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ABSTRACT

Healthcare workers (HCW) in primary healthcare centres in the Republic of Srpska, Bosnia and
Herzegovina, are on the first combat line with COVID-19. This study aimed to assess the seroprevalence
of SARS-CoV-2 among HCW at the primary healthcare centres and to analyse the risk exposure to
COVID-19, clinical signs and vaccination status. A cross-sectional study was conducted among HCW at
the selected primary healthcare centres between 19 March and 30 April 2021. Antibodies against the
SARS-CoV-2 virus were detected by enzyme-linked immunosorbent assay (ELISA). A total of 1,023
HCW (mean age 45 years; 71% female) were included in the study. The anti-SARS-CoV-2 antibodies
were detected in 69.5% of all participants. There was a significant difference in seropositivity among
primary healthcare centres from different geographical regions. As many as 432 (42%) of all participants
had confirmed COVID-19 symptoms before the study and, 84.8% of them were seropositive. This study
showed that 702 primary HCW were vaccinated with any of these vaccines: Sputnik V, Sinopharm,
Pfizer/Biontech. High titre of SARS-CoV-2 antibodies was found amongst those who received one
(92.6%) or both (97.2%) doses of vaccines. In this study, we report high prevalence of SARS-CoV-2
antibody among HCW in primary healthcare in the Republic of Srpska, Bosnia and Herzegovina during
the third pandemic wave.
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INTRODUCTION

Healthcare workers (HCW) are at higher risk of getting
infected with severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2) than the general population [1, 2]. A
meta-analysis that encompassed 11 studies found that the
proportion of HCW among all patients with coronavirus
disease-19 (COVID-19) was 10.1%. The incidence of severe
or critical disease and COVID-19-related mortality among
HCW was lower compared to other patients with COVID-
19 [3]. Studies of seroprevalence in HCW could provide
important information about the levels of exposure, identi-
fication of high-risk departments in hospitals with COVID-
19, the success of interventions and understanding the
transmission of SARS-CoV-2 in healthcare institutions. The
studies found a higher seroprevalence among HCW in
North America (12.7%) than in Europe (8.5%), Africa
(8.2%) and Asia (4%) [4]. The most common risk factors
related to the higher rate of seroprevalence are ethnicity,
male sex and exposure of HCW to the contacts outside the
healthcare centres [5]. It is not yet known how long the anti-
SARS-CoV-2 antibodies will last. The titre of the corre-
sponding antibodies appears to be proportional to the age
and severity of the disease [6]. Asymptomatic infections are
the main obstacle for the infection’s containment, which
could explain the very fast spreading of the COVID-19
pandemic. Information on the seroprevalence of SARS-
CoV-2 IgG antibodies in different geographic regions before
the vaccination is essential for the development of herd
immunity [7, 8]. The efficiency of COVID-19 vaccination
programms depends on mass participation, the higher the
number of vaccinated people, the lower is the risk of
COVID-19 infection in the population [9]. The studies that
compared HCW who received at least one dose of the Pfizer-
BioNTech BNT16 vaccine to those who were not vaccinated
in one centre in Tel Aviv, Israel, showed an association of
the former group with a significantly lower incidence of
symptomatic and asymptomatic infection with SARS-CoV-2
[10]. Israel was one of the first countries globally that started
with anti-COVID 19 vaccination and, HCW were in priority
immunisation programms. Results of studies conducted by
Lustig et al. showed that 96.5% and 99.9% of HCW got
neutralising and IgG antibodies 14 days after the first and
the second dose of the vaccine, respectively [11]. The
COVID-19 pandemic still endangers the health and lives of
HCW. Rapid implementation of new or changes in the
existing public health policies, education programms and
various infection control measures could significantly
decrease the risks of infection [12]. As the world is moving
through the era of vaccination, studies of SARS-CoV-2
seroprevalence are very important for tracking infection
spreading, identifying the disproportionally affected groups
and measuring the progress of collective immunity [13].

