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Background: During the Coronavirus Disease 2019 (COVID-19) pandemic, healthcare
workers (HCWs) have been a risk group for COVID-19.
Aim: To assess the cumulative incidence in different groups of HCWs and the risk factors
and outcomes of COVID-19 in HCWs between February 2020 and June 2021 in Finland.
Methods: We linked two national registers, National Infectious Diseases Register (NIDR) and
Register of Social Welfare and Healthcare Professionals (Terhikki), using national identity
codes. COVID-19 cases were identified from NIDR notifications made by laboratories and
physicians, and their healthcare professions from Terhikki. We categorized healthcare
professions into seven groups and calculated cumulative incidences using Kaplan-Meier
estimate during three periods (1/2/2020�30/6/2020, 1/7/2020�31/12/2020, 1/1/2021
�30/6/2021). We identified risk factors in a multivariable model using Cox’s regression.
Findings: We identified 8,009 COVID-19-cases among HCWs, with cumulative incidence of
1.79%; 83% were female, median age was 40.9 years (interquartile range, 31.2�51.6). Most
COVID-19-cases occurred in nursing assistants (53%) and nurses (17%), with the highest
cumulative incidences 2.07% (95%CI, 2.01�2.13%) and 1.82% (95%CI, 1.73�1.91%),
respectively. Risk factors were male sex (hazard ratio (HR) 1.2; 95%CI, 1.1�1.3), foreign
native language (HR 2.5; 95%CI, 2.2�2.9) and foreign country of birth (HR 1.2; 95%CI, 1.1
�1.4). Physician notification data was available for 6,113/8,009 cases (76.3%); 244/6,113
(4.0%) were hospitalized and 37/6,113 (0.6%) in intensive care.
Conclusion: Nurses and nursing assistant, especially men and professionals with foreign
background, were at higher risk of COVID-19. This should be specifically addressed during
training and implementing infection control measures to protect themselves and patients.
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Introduction

Since the start of the Coronavirus Disease 2019 (COVID-19)
pandemic, healthcare workers (HCWs) have been at an
increased risk of COVID-19 as they continued working on the
frontline throughout the pandemic [1e5]. There are two
nationwide studies estimating the occupational risk of COVID-
19 in HCWs. In a register-based study in Norway two out-
comes, COVID-19 infection and COVID-19 hospitalization were
studied during the first two COVID-19 waves in 2020 [6]. It was
shown that among the occupations which involved contact with
other people, nurses, physicians, and dentists had the highest
odds of COVID-19 during the first wave in 2020, whereas during
the second wave, bartenders, transport conductors and waiters
had the highest odds of COVID-19. A Danish register-based
study, in which the outcome was COVID-19 related hospital-
ization, covered years 2020e2021 [7]. The risk of COVID-19
hospitalization was increased in the majority of healthcare
professions, including healthcare assistants, nurses, physicians
and medical laboratory technicians, but not in dentists, dental
assistants and dental therapists.

We conducted this register-based study aiming to assess the
cumulative incidence of SARS-CoV-2 infections in a nation-wide
cohort of HCWs according to the professional group from Feb-
ruary 1, 2020 to June 30, 2021, in Finland. We wanted to
explore the possible differences in the COVID-19 risk in dif-
ferent HCW professions and describe the severity and outcome
of COVID-19 in HCWs. Furthermore, we compared the risk of
COVID-19 in HCWs with the risk in general population and
aimed to identify risk factors for COVID-19 among HCWs to
prevent these infections by training and implementing control
measures.

Methods

This retrospective register-based cohort study was con-
ducted by combining two national registers, the Registers of
Social Welfare and Healthcare Professionals (Terhikki) and the
National Infectious Diseases Register (NIDR). Terhikki is a reg-
ister where all HCWs are registered according to their pro-
fession after the authorisation to pursue the profession. NIDR is
a register used for surveillance of infectious diseases. All reg-
istered HCWs were followed up with a linkage to NIDR from
February 1, 2020 to June 30, 2021. HCWs who got their
authorisation during the follow-up period were added to the
cohort. The linkage was done by using national identity codes.

