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Abstract

Objectives: To evaluate the effectiveness of safety guidelines in the workplace, the authors analyzed the work-related exposure to SARS-CoV-2 and
the source of COVID-19 infections among healthcare workers (HCWs), together with the use of personal protective equipment (PPE). Material
and Methods: A cross-sectional prospective study was conducted in tertiary hospitals in the Uusimaa region, Finland, with 1072 volunteers being
enrolled in the study from among the HCWs at the Helsinki University Hospital. Overall, 866 (80.8%) HCWs (including 588 nurses, 170 doctors,
and 108 laboratory and medical imaging nurses) completed the questionnaire by July 15, 2020, with 52% of the participants taking care of COVID-19
patients. The participants answered a structured questionnaire regarding their use of PPE, the ability to follow safety guidelines, exposure to
COVID-19, and the source of potential COVID-19 infections. The participants with COVID-19 symptoms were tested with the SARS-CoV-2 real-
time polymerase chain reaction method. All infected participants were contacted, and their answers were confirmed regarding COVID-19 exposure.
Results: In total, 41 (4.7%) participants tested positive for SARS-CoV-2, with 22 (53.6%) of infections being confirmed or likely occupational,
and 12 (29.3%) originating from colleagues. In 14 cases (63.6%), occupational infections occurred while using a surgical mask, and all infections
originating from patients occurred while using a surgical mask or no mask at all. No occupational infections were found while using an FFP2/3 res-
pirator and following aerosol precautions. The combined odds ratio for working at an intensive care unit, an emergency department, or a ward was
3.4 (95% CI: 1.2-9.2, p = 0.016). Conclusions: A high infection rate was found among HCWs despite safety guidelines. Based on these findings,
the authors recommend the use of FFP2/3 respirators in all patient contacts with confirmed or suspected COVID-19, along with the use of universal
masking, also in personnel rooms. Int J Occup Med Environ Health. 2021;34(2):239-49

Key words:
occupational exposure, health personnel, COVID-19, masks, N95 respirators, infectious disease transmission

This work was supported by the Helsinki University Hospital (research grant No. Y1014KN025, grant manager: Leena-Maija Aaltonen).

Received: October 4, 2020. Accepted: January 28, 2021.

Corresponding author: Lotta-Maria Adele Helena Oksanen, Helsinki University Hospital Department of Otorhinolaryngology and Phoniatrics - Head and Neck Surgery,
Maistraatinportti 2, PO Box 250, 00029 Helsinki, Finland (e-mail: lotta.oksanen@hus.fi).

Nofer Institute of Occupational Medicine, LddZ, Poland

239


http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
https://doi.org/10.13075/ijomeh.1896.01741

240

ORIGINAL PAPER LMAH. OKSANEN ET AL,

CovID-19

INTRODUCTION

The spreading and infection rates of COVID-19

among healthcare workers

Generally, SARS-CoV-2 spreads mainly via droplets, se-
cretions and direct contact [1]. Lately, the possibility of
airborne transmission has been discussed even in the ab-
sence of aerosol-generating procedures (AGPs), espe-
cially indoors [2,3]. As SARS-CoV-2 appears to be more
infectious than influenza, its reproductive number (RO0)
has been estimated to be as high as 2.3-5.7[1,4-6]. Recent
studies have shown that the infection rates among health-
care workers (HCWs) range 2.2-44% and exceed those of
the general population, thus challenging healthcare pro-
viders to improve the safety of their personnel [7,8].

The first wave and restrictions in Finland

The COVID-19 infection reached the epidemic threshold
in Finland in mid-March 2020, and the Finnish govern-
ment declared a state of emergency which continued in
the period of March 16-June 16, 2020. The primary focus
was on social distancing with restrictions for travel, limita-
tions of <10 persons at public gatherings, and recommen-
dations to avoid spending time in public places. Addition-
ally, visitors were banned from care institutions, health-
care units, and hospitals. The epicenter of the COVID-19
epidemic in Finland, the Uusimaa region, was isolated
from the rest of the country between March 28-April 15,
2020. The Helsinki University Hospital (HUS) is an insti-
tution responsible for that region’s specialized care, and
its healthcare professionals are the focus of this article.
By July 15, 2020, Finland had recorded 7293 confirmed
cases of COVID-19, 5223 of which were found in the HUS
region, with a 0.3% infection rate [9]. In the HUS region,
794 (15.2%) of the infected persons were workers of
social and healthcare organizations (as of July 15, 2020).
According to the Finnish Institute for Health and Wel-
fare, 349 (44.0%) of them had an occupational infec-
tion, 207 (26.1%) infections were non-occupational, and
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for 238 (30.0%) the source was unclear. As many as 153
(19.3%) of the infected HCWs were working at HUS,
yielding a 0.9% infection rate at that institution [10-13].

