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Abstract

Introduction: From 12 March 2020, when the first cases of COVID-19 were registered in
Kosovo, to 9 March 2023, there were a total of 273,310 reported cases of COVID-19 and
3211 reported deaths in Kosovo (CFR: 1.17%). Health care workers (HCWs) have been at
a higher risk of contracting SARS-CoV-2 infection; nevertheless, data on seroprevalence
of SARS-CoV-2 antibodies among HCWs in Kosovo are very limited. Methodology: A
cross-sectional serology study with 1654 healthcare professionals throughout Kosovo was
conducted to determine the presence of antibodies against the spike antigen of SARS-CoV-2.
In addition, a structured questionnaire was administered to study participants to obtain
basic demographic data, and information on prior infection and COVID-19 vaccination
status. Results: Antibodies against the spike antigen of SARS-CoV-2 were detected in
almost all (99.8%) HCWs that participated in the study. The average antibody titer was
8030.8 AU/mL in women and 9533.7 AU/mL in men. Sixty-four percent of HCWs in this
study reported prior infection with SARS-CoV-2, 6% of whom were hospitalized. Over
98% of study participants had received SARS-CoV-2 vaccination. Conclusions: Almost all
HCWs participating in the study had antibodies against the spike antigen of SARS-CoV-2.
This is most probably the result of the high COVID-19 vaccination rate in Kosovo as well as
infection with SARS-CoV-2.

Keywords: COVID-19; healthcare workers; SARS-CoV-2; antibodies

1. Introduction
Coronavirus disease 2019 (COVID-19) emerged as a new disease at the end of 2019

in Wuhan, China [1]. As of 25 March 2023 (the time-period of completion of the study),
the global cumulative incidence of COVID-19 had reached 761,263,520 reported cases
and 6,900,636 associated deaths, indicating a case-fatality ratio (CFR) of 0.91% [2]. From
12 March 2020, when the first cases of COVID-19 were registered in Kosovo, to 9 March
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2023, there were a total number of 273,310 reported cases of COVID-19 and 3211 reported
deaths in Kosovo (CFR: 1.17%) [3,4].

Infection with SARS-CoV-2 induces diverse humoral and cellular immune responses [5,6].
Humoral immunity includes antibodies of several immunoglobulin isotypes targeting
SARS-CoV-2 proteins, most notably spike (S) and nucleocapsid (N). Antibodies could be
from a recent infection, due to immunological memory of older infections or vaccination.
Detection of these antibodies during seroprevalence studies provides good estimates of the
infected proportion of a population [7]. Anti-SARS-CoV-2 IgG antibody level is one of the
key indicators for population-level immunity. Neutralizing antibodies bind to viral surface
proteins, blocking the virus from interacting with human cell receptors, thereby inhibiting
infection and transmission [8].

Health care workers (HCWs) have been at a higher risk of contracting SARS-CoV-2
infection when compared to the general population because of their frequent exposure
to COVID-19 patients in healthcare facilities and hospitals. In this regard, data on sero-
prevalence of SARS-CoV-2 antibodies among HCWs in Kosovo are very limited. In this
study, our aim was to determine the presence of antibodies to the spike antigen [spike
receptor-binding domain (RBD)] of SARS-CoV-2 among HCWs working at the public
health institutions of Kosovo as one of the indicators of immune status against infection
with SARS-CoV-2.

