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Abstract: Healthcare workers (HCWs) are a vulnerable and critical population in the ongoing re-

sponse to the SARS-CoV-2 pandemic. We aimed to estimate the seroprevalence in HCWs consider-

ing all of their previous contacts with the SARS-CoV-2 virus and/or the immunity acquired through 

their immunization against COVID-19 before the advent of the Omicron variants BA.4/BA.5. Serum 

samples were collected from 28 March to 10 June 2022. We covered 25% out of all the people who 

worked in some of the government healthcare centers (primary, secondary, and tertiary level) across 

the entire Autonomous Province of Vojvodina (Northern Serbia). Two serological tests (Anti-SARS-

CoV-2 QuantiVac ELISA and LIAISON® SARS-CoV-2 TrimericS) were used to detect anti-spike IgG 

antibodies. The overall prevalence of the SARS-CoV-2 antibody among the 6936 HCWs was 92.96% 

[95% CI 92.33–93.55]. Regarding the type of serological test, there was a statistically significant (p = 

0.0079) difference of the seropositivity obtained by the LIAISON® SARS-CoV-2 TrimericS (93.87%, 

95% CI 92.97–94.69) and Anti-SARS-CoV-2 QuantiVac ELISA (92.23%, 95% CI 91.34–93.06) tests. 

Seropositivity to SARS-CoV-2 significantly (p < 0.0001) increased with the number of SARS-CoV-2 

infections combined with the number of doses of the SARS-CoV-2 vaccines received. A vast majority 

of the HCWs in Vojvodina had detectable levels of antibodies to the spike protein of SARS-CoV-2, 

but despite this high seropositivity, it is unknown whether this herd immunity among HCWs is 

protective against the new variants of concern. Further research should evaluate the rates of rein-

fections and the associated severity of COVID-19 caused by the Omicron sublineages and/or new 

variants of SARS-CoV-2 among HCWs. 
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1. Introduction 

Serological surveillance (serosurveillance) provides estimates of the population-level 

immunity against (vaccine-preventable) diseases using cross-sectional studies of antibody 

prevalence [1]. Therefore, a serological survey of specific antibodies against SARS-CoV-2 

is helpful to estimate the number of people that have been exposed to SARS-CoV-2 (in-

cluding asymptomatic and mild COVID-19 cases) and/or have been vaccinated, and to 

better clarify the dynamics of the epidemic waves [2,3]. Despite the fact that it is still not 

clear whether the antibodies against SARS-CoV-2 correlate with protective immunity or 

for how long protective antibody titres will be maintained, serological research of the 
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SARS-CoV-2 antibodies among residents in a certain territory offers the possibility to ap-

proximate the number of those who could potentially exhibit immunologic protection 

against subsequent infections [4]. Seroprevalence studies also provide insights into the 

real magnitude of the SARS-CoV-2 infections in the community and the extent of the un-

der-detection and under-reporting of COVID-19 cases. Indeed, we have previously shown 

that in the Northern Serbia, in the Autonomous Province of Vojvodina (with a total pop-

ulation of 1.9 million people), the total number of COVID-19 cases was largely underesti-

mated during the first two waves of the pandemic (the period from March until September 

2020) [2]. During this period, only the patients who had signs/symptoms related to 

COVID-19 were tested using RT-PCR tests (rapid antigen tests were not available at the 

time). Based on the data of this serological survey, it was estimated that for every RT-PCR 

confirmed case of COVID-19 there were 39–87 additional infections in Vojvodina. Moreo-

ver, in the same study the overall seroprevalence of Vojvodina’s population at the end of 

September 2020 was estimated to be 16.67% [2]. Finally, in order to estimate the herd im-

munity to the SARS-CoV-2 virus, seroprevalence studies can obtain the data about the 

relationships between infection/vaccination, symptomatology, and the subsequent anti-

body responses for safeguarding the workforce [4].  

Due to the course of their work and the potential exposed hazards to a SARS-CoV-2 

infection, healthcare workers (HCWs) as well as those employed in the healthcare system 

(staff members) are critical in the ongoing response to the pandemic. Generally, the sub-

jects employed in the healthcare system have a higher risk of a SARS-CoV-2 infection than 

those from the general population [4,5]. From 6 March 2020, when the first COVID-19 case 

was confirmed in Serbia until 26 June 2022 (before the confirmed circulation of the Omi-

cron variants BA.4/BA.5), a total of 2,026,045 SARS-CoV-2 infections (primary and rein-

fections) had been registered in Serbia [6,7], including 449,210 infections in Vojvodina, out 

of which 19,272 (4.29%) were in subjects employed at healthcare centers across the whole 

province. However, since many of the infections in HCWs may have been undetected, the 

true prevalence of the previous SARS-CoV-2 infections in our country among HCWs re-

mains unclear. In addition, due to the expected high risk of COVID-19, especially in those 