Restrictions at HUS

Due to the crisis, HUS imposed several restrictions on
its personnel to avoid spreading the virus in the hospital
facilities; non-urgent patient contact was postponed, and
personnel was instructed to:

— avoid all trips abroad,

avoid all gatherings and favor digital meetings and

remote patient contact,

- keep at least a 1-meter distance from other employees,

- maintain good hand hygiene,

- use the required personal protective equipment
(PPE),

- self-isolate and get tested for COVID-19 (with the na-

sopharyngeal or oropharyngeal real-time polymerase

chain reaction [RT-PCR] method) if they experienced

any COVID-19-related symptoms.

Using masks and respirators

to prevent COVID-19 infections

The World Health Organization (WHO) has advised that
HCWSs working with COVID-19 patients should use masks
throughout their shift, and N95 or FFP2/FFP3 respirators
during potential AGPs, as well as when staying at semi-
intensive and intensive care units (ICUs) [14]. In HUS,
cohort ward employees used surgical masks and followed
droplet precautions, while ICU employees followed aero-
sol precautions. There was no recommendation for masks
in the staff area.

The purpose of this study was to trace the source of
COVID-19 infections in tertiary hospitals’ HCWs while
analyzing PPE use and HCWS’ ability to maintain social
distances, and to follow government’s and hospitals’ safety
guidelines. The hypothesis was that the use of FFP2/3 respi-
rators prevents workplace-related COVID-19 infections.
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MATERIAL AND METHODS

A total of 17 740 nurses, midwives, and doctors work
at HUS. The study was announced to employees by the
HUS communication team with mass e-mails and mes-
sages posted on the intranet, asking for voluntary partici-
pation. The participation rates at various stages are seen
in Figure 1. The number of participants exceeded the re-
quired minimum of 377 based on power calculation. To
enable comparisons, the aim was to recruit a similar
number of volunteer participants from 2 groups:

- the HCWs who treated COVID-19 patients,

- the HCWs who did not treat COVID-19 patients.

To meet this need, an additional e-mail was sent to
head nurses at cohort and normal wards, asking them to
bring up the study at their weekly meetings. To increase
the participation rate among doctors, a similar request
was sent to senior physicians. A printable information
sheet about the study was also shared with them. The in-
clusion criteria were =18 years of age; education as
a practical nurse, a paramedic, a nurse, a laboratorian,
a radiological nurse, a midwife, or a doctor; and employ-
ment at HUS in March-July, 2020.

The participants filled out a questionnaire with 150 ques-
tions about their common health risks, leisure and work-
ing conditions during the COVID-19 pandemic (including
PPE, potential infection symptoms, the ability to follow
safety guidelines and exposure to COVID-19). The par-
ticipants who presented any COVID-19-related symp-
toms were tested with the standard HUSLAB RT-PCR
methods [15,16]. Additionally, some HCWs were tested
with neutralizing antibodies as part of the employer’s
COVID-19 control strategy [17]. The participants’ medi-
cal history was reviewed in July 2020 for COVID-19
RT-PCR and antibody results. Potential AGPs were listed
according to the Finnish Institute for Health and Welfare
as intubation, extubation, resuscitation, direct laryngosco-
py, bronchoscopy, upper gastrointestinal endoscopy, non-
invasive ventilation, the use of a nebulizer, high-flow nasal

866 (80.8% of volunteered
employees) answered the survey

17740 nurses, 1072 (6.0%
midwives and of suitable
doctors were sent employees)
mass e-mails volunteered
by the Helsinki for the study
University Hospital
communication
office to inform
them about 16668 (94.0%
the study and of suitable

the potential to employees)
voluntarily join stayed passive
the study.

206 (19.2% of volunteered
employees) did not complete
the survey

Figure 1. Sampling method and response rates
of the survey participants

oxygen, open suction of the mucus from airways, as well as
oral and ear, nose, throat surgery [18].