For each HCW we got the professional title, date of regis-
tration of profession and date of expiration from Terhikki. For
the HCWs who had multiple professions registered, we had the
data for each profession. COVID-19 cases were classified into
professional groups based on the latest registration before the
specimen positive for SARS-CoV-2. One person was counted for
the denominator only once (person-year) even if they had more
than one profession registered. The follow-up with the first
profession ended when the second profession became valid.

The national surveillance data for COVID-19 was collected to
NIDR by two notifications, a laboratory and a physician notifi-
cation. Laboratory notification included the date for SARS-CoV-
2 specimen, residence and national identity code, including
age and sex. The physician notification included data on indi-
cation for SARS-CoV-2 test, possible COVID-19 exposure, HCW
status, hospitalization, intensive care and outcome (recov-
ered/still under care/death). COVID-19 surveillance data was
routinely combined to the National Population Registry to get
the data on native language, possible foreign country of birth
and date of death. As Finland has three official languages
(Finnish, Sami and Swedish), native language was categorized
in two categories, official languages of Finland and foreign
languages.

COVID-19-case was defined as a HCW with a positive SARS-
CoV-2 test (PCR or antigen test) between February 1, 2020,
and June 30, 2021, and who had a valid registration as HCW in
Terhikki before the SARS-CoV-2 infection (date of specimen) in
Finland. We excluded from the analysis HCWs who were
younger than 17 years or older than 68 years. The cases who
received their HCW registration after the specimen positive for
SARS-CoV-2 were not counted as COVID-19-cases and they
didn’t contribute to the follow-up period. The HCWs who were
removed from Terhikki during the follow-up period were
excluded from the cohort at the day when the registration
ended. Follow-up time also ended when cases got a specimen
positive for SARS-CoV-2, reached the age of 68 years, or died.

We categorized professions into seven categories: dentists,
dental hygienists, dental nurses, medical doctors, nurses,
nursing assistants and other HCWs. Age, sex, native language,
country of birth (Finland/foreign) and residence were pre-
sented for all COVID-19-cases and for the different groups of
healthcare professionals. Age was analysed both as a con-
tinuous and categorized variable. The place of residence was
analysed on the level of healthcare district (regional level). We
analysed these variables in three different study periods (1/2/
2020�30/6/2020, 1/7/2020�31/12/2020, 1/1/2021�30/6/
2021). Proportions were counted for the variables from physi-
cian notification.

We calculated cumulative incidences of COVID-19-cases for
the different groups of healthcare professionals and the whole
Finnish population (5.5 million) by using Kaplan-Meier esti-
mate. Smoothed hazard estimates of COVID-19 were calculated
for these groups and for the whole Finnish population. We
analysed the risk factors for COVID-19 in HCW in a univariate
analysis using log rank test and in a multivariable modelling
using Cox’s regression. In the Cox’s regression calendar time
was the baseline. We included age as continuous variable, sex,
native language, country of birth, professional group and
region in the multivariable model. The study period was added
as an interaction term in order to examine whether the effect
of age on COVID-19 incidence among HCWs varied by the study
period.

Statistical analysis was done using Stata version 17.0 (Sta-
taCorp LLC, College Station, TX, USA).

Ethical considerations

Name and personal ID number were used only in the
linkage of the NIDR and Terhikki register, they were not used in
data analysis or when reporting the results. The study was
conducted under the Finnish Communicable Disease Act and
is part of the Finnish Institute for Health and Welfare surveil-
lance duty (https://www.finlex.fi/en/laki/kaannokset/2016/
en20161227.pdf), in this case COVID-19 surveillance among
healthcare workers. Therefore, the study did not require fur-
ther ethical review. Ethical approval was not required for this

https://www.finlex.fi/en/laki/kaannokset/2016/en20161227.pdf
https://www.finlex.fi/en/laki/kaannokset/2016/en20161227.pdf


Table I

Characteristics of COVID-19-cases in healthcare workers (HCW) and the whole HCW cohort during February 2020eJune 2021, Finland

COVID-19-cases Full cohort Incidence of COVID-19 (n/N) 95% confidence interval for the incidence

n¼8,009 N¼446,432 1.79% 1.75e1.83%
Sex, n (%)

Female 6,680 (83.4%) 382,424 (85.7%) 1.75% 1.71e1.79%
Male 1,329 (16.6%) 64,008 (14.3%) 2.08% 1.97e2.19%

