact tracing 
survey of HCWs infected with SARS-CoV-2 within an 
oncology hospital.

Methods

IPO-Porto comprises medical and surgical oncology 
wards, intensive and intermediate care units, operating 
theatre, radiotherapy clinic, day-care clinic, pathology 
and clinic laboratories, research centre and multiple 
non-clinical services. The distribution of the 2300 em-
ployees consists of 736 nurses (32%), 552 nurse assist-
ants (24%), 414 physicians (18%), 322 diagnostic and 
therapeutic professionals (14%), 253 administrative staff 
(11%) and 23 other (1%). Since 11 March 2020, when 
the first patient infected with SARS-CoV-2 was detected 
in our hospital, a systematic contact tracing of HCWs 
started under the coordination of OHS. Contact tracing 
of HCWs was carried out whenever they had direct con-
tact with COVID-19 cases, either patients or co-workers. 
This intervention was performed in the first 24 h after 
the index-case lab result confirmation to minimize po-
tential spread in hospital settings.

In order to achieve a low detection threshold, all pro-
fessionals with any flu-like symptoms were tested. The 
epidemiological links within the healthcare settings were 
subsequently classified into high- and low-risk contacts, 
according to the level of exposure based on national 
and European guidelines [14,15]. According to the 
Portuguese General Directorate of Health (DGS) guide-
lines, high-risk contacts were self-isolated for 14  days 
after the last contact with the index-case, whereas low-
risk contacts were allowed to work under active symptom 
monitorization. The list of contacts was provided by the 
hierarchical superior responsible for the case, either 
patient or worker. The occupational health physicians 
(OHPs) phoned the index-case to verify other possible 
contacts, called all the contacts and stratified the risk. 
Whenever indicated, SARS-CoV-2 detection test was 
arranged at an assembled test station. The swabs were 
performed by trained nurses according to standard-
ized guidelines using nasopharyngeal specimens. In the 
virology laboratory, samples were assayed for SARS-
CoV-2 real-time reverse transcriptase–polymerase chain 

reaction (RT-PCR). The results were sent to the OHPs 
defined as ‘detected’, ‘not detected’ or ‘inconclusive’. 
In case of an inconclusive result, the test was immedi-
ately repeated. While waiting for RT-PCR test result and 
whenever a SARS-CoV-2-infected worker was detected, 
they were restricted from work and isolated.

The return-to-work criteria were initially defined using 
a strategy based on two consecutive negative RT-PCR 
tests. On 14 October 2020, new national guidelines [16] 
changed the cure criteria. Thereafter, the isolation period 
was reduced to 10 days, for mild to moderate disease, or 
20 days, for severe disease and immunosuppression, after 
the onset of symptoms. Cure criteria were defined as 
apyrexia and sustained symptomatic improvement for 3 
consecutive days. For HCWs, besides the clinical criteria, 
an RT-PCR test was performed 10 days after the onset 
of symptoms. If the test was negative, the HCW returned 
to work. When the test result was positive, isolation was 
extended until 20 days after the onset of symptoms, at 
which point isolation was terminated without the need 
for an additional RT-PCR test. OHP reported cases in-
fected with a clear occupational source as occupational 
disease to the respective government department for ad-
equate compensation. Systematic contact tracing of each 
detected case was performed. During the pandemic, as 
state guidelines have changed, OHS has adapted its prac-
tice accordingly.

A database was created to keep records of test re-
sults, contact screenings, HCWs under active surveil-
lance of symptoms and information on infected HCWs. 
All data were encrypted and stored on a dedicated data-
base server to ensure protection and confidentiality. The 
information of all HCWs with SARS-CoV-2 infection 
was collected through an epidemiological survey con-
ducted during contact screening, including gender, age, 
comorbidities, occupational group, source of infection, 
clinical presentation, duration of the disease, need for 
hospitalization and persistent symptoms after disease or 
upon returning to work. Persistent symptoms following 
infection were defined as symptoms that remained for 
more than 3 months after the cure date. The source of 
infection was categorized as unknown, social, occupa-
tional and familiar, depending on the contact tracing 
epidemiological survey outcome. An unknown source 
was defined when a worker with flu-like symptoms tested 
positive without any traced contacts. A social source was 
defined whenever the epidemiological link, whether col-
league or not, was external to the hospital and not family. 
An occupational source was only considered when there 
was a clear exposure to a confirmed positive case in the 
workplace, and no interaction with other infected cases, 
apart from the contacts in hospital settings. Whenever 
the source of the infection was identified as occupational, 
OHP assessed the index-case, the risk of infection and 
the level of exposure, duration of contact, period of con-
tagion, use of PPE during exposure, location and context 
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Figure 1. Evolution of HCWs absenteeism during the first and second waves of the COVID-19 pandemic (11 March to 15 December 2020).