The number of COVID-19 infections in HCWs was calcu-
lated and compared to the general population in the same
area. The use of PPE was compared between infected
and non-infected HCWs. All infected participants were
contacted, and their answers were confirmed regarding
the tracing of the infection, the use of PPE and the abil-
ity to maintain social distance at the time of the assumed
transmission. The infection was categorized as occu-
pational if there were clear infection contacts (ICs) in
the workplace and no possible IC outside the workplace;
the infection was likely occupational if there were clear
ICs in the workplace and some non-COVID-19-related
contacts outside the workplace. Infections that were not
traced successfully were marked as “unclear.”

Statistical analysis

The statistical analysis was performed using statisti-
cal software (IBM SPSS Statistics v. 25, Chicago, USA).
Before data collection, a power analysis was conducted to
estimate the sample size required with a 0.95 confidence
level. Differences between nominal variables were tested
using a y’ test or Fischer’s exact test with a p < (.05 sig-
nificance level. Odds ratios (ORs) and a 95% confidence
interval (CI) were calculated using logistic regression with
variance calculation. Some of the participants did not
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answer all questions, leading to varying sample sizes from
question to question. The number of answers per question
is presented accordingly.

Ethical considerations

All procedures that involved human participants were con-
ducted in accordance with the ethical standards of the in-
stitutional or national research committee and the 1964
Declaration of Helsinki, with its subsequent amendments,
or comparable ethical standards. The Ethics Committee
of HUS approved the study protocol (HUS/1450/2020).
All the participants provided their written informed con-
sent prior to their participation.

RESULTS

Characteristics, infection rates,

and exposure among HUS personnel under study
Overall, 866 participants completed the questionnaire by
July 15, 2020, and 820 (94.7%) of them said that they had
followed all the safety guidelines imposed by the Finnish
government. The characteristics of the participants are
presented in Table 1.

In total, 41 (4.7%) participants were infected with SARS-
CoV-2, representing 26.8% of all known infected HCWs
at HUS. Of these COVID-19-positive participants,
28 (68.3%) said that they had knowingly taken care of
COVID-19 patients (group 1, N = 451, 52.1% of the par-
ticipants). Likewise, all infections originating from patients
occurred in group 1. The overall infection rate in group 1
was 6.2%. The infection rates of COVID-19-positive par-
ticipants are shown by location and source in Table 2.

As regards infections originating from patients, 80% hap-
pened either in the normal or cohort wards, and 12 (29.3%)
of all infections originated from colleagues. Among ICU
workers (N = 93), no clear workplace-related infections
were found. Further information is seen in Table 3.
Additionally, 61 (7.4%) non-infected participants were
quarantined by local infection doctors due to occupational
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COVID-19 exposure, 13 (1.6%) due to non-occupational
exposure, and 1 (0.1%) due to both. Of the 62 occupation-
al exposures, 37 (59.7%) were from colleagues, 13 (21.0%)
from patients, and 12 (19.3%) were not stated.

The practical use of PPE and the ability

to follow safety guidelines

Of the participants, 340 (39.5% of 861 participants) prac-
ticed donning and doffing (D&D) of PPE under supervision
and only 77 (8.9%) reported that they did not know how to
do D&D correctly. Among the participants with occupational
infections, 10 (45.5%) said that they practiced D&D under su-
pervision, and all 22 (100%) answered that they knew how to
do it correctly. Only 13 participants (1.8%) told that they used
an FFP2/3 respirator with non-infectious patients (Figure 2),
the number increased to 169 (28.5%) with suspected
COVID-19 patients, and with confirmed COVID-19 patients,
fewer than half (210, 41.7%) used an FFP2/3 respirator.

Out of 22 HCWs with confirmed or likely occupational infec-
tions, 7 (31.8%) claimed that they were able to maintain at
least a 1-meter distance from other staff members. One out
of 7 participants (16.7%) infected by a colleague at the work-
place was able to maintain a 1-meter distance at the time of
the infection. In addition, 23 (2.8% of 824 participants) par-
ticipants reported a complete shortage of PPE, but none of
them was diagnosed with COVID-19. Some cases of partial
shortages were reported by 224 (27.2% of 824 participants)
other participants, with 7 confirmed or likely workplace-re-
lated infections. Finally, 14 (63.6%) occupational infections
occurred while using a surgical mask. Detailed information
on the participants’ COVID-19 infection location, and mask
and respirator use, is presented in Table 4.