HCW in primary healthcare centres in the Republic of
Srpska are on the first combat line with COVID-19. The
vaccination process in our country started on 12 February
2021, and vaccination of the HCW has got the highest

priority. This study aimed to evaluate the seroprevalence of
SARS-CoV-2 among HCW at the primary healthcare level
in the Republic of Srpska and to assess the risk exposure to
COVID-19, clinical signs and the potential differences
related to their vaccination status.

MATERIALS AND METHODS

Study design and participants

A cross-sectional study was conducted among HCW at the
selected primary healthcare centres in the Republic of Srpska
between 19 March and 30 April 2021. The study was led by
the Centre for Biomedical Research, Faculty of Medicine,
University of Banja Luka and the Faculty of Medicine Fo�ca,
University of East Sarajevo.

For this study, 11 largest primary health centres were
selected from the area that gravitates towards the head-
quarter of the national Institute of Public Health located in
Banja Luka, as well as seven health centres located in or near
the regional Public Health centres located in cities of Doboj,
Zvornik, East Sarajevo, Fo�ca and Trebinje. The study
included the HCW in selected primary healthcentres present
at the workplace on the study day and who agreed to
participate in the study. Among a total of 3,519 HCW in the
selected primary healthcare centres, 1,023 medical and non-
medical staff signed informed consent and were included in
the study, resulting in a 29.07% response rate. All study
participants voluntarily signed the informed consent and
completed the questionnaire designed for this study. Trained
medical technicians sampled 5mL of venous blood from
each participant needed for serological testing. After coag-
ulation, the samples were centrifuged at 3,000 rpm for 5min
and the sera were transferred to the research laboratories in
compliance with the coldchain protocol.

Detection of SARS-CoV-2 antibodies

Antibodies on the SARS-CoV-2 virus were detected using
the automated “Sandwich” enzyme-linked immunosorbent
assay (ELISA) method with Euroimmun ELISA Analyser I-
2P (EUROIMMUN Medizinische Labordiagnostika AG,
Lübeck, Germany). The samples were tested using WANTAI
SARS-CoV-2 Ab ELISA assay to detect total antibodies in
human serum. Serological testing was performed within 1–3
days after sampling. According to the manufacturer’s per-
formance characteristics, the test sensitivity and specificity
were 94.36% and 100%, respectively. All samples with a
cutoff value higher than 1.0 were considered positive.

Statistical analysis

Descriptive statistics were used for baseline participants’
characteristics, symptoms and COVID-19 testing, as well as
vaccination. Categorical data were presented as absolute
numbers (n) and percentages (%). Seroprevalence was
determined as a proportion of individuals with a positive test
result for total Ig antibodies. Pearson Chi-square test was
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used to determine the differences between categorical vari-
ables. Statistical hypotheses were tested at the significance
level (alpha) of P ≤ 0.05. Statistical analysis was done using
IBM SPSS Statistics 26 software.

RESULTS

A total of 1,023 HCW from 18 primary healthcare centres in
the Republic of Srpska participated in this study. The anti-
SARS-CoV-2 antibodies were detected in 69.5% of all par-
ticipants. The average age of participants was 45 years (SD5
11.6). The youngest participant was 19 and the oldest 65
years old. Out of all participants, 158 (15.4%) were male and,
865 (84.6%) were female. The participants were classified as
follows: physicians (n 5 303), nurses (n 5 547), technical
staff (n 5 103), administrative staff (n 5 26) and others (n
5 44). For better evaluation of the individual risk rate, three
categories were identified: occupations with high-risk
exposure for those working at the frontline, including phy-
sicians and nurses; occupations with medium-risk exposure,
which included laboratory, radiology and other technicians,
as well as healthcare support services; and the low-risk
exposure occupations, covering administrative staff and
others who had minimal chances of exposure. However,
there were no statistical differences in sex, age or exposure
risk between seropositive and seronegative participants
(Table 1).