Agea (median, IQR) in years 40.9 (31.2e51.6) 44.7 (33.7e56.4)
Agea categorized (y), n (%)

17-29 1,729 (21.6%) 73,183 (16.4%) 2.36% 2.25e2.47%
30-39 2,091 (26.1%) 102,012 (22.9%) 2.05% 1.96e2.14%
40-49 1,909 (23.8%) 98,917 (22.2%) 1.93% 1.84e2.02%
50-59 1,602 (20.0%) 97,153 (21.8%) 1.65% 1.57e1.73%
60-67 678 (8.5%) 70,394 (15.8%) 0.96% 0.89e1.03%
>68 NA 4,773 (1.1%)

Country of birth, n (%)
Finland 6,709 (83.8%) 422,591 (94.7%) 1.59% 1.55e1.63%
Foreign 1,077 (13.5%) 19,248 (4.3%) 5.60% 5.28e5.92%
No data 223 (2.8%) 4,593 (1.0%) 4.86% 4.24e5.48%

Native language, n (%)
Finnish, Sami or Swedish 6,641 (82.9%) 424,016 (95.0%) 1.57% 1.53e1.61%
Foreign 1,215 (15.2%) 18,989 (4.3%) 6.40% 6.05e6.75%
No data 153 (1.9%) 3,427 (0.77%) 4.46% 3.77e5.15%

Professional group, n (%)
Dentist 75 (0.94%) 5,651 (1.3%) 1.33% 1.03e1.63%
Dental hygienist 42 (0.52%) 2,918 (0.65%) 1.44% 1.01e1.87%
Dental nurse 38 (0.47%) 4,406 (1.0%) 0.86% 0.59e1.13%
Medical doctor 359 (4.5%) 25,668 (5.8%) 1.40% 1.26e1.54%
Nurse 1,491 (18.6%) 81,945 (18.4%) 1.82% 1.73e1.91%
Nursing assistant 4,248 (53.0%) 205,369 (46.0%) 2.07% 2.01e2.13%
Other HCW 1,756 (21.9%) 118,719 (26.6%) 1.48% 1.41e1.55%

Region, n (%)
1 20 (0.25%) 2,279 (0.51%) 0.88% 0.49e1.26%
2 250 (3.1%) 21,032 (4.7%) 1.19% 1.04e1.34%
3 35 (0.44%) 6,763 (1.5%) 0.52% 0.35e0.69%
4 31 (0.45%) 3,745 (0.84%) 0.83% 0.54e1.12%
5 4,351 (54.3%) 118,884 (26.6%) 3.66% 3.55e3.77%
6 36 (0.45%) 6,359 (1.4%) 0.57% 0.38e0.75%
7 143 (1.8%) 12,966 (2.9%) 1.10% 0.92e1.28%
8 65 (0.81%) 10,361 (2.3%) 0.63% 0.48e0.78%
9 81 (1.0%) 4,885 (1.1%) 1.66% 1.30e2.02%
10 331 (4.1%) 36,382 (8.2%) 0.91% 0.81e1.01%
11 136 (1.7%) 24,405 (5.5%) 0.56% 0.46e0.65%
12 87 (1.1%) 14,435 (3.2%) 0.60% 0.48e0.73%
13 236 (3.0%) 13,931 (3.1%) 1.69% 1.48e1.91%
14 562 (7.0%) 45,426 (10.2%) 1.24% 1.14e1.34%
15 279 (3.5%) 15,773 (3.5%) 1.77% 1.56e1.97%
16 123 (1.5%) 17,363 (3.9%) 0.71% 0.58e0.83%
17 90 (1.1%) 9,852 (2.2%) 0.91% 0.73e1.10%
18 83 (1.0%) 8,728 (1.9%) 0.95% 0.75e1.15%
19 88 (1.1%) 15,959 (3.6%) 0.55% 0.44e0.67%
20 770 (9.6%) 39,141 (8.8%) 1.97% 1.83e2.10%
21 212 (2.7%) 13,506 (3.0%) 1.57% 1.36e1.78%
Data missing 4,357 (1.0%)

IQR Interquartile range.
a Age for the cases is the age on the day of COVID-19 diagnosis, for the cohort it is age in the middle of the follow-up period, 1 October 2020. The

follow-up of a person ends when he/she turns 68 years.
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register-based study as no identifiable data was used in the
analysis nor reporting.
Results