DISCUSSION

The COVID-19 infection rate among HCWs

compared to the general population

In total, 41 (4.7%) participants tested positive for CO-
VID-19, which was more than among the overall HCWs
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Table 1. The characteristics of the survey participants compared to personnel of the Helsinki University Hospital (HUS)*,

Helsinki, Finland - infection status by the time of survey completion (June 12-July 15, 2020)

Participants
(N = 866)
COVID-19 infection
(N =41) HUS nurses and
Variable no COVID-19 confirmed or doctors in 2019
total infection likely occupational (N = 17740)***
(N = 825) total COVID-19
infection
(N=122)
Personnel [n (%)]
nurses 588 (67.9) 553 (67.0) 35 (85.4) 20 (90.9) 12008 (67.7)
doctors 170 (19.6) 164 (19.9) 6 (14.6) 2(9.1) 3430 (19.3)
laboratory and medical 108 (12.5) 108 (13.1) 0(0) 0(0) 2302 (13.0)
imaging nurses
Age [years] (M£SD) 424£11.0 422+11.0 45.6+10.9 41.5+9.8 43.8+n.a. ***
Sex [n (%)]
female 772 (89.0) 734 (89.0) 38(92.7) 19 (86.4) n.a. (83.9)****
male 94 (10.9) 91 (11.0) 3(73) 3(13.6) n.a. (16.1)****
Existing risk factors n.a.
[n (%)]**
severe heart disease 2(0.2) 2(0.2) 0(0) 0(0)
lung disease that 22 (2.5) 20 (2.4) 2(5.0) 1(2.6)
is not clinically stabilized
diabetes that involves 1(0.1) 1(0.1) 0(0) 0(0)
organ damage
diseases that weaken 8(0.9) 8 (1.0) 0(0) 0(0)
the immune system
medication that 12 (1.4) 12 (1.5) 0(0) 0(0)
significantly weakens
the immune system
none of the above 813 (94.8) 780 (94.8) 38 (95.0) 20 (90.9)
Other potential risk factors n.a.
[n (%)]
daily smoking 80 (9.2) 76 (9.2) 9.8) 9.1
morbid obesity (BMI >40) 20 (2.3) 18(2.2 (4.9) 9.1

n.a. — not available.

* Percentages may not add up to 100 because of rounding. Not all the participants answered all questions.
** COVID-19 risk factors based on the recommendations of the Finnish Institute for Health and Welfare. None of the participants had the risk
factors “>70 years old” or “chronic liver or kidney disease,” and thus those are not shown here.
*** Information about HUS personnel [13].

**#* The whole personnel.

[JOMEH 2021;34(2)
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Table 2. The COVID-19 infection rate among the participants by infection location, and source of infection
Participants by infection location
) (N=41)
Variable - -
confirmed workplace  likely workplace unclear outside workplace
(N=13) (N=9) (N=4) (N=15)
Infection rate by infection location [%] 15 1.0 0.5 17
Source of infection [n (%)]
colleague 5(38.5) 0(0.0) 0(0.0) 5(333)
likely colleague 0(0.0) 2(222) 0(0.0) 0(0.0)
business trip 0(0.0) 0(0.0) 0(0.0) 2(13.3)
patient 3(23.1) 0(0.0) 0(0.0) 0(0.0)
likely patient 1(7.7) 1(1L1) 0(0.0) 0(0.0)
unclear 4(30.8) 6 (66.7) 4(100.0) 1(6.7)
non-occupational 0(0.0) 0(0.0) 0(0.0) 7 (46.7)

at HUS (0.9%) and much higher than that of the gener-
al population in the HUS region (0.3%). This indicates
that the infected HCWs were more eager to participate
in the study. The healthcare workers’ higher risk for
COVID-19 infection had been reported earlier, and these
findings were in line with earlier studies [8,14,19]. The con-
firmed or likely occupational infections represented 53.7%
of the participants’ infections, which is mainly in line with
that of all HCWs in the HUS region (44.0%) [10].

The use of FFP2/3 respirators compared

to surgical masks in occupational infections

To the best of the authors’ knowledge, this is the first
study that analyses the source of infections and compares
the impact of using either a surgical mask or an FFP2/3
respirator on HCWs” COVID-19 infections, which aligns
with an earlier meta-analysis indicating that respirators
might have a stronger protective effect than surgical masks
towards SARS-CoV-2 [19].