There were significant differences in seropositivity
among primary healthcare centres from different
geographical regions (Chi-square 5 141.072, P ≤ 0.001).
The highest seropositivity (70–90%) was found in five

primary healthcare centres (Banja Luka, �Celinac, Prnjavor,
Srbac, Gradiška), and the lowest seropositivity (30–50%) was
detected in three centres (Laktaši, Kotor Varoš, Derventa).
In most centres (10), the seropositivity was close to the
average value of 69.5% (Table 2).

As many as 432 (42%) of all participants had confirmed
COVID-19 symptoms before the study, and among them,
84.8% were seropositive. Among those who had serious
clinical symptoms of COVID-19 and needed hospitalisation
(29 or 6.7% of those who experienced COVID-19 symp-
toms), the seropositivity was confirmed in 89.7% of partic-
ipants.

In total, 605 (59.1%) of participants confirmed positive
PCR test for COVID-19 during the pandemic, and 471
(77.9%) were seropositive. The majority (96.9%) of 254 par-
ticipants who had positive PCR tests any time before the study
were seropositive; only 8 were seronegative (3.1%) (Table 3).

In total, 325 (31.8%) of all participants received at least
one dose of vaccine against COVID-19 one to three months
before the study. Among them, 92.6% were seropositive.
However, among 698 participants who were not vaccinated,
only 58.7% were seropositive (P ≤ 0.001). The second dose
of vaccine had received 249 participants (24.3%), and 242 of
them were seropositive (97.2%) (Table 4).

The majority of participants vaccinated with at least one
dose (250 out of 325) received Sputnik V vaccine, 62 par-
ticipants received Sinopharm vaccine, while the lowest
number of participants (13) were vaccinated with Pfizer-
BioNTech BNT16 vaccine. The percentage of seropositive
participants vaccinated with Sputnik V was 91.2, with Sino-
pharm 95.2 and all of 13 participants who received Pfizer-
BioNTech BNT16 vaccine were seropositive (Table 5).

Table 1. Demographical characteristics of study participants and SARS-CoV-2 seroprevalence

Characteristics

Total

SARS-CoV-2 serology test result

Positive Negative

n 5 1,023 (%) n 5 711 69.5% n 5 312 30.5%

Age, years
19–29 119 11.6 81 68.1 38 31.9
30–39 234 22.9 163 69.7 71 30.3
40–49 276 27 194 70.3 82 29.7
50–65 388 37.9 267 68.8 121 31.2
No data 6 0.6 6 100 0 0
Sex
Male 158 15.4 117 74.1 41 25.9
Female 865 84.6 594 68.7 271 31.3
Occupation
Physicians 303 29.6 223 73.6 80 26.4
Nurses 547 53.5 367 67.1 180 32.9
Technical staff 103 10.1 69 67.0 34 33.0
Administrative staff 26 2.5 21 80.8 5 19.2
Other* 44 4.3 31 70.5 13 29.5
Exposure risk
High-risk exposure 850 83.1 590 69.4 260 30.6
Medium-risk exposure 103 10.1 69 67.0 34 33.0
Low-risk exposure 70 6.8 52 74.3 18 25.7

*Other: cleaning personnel, patient transporters, housekeeping.
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Out of 769 participants who were not PCR tested or
tested as PCR negative, 251 (32.6%) received at least one
dose of vaccine, and among them, 227 (90.4%) were sero-
positive. Of 518 participants who were not PCR tested or
tested negative and not vaccinated, 237 (45.8%) were sero-
positive. The difference in seropositivity between these two
groups was statistically significant (Chi-square 5 141.072, P
≤ 0.001) (Table 6).

A significant difference was found between SARS-CoV-2
seropositive vaccinated and non-vaccinated participants in
relation to COVID-19 symptoms. Among 702 seropositive
participants, 334 (47.6%) did not experience any COVID-19
symptom before the study and out of the 190 (63.5%) have
been vaccinated (Table 7).