2. Materials and Methods
This was a cross-sectional cohort study implemented among HCWs of three health

care levels of the Kosovo public health sector, from whom blood samples were collected for
detecting anti-spike IgG antibodies against SARS-CoV-2. The study included 1654 health-
care professionals from all seven regions of Kosovo, including Prishtina, Mitrovica, Peja,
Prizren, Ferizaj, Gjilan and Gjakova. The study was conducted during the period October
2022 and March 2023 with prior ethical approval from the Ethical Board of the Kosovo
Chamber of Doctors (approval no. 120/2022, date 15 August 2022). At the beginning of the
study, participants were informed of the study title, purpose, and protection of personal
information. They were also notified that their participation was voluntary and that they
could withdraw from the study at any time. All participants provided informed consent
prior to participating in the study. Blood was collected by trained and experienced staff of
the National Institute of Public Health (NIPH) of Kosovo and the Regional Public Health
Centres. Blood samples were tested at the Department of Microbiology, NIPH, Prishtina,
Kosovo, with the serological test SARS-CoV-2 IgG II Quant, performed on the Abbott
Architect i2000, with chemiluminescent microparticle immunoassay (CMIA). The Abbott
Architect SARS-CoV-2 IgG II assay, run under an emergency use authorization from the
United States (US) Food and Drug Administration (FDA), is a quantitative test designed
to detect IgG antibodies to the spike protein of SARS-CoV-2 in serum and plasma from
individuals with an adaptive immune response to SARS-CoV-2, indicating recent or prior
infection. Results are reported as AU/mL (arbitrary units per millilitre). Reactive (positive
≥ 50.0 AU/mL) results may be due to immunization or past or present infection with
SARS-CoV-2. Testing was conducted based on the manufacturer’s instructions. In addition,
a questionnaire was administered to study participants for completion, which included
basic demographic data, any prior COVID-19 infection and COVID-19 vaccination status.

Statistical analyses:
Data were analyzed with the statistical package IBM SPSS 22.0 for Windows. The

presence of anti-spike antibodies to SARS-CoV-2 among HCWs in Kosovo, with prevalence
and confidence intervals, with 95% reliability (CI 95%), was determined. The prevalence of
SARS-CoV-2 infection according to different age groups, gender and specialty of HCWs is
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also presented. Statistical analysis included Chi-square test (X2 test), Fisher’s exact test and
multiple regression analysis. A p-value of <0.05 was considered significant.

3. Results
The study included 1654 HCWs at all three levels of the Kosovo health system, of

which 1306 (79.0%) were female. Most of the HCW study participants were in the age
groups 40–49 (30.6%) and 50–59 (30.2%). The majority of HCWs were from primary health
care institutions, in fact, family medicine centres (52.2%), followed by staff of regional
general hospitals (22.9%) and the University Clinical Centre of Kosovo (UCCK) in Prishtina
(13%). The study included healthcare professionals from all seven regions of Kosovo,
Prishtina, Mitrovica, Peja, Prizren, Ferizaj, Gjilan and Gjakova, where most of the study
participants were from health care institutions of the Prishtina region (34.6%), which is also
the largest region of Kosovo (Table 1).

Table 1. General characteristics of the health care workers/study responders.

Age Group Female (%) Male (%) Total (%)

18–29 124 (9.5) 32 (9.2) 156 (9.4)
30–39 194 (14.9) 62 (17.8) 256 (15.5)
40–49 409 (31.3) 97 (27.9) 506 (30.6)
50–59 390 (29.9) 110 (31.6) 500 (30.2)
60–65 189 (14.5) 47 (13.5) 236 (14.3)

Public institution of
employment

Family medicine centres 694 (53.1) 170 (48.9) 864 (52.2)
General Hospital 299 (22.9) 79 (22.7) 378 (22.9)

University Clinical Centre
of Kosova 173 (13.2) 42 (12.1) 215 (13.0)

Other health institutions 140 (10.7) 57 (16.4) 197 (11.9)

Region of employment
Prishtina 464 (35.5) 109 (31.3) 573 (34.6)
Mitrovica 151 (11.6) 32 (9.2) 183 (11.1)

Peja 168 (12.9) 54 (15.5) 222 (13.4)
Prizren 65 (5.0) 23 (6.6) 88 (5.3)
Ferizaj 85 (6.5) 33 (9.5) 118 (7.1)
Gjilan 188 (14.4) 39 (11.2) 227 (13.7)

Gjakova 185 (14.2) 58 (16.7) 243 (14.7)
Total 1306 (79.0) 348 (21.0) 1654 (100)

The study revealed that 1651 (99.8%) of HCWs had antibodies to spike SARS-CoV-2,
and only three HCWs (0.2%) did not (Table 2).