In this study, none of the ICU HCWs got infected while
using the recommended PPE (a FFP3 respirator [or FFP2
if FFP3 was not available], a pair of gloves, a long-sleeved
fluid repellent gown, hair protection and eye protection)

[JOMEH 2021;34(2)

although they spent the whole shift in the same room with
COVID-19 patients. The OR for occupational COVID-19
infections was 3.4 (p = 0.016) when treating COVID-19-pos-
itive patients. All occupational infections that were traced
from patients in the wards (N = 4, 20.0%) happened after
instructions to HCWs early in the pandemic to reduce PPE
to surgical masks. In an earlier study, surgical masks had
been shown to reduce viral transmission of respiratory infec-
tions [20,21], but in this study, especially in the wards with
high exposure, the surgical mask did not seem to provide
enough protection against COVID-19.

Although the practice of frequent doffing inside the pa-
tient area in the wards might increase the risk of infec-
tion, the UK guideline is to use the same mask for a ses-
sion of work, and the infection rate for HCWs is even
higher [8,22]. With other viral infections, contamination
while doing D&D has been observed [23], marking the im-
portance of assisted D&D and training [24]. Based on data
presented by the authors, only <40% of the participants
had been trained in D&D, thus the prevention of possible
contamination during D&D needs more attention.

Out of the 413 participants who performed AGPs in infect-
ed patients, only 180 (43.6%) used FFP2/3 respirators. Fur-
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Mask/respirator use [%]
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(N=394) (N=279)

W PAPR W FFP2/3 Surgical mask

AGP - aerosol-generating procedure; PAPR — powered air-purifying
respirator.
The figures may not add up to 100 because of rounding.

Figure 2. Minimum respirator or mask use during the first wave
per selected patient group/procedure by all participants who
had treated the patient group/performed the procedure

thermore, 42 (10.7%) participants were not using FFP2/3
respirators even while performing AGPs in COVID-19-pos-
itive patients. The WHO, international expert opinions and
the Finnish Institute for Health and Welfare recommend
always using FFP2/3 respirators during AGPs [14,18,25].

In the presented material, no occupational COVID-19
infections were found in laboratory workers. There are
a few factors that could explain this. Firstly, out of 279 par-
ticipants who performed COVID-19 PCR sampling,
148 (53.0%) used FFP2/3 respirators, marking a higher
figure than those who cared for the confirmed COVID-19
patients. Secondly, extensive safety measures in PCR sam-
pling, such as drive-in sampling stations and reducing ex-
posure time to <15 min during the sampling process, are
likely to explain the absence of COVID-19 infections in
laboratory workers.

Occupational infections between co-workers

Overall, 29.3% of identified infections were traced back
to colleagues both at the workplace (N = 7) and outside
(N = 5). The use of surgical masks in employees’ facili-
ties could reduce transmissions and prevent infections
between colleagues, and the WHO recommends using
medical masks continuously throughout a shift, apart from
eating and drinking. The mask should be changed after
caring for a patient requiring droplet/contact precautions
for other reasons (e.g., influenza) to avoid any possibility
of cross-transmission [14]. At HUS, the guideline has been

Table 4. The use of masks and respirators among COVID-19-positive participants, as well as safety distance and source of infection

by infection location groups

Participants by infection location

(N=41)
n (%
Variable [n (%) "
workplace likely workplace unclear outside
the workplace
(N=13) (N=9) (N=4) (N = 15)
Using a mask/a respirator at the estimated
infection time
FFP2/3 respirator 0(0.0) 0(0.0) 1(25.0) 0(0.0)
surgical mask 9(69.2) 5(55.6) 1(25.0) 0(0.0)
none 4(30.8) 4(44.4) 2(50.0) 15 (100.0)
Ability to maintain a 1-meter safety distance 2(15.4) 5(55.6) 1(25.0) 4(26.7)

at the estimated infection time

[JOMEH 2021;34(2)
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to use surgical masks only during patient contact, to avoid
any personal gatherings, and to keep at least a 1-meter
distance from co-workers. A recent systematic review [19]
has shown a clear association in the reduction of infec-
tions by having at least a 1-meter social distance, and this
study supports the importance of social distance also for
HCWs. Despite the safety guidelines, 83.3% of those who
got (confirmed or likely) the infection from a colleague at
the workplace, and 60.1% of all participants, were not able
to main the instructed 1-meter radius from other people.
This highlights the difficulty of following this instruction in
a crowded hospital setting and urges hospitals to find addi-
tional ways of reducing transmission between colleagues.