DISCUSSION

The first case of COVID-19 in the Republic of Srpska was
recorded on 5 March 2020. When this study was conducted,
between 19 March and 30 April 2021, the third wave of the
COVID-19 epidemic was ongoing in the Republic of Srpska.
Until 19 March, a total of 48,783 PCR confirmed cases of
COVID-19 were recorded, out of 219,118 tested. The cu-
mulative incidence rate was 4,270 per 100,000. The total
number of notified deaths due to COVID-19 was 2,442, and
the cumulative mortality rate was 214 per 100,000 [14]. This
study found that the seroprevalence of total SARS-CoV-2
antibodies among 1,023 HCW of the selected primary health
care centres was 69.5%. The obtained results showed that
employees from primary health centres have crossed over
the 67% herd immunity threshold, estimated an R0 of 3 for
SARS-CoV-2 [15]. According to the SARS-CoV-2 seropre-
valence study in the Republic of Srpska conducted in
December 2020, the overall seroprevalence rate in the gen-
eral population in the Republic of Srpska, at the end of the
second wave and before the vaccination against COVID-19
started, was 40.3% (unpublished data).

The data from other analyses were mainly focused on the
burden of SARS-CoV-2 infection among the hospital HCW.
However, since the beginning of the SARS-CoV-2 pandemic
in early 2020, the role of primary HCW have become sub-
stantial [16]. Primary HCW were at the front line for most

Table 3. Relationship between SARS-CoV-2 seroprevalence and previous SARS-CoV-2 infection

Questions

Total

SARS-CoV-2 serology test result

P-value

Positive Negative

n % n % n %

Symptoms of COVID-19
Yes 432 42.2 368 85.2 64 14.8 ≤0.001*
No 575 56.2 334 58.1 241 41.9
No data 16 1.6 9 56.3 7 43.7
Hospitalised due to COVID 19
Yes 29 2.8 26 89.7 3 10.3 ≤0.05
No 977 95.5 677 69.3 300 30.7
No data 17 1.7 8 47.1 9 52.9
Tested with RT-PCR on COVID-19
Yes 605 59.1 471 77.9 134 22.1 ≤0.001
No 418 40.9 240 57.4 178 42.6
Positive RT-PCR test
Yes 254 42 246 96.9 8 3.1 ≤0.001
No 351 58 224 63.8 127 36.2

*The values refer to the Chi-square test; SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus; RT-PCR: real-time polymerase
chain reaction.

Table 2. SARS-CoV-2 seroprevalence among HCW in primary
health centers (PHC)

Municipality
Number
of cases

COVID -19
Cumulative

incidence rate/
100.000 inhabitants

Seroprevalence
in PHC

Novi Grad 244 1,042 53.3%
Prijedor 1,383 1,766 63.0%
Srbac 398 2,456 90.0%
Derventa 653 2,596 50.0%
Doboj 1,588 2,655 74.0%
Zvornik 1,630 3,059 67.6%
Prnjavor 1,053 3,193 90.0%
Kotor Varo�s 635 3,535 45.0%
Isto�cno
Sarajevo

2,508 4,171 56.0%

Kozarska
Dubica

854 4,443 65.0%

�Celinac 680 4,590 80.0%
Lakta�si 1,633 4,672 33.0%
Mrkonji�c
Grad

699 4,706 70.0%

Bijeljina 4,963 4,775 68.2%
Fo�ca 829 4,934 71.4%
Gradi�ska 3,001 6,319 80.0%
Banja Luka 12,679 6,859 78.7%
Trebinje 2,515 8,864 57.1%
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COVID-19 patients, for which they organised special care.
Primary healthcare centres in the Republic of Srpska rear-
ranged their organisation structure according to the epide-
miological situation. By the recommendation of the Public
Health Institute and Ministry of Health, formed outpatient
clinics for patients with symptoms of acute respiratory in-
fections (ARI), the so called ARI ambulances. Depending on
clinical symptoms, they organised clinical examination of
these patients, PCR sampling, therapy, and referred COVID-
19 patients to home or hospital treatment based on their
clinical status. Analysis of several studies suggested that
front line HCW are at higher risk to be infected with SARS-