The average antibody titer was 8030.8 AU/mL in women and 9533.7 AU/mL in
men. A higher number of study participants were female, but the male participants
had a higher average antibody titer (t = 3.0786; p = 0.002) (Table 3). Titers of antibodies
against the anti-spike protein of SARS-CoV-2 among HCWs were highest within the age
group 60–65 years (10,449.0 AU/mL; F = 15.24879; p < 0.001), followed by the age group
50–59 years (9779.8 AU/mL). Titers of anti-spike SARS-CoV-2 antibodies were highest
among HCWs of UCCK and other health institutions compared to staff of regional general
hospitals and family medicine centres (Table 3).

The vast majority of HCWs had been vaccinated against SARS-CoV-2 (98.2%) and
those vaccinated had significantly higher titers of antibodies compared to those who were
not vaccinated (t = 3.281; p = 0.001). The majority of HCW in Kosovo had been vaccinated
with the Pfizer–BioNTech COVID-19 vaccine (55.3%), while those who had been vaccinated
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with both vaccines (19.6%) administered in Kosovo, AstraZeneca and Pfizer–BioNTech
COVID-19, had the highest titers of antibodies (F = 15.5716; p < 0.001) (Table 3). According
to the analyzed data regarding the number of vaccine doses received by HCWs, the highest
percentage were vaccinated with two doses (69%), while a small percentage (0.12%) were
vaccinated with four doses. The average antibody titer was significantly higher amongst
those who received greater than three doses of vaccine (Table 3).

Table 2. Presence of anti-spike SARS-CoV-2 antibodies among health care workers in Kosovo.

Age Group Positive (%) Negative (%) Total (%)

18–29 155 (99.4) 1 (0.6) 156 (100.0)
30–39 256 (100.0) - 256 (100.0)
40–49 506 (100.0) - 506 (100.0)
50–59 499 (99.8) 1 (0.2) 500 (100.0)
60–65 235 (99.6) 1 (0.4) 236 (100.0)
Total 1651 (99.8) 3 (0.2) 1654 (100.0)

Gender
Female 1303 (99.8) 3 (0.2) 1306 (100.0)
Male 348 (100.) - 348 (100.0)
Total 1651 (99.8) 3 (0.2) 1654 (100)

Table 3. Antibody titers against the spike protein of SARS-CoV-2 in healthcare workers according to
different variables.

Gender Number (%) Average
Titter AU/mL

CI 95%
AU/mL

Min
AU/mL

Max
AU/mL

ANOVA Test;
p-Value

Female 1306 (79.0) 8030.8 7610–8460 0.45 40,000 t = 3.0786;
p = 0.002Male 348 (21.0) 9533.7 8590–10,500 284.1 40,000

Total 1654 8347 7960–8740 0.45 40,000

Age group
18–29 156 (9.4) 6929.7 5880–7980 0.5 40,000

F = 15.24879;
p < 0.001

30–39 256 (15.5) 6310.7 5520–7110 333.5 40,000
40–49 506 (30.6) 7418.1 6820–8020 177.5 40,000
50–59 500 (30.2) 9779.8 9000–10,600 0.5 40,000
60–65 236 (14.3) 10,449 10,300–10,600 0.8 40,000
Total 1654 8347 7960–8740 0.5 40,000

Institution of employment
Family

medicine 864 (52.2) 7993.7 7470–8520 0.45 40,000

F = 5.8612;
p < 0.001

General
hospital 378 (22.9) 7742.1 6980–8500 390 40,000

UCCK 215 (13.0) 8939.4 7790–10,100 0.77 40,000
Other health
institution 197 (11.9) 10,411 9120–11,700 177.5 40,000

Total 1654 8347 7960–8740 0.45 40,000

Vaccination status
Vaccinated 1625 (98.2) 8425.9 8030–8820 0.5 40,000 t = 3.281;

p = 0.001Not
vaccinated 29 (1.8) 3929.4 2390–5470 560.1 21,451

Total 1654 8347 7960–8740 0.5 40,000
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Table 3. Cont.