Strengths and weaknesses of this study

This is the first study to analyze the source of infections and
the impact of using surgical masks compared to FFP2/3 res-
pirators in the moment of assumed transmission. The posi-
tive COVID-19 infections were proven by COVID-19
RT-PCR and antibody tests, which are the gold standard
in COVID-19 diagnostics [26]. The study was conducted
prospectively during the first wave of the COVID-19 pan-
demic in Finland, and all of the nurses and doctors working
at HUS were informed about the study. Of those that opted
to participate, 95% stated that they had followed the state
safety guidelines which reduced all non-occupational social
interactions during this study. These factors, combined
with the low population density of 176/km? in the Uusimaa
region, greatly reduce the likelihood of non-occupational
infections among HCWs and hence increase the reliability
of the analysis of workplace-related infections.

This study, however, has several potential limitations;
the overall number of infected HCWs was relatively low
and the possibility of not recognizing asymptomatic in-
fections was very likely. In fact, HCWs were prioritized
in RT-PCR testing, even though the testing capacity was
considered sufficient during most of the first wave, and
the guideline was to test all with COVID-19 symptoms.

The characteristics of the participants reflect the overall
personnel although females are slightly overrepresented in
this study. As usual, the people related to the topic par-
ticipate more frequently, as was evidenced by the number
of COVID-19-infected participants. The sampling method
of sending general e-mails to the whole staff could reduce
the participation of those employees who do not frequently
follow their e-mails. Also, the beginning of the summer hol-
iday season likely reduced the participation rate. However,
the fact that a significant proportion of infected HCWs
at HUS participated in the study provided an opportunity
to look more reliably at the sources of their infection.

CONCLUSIONS

Generally, HCWs have a higher risk of contracting
a COVID-19 infection compared to the general popula-
tion. Despite the high exposure to SARS-CoV-2, none of
the ICU workers got a clear occupational COVID-19 in-
fection, whereas working in a cohort COVID-19 ward or
a normal ward with COVID-19 patients seems to have
a high-risk association for occupational COVID-19 infec-
tions. All ICU workers and most laboratory workers used
FFP2/3 respirators and aerosol precautions when work-
ing with COVID-19 patients, whereas the PPE used in
the wards followed droplet precautions with surgical masks.
Notably, 29.3% of the infections were from colleagues,
thus also requiring special attention for social distances
and infection control measures between co-workers.

As practical implications, the use of FFP2/3 respira-
tors in all patient contacts with confirmed or suspected
COVID-19 patients is recommended. Also, as a high
number of COVID-19 infections and exposures among
HCWs are from colleagues, the authors recommend
the use of universal masking during the shift, also in per-
sonnel rooms. Safety distances and other means of in-
fection control in the hospital environment need more
research and implementation in the workplace to ensure
HCWs’ safety during pandemics.

[JOMEH 2021;34(2)

1



48

ORIGINAL PAPER LMAH. OKSANEN ET AL,

CovID-19

ACKNOWLEDGMENTS

The authors would like to thank Catharina Pomoell for her
great work as a research nurse and Johan Sanmark for his sup-
port. They would also like thank all the participants involved in
this study, also for their help to find ways to ensure safe working

environment.

REFERENCES

1. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early
Transmission Dynamics in Wuhan, China, of Novel Coro-
navirus-Infected Pneumonia. N Engl J Med. 2020;382(13):
1199-207.

2. Lewis D. Is the coronavirus airborne? Experts can’t agree.
Nature. 2020;580(7802):175.

3. World Health Organization [Internet]. Geneva: The Organi-
zation; 2020 [cited 2020 Sep 11]. Scientific Brief. Transmis-
sion of SARS-CoV-2: implications for infection prevention
precautions, 9.6.2020. Available from: https://www.who.int/
publications/i/item/modes-of-transmission-of-virus-causing-
covid-19-implications-for-ipc-precaution-recommendations.

4.7Zhang S, Diao M, Yu W, Pei L, Lin Z, Chen D. Estima-
tion of the reproductive number of novel coronavirus (CO-
VID-19) and the probable outbreak size on the Diamond
Princess cruise ship: A data-driven analysis. Int J Infect Dis.
2020;93:201-4.

5.Liu'Y, Gayle AA, Wilder-Smith A, Rocklov J. The reproduc-
tive number of COVID-19 is higher compared to SARS coro-
navirus. J Travel Med. 2020;27(2).

6. Sanche S, Lin YT, Xu C, Romero-Severson E, Hengartner N,
Ke R. High Contagiousness and Rapid Spread of Severe
Acute Respiratory Syndrome Coronavirus 2. Emerg Infect
Dis. 2020;26(7):1470-7.