Table 1. Characteristics of HCWs infected with SARS-CoV-2 
from 11 March to 15 December 2020

Variable n (%)

Gender  
 Female 134 (85)
 Male 23 (15)
Age (years)  
 Mean 42
 Median 41
 Range 21–72
Occupational groups  
 Physician 13 (8)
 Nurse 56 (36)
 Nurse assistant 52 (33)
 Administrative staff 13 (8)
 Diagnostic and therapeutic professionals 15 (10)
 Other 8 (5)
Source of infection
 Occupational 67 (43)
  Patient to worker 24 (36)
  Worker to worker 30 (45)
  Undetermined 13 (19)
 Familiar 52 (33)
 Social 3 (2)
 Unknown 35 (22)
Chronic diseases  
 Yes 38 (24)
 No 119 (76)
Duration of the disease (days)  
 Mean 24
 Median 20
 Range 10–74
Hospitalization  
 Yes 3 (2)
 No 154 (98)
Persistent symptoms  
 Yes 66 (42)
 No 91 (58)

of the contact, and other data relevant for the exposure 
risk [14]. Based on this investigation, the occupational 
infection was further classified as patient-to-HCW trans-
mission, HCW-to-HCW transmission or undetermined. 
When an occupational source was assumed, but the 
worker had both colleague and patient exposure within 
the same possible contagious period, an undetermined 
occupational source was considered. This information 
allowed the OHS to identify places in the hospital setting 
with a higher propensity of exposure to COVID-19 cases: 
places where face-to-face contact (without proper PPE) 
occurred within 2 m for more than 15 min, or physical 
contact or having unprotected direct contact with infec-
tious secretions. Ultimately, the ongoing investigation of 
sources and transmission sites was the mainstay of the 
COVID-19 risk assessment.

This study was approved by the Ethics Committee 
of the institution, and informed consent was obtained 
from all participants. We present an observational retro-
spective report of the data collected from infected HCWs 
from 11 March to 15 December 2020.

Results

The first case of SARS-CoV-2 infection in HCWs at 
IPO-Porto was on 11 March 2020. From 11 March to 
15 December 2020, 157 workers infected by SARS-
CoV-2 were reported. Figure 1 shows the evolution of 
workforce loss turnover by highlighting quarantine and 
COVID-19 cases.

Table 1 summarizes epidemiological data on infected 
HCWs. Most of the participants were female (85%). 
Among the infected HCWs, the most frequent occupa-
tional groups were nurses (36%) and nurse assistants 
(33%), given they have the most direct contact with 
patients, followed by diagnostic and therapeutic pro-
fessionals (radiographers, technical assistants and physio-
therapists) with 10%. Physicians and administrative staff 
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accounted for 8% each. Other occupational groups such 
as researchers, maintenance technicians and non-clinical 
staff were least represented (5%).

The most frequently reported source of infection was 
occupational (43%), which was attributed to HCW-
to-HCW transmission (45%), patient-to-HCW trans-
mission (36%) and undetermined (19%). All reported 
occupational infections occurred while using a surgical 
mask or without any mask. After investigating the places 
where most high-risk contacts occurred, it became ap-
parent that the most frequent moments of transmission 
corresponded to meals and breaks in the staff and chan-
ging rooms without protective measures. The family 
source of infection occurred in 33% of the cases and the 
social source was reported in 2%. The source was un-
known in 22% of the cases.

The mean duration of the disease was 24  days. 
National guidelines changed the cure criteria on October 
14, consequently influencing the period of absenteeism 
[16]. Before this change, there were 49 HCWs infected, 
with a mean duration of the disease of 33 days, while of 
the 108 HCWs infected after October 14, the mean dur-
ation was reduced to 20 days. Of the latter, 15 HCWs 
returned to work early due to a negative RT-PCR detec-
tion test on the 10th day. Although 24% of the reported 
cases had comorbidities, only three cases (2%) were se-
vere enough to require hospitalization, two requiring 
non-invasive ventilation. There were no HCW deaths re-
lated to COVID-19.

Discussion

This study analysed contact tracing surveys of HCWs in 
an oncology hospital and showed that the main source 
of SARS-CoV-2 infection was likely occupational. 
Interestingly, a significant portion of the cases reported 
an unknown source, which underlines the importance 
of transmission from asymptomatic patients [17,18]. 
On the other hand, our findings also show that contacts 
in the family household had a high prevalence (33%) 
in infected cases. This raises the question of whether 
symptom-based screening will effectively tackle the 
COVID-19 pandemic in healthcare settings [19].

This study has some limitations that need to be ad-
dressed, particularly the small sample size. Another 
concern is that the source of infection’s classification de-
pended on the contact tracing survey, which may inter-
fere with the validity of reported answers. In addition to 
recall bias, the asymptomatic transmission may be a con-
founding factor in some reported classifications of the 
source of infection. This would be better estimated by 
using whole-genome sequencing to establish clusters and 
transmission routes within healthcare settings.