Gender Number (%) Average
Titter AU/mL

CI 95%
AU/mL

Min
AU/mL

Max
AU/mL

ANOVA Test;
p-Value

Vaccines used
AstraZeneca 408 (25.1) 6824.1 6100–7550 0.8 40,000

F = 15.5716;
p < 0.001

Pfizer–
BioNTech 898 (55.3) 8533.6 8010–9050 0.5 40,000

Both 319 (19.3) 10,171.5 9180–11,200 177.5 40,000
Total 1625 8425.9 8030–8820 0.5 40,000

Number of vaccine doses received
One 80 (4.9) 8071.1 6190–9950 333.5 40,000

F = 9.7369;
p < 0.001

Two 1122 (69.0) 7770.4 7320–8220 0.45 40,000
Three 420 (25.8) 10,207.1 9370–11,000 510 40,000
Four 2 (0.12) 20,143 15,530–24,756 15,530 24,756
Total 1057 8994.1 8460–9530 0.5 40,000

COVID-19 infection status
Infected 1057 (63.9) 8994.1 8480–9510 0.5 40,000

F = 9.43;
p < 0.001

Not infected 446 (27.0) 7155.8 6490–7820 0.5 40,000
Unknown 151 (9.1) 7335.8 6260–8420 224.9 40,000

Total 1654 8347 7960 to 8740 0.5 40,000

Number of times infected with COVID-19
Once 680 (64.3) 8860.3 8200–9520 0.5 40,000

F = 0.2551;
p = 0.77

Twice 340 (32.2) 9290.7 8420–10,200 730.3 40,000
Three or more

times 37 (3.5) 8728.3 5870–11,600 642.1 40,000

Total 1057 8994.1 8460–9530 0.5 40,000

Most (63.9%) of HCW reported infection with SARS-CoV-2, while the remainder
reported either that they had not been infected (27.0%) or that they did not know whether
they had been infected (9.1%). Those HCWs who reported that they had been infected with
SARS-CoV-2 had higher titers of anti-spike antibodies compared to HCWs who reported
that they had not been infected or that they did not know if they had been infected with
SARS-CoV-2 (F = 9.43; p < 0.001) (Table 3). Almost 2/3 of HCWs participating in the study
reported that they had been infected once with SARS-CoV-2, while almost 1/3 reported
that they had been infected twice. A small percentage (3.5%) reported that they had been
infected with SARS-CoV-2 three or more times. There was no significant difference in
antibody titers in relation to the number of infections with SARS-CoV-2 (Table 3).

The HCW reported being infected with SARS-CoV-2 and vaccinated showed higher
IgG antibody titers than vaccinated individuals without a prior infection. The median
IgG level in the vaccinated-only group was 4724 AU/mL (IQR 2581, 9218). Meanwhile,
participants who were both vaccinated and previously infected had a higher median level
of IgG antibody titer of 6165 AU/mL (IQR 3261, 11,373). Similarly, the geometric mean titer
(GMT) was much higher in the previously infected group at 6054 AU/mL (95% CI 5724,
6404) compared to the vaccinated-only group, which had a GMT of 4656 AU/mL (95% CI
4224, 5131) (Figure 1).

Using multiple regression analysis, we examined the impact of age, gender, COVID-19
vaccination status, as well as infection and hospitalization due to SARS-CoV-2 infection, on
the titer of antibodies against the SARS-CoV-2 spike protein. Among the analyzed variables,
age, gender, and hospitalization due to SARS-CoV-2 infection had a significant impact on
antibody titers (p < 0.0001) (Table 4).
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Figure 1. Distribution of anti–SARS-CoV-2 IgG antibody titers among vaccinated healthcare workers
according to prior infection status.

Table 4. Regression analysis for antibody titers to the anti-spike protein of SARS-CoV-2.

Value t-Ratio p-Value Significant

Age 4.507 <0.001 Yes
Gender 2.109 0.035 Yes

Vaccination against
COVID-19 1.333 0.183 No

Infection with COVID-19 0.6368 0.524 No
Hospitalization due to

infection with COVID-19 3.498 0.001 Yes

Six percent of the HCWs in the study reported that they had been hospitalized
due to COVID-19. Among female HCWs, 6.5% were hospitalized, while amongst male
4.5% (Table 5).