7. Santé Publique France [Internet]. Saint-Maurice Cedex: SPF;
2020 [cited 2020 Jun 15]. COVID-19: point épidémiologique
du 4 juin 2020. Available from: https://www.santepublique-
france.fr/maladies-et-traumatismes/maladies-et-infections-
respiratoires/infection-a-coronavirus/documents/bulletin-na-

tional/covid-19-point-epidemiologique-du-4-juin-2020.

[JOMEH 2021;34(2)

8. Houlihan CF, Vora N, Byrne T, Lewer D, Kelly G, Heaney J,
et al. Pandemic peak SARS-CoV-2 infection and serocon-
version rates in London frontline health-care workers. Lan-
cet. 2020;396(10246):¢6-7.

9. Finnish Institute for Health and Welfare [Internet]. Hel-
sinki; The Institute; 2019 [cited Jul 16]. Situation update on
coronavirus 2020. Available from: https://thl.fi/fen/web/infec-
tious-diseases-and-vaccinations/what-s-new/coronavirus-co-
vid-19-latest-updates/situation-update-on-coronavirus.

10. Jeganova M. Infection rates 15.7.2020, Department of
Health Security, Finnish Institute for Health and Welfare;
2020. Information received 2020 Aug 11.

11. Finnish Government [Internet]. Helsinki: The Government;
2020 [cited 2020 Jul 20]. Use of powers under the Emergency
Powers Act to end - state of emergency to be lifted on Tues-
day 16 June 2020. Available from: https://valtioneuvosto.fi/
en/-/10616/valmiuslain-mukaisten-toimivaltuuksien-kaytos-
ta-luovutaan-poikkeusolot-paattyvat-tiistaina-16-kesakuuta.

12. Virolainen A. Infection rate HUS 15.7.2020. Helsinki Uni-
versity Hospital; 2020. Information received 2020 Aug 10.

13. Helsinki University Hospital [Internet]. Helsinki: HUS;
2019 [cited 2020 Aug 10]. [Staff Report 2019]. Available from:
https://husinvuosi.fi/wp-content/uploads/2020/03/hus_henki
lostokertomus_a4_2020_vedos2_20200305.pdf. Finnish.

14. World Health Organization [Internet]. Geneva: The Organi-
zation; 2020 [cited 2020 Jul 17]. Advice on the use of mask in
the context of COVID-19. Interim guidance. Version 5 Jun
2020. Awvailable from: https://www.who.int/publications/i/
item/advice-on-the-use-of-masks-in-the-community-during-
home-care-and-in-healthcare-settings-in-the-context-of-
the-novel-coronavirus-(2019-ncov)-outbreak.

15. Mannonen L, Kallio-Kokko H, Loginov R, Jiaskeldinen A,
Jokela P, Antikainen J, et al. Comparison of two commercial
platforms and a laboratory developed test for detection of
SARS-CoV-2 RNA. Preprinted Medrxiv. 2020.

16. Jokela P, Jaaskeldinen A, Jarva H, Holma T, Ahava M, Man-
nonen L, et al. SARS-CoV-2 sample-to-answer nucleic acid

testing in a tertiary care 2 emergency department- evaluation


https://thl.fi/en/web/infectious-diseases-and-vaccinations/what-s-new/coronavirus-covid-19-latest-updates/situation-update-on-coronavirus
https://thl.fi/en/web/infectious-diseases-and-vaccinations/what-s-new/coronavirus-covid-19-latest-updates/situation-update-on-coronavirus
https://thl.fi/en/web/infectious-diseases-and-vaccinations/what-s-new/coronavirus-covid-19-latest-updates/situation-update-on-coronavirus
https://valtioneuvosto.fi/en/-/10616/valmiuslain-mukaisten-toimivaltuuksien-kaytosta-luovutaan-poikkeusolot-paattyvat-tiistaina-16-kesakuuta
https://valtioneuvosto.fi/en/-/10616/valmiuslain-mukaisten-toimivaltuuksien-kaytosta-luovutaan-poikkeusolot-paattyvat-tiistaina-16-kesakuuta
https://valtioneuvosto.fi/en/-/10616/valmiuslain-mukaisten-toimivaltuuksien-kaytosta-luovutaan-poikkeusolot-paattyvat-tiistaina-16-kesakuuta
https://husinvuosi.fi/wp-content/uploads/2020/03/hus_henkilostokertomus_a4_2020_vedos2_20200305.pdf
https://husinvuosi.fi/wp-content/uploads/2020/03/hus_henkilostokertomus_a4_2020_vedos2_20200305.pdf
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.who.int/publications/i/item/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.who.int/publications/i/item/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.who.int/publications/i/item/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/infection-a-coronavirus/documents/bulletin-national/covid-19-point-epidemiologique-du-4-juin-2020
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/infection-a-coronavirus/documents/bulletin-national/covid-19-point-epidemiologique-du-4-juin-2020
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/infection-a-coronavirus/documents/bulletin-national/covid-19-point-epidemiologique-du-4-juin-2020
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/infection-a-coronavirus/documents/bulletin-national/covid-19-point-epidemiologique-du-4-juin-2020