CoV-2 because of the direct contact with COVID-19 [17,18].
In the study performed in Sweden between 14 April and 8
May 2020, the seroprevalence of IgG antibodies against
SARS-CoV-2 was 19.1% among the 2,149 healthcare
workers recruited, which was higher than the reported
regional seroprevalence during the same period. The sero-
prevalence was significantly higher in the HCW with patient
contact than in those without patient contact. The sero-
prevalence among the HCW without patient contact was in
line with that reported in the general population of Stock-
holm, using the same serological test during the same period
[19].

Table 5. SARS-CoV-2 seroprevalence in participants relative to the type of vaccine

Type of vaccine

Total

SARS-CoV-2 serology test result

P-value

Positive Negative

n 5 325 (%) n 5 300 92.3% n 5 25 7.7%

Sputnik V 250 76.9 228 91.2 22 8.8 ≤0.001*
Sinopharm 62 19.1 59 95.2 3 4.8
Pfizer-BioNTech 13 4 13 100.0 0 0

*The values refer to the Chi-square test.

Table 4. SARS-CoV-2 seroprevalence in vaccinated participants

Questions

Total

SARS-CoV-2 serology test result

P-value

Positive Negative

n % n % n %

Vaccinated with 1st dose
Yes 325 31.8 301 92.6 24 7.4 ≤0.001*
No 698 68.2 410 58.7 288 41.3
Vaccinated with 2nd dose
Yes 249 24.3 242 97.2 7 2.8 ≤0.001*
No 774 75.7 469 66.6 305 39.4

*The values refer to the Chi-square test.

Table 6. SARS-CoV-2 seropositivity in participants with negative PCR test or no PCR testing in relation to vaccination status

Vaccination status

No PCR test or
negative PCR test

SARS-CoV-2 serology test result

P-value

Positive Negative

n 5 769 (%) n 5 300 92.3% n 5 25 7.7%

Yes 251 32.6 227 90.4 24 9.6 ≤0.001*
No 518 67.4 237 45.8 281 54.2

*The values refer to the Chi-square test.

Table 7. Vaccination status of seropositive participants who had COVID-19 symptoms

Vaccination status

Total

COVID 19 symptoms

P-value

Yes No

n 5 702 (%) n 5 368 52.4% n 5 334 47.6%

Vaccinated 299 42.6 109 36.5 190 63.5 ≤0.001*
Non-vaccinated 403 57.4 259 64.3 144 35.7

*The values refer to the Chi-square test.
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Poletti et al. analysed seroprevalence for of IgG anti-
bodies against SARS-CoV-2 targeting all individuals
employed in the healthcare sector in Lombardy, and they
found a 12% seroprevalence by the end of May 2020 [20].
Spain had one of the highest infection rates of COVID-19 in
the world. In the study conducted after the first pandemic
wave in Barcelona, from 4 May to 22 May 2020, 10.3% of
HCW were positive on anti-SARS-CoV-2 IgG. There were
no statistically significant differences between those who
worked in the primary healthcare centres or at the referral
hospital [21]. In the study carried out in HCW from 17
hospitals across four regions in Spain, between April and
June 2020, 11% of HCW were positive for anti-SARS-CoV-2
IgG antibodies [22].

The overall seroprevalence of 0.66% was found in a
nationwide cross-sectional HCW SARS-CoV-2 seropreva-
lence study, conducted among 57,418 HCW in Greece after
the first wave, from 1 June to 9 July 2020, indicating a very
low prevalence of SARS-CoV-2 among HCW. In that study,
HCW working in COVID-19 hospitals were more likely to
be seropositive than HCW in the primary care centres
[23].This result is in line with the low incidence of COVID-
19 during the first wave of the pandemic and reflects the
direct benefits from the early implementation of lockdown.