Table 5. Hospitalization of healthcare workers due to COVID-19.

Hospitalization
Due to COVID-19 Female (%) Male (%) Total (%)

Hospitalized 56 (6.5) 9 (4.5) 65 (6.1)
Not hospitalized 800 (93.5) 192 (95.5) 992 (93.9)

Total 856 201 1057

The most common signs and symptoms of SARS-CoV-2 infection among HCWs were
fatigue (81.66%), fever (68.6%), cough (51.9%), loss of taste (50.2%), back pain (38.6%) and
breathing difficulties (20.6%) (Table 6).

Table 6. Signs/symptoms among health workers infected with SARS-CoV-2.

Signs/Symptoms N %

Fatigue 862 81.6
Fever 725 68.6

Cough 549 51.9
Loss of taste 531 50.2
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Table 6. Cont.

Signs/Symptoms N %

Back-pain 408 38.6
Breathing difficulty 218 20.6

Other 224 21.2

4. Discussion
HCWs were at the forefront of the response to the pandemic, as the recommendation

to the general public was to limit physical contact to minimize transmission of SARS-CoV-2.
Initial data related to SARS-CoV-2 infection indicated that HCWs were among the first
group to have high SARS-CoV-2 infection rates [9–13]. The risk of being infected was
also dependent on the phase of the pandemic since HCWs lived in communities of active
transmission or were exposed to infected contacts during different events [14]. Some studies
highlighted that overall, the incidence of severe disease in HCWs (9.9%) was significantly
lower than the incidence among all SARS-CoV-2 positive patients (29.4%) and that the
mortality rate among HCWs (0.3%) was also significantly lower than that of all patients
(2.3%) [15].

According to the Kosovo Chamber of Doctors, by August 2020, twenty-one medical
doctors, representing 0.6% of all medical doctors working in the public sector of Kosovo,
had fatal outcomes due to infection with SARS-CoV-2 [16]. A study conducted by Halili
et al. during December 2020 showed the prevalence of IgM/IgG antibodies at 17% among
HCWs at the Primary Health Care facilities of the Prishtina municipality [17]. Additionally,
the Kosovo Chamber of Doctors reported that by the end of March 2021, 4141 HCWs,
representing 30.7% of the total number of people working at health care institutions in
Kosovo, had been infected with SARS-CoV-2 [18]. In a Kosovo-wide seroprevalence study
with 2204 participants conducted during May and June 2021, the overall prevalence of
IgG antibodies was 37.0%, with the highest percentage (48.7%) found in the 60–69-year
age group [19]. These data, obtained in approximately the same time period, suggest that
the prevalence of infection among HCWs in Kosovo could be similar to the prevalence of
infection among the general population.

The number of 99.8% of HCW in Kosovo with presence of anti-spike IgG antibodies
in this study is believed to be a result of infection with COVID-19 during different waves
of the pandemic (63.9%) and as a result of large enrollment (98.2%) into the vaccination
programme. This result shows that COVID-19 vaccine uptake for HCWs was not a signifi-
cant challenge. The vaccination process against COVID-19 in Kosovo started at the end
of March 2021, initially with a few hundred HCWs being prioritized. The two vaccines
used in Kosovo for the vaccination of the general population, including HCWs, were As-
traZeneca and Pfizer–BioNTech COVID-19 vaccines. In general, there was a high positive
response to vaccination against COVID-19 among the population, with coverage of 85% of
60–69-year-olds being the highest vaccinated population in Kosovo by the end of March
2023 (unpublished document from the National Institute of Public Health of Kosovo).

Seroprevalence studies reporting the presence of antibodies against SARS-CoV-2
conducted with HCWs in other countries during the second part of 2022 and the first part
of 2023 indicate similar prevalence data with our study [20–22]. A high COVID-19 vaccine
uptake among HCWs, followed by a high presence of IgG antibodies to SARS-CoV-2, has
been reported previously [23,24].

