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Abstract: (1) Background: The prevalence of SARS-CoV-2 infection among healthcare workers
(HCWs) in Poland is not exactly known. This study aims to present secondary epidemiological data
identifying the scale of the spread of novel coronavirus infection in selected professional groups of
HCWs in Poland. (2) Methods: The secondary epidemiological data included both the number of
infections and the number and percentages of deaths in individual occupational groups, which oc-
curred throughout the observation period, both in the country and in individual voivodeships.

(3) Results: The prevalence of SARS-CoV-2 infections among HCWs was 16.48%. The highest per-
centage of infected concerned laboratory scientists (21.62%) and paramedics (18%). The highest fre-
quency of infections among HCWs occurred in the province of Zachodnio-Pomorskie (18.9%). Due
to COVID-19, 558 healthcare workers died during the analysed period, mostly nurses (n=236) and
doctors (n=200). The results regarding the vaccination coverage of HCWs against COVID-19 indi-
cate the highest percentage of vaccinated were among doctors (83.63%) and the smallest among
physiotherapists (38.2%). (4) Conclusions: In general, the percentage of infections was high in Po-
land during the pandemic (16.48%). Significant territorial differences were observed in the fre-
quency of infections, deaths, and percentage of vaccinated workers in individual voivodeships.
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1. Introduction

The prevalence of SARS-CoV-2 infection among healthcare workers (HCWs) in Po-
land is not exactly known. So far, attempts to determine the number of infected HCWs
have been limited to estimating the incidence based on cross-sectional studies, often sin-
gle-centre [1,2,3]. Naturally, the infection rate was related to the period of observation in
a particular phase of the epidemic. According to data from other centres, the average
incidence was 8.5% in the initial phase of the pandemic in Europe (2020) [4], and in Po-
land, the value determined based on a multi-centre study was 25.2% in 2021 [5].

In February 2022, the Ministry of Health announced that the number of infected
medics since the beginning of the pandemic was over 200,000 [6]. Despite the data pro-
vided by the Ministry on the number of infections among HCW3s since September 2020
[7], a separate register enabling the analysis of the necessary epidemiological data in in-
dividual professional groups was implemented in Poland only in January 2021. Earlier
information on the scale of infections among HCWs was incomplete and concerned only
with selected medical professions [8, 9]. Data collected from 1st January 2021, allows for
more accurate tracking of both the number of infected and deceased medical workers, as
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well as the percentage of fully vaccinated HCWs in our country, depending on the re-
gion.

Knowing the prevalence of novel coronavirus infections among HCWs has a huge
impact on maintaining the quality of healthcare during the epidemiological crisis that
the COVID-19 pandemic has become. Infections of people working in the health care
system directly affect, among others, absenteeism at work (nationally, an increase from
5.6% in 2019 to 9.3% in 2020) [10], which causes an increase in the workload of staff per-
forming their professional duties, results in longer waiting times for scheduled diagnos-
tic appointments and treatment procedures and worsens the quality of care provided to
patients, also for COVID-19 [10, 11, 12].

This study aims to present secondary epidemiological data identifying the scale of
the spread of novel coronavirus infection in selected professional groups of HCWs in
Poland.

2. Materials and Methods

Secondary epidemiological data provided by the e-Health Centre, a unit subordi-
nate to the Ministry of Health, was obtained for the study [13]. The data included both
the number of SARS-CoV-2 infections registered among HCWs and the number of
deaths, as well as the number of doses of COVID-19 vaccinations. The data obtained in-
cluded the employee's occupational group, place of employment in the individual voi-
vodeships, and the month in which the infection or death occurred. In addition, the
number of vaccinations performed in individual occupational groups in all voivodeships
was analysed. The observation period covered the time from January 2021 to July 2022.
The data embraced particular categories of medical professions, including the following:
doctor, nurse, paramedic, laboratory scientist, dentist, pharmacist, physiotherapist, and
midwife.