A total of 8,009 COVID-19-cases were identified among
HCWs during the study period; 6,680 (83%) were female. The
median age was 40.9 years (interquartile range [IQR],
31.2�51.6 years). Of the COVID-19-cases 54% were living in the
capital region. Among the different groups of healthcare pro-
fessionals nursing assistants and nurses represented the
majority of the COVID-19-cases, 53% and 19%, respectively
(Table I). In HCWs the risk of COVID-19 was 1.79% (95%CI,
1.75�1.83%). The risk was significantly higher in males (2.08%,
95%CI, 1.97�2.19%), in the age group of 17e29 years (2.36, 95%
CI, 2.25�2.47%), in HCWs with a background of a foreign
country of birth (5.60%, 95%CI, 5.28�5.92%) or foreign native
language (6.40%, 95%CI, 6.05�6.75%) and those living in the
capital region (3.66%, 95%CI, 3.55�3.77%).

We analysed the data using the three study periods (1/2/
2020�30/6/2020, 1/7/2020�31/12/2020 and 1/1/2021�30/6/
2021) and found out that the risk of COVID-19 increased by time
so that the risk of COVID-19 among HCWs was higher (0.95%,
95%CI, 0.92�0.98%) during the latest study period (1/1/
2021�30/6/2021) compared with the risk during study periods
1 and 2, 0.32% (95%CI, 0.31�0.34%) and 0.63% (95%CI,
0.60�0.65%), respectively (Supplementary Table A1).

The cumulative incidence of COVID-19 was highest in nurs-
ing assistants and nurses (Figure 1), their risk was also higher
than the risk of COVID-19 in the whole Finnish population.
During the first study period hazard estimates of COVID-19 were
higher for all groups of healthcare professionals compared with
the hazard estimate of the whole population (Figure 2). During
the two later periods the hazard remained higher than that of
Figure 1. Kaplan-Meier estimates of cumulative COVID-19 incidence (
Finnish population (5.5 million) during February 2020eJune 2021, Fin
the whole population for nursing assistants and nurses but not
for the other groups of healthcare professionals.

In the whole HCW cohort there were nine deaths within 30
days after COVID-19 (Table II). The age range for the deceased
was 47e65 years. Out of 8,009 COVID-19-cases, 5,963 (74%) had
both laboratory notification and physician notification, 1,896
(24%) had only laboratory notification, and 150 (2%) had only
physician notification in NIDR. Thus, we had data available
from the physician notification for 6,113 (76%) COVID-19-cases
(Table II), for whom the median age was 40.9 years (IQR,
31.3�51.6 years) and 5,097 (83%) were female. Hypertension
(7%), asthma (7%), diabetes (3%) and heart diseases (2%) were
the most common underlying diseases. Obesity (9%) and
smoking (3%) were the most common other risk factors. A
known COVID-19 exposure was reported in family for 1,773
(29%), at work for 1,295 (21%), in healthcare for 210 (3%) and
other known exposure for 720 (12%) HCWs. Of the 6,113 COVID-
19-cases, 244 (4%) were hospitalized due to COVID-19.

In the Cox’s regression model the risk factors for COVID-19
were male sex (HR 1.21; 95%CI, 1.14�1.29), foreign native
language (HR 2.53; 95%CI, 2.23�2.87) and a foreign country of
birth (HR 1.20; 95%CI, 1.06�1.36) (Table III). The effect of age
to the hazard for COVID-19 was presented as a continuous
variable and differed between the study periods (effect
modifier). During the periods 2 and 3 but not during period 1,
hazards were lower with an increasing age, HR 0.84 (95%CI,
0.81�0.86) and HR 0.81 (95%CI, 0.79�0.83) for a 10-year
increase in age, respectively. Among the professional groups,
the highest hazard ratios were recorded among nursing assis-
tants (HR 1.64; 95%CI, 1.47�1.84) and nurses (HR 1.55; 95%CI,
1.38�1.74) and the lowest among HCWs in dental care. The
hazard was also increased in the group of other HCWs (HR 1.26;
95%CI, 1.12e1.41), where the largest professional groups
were physiotherapists, masseurs, pharmacists, laboratory
personnel, psychologists, psychotherapists, midwives and
%) in different groups of healthcare professionals and in the whole
land.