Our results revealed that the levels of anti-SARS-CoV-2 spike antibodies were signifi-
cantly higher in infected HCWs and vaccinated against SARS-CoV-2 than in non-infected
participants and those vaccinated. In addition, according to study results, those who have
received three or more dosses of vaccines have significantly higher levels of antibodies
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studied. Compared to individuals with either vaccination or infection alone, levels of
anti-Spike IgG antibodies were higher with an increasing number of vaccine doses, and in
individuals with hybrid immunity, which was reported previously as well [25,26].

The IgG generally provides long-term immunity, neutralizes viruses, opsonizes them
for immune cell recognition, and triggers antibody-dependent cellular cytotoxicity. The
concentration of antibodies in blood varies substantially between individuals and with
time since infection [27,28]. Levels of anti-Spike antibodies correlate with SARS-CoV-2-
neutralizing anti-receptor-binding domain antibody titer [29]. The IgG anti-S titters (“bind-
ing antibodies”) after natural infection and vaccination correlate with (pseudo)neutralizing
titters and neutralizing titters, in turn, correlate with protection against disease [30–32].
The kinetics of IgG anti-S “binding antibodies”, neutralizing antibodies and protective im-
munity often show a similar course in studies [33,34]. Higher anti-spike IgG antibody titers
were associated with reduced risk of incident SARS-CoV-2 infection [26,35]. Therefore, the
high prevalence of IgG antibodies to the spike protein of SARS-CoV-2 among Kosovo HCW
present in our study could present substantial protection against SARS-CoV-2 infection at
the time of sample collection.

Neither vaccination nor prior infection had a significant effect on anti-spike antibody
levels against SARS-CoV-2, according to study results. Both parameters are very well
known to have a clear impact on antibody levels against SARS-CoV-2 but in this case the
absence of a significant association between previous SARS-CoV-2 infection, vaccination
status, and anti-spike IgG levels may be explained by the high vaccination coverage
among healthcare workers (98.2%), the presence of high level of antibody titers (99.8%),
hybrid immunity and possible undetected asymptomatic infections. Furthermore, repeated
occupational exposure to SARS-CoV-2 and individual differences in immune responses
may have contributed to antibody levels, thereby diminishing the independent impact of
infection or vaccination status [36,37].

Systematic reviews and meta-analyses conducted among HCWs symptomatic for
SARS-CoV-2 infection revealed that the most frequently reported symptoms were fever and
dry cough, and less frequently malaise, myalgia and headaches [38]. Among the HCWs,
severe disease was estimated in 5%. Finally, an estimated 0.4–0.5% of all the HCWs reported
as infected by SARS-CoV-2 died because of complications of the disease [38,39]. These data
are in line with findings from the Kosovo data presented in this publication.

Despite gaining important information on presence of IgG antibodies against SARS-
CoV-2 among HCW in Kosovo, the study encompasses limitations due to lack of assessment
of in vitro neutralizing antibodies against SARS-CoV-2 variants current in circulation, lack
of assessment of anti-nucleocapsid antibodies to enable differentiation of infection with
SARS-CoV-2 after vaccination with vaccines based on the S protein, and lack of time interval
assessment between date of infection and vaccination and SARS-CoV-2 antibody levels
at the time of blood sampling due to the fact that vast majority of respondents did not
provide this information through the questioner. In addition, the accuracy of the data from
questionnaires taken during the interview process is based on individual responses and
could be subjective.

5. Conclusions
Our study findings revealed that as high as 99.8% of HCWs in Kosovo had antibodies

against the spike antigen of SARS-CoV-2. This situation has resulted most probably due
to the high enrolment into the COVID-19 vaccination programme offered in Kosovo, and
additionally as a result of infection/s with SARS-CoV-2. High rate of infection with
SARS-CoV-2 necessitated the need for proper and timely implementation of infection
prevention programmes among HCW during the pandemic. Additionally, the quantitative
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determination of IgG antibodies against the spike protein of SARS-CoV-2 may help facilitate
longitudinal monitoring of the antibody response among HCWs. Implementation of studies
that provide information on seroprotection among HCWs against newly emerging SARS-
CoV-2 variants is needed.
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