After organizing the collected data, the numbers of first-time and all infections as
well as deaths in individual occupational groups, which occurred throughout the obser-
vation period, both in the country and in individual voivodeships, were summed up.
Then, taking into account the data identifying the number of medical employees author-
ized to practice [14], the percentages of first-time infected staff and all other employees
of selected occupational groups (doctors, dentists, nurses, midwives, laboratory diagnos-
ticians, and pharmacists) were calculated. Concerning the group of paramedics, the
source data only present the number of people working in the State Medical Rescue Sys-
tem, so in the absence of more precise data, this number was adopted as the official
number of paramedics employed in our country (as a denominator). Similarly, in the
group of physiotherapists, we only have access to the number of physiotherapists em-
ployed in the public health care system [14]. Considering the large number of specialists
in this professional category working outside public health care units, it was decided
that the data of the National Chamber of Physiotherapy should be used to determine the
percentage of infections in this group (as a denominator) [15].

To determine the percentage of deceased employees in particular occupational
groups, the infection fatality rate (IFR) was calculated. This coefficient represents the
percentage of deaths in the group of all infected people [16], the values were determined
for separate professional categories.

At the same time, data were obtained on the number of vaccinations against
COVID-19 in individual professional groups in all voivodeships in subsequent months,
starting from December 2020 (the beginning of the vaccination campaign) until July
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2022. Although these data identify the number of vaccination doses, there is no infor-
mation on how many employees were vaccinated. In addition, accounting for the con-
siderable dynamics of changes in the availability of subsequent vaccines and a different
vaccination schedule, including the introduction of a single-dose vaccine in April 2021
[17] and the possibility of performing another (booster) vaccination from September
2021, the following procedure was adopted to calculate the percentage of staff vaccina-
tion status. The number of vaccination doses performed, reported from December 2020
to April 2021, was divided by two due to the availability of two doses of preparations for
one employee in the period under review. It was assumed that this is the number appro-
priate for determining the percentage of vaccinated employees in particular occupa-
tional categories and entitled to receive vaccination by the rules in force at the time [18].

Due to the scope of available data (cumulative number of vaccinations performed,
without considering the dose number or the name of the preparation), the authors re-
frained from attempting to interpret the vaccination status of individual professional
groups in terms of booster doses.

Descriptive statistics methods were used in the data analysis. The number and per-
centages of staff infected with SARS-CoV-2, the IFR rate, and the percentage of those
vaccinated with two doses in the individual voivodships, with the separation of the pro-
fessional category, were presented. The capabilities of Microsoft Office Excel 4.0 soft-
ware were used, and QGIS 3.16 was used for map construction, license: GNU GENERAL
PUBLIC LICENSE, Copyright (C) 1989, 1991 Free Software Foundation, Inc.

3. Results

During the analysed period, from 1st January 2021 to 30th June 2022, a total of 114,213
SARS-CoV-2 infections were registered in Poland among HCWs, which accounted for
16.48% of all employees authorized to practice at that time. It is worth noting that the vast
majority of infections were first-time infections (n=98,896; 86.59% of all notifications).

Similarly, to the general population, the occurrence of an increased number of infec-
tions among HCWs was influenced by the period of increased virus infectivity. In each
phase of the epidemic, we were dealing with a slightly different predominance of muta-
tions responsible for most infections with subsequent variants of the SARS-CoV-2: by June
2021 - alpha variant, by January 2022 - delta variant, by the end of February 2022 omicron
BA.1 and by the end of June 2022 - Omicron BA .4 [19]. Representatives of medical profes-
sional groups were infected most frequently in January and February 2022. More than
25,000 HCWs became infected in these two months (Figure 1).
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Figure 1. Dynamics of changes in the total number of infected healthcare workers in

individual months of the study period (January 1, 2021 - June 30, 2022) in Poland.
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The percentage of infected HCWs in particular professional categories varied, with
the highest among laboratory scientists (21.62%), paramedics (18.34%), and nurses
(18.07%). The smallest percentage of infected with coronavirus was registered at dentists
(8.62%). The full list of values describing the percentage of infected HCW in the individual
professional categories by voivodeships is presented in Table 1.