Figure 2. Smoothed hazard estimates of COVID-19 incidence (cases/100,000 population) in different groups of healthcare professionals
and in the whole Finnish population (5.5 million) during February 2020eJune 2021, Finland. The three study periods (1/2/2020�30/6/
2020, 1/7/2020�31/12/2020 and 1/1/2021�30/6/2021) are marked with vertical lines.
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radiographers. The hazard ratios were significantly lower in all
other regions when compared to the capital region.

Discussion

Altogether 1.8% of registered HCWs were diagnosed with
COVID-19 during the first 17 months of the COVID-19 pandemic
in Finland. Among the different groups of healthcare pro-
fessionals, the highest risk was in nursing assistants and nurses,
and their risk was higher than that of the general population.
Risk was also increased in males, in HCWs with an indicator of a
foreign background, and in HCWs living in the capital region. As
the pandemic evolved, younger age became a risk factor.
Severe outcomes of COVID-19 in HCWs were rare.

Nursing assistants and nurses had the highest risk of COVID-
19 among the different groups of healthcare professionals,
which is not surprising in the light of their frequent and close
patient-contacts. This is also supported by previous seropre-
valence studies [8,9]. The heterogeneous group of other HCWs
also had an increased risk compared to medical doctors in our
study. In the Danish study in addition to healthcare assistants,
nurses and physicians, an increased risk of COVID-19 hospital-
ization was found among medical laboratory technicians, psy-
chological and recreational therapists within healthcare,
hospital attendants, x-ray technicians as well as nurses and
nursing aides in social care [7]. These occupations excluding
nursing professionals in social care are included in the group of
other HCWs in our study. Interestingly, we saw a risk similar to
that of medical doctors for dentists, dental hygienists and
dental nurses. A low rate of COVID-19 in dentists has been
reported earlier, together with their good compliance to PPE
[7,10], but also opposite results have been reported [6].

In Finland a remarkable number of nursing assistants work in
social care, where the level of education and experience in
infection control practices may differ from those in acute care
hospitals. The risk of COVID-19 in HCWs has been reported to be
higher with a self-reported reuse or misuse of PPE compared
with an appropriate use of PPE [11]. In a Finnish study that was
conducted in long-term care facilities most HCWs reported
difficulties in complying with at least one COVID-19 infection
prevention and control measure, especially in using PPE [12].
Knowledge on how to apply infection prevention and control
measures was one of the domains influencing infection control
behaviour in the qualitative part of the study. HCWs are seldom
infected by known COVID-19 patients with whom PPE is used
properly, but infections from undiagnosed COVID-19 patients
and from colleagues take place [13], which is likely explained
by a lack of PPE in these contacts. Universal masking has been
shown to be effective in reducing the number of healthcare
associated COVID-19 in HCWs [14].

The risk of COVID-19 was increased among those HCWs, who
were not native speakers of the official languages of Finland or
who had a foreign country of birth. This finding may indicate
difficulties both in training, understanding, and implementing
infection control guidelines. An increased work-related risk of
COVID-19 in HCWs belonging to ethnic minorities is supported
by earlier studies [11,15]. The finding may also reflect the
trend that has been seen during the pandemic that people from
ethnic minorities have an increased risk of COVID-19 [16]. In
Finland a higher incidence of COVID-19 was reported in the
capital region among those with a foreign native language [17].

Also, male sex increased the risk of COVID-19. Male sex has
been reported to be a risk factor for a severe COVID-19 [18],
and also a risk factor for infection among HCWs [19]. What
makes males more prone to COVID-19 is not completely
understood, but both biological and behavioural factors are
possible [20]. The other significant risk factors in our study,
living in the capital region and younger age, are likely
reflecting the general trend of COVID-19 pandemic in Finland,
as higher incidences have been associated with these factors



Table II

Characteristics of COVID-19 infections in healthcare workers
(HCWs) during February 2020eJune 2021, Finland

COVID-19-cases with

a physician

notification

All COVID-19-

cases

N (%) 6,113 (76.3%) 8,009
Age in years, median
(IQR)

40.9 (31.3e51.6) 40.9 (31.2e51.6)

Female sex, n (%) 5,097 (83.4%) 6,680 (83.4%)
Marked as a HCW in
physician notification,
n (%)