In the 43% reported occupational infections investi-
gation, there was an apparent epidemiological link when 
HCWs overlooked protective measures, particularly 

during meals and breaks in staff and dressing rooms. On 
the other hand, no occupational infections were reported 
while using FFP2/N95 respirators. These findings agree 
with previously published studies. Schneider et al. reported 
four healthcare-associated outbreaks of SARS-CoV-2 
infections at a university hospital in Berlin, Germany, 
with 24 infected cases (23 HCWs and 1 patient) due to 
multiple unprotected contacts between HCWs [17]. In 
a study of 866 workers in a large university hospital in 
Helsinki, Finland, 54% of COVID-19 infections were 
confirmed or probable occupational, with 30% originating 
from co-workers [20]. Strengthening administrative con-
trol measures, improving social distancing barriers and 
limiting the number of people in staff and changing 
rooms could significantly reduce transmission in HCWs. 
Galanis et al. suggest that proper use of PPE and compli-
ance with hygiene measures are associated with reduced 
seroprevalence of SARS-CoV-2 antibodies in HCWs [21]. 
Moreover, there is an urgent need to clarify the possibility 
of viable SARS-CoV-2 infection via airborne aerosols 
in asymptomatic patients [22]. Several studies support 
SARS-CoV-2 aerosol transmission [23,24], which has im-
portant implications in mitigation strategies, especially re-
garding indoor ventilation [25].

Most cases of SARS-CoV-2 infection reported were 
mild, which is in agreement with other studies [26]. 
There are still doubts about whether the severity of the 
disease may be related to the viral load of the initial in-
oculum [27], as is hypothesized in influenza [28,29]. If 
that is the case, HCWs may have a lower risk of a severe 
disease since they are better trained in the appropriate 
use of PPE and have access to FFP2/N95 respirators. 
On the other hand, IPO-Porto is a specialized oncology 
hospital and is not directly involved in treating COVID-
19 patients. All cancer patients, even asymptomatic ones 
were tested regularly before hospital admission and be-
fore surgery, chemotherapy, radiotherapy or aerosol-
generating procedures. If SARS-CoV-2 infection was 
detected, patients were referred for acute management 
in a general hospital. Thus, in our institution, the inter-
action between HCWs and COVID-19 patients is signifi-
cantly lower than in other Portuguese hospitals, which 
may in part explain our analysis regarding occupational 
infections. To our knowledge, this is the first report of a 
Portuguese institution on this subject.

The loss of workforce in the first month of the pan-
demic (Figure 1) was exacerbated by both infected and 
quarantined HCWs. The peak of quarantine cases ob-
served in the first wave may represent the first high-risk 
contacts with hospital inpatients, highlighting the ini-
tial shortcomings in infection control measures. Before 
October 14, when the national return-to-work criteria 
changed, HCWs were on sick leave for a longer period. 
This is evidenced by the reduction in the average dur-
ation of disease from 33 to 20  days. As the epidemio-
logical understanding of COVID-19 evolved, we shifted 
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from a definition of cure based exclusively on laboratory 
criteria (two negative tests) to a definition based on clin-
ical criteria complemented with laboratory test results. 
The latter allows a quicker return to work, thus signifi-
cantly shortening the period of absenteeism. In this re-
gard, during the early stage of the pandemic, the testing 
capacity was not optimized. Therefore, quarantining 
personnel was a frequently used adaptive strategy of the 
OHS to ensure the isolation of high-risk cases. It is note-
worthy that after the initial stage of the pandemic, quar-
antined cases decreased due to behavioural changes and 
progressive education regarding proper PPE usage, so-
cial distancing and handwashing measures.

A multidisciplinary occupational health team (phys-
ician, nurse, psychologist) was set up to monitor those 
absent from the workplace. Occupational nurses phoned 
quarantined or infected workers daily to carry out active 
disease surveillance. Once severe symptoms were iden-
tified, OHP would contact and refer the HCW to the 
emergency service. Whenever a mental health disturb-
ance was identified, the occupational health psychologist 
would assist, and the OHP would subsequently follow up. 
Despite few serious cases, several workers (42%) have re-
ported fatigue and intolerance to exercise upon returning 
to work. The persistent symptoms of the disease include 
respiratory, cardiovascular and neurological repercus-
sions [30], which can impact HCWs’ working capacity. 
OHP proposed adjustments in the workload and tasks 
accordingly to their fitness to work.

Several questions remain regarding the spread of 
SARS-CoV-2 in HCWs and the best way to protect 
them. However, it is clear that the provision of safe and 
healthy workplaces for HCWs can prevent and mitigate 
the pandemic spread. When HCWs are on the verge of 
exhaustion and facing psychological distress, the central 
duty of occupational health is to support and protect 
workers’ health, providing them with the confidence to 
overcome this period as a strengthened society.
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