Table 1. Percentage of SARS-CoV-2 infections among HCWs (in total and first-time)
in the individual voivodship (January 1, 2021-June 30, 2022).

Infections %DOC %NUR %PM %DEN %LAB %PHA %PHY %MID

Generally 14.99 18.07 18.34 8.62 21.62 14.44 16.92 16.84

First-time 13.12 15.18 14.91 8.19 19.40 13.56 15.11 15.05

Generally 12.92 17.26 16.20 6.59 21.27 13.82 15.98 16.65

First-time 11.50 14.79 12.64 6.13 19.04 13.10 14.56 14.97

Generally 18.55 23.25 16.12 12.47 26.00 20.41 19.37 18.74

First-time 16.19 18.95 12.00 12.06 23.07 18.05 16.70 15.85

Generally 13.99 17.14 24.15 8.90 19.41 14.14 15.58 16.42

First-time 12.05 14.17 17.53 8.40 18.07 13.22 14.10 14.55

Generally 16.30 22.13 19.38 9.78 23.32 15.53 16.26 20.49

First-time 13.58 18.06 16.83 9.58 20.85 14.54 16.26 17.51

Generally 14.14 18.55 20.95 6.65 18.43 13.98 22.02 16.93

First-time 12.69 15.74 17.06 6.32 16.08 13.40 13.68 15.45

Generally 12.96 15.51 13.95 7.88 17.67 13.85 14.13 14.16

First-time 12.04 13.03 12.50 7.43 16.34 13.27 12.81 13.01

Generally 16.25 18.35 23.21 9.46 22.34 16.29 18.29 16.99

First-time 14.43 15.84 19.12 9.14 20.41 15.37 16.55 15.51
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Generally 13.79 17.96 16.46 7.76 22.18 16.72 14.97 19.22
Opolskie
First-time 12.23 15.15 14.71 7.51 17.41 14.81 13.35 16.90

Generally 12.25 16.04 12.13 6.03 23.16 10.65 14.60 13.81
Podkarpackie
First-time 10.14 13.36 10.50 5.73 17.34 10.29 12.95 12.62

Legend: DEN, dentists; DOC, medical doctors; HCWs, healthcare workers; LAB, laboratory scientists; MID, midwives;
NUR, nurses; PHA, pharmacists; PHY, physiotherapists; PM, paramedics

Figure 2 shows a sample map identifying regional differences in the percentage of
infected physicians. The highest values were recorded in the voivodeships: Zachodniopo-
morskie (18.9%), Warminsko-Mazurskie (18.2%), and Kujawsko-Pomorskie (18.5%). The
smallest percentage of infected doctors was observed in the voivodeships of Podkarpackie
(12.2%), Dolnoslaskie (12.92%), Malopolskie (12.96%), and Slaskie (13.0%). The highest
number of recurrent SARS-CoV-2 infections concerned HCWs from the Kujawsko-Pomor-
skie Voivodeship, while the lowest percentage of recurrent infections was recorded in
Matopolska.
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registered during the period
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in individual provinces of the country
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Figure 2. Percentage of infections among physicians, registered during the period from
01/01/2021 to 30/06/2022 in individual provinces of the country.

Due to COVID-19, 558 HCWs died during the analysed period, of which the largest group
were nurses (n=236) and doctors (n=200). However, the highest infection mortality rate (IFR)
concerned a group of dentists (1.45%). The lowest IFR rate concerned physiotherapists (0.06%).
Detailed data on the differences in the IFR rate depending on the professional group and
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voivodship are presented in Table 2. Figure 2, in turn, presents a map of the percentage of reg-
istered deaths among infected physicians.

Table 2. Percentage of deaths among HCWs infected with the SARS-CoV-2, taking into
account the voivodship and professional category.