The study that investigated the seroprevalence of SARS-
CoV-2 in HCW in the northern part of Italy between 28
March and 7 August 2020 discovered that HCW with a
higher risk of exposure to SARS-CoV-2 were often sero-
positive, as compared to those with medium or low risk [24].
Moreover, HCW who were in direct contact with patients,
regardless of the COVID-19 status of patients, had a higher
seroprevalence of anti-SARS-CoV-2 IgG antibodies than
those who were not in direct contact, as shown in a study
conducted in Sweden [19].

In the present study, there was no significant difference
in the seroprevalence of anti-SARS-CoV-2 antibodies be-
tween the front line HCW in primary care and employees of
primary healthcare centres working in other settings. The
seroprevalence was slightly higher among the administrative
staff than among the HCW and in low-risk exposure staff
than high-risk exposure staff. The HCW in the Republic of
Srpska were using recommended personal protective
equipment (PPE) from the very beginning of the epidemic,
especially if they cared for patients with ARI and patients
with confirmed COVID-19. Employees of primary health-
care centres with low-risk exposure probably were less
cautious in cоmplying with protective measures at the
workplace. Since incidence rates in the Republic of Srpska
suggest high transmission rates, the HCW and other em-
ployees probably were highly exposed in their families and
social contacts and contacts with colleagues at the work-
place, similarly as the general population.

Several seroprevalence studies among HCW found a
higher risk of infection among men than women [25, 26]. In
our study, there was no statistically significant difference in
seropositivity regarding the gender or age of participants.

In general, HCW is at the highest risk to be infected with
SARS-CoV-2 [27]. A few studies noted a rather low

prevalence of seroconversion among HCW [28, 29]. Most
studies reported a significant incidence of infection among
HCW who were taking care of patients infected with SARS-
CoV-2 [30]. Infection prevention and control, as well as
appropriate and precise diagnosis of COVID-19 in HCW, are
essential to keep hospital operations up and running. It has
been reported that HCW accounted for a high proportion of
infections early in the SARS-CoV-2 outbreak, because of a
sudden increase in the spread of the SARS-CoV-2 infection,
lack of adequate PPE and recommendation for its use [31, 32,
33].

The present study showed significant differences in
seropositivity of HCW in primary healthcare centres from
different geographical regions, ranging from 33.3% to 90%.
The obtained spatial variability of seroprevalence in primary
healthcare centres may be associated with the different
infection rates throughout different geographical regions
and the spatiotemporal spread of SARS-CoV-2 during the
initial pandemic phase. Studies in Italy and Spain found
similar regional differences [20, 22]. The HCW had a higher
chance for infection in those geographical areas where the
infection rate was higher, and because of that, they had more
contacts with the infected persons. Given the fact that data
from the Public Health Institute of the Republic of Srpska
related to the cumulative incidence rates in municipalities at
the same period are not entirely in line with the findings of
the study, it is assumed that differences in compliance with
the infection prevention and control measures among
different healthcare centres could be an additional cause for
different seroprevalence rates.

SARS-CoV-2 infection can be presented through a
spectrum of clinical presentations, from asymptomatic
infection, mild symptoms, influenza-like symptoms (eg. fe-
ver, myalgia) to severe respiratory disease with dyspnoea
and pneumonia [34, 35]. One year after the beginning of the
pandemic, 43% of all participants in this study reported that
they experienced some of the COVID-19 symptoms. Lack-
ermair et al. showed that 72% of primary HCW had
symptoms compatible with COVID-19, while 25% had fever
[36]. Testing of HCW was mainly reserved for persons
reporting consistent symptoms [37]. In the present study,
85.2% of seropositive participants confirmed that they had
experienced symptoms associated with COVID-19. In
addition, out of 245 participants with positive PCR tests at
any time during the pandemic, 96.1% were seropositive.
Similarly, in a study by Grant et al., 73% of HCW in the
seropositive group reported a typical symptom of COVID-
19. Of those who were RT-PCR positive, most had detectable
antibodies [38].