3,657 (59.8%) NA

Exposure to COVID-19a,
n (%)

NA

in family 1,773 (29%) NA
at work 1,295 (21%) NA
in healthcare 210 (3.4%) NA
other known contact 720 (12%) NA
no known contact 2,193 (36%) NA

COVID-19 related
hospitalization, n (%)

244 (4.0%) NA

Care in intensive care
unit, n (%)

37 (0.61%) NA

Death
Deathb in NIDR, n 6 9
COVID-19 death stated
in physician
notification, n

4 NA

Chronical illness, n (%)
Hypertension 415 (6.8%) NA
Asthma 402 (6.6%) NA
Diabetes 204 (3.3%) NA
Heart diseases 106 (1.7%) NA
Cancer 39 (0.64%) NA
Chronical lung disease
(other than asthma)

30 (0.49%) NA

Liver disease 30 (0.49%) NA
Renal disease 30 (0.49%) NA
HIV/other
immunodeficiency

13 (0.21%) NA

Chronical muscle
disease

7 (0.11%) NA

Other chronical
disease

683 (11.2%) NA

Unknown chronical
disease

17 (0.28%) NA

Other conditions, n (%)
Obesity (Body mass
index >30)

528 (8.6%) NA

Smoking 196 (3.2%) NA
Pregnancy 122 (2.0%) NA

NIDR National Infectious Diseases Register.
a One person can have more than one notified exposure. There were 6

cases with contact in family and at work, 3 with contact in family and in
healthcare, 19 with contact in family and another known contact, 40
with contact at work and in healthcare, 10 with contact both at work
and another known contact, and 3 cases with contact both in health-
care and other known contact.
b Out of the nine COVID-19 deaths, 8 were laboratory confirmed

infections and one was notified by a physician notification.
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[21]. However, age over 60 years has been described to be a
protective factor against COVID-19 related sickness absence in
HCWs when compared with those under 30 years [15].

There are several limitations in our study. It was not possible
to identify from the register data whether these infections
were related to their work in healthcare or if the transmission
occurred elsewhere. We had data about the origin of the
infection for part of the COVID-19-cases in the physician noti-
fications. Of these 6,113 COVID-19 cases, 21% had a known
COVID-19 contact at work, but we don’t know if the work-
related exposure was with a patient, a colleague or some
other contact at work, which has been shown to be sources for
work-related infection [4,22,23]. In contact tracing data from
Finland, it was reported that in healthcare settings most
COVID-19 transmission took place between colleagues (62%) or
from COVID-19 patients before their identification (33%) [24].
Only in 5% of the cases transmission occurred from a known
COVID-19 patient.

We did not know if the registered HCWs were still practicing
the profession, and it is likely that we overestimated the
number of COVID-19 in HCW. However, this also applies to the
denominator. For the persons who had more than one valid
registration in Terhikki, we did not have the information which
one of them was the profession the person was practicing
during the pandemic, thus we used the latest registered
profession.

We did not analyse all professional groups separately, but
we formed groups focusing on the largest HCW groups, nursing
assistants, nurses and medical doctors. In addition, we wanted
to examine HCWs in dental care more closely as they work in
close proximity to patient’s respiratory tract and were con-
sidered to be in high occupational risk when the pandemic
started. In Finland separate national infection control guide-
lines were created for acute care hospitals, long-term care
facilities and dental care, which also supported this
categorization.

During the early months of the pandemic the national
testing capacity was limited and the number of SARS-CoV-2
infections during that time may have underestimated the
true number of infections as persons with mild symptoms were
not tested. However, HCWs were advised to be tested even
with milder symptoms, which can make the ratio of COVID-19 in
HCWs to COVID-19 in the general population to be an over-
estimation for this time period. This may be partly explaining
the higher hazard estimates in all HCW groups compared to the
whole population during spring 2020.

We lacked the data on COVID-19 vaccination for the HCW
cohort. Vaccination started in Finland on 27th December 2020
with the focus on elderly people, medical risk groups and HCWs
based on their job description [25]. This can partly explain why
younger age was associated with the increased risk of COVID-19
in our study, especially during the third study period. Also, as
the vaccinations were prioritized first to certain HCWs, it may
have affected the differences in COVID-19 risk between dif-
ferent groups of healthcare professionals during the third study
period. By 26 October 2021, 90% of 17�69-year-old HCWs reg-
istered in Terhikki in Finland had got at least one dose of
COVID-19 vaccination and 84% two doses [25].