Voivodship % DOC % NUR % PM % DEN % LAB % PHA % PHY % MID
Total in country 0.85 0.42 0.11 1.45 0.13 0.43 0.06 0.42
Dolnoslaskie 0.59 0.50 0.48 1.57 0.00 0.47 0.10 0.00
Kujawsko-Pomorskie 0.87 0.43 0.00 3.23 0.34 0.61 0.00 0.77
Loédzkie 0.64 0.62 0.00 0.98 0.00 0.24 0.00 0.43
Lubelskie 0.67 0.43 0.55 2.05 0.35 0.61 0.15 0.00
Lubuskie 0.79 0.55 0.00 0.00 0.00 0.00 0.00 0.67
Matopolskie 0.60 0.19 0.00 0.64 0.00 0.42 0.09 0.81
Mazowieckie 0.77 0.33 0.00 1.24 0.17 0.10 0.05 0.55
Opolskie 1.10 0.64 0.00 4.92 0.00 0.00 0.00 0.55
Podkarpackie 1.13 0.51 0.00 0.83 0.00 0.68 0.00 0.51
Podlaskie 0.48 0.45 0.00 0.73 0.00 0.00 0.00 1.32
Pomorskie 1.06 0.16 0.00 1.58 0.00 0.46 0.00 0.27
Slaskie 0.94 0.55 0.00 2.00 0.26 0.67 0.07 0.39
Swietokrzyskie 1.27 0.51 0.00 1.37 0.00 2.50 0.24 0.48
Warminsko-Mazurskie 0.95 0.31 0.58 3.03 0.90 0.88 0.25 0.41
Wielkopolskie 1.19 0.52 0.00 1.22 0.00 0.41 0.00 0.28
Zachodniopomorskie 1.16 0.32 0.00 0.45 0.00 0.50 0.00 0.00

Legend: DEN, dentists; DOC, medical doctors; HCWs, healthcare workers; LAB, laboratory scientists; MID, midwives;
NUR, nurses; PHA, pharmacists; PHY, physiotherapists; PM, paramedics
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Figure 3. Mortality among physicians infected with the SARS-CoV-2 in individual prov-
inces in the country (total in the period from 01/01/2021 to 30/06/2022).

The results regarding the vaccination status of HCWs against COVID-19 indicate that dur-
ing the period from December 2020 to March 2021, medical doctors were the group with the
highest percentage of vaccination (83.63%) and the smallest were physiotherapists (38.2%). De-
tailed data in this regard, including voivodeships, is presented in Table 3. In turn, Figure 4 pre-
sents regional differences in the percentage of vaccinated doctors.

Table 3. Percentage of HCWs vaccinated against COVID-19 during the period from December
2020 to March 31, 2021, data by voivodship.

Voivodship % DOC % NUR % PM % DEN % LAB % PHA % PHY % MID
Total 83.63 54.53 63.14 70.85 65.70 61.35 38.20 54.43
Dolnoslaskie 80.92 54.63 61.28 69.87 71.07 60.68 38.97 55.49
Kujawsko-Pomorskie 86.16 62.85 51.55 76.51 66.59 74.42 48.78 61.08
Lodzkie 82.11 56.84 67.59 67.87 61.68 57.07 39.81 53.41

Lubelskie 83.48 52.98 60.12 71.53 59.77 73.20 32.47 51.70
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Lubuskie 82.81 58.84 71.60 71.54 67.25 72.98 39.81 56.25
Malopolskie 83.65 53.11 63.72 71.55 65.08 57.25 35.18 51.99
Mazowieckie 83.53 54.74 83.27 68.23 68.10 59.15 42.08 58.43
Opolskie 87.39 55.46 60.72 77.16 62.80 77.61 36.40 50.00
Podkarpackie 83.49 43.68 42.26 68.60 53.09 66.45 28.63 46.72
Podlaskie 79.47 47.35 45.74 65.60 54.61 58.58 28.79 50.17
Pomorskie 83.48 60.38 51.83 70.31 72.35 58.51 47.64 60.78
Slaskie 84.38 49.52 62.67 7241 65.10 56.81 36.90 48.81
Swigtokrzyskie 85.95 55.29 71.31 71.37 59.43 67.79 35.84 51.40
Warminsko-Mazurskie 88.26 62.78 72.96 76.89 72.15 80.13 41.11 65.19
Wielkopolskie 85.62 59.08 77.94 74.79 72.36 61.85 38.42 57.32
Zachodniopomorskie 82.45 57.95 68.32 71.14 70.05 49.54 38.99 57.84