COvID-19

SOURCES OF HEALTHCARE WORKERS' COVID-19 INFECTIONS ORIGINAL PAPER

and utility. J Clin Virol. 2020;131:104614, https://doi.org/10.
1016/j.jev.2020.104614.

17. Jadskeldinen AJ, Kuivanen S, Kekildinen E, Ahava MJ,
Loginov R, Kallio-Kokko H, et al. Performance of six SARS-
CoV-2 immunoassays in comparison with microneutralisa-
tion. J Clin Virol. 2020;129:104512.

18. Finnish Institute for Health and Welfare [Internet]. Helsinki:
The Institute; 2020 [cited 2020 Jul 20]. List of Aerosol Gener-
ating Procedures: Finnish Institute for Health and Welfare;
2020. Available from: https://thLfi/fi/web/infektiotaudit-ja-
rokotukset/taudit-ja-torjunta/taudit-ja-taudinaiheuttajat-a-
o/koronavirus-covid-19/toimenpideohje-epailtaessa-korona-
viruksen-covid-19-aiheuttamaa-infektiota. Finnish.

19. Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schiine-
mann HJ, et al. Physical distancing, face masks, and eye pro-
tection to prevent person-to-person transmission of SARS-
CoV-2 and COVID-19: a systematic review and meta-analy-
sis. Lancet. 2020;395(10242):1973-87.

20. Smith JD, MacDougall CC, Johnstone J, Copes RA,
Schwartz B, Garber GE. Effectiveness of N95 respirators
versus surgical masks in protecting health care workers from
acute respiratory infection: a systematic review and meta-
analysis. CMAJ. 2016;188(8):567-74.

21. Offeddu V, Yung CF, Low MSF, Tam CC. Effectiveness of

Masks and Respirators Against Respiratory Infections in

Healthcare Workers: A Systematic Review and Meta-Analy-
sis. Clin Infect Dis. 2017;65(11):1934-42.

22. Gov.uk [Internet]. London: The Government; 2021 [cited
2020 Jul 20]. COVID-19 personal protective equipment
(PPE). Available from: https://www.gov.uk/government/pub-
lications/wuhan-novel-coronavirus-infection-prevention-
and-control#history.

23.Suen LKP, Guo YP, Tong DWK, Leung PHM, Lung D,
Ng MSP, et al. Self-contamination during doffing of per-
sonal protective equipment by healthcare workers to pre-
vent Ebola transmission. Antimicrob Resist Infect Control.
2018;7:157.

24. Diaz-Guio DA, Ricardo-Zapata A, Ospina-Velez J, Gomez-
Candamil G, Mora-Martinez S, Rodriguez-Morales Al.
Cognitive load and performance of health care profession-
als in donning and doffing PPE before and after a simula-
tion-based educational intervention and its implications
during the COVID-19 pandemic for biosafety. Infez Med.
2020;28(suppl 1):111-7.

25. Cook TM. Personal protective equipment and concerns over
airborne transmission of COVID-19: a reply. Anaesthesia.
2020;75(8):1117-8.

26. Tang YW, Schmitz JE, Persing DH, Stratton CW. Laboratory
Diagnosis of COVID-19: Current Issues and Challenges.
J Clin Microbiol. 2020;58(6).

This work is available in Open Access model and licensed under a Creative Commons Attribution-NonCommercial 3.0 Poland License - http://creativecommons.org/

licenses/by-nc/3.0/pl/deed.en.

[JOMEH 2021;34(2)

249


https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control#history
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control#history
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control#history
https://doi.org/10.1016/j.jcv.2020.104614
https://doi.org/10.1016/j.jcv.2020.104614
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