In our data the physician notification was lacking in one
fourth of the cases, and some of the physician notifications
were incomplete. It is possible that there were cases whose
outcome of COVID-19 was not known when the physician



Table III

Risk factors for COVID-19 in healthcare workers (HCWs) in a Cox’s
regression model during February 2020eJune 2021, Finland. Age
group, sex, native language, country of birth, professional group,
region and study period (1/2/2020�30/6/2020, 1/7/2020�31/12/
2020 and 1/1/2021�30/6/2021) were included in the multivariable
model

Hazard

ratio

95% Confidence

interval

P value

Sex
female (ref.) 1.00
male 1.21 1.14e1.29 <0.001

Age
1st period 0.96a 0.92e1.00 0.08
2nd period 0.84a 0.81e0.86 <0.001
3rd period 0.81a 0.79e0.83 <0.001

Native language
Finnish, Sami or Swedish
(ref.)

1.00

Foreign 2.53 2.23e2.87 <0.001
Data missing 2.46 2.06e2.93 <0.001

Country of birth
Finland (ref.) 1.00
Foreign 1.20 1.06e1.36 0.004
Data missing 1.06 0.89e1.26 0.535

Professional group
Medical doctor (ref.) 1.00
Dentist 0.98 0.77e1.26 0.884
Dental hygienist 1.10 0.80e1.51 0.573
Dental nurse 1.03 0.74e1.45 0.843
Nurse 1.55 1.38e1.74 <0.001
Nursing assistant 1.64 1.47e1.84 <0.001
Other HCW 1.26 1.12e1.41 <0.001

Region
5b(ref.) 1.00
1 0.24 0.15e0.37 <0.001
2 0.35 0.31e0.40 <0.001
3 0.15 0.11e0.21 <0.001
4 0.26 0.18e0.37 <0.001
6 0.17 0.12e0.24 <0.001
7 0.32 0.27e0.38 <0.001
8 0.19 0.15e0.24 <0.001
9 0.51 0.41e0.63 <0.001
10 0.28 0.25e0.31 <0.001
11 0.17 0.14e0.20 <0.001
12 0.18 0.15e0.22 <0.001
13 0.47 0.41e0.53 <0.001
14 0.36 0.33e0.40 <0.001
15 0.52 0.46e0.59 <0.001
16 0.21 0.18e0.25 <0.001
17 0.27 0.22e0.34 <0.001
18 0.29 0.23e0.36 <0.001
19 0.16 0.13e0.20 <0.001
20 0.57 0.53e0.62 <0.001
21 0.47 0.41e0.53 <0.001

a Hazard ratio counted for 10-year increase in age.
b Capital region.
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notification was filled in, and thus the data on hospitalization,
intensive care, and death could be missing. This may cause bias
when estimating the risk of severe COVID-19 in HCWs. Of the
nine deaths that took place within 30 days after a specimen
positive for SARS-CoV-2, we had a physician notification for six
cases, and in four of them death was related to COVID-19.
Thus, all deaths occurring within 30 days are not related to
COVID-19. However, COVID-19-related death is not excluded to
happen after 30 days. Despite this uncertainty, in our data the
case fatality was very low (0.1% of the COVID-19-cases). The
register-based studies from Denmark and Norway did not
report COVID-related deaths. The risk of COVID-19-related
hospitalization for HCWs was similar in our study compared
with the Norwegian study [6].

Finally, our study showed that nursing assistants and nurses
had the highest risk of COVID-19 during the first 17 months of
the pandemic, and their risk was higher than the risk of COVID-
19 in the general population during the whole follow-up period.
Risk of COVID-19 was increased in males, in those with a foreign
background, in younger age groups and in the capital region.
These factors should be considered and addressed when
training HCWs on infection prevention and control measures
and when implementing the infection control guidelines to
reduce the work-related risk and transmission of COVID-19.
Enough time should be allocated for the training despite the
possible heavy workload, and also for temporary HCWs [26].
When preparing the training material, language skills should be
taken into account to ensure an effective training.
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