Vaccination against COVID-19 in the Republic of Srpska
started on 12 March 2021, and at the time of the completio
of the present study, most vaccinated people received the
Sputnik V vaccine. Our study found a high seroprevalence of
anti-SARS-CoV-2 antibodies amongst HCW who received
one (92.6%) or both (97.2%) doses of vaccines. The pro-
spective longitudinal study in Turkey showed that after the
first dose of the inactive Sinovac vaccine, antibodies on
SARS-CoV-2 were detected in 77.8% of HCW. After the

Acta Microbiologica et Immunologica Hungarica 69 (2022) 1, 18–26 23



second dose of the vaccine, 99.6% of HCW had detectable
antibodies [39]. Similar results were found in the study in
Oxfordshire, UK, where 98.9% of HCW were seropositive
after the first dose of the Pfizer-BioNTech or Oxford-
AstraZeneca vaccine and all HCW who have been tested
after the second dose of the vaccine were seropositive. It has
been shown that natural immunity and two vaccination
doses provide similar protection against symptomatic
infection [40]. The study from Argentina reported that the
seropositivity of HCW was 94% after the first dose of the
vaccine. A single dose of the Sputnik V vaccine produced a
fast and robust immune response in seropositive partici-
pants with neutralising titres exceeding those found in
seronegative participants who received two doses [41]. Ef-
ficacy of Pfizer-BioNTech vaccine in HCW was similar to
the studies in Israel 96.5% [11], Greece 99.82% [42] and
France 94.6% [43]. Xia et al. confirmed that humoral im-
mune response against SARS-CoV-2 was identified in all
people who received Sinopharm vaccine 42 days before
testing [44]. The present study evaluated seropositivity in
HCW in primary healthcare centres that were vaccinated
with Sputnik V, Sinopharm or Pfizer-BioNTech vaccine. The
percentage of seropositivity among those vaccinated with
Sputnik V was 91.2%, with Sinopharm vaccine 95.2% and
with Pfizer-BioNTech vaccine 100%. The high seropositivity
of vaccinated HCW obtained in the present study suggests
that the vaccination is the most effective measure of pro-
tection against SARS-CoV-2. In the longitudinal study,
Morgat et al. followed the anti-SARS-COV-2 IgG seropre-
valence in a nationally representative cohort of HCW in 850
hospitals in Belgium and showed that the seroprevalence
varied from about 8% to 20% [45]. Beneson et al. reported
that vaccination of HCW with two doses of vaccine reduced
the incidence of new COVID-19 infections. Since the
beginning of vaccination, the incidence of COVID-19 in
HCW has decreased significantly [46].

The serological analysis is becoming increasingly
important in understanding the extent to which COVID-19
is disseminating in the population and detecting immunised
individuals. According to the estimates from 2020, it is
considered that 40–45% of all SARS-CoV-2 infections are
asymptomatic, although this estimate is still uncertain [47].
In our study, the incidence of seropositive participants who
had no COVID-19 symptoms and were not vaccinated was
35.7%. These findings are not consistent with reports of
Damluji et al., who demonstrated that the incidence of
seropositivity in asymptomatic HCW was 1.15% [48].

CONCLUSIONS

High seroprevalence of SARS-CoV-2 in HCW in primary
healthcare centres in the Republic of Srpska during the third
pandemic wave was found. Almost all HCW who received the
first or second dose of vaccine were seropositive. Results of
this study are very important in terms of the protection of
HCW who are on the front line of defence against COVID-
19. Since vaccination is ongoing, a future study is necessary to

follow-up titres of antibodies in HCW of primary healthcare
centres after achieving greater vaccination coverage.
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