Legend: DEN, dentists; DOC, medical doctors; HCWs, healthcare workers; LAB, laboratory scientists; MID, midwives;
NUR, nurses; PHA, pharmacists; PHY, physiotherapists; PM, paramedics
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Figure 4. Percentage of physicians vaccinated against COVID-19 depending on the
provinces (status during the period from 12/2020 to 31/03/2021).

4. Discussion

In September 2021, the World Health Organization estimated that, by May 2021,
between 80,000 and 180,000 HCWs died of COVID-19 [20]. At the same time, it was pos-
sible to determine, based on data from 119 countries, that by September 2021, about 40%
of HCWs had been vaccinated against the disease [20]. However, due to the lack of accu-
rate reports and the reluctance of some countries to publish accurate summaries [4], it is
difficult to verify the above estimates. A local, multi-centre study conducted in Poland
indicated that the percentage of infections in the group of HCWs was 25.2% [5]. At the
same time, a seroepidemiological study conducted in the Upper Silesian agglomeration
in the first phase of the epidemic (until the end of 2021) indicated that the probable in-
fection rate of HCWSs was in the range of 16.1% - 22.5% [3]. The results collected from the
officially functioning register and presented in this paper show significant differences
concerning the data from other research centres. In general, it can be seen that the per-
centage of infected HCWs in other countries did not significantly exceed 10% [21]. How-
ever, the cited data are most often derived from cross-sectional studies, and the percent-
ages of infections given in them are the result of estimations. The approximate similar
percentage of SARS-CoV-2 infections among HCWs to that calculated by us in the pre-
sented work was revealed in a study from Malaysia in 2021. The percentage of infected
HCWs was 17.4% in their research which was similar to our study, at the same time par-
amedics were most often infected as well (68.4%) [22].

The risk of SARS-CoV-2 infection in HCWs is higher than the risk observed in the
general population, but it is worth noting that it varies within medical and healthcare
professions and the exact workplace, including the nature of the ward [23, 24]. An analy-
sis of data on medical personnel in Canada indicates that people employed in healthcare
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facilities accounted for 7% of all infected. At the same time, women and younger people
employed in healthcare were more likely to suffer from COVID-19 than in the general
population, and the risk of hospitalization and death was lower in this group than in the
general population [25].

The results of another international study confirmed that declarations of HCWs
regarding sufficient preparation for work in a pandemic more often concerned nurses
than physicians, and at the same time more often men than women [26]. Despite the sat-
isfactory results of this self-assessment, nurses in Poland were infected more often than
medical doctors, which was reflected in the data presented in our study. Probably, the
different nature of work with patients, as well as the frequency and length of contact
with patients, are important factors for the observed variation in the percentage of coro-
navirus infections among HCWs [21, 24]. The longer procedures and the nature of the
care specific for paramedics or nurses mean that the percentage of infected in these
groups observed in the registers was higher than, for example, recorded in medical doc-
tors. It is worth emphasizing here that the high frequency of SARS-CoV-2 infections in
the groups of paramedics and nurses does not correspond to the highest percentage of
deaths in the infected, respectively IFR = 0.11% for paramedics and IFR = 0.42% in the
group of nurses. The highest percentage of deaths among infected employees concerned
dentists (IFR=1.45%) and doctors (IFR=0.85%). This is a hard-to-explain observation
based on secondary epidemiological data and a descriptive type of study. One of the
possible hypotheses could be justified based on the relatively high percentage of older
age (over 65) current physicians in Poland. Similar conclusions were drawn during the
analysis of international data from the beginning of the COVID-19 pandemic, where
more frequent deaths were recorded among male doctors and other HCWs, indicating
their advanced age [24]. It is obvious that the risk of chronic diseases increases with age
[27] and comorbidity is very common [28]. As demonstrated in previous publications,
the risk of death in patients with COVID-19 increases with comorbidity [29, 30]. In our
study, the average IFR value for all analysed professional groups was 0.48%, which is
important, the average mortality rate reported in HCWs from 37 countries was at a simi-
lar level, i.e., 0.05 per 100,000 [31]. Unfortunately, the lack of relevant data in the register
identifying the age of individual HCWs or their current health status (information on
diagnosed diseases) makes it impossible to unequivocally assess the issue raised.

The level of vaccination against COVID-19 in the group of HCWs in Poland in the
initial period of vaccination availability was not too high and amounted to 61.48% (de-
tailed data are presented in Table 3). Such a low level of vaccination was not due to the
lack of availability of the vaccine but was rather the result of employees' limited trust in
the preparations used for vaccination against COVID-19 [32]. The greatest objections
were declared by nurses, in the Linder-Pawtowicz study, 64.7% of surveyed physicians
and 63.7% of medical students, and only 34.5% of nurses indicated trust in vaccination,
while 46.6% of nurses and 40% of pharmacists did not have trust [33]. In our study, the
lowest vaccination status against COVID-19 in the initial phase of vaccination availabil-
ity was observed in the group of physiotherapists (38.2%). This is an important observa-
tion, especially since the results of a seroepidemiological study in Great Britain con-
firmed that the greatest risk of SARS-CoV-2 infection concerned physiotherapists (OR
2.78;95% CI: 1.21 - 6.36) [34]. Their professional contact most often involves the care of
elderly patients, often with multiple comorbidities, so it is worth including these issues
in the training programs of future specialists. The low percentage of vaccinated employ-
ees in our study also concerned nurses (54.5%) and midwives (54.4%). The highest per-
centage of vaccinated HCWs was recorded in the group of medical doctors (83.63%),
although some territorial variability of the indicator in individual voivodeships can be
noticed. The worst situation in this respect was in the Podlaskie voivodeship (79.47%). It
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is worth adding here that also in other countries worldwide, physicians are the group of
HCWs that most favours the obligation to vaccinate against COVID-19 [23, 34, 35].

In conclusion, it should be noted that in comparison to data from other research
centres in various countries, the prevalence of SARS-CoV-2 infection in Poland was quite
high. As for the COVID-19 vaccination prophylaxis, it was confirmed that the percent-
age of vaccinated HCWs differs in individual occupations, with doctors among the most
frequently vaccinated.

A certain limitation of the study is the secondary nature of the analysed data and
their scope. The data relate to the period of 18 months of the pandemic, and their arbi-
trary, rather simplified nature does not allow for conclusions about infection risk factors
apart from variables related to the profession and place of work (voivodeship). Moreo-
ver, it is difficult to indicate the exact percentage of infected individuals in selected pro-
fessional groups because there is no precise register of the number of persons authorized
and performing particular medical professions in our country, hence the calculated val-
ues may slightly differ from the actual percentage of infected persons. However, it was
recognized that the presented results may be a form of supplement to the gap resulting
from the lack of more reliable data in Poland.

5. Conclusions

The percentage of SARS-CoV-2 virus infections among HCWs in general during the
pandemic in Poland was high and amounted to 16.48%. Laboratory scientists, paramed-
ics, and nurses were most often infected medical staff. The highest percentage of deaths
was recorded in the professional group of dentists. Physicians accounted for the largest
percentage of medical workers vaccinated against COVID-19. Significant territorial dif-
ferences were observed in the frequency of infections, the percentage of deaths, and the
percentage of vaccinated HCWs in individual voivodeships.
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