HCWs on the COVID-19 frontline and a significant variation of the reported prevalence 

worldwide, a seroepidemiological investigation of the antibodies against SARS-CoV-2 is 

needed across different healthcare settings that includes not only HCWs at the primary 

healthcare level but also those working in specialized tertiary institutions. Vaccination 

against COVID-19 in Serbia started on 24 December 2020, and initially covered the elderly 

population, HCWs, and the residents of long-term care facilities [8,9]. During the previous 

two and a half years of the pandemic, a majority of the HCWs in Serbia have been vac-

cinated and many of them have also had COVID-19 (once or several times), with the rates 

of infections being especially high during the Omicron predominance in 2022, so it is plau-

sible to assume that most of them have developed some level of protection against the 

SARS-CoV-2. 

In order to assess this, we conducted a research aimed at determining the seroprev-

alence and the associations of different factors with seropositivity to the SARS-CoV-2 vi-

rus among medical/non-medical staff at three different healthcare levels (primary, sec-

ondary, and tertiary) in Vojvodina, in the spring of 2022, before the circulation of the Omi-

cron variants BA.4/BA.5.  

2. Materials and Methods 

2.1. Study Design and Participants 

A cross-sectional study was designed to assess the exposure factors which contrib-

uted to the spread of SARS-CoV-2 before the circulation of the Omicron BA.4/BA.5 vari-

ants in Vojvodina, Serbia. Serum samples were collected from 28 March to 10 June 2022. 

Data obtained in this manner were used to estimate the prevalence of SARS-CoV-2 

antibodies in people who worked in some of the government healthcare centers (primary, 
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secondary, and tertiary) covering the entire territory of Vojvodina. Although there was no 

predefined sample size, a total of 6936 staff members (both medical and non-medical) 

were included, reflecting 25% out of 27,738 employed adults across healthcare centers in 

Vojvodina. 

All of the participants that were included in the study were asymptomatic. We also 

included participants who had previous symptomatic COVID-19, but had no symptoms 

for at least 14 days following the resolution of the disease. In contrast, the study partici-

pants were excluded if they reported symptoms of COVID-19 in the 14 days before sam-

pling. 

Before enrollment in the study, all of the participants were informed about the aims 

and purpose of the study and their informed consent was provided. After this, partici-

pants were interviewed to collect the following information: their general demographic 

data, occupation, workplace at the healthcare level, existing comorbidities if any, exposure 

to the COVID-19 virus at the workplace, the number of previous laboratory-confirmed 

cases of COVID-19, and their vaccination status (this information was retrieved from the 

Institute of Public Health of Vojvodina (IPHV) surveillance database), as well as the clin-

ical form (asymptomatic, mild, severe, or critical) of their last episode of COVID-19 (re-

gardless of the number of previous SARS-CoV-2 infections).  

The study participants were invited to be tested for anti-SARS-CoV-2 antibodies. The 

samples were initially collected at the healthcare centers where the participants worked. 

Upon sample collection (one day per one site), the samples of all of the participants were 

promptly transferred to the IPHV, Novi Sad. 

2.2. Laboratory Testing 

The blood samples for the anti-SARS-CoV-2 spike glycoprotein serology were ob-

tained from each participant aseptically using a venepuncture technique. The samples 

were transported in a cold chain mode to the laboratory of the Centre for Virology at the 

IPHV, where they were centrifuged and the serum was separated from the clot. Until the 

moment of serological analysis, the serum samples were adequately stored for one week 

at +4 to +8 °C, and for longer periods at −20 °C. The serums were tested using a quantita-

tive Anti-SARS-CoV-2 QuantiVac ELISA IgG test (Euroimmun, Lübeck, Germany) (in fur-

ther text referred as ELISA) or a LIAISON® SARS-CoV-2 TrimericS IgG test (DiaSorin, 

Saluggia, Italy) (in further text referred as CLIA), both of which measure the total amount 

of antibodies against the SARS-CoV-2 spike (S) protein. 

2.2.1. Anti-SARS-CoV-2 QuantiVac ELISA Test 

The ELISA test provides quantitative measurements of the concentration of IgG an-

tibodies against the S1 antigen (including RBD) of SARS-CoV-2 in a broad linear range 

(using a 6-point calibration curve). The test supports the assessment of the level of im-

mune reaction following a SARS-CoV-2 infection or vaccination with spike-protein-based 

vaccines. The testing was performed on an EUROIMMUN Analyzer I-2P according to the 

manufacturer’s instructions [10]. The ELISA test was based on 96-well microplates coated 

with the recombinant S1 domain of the spike protein of SARS-CoV-2. In the first reaction 

step, the diluted samples were incubated in the wells. In the case of positive samples, 

specific IgG antibodies bound to the antigens. To detect the bound antibodies, a second 

incubation was carried out using enzyme-labeled anti-human IgG antibodies (an enzyme 

conjugate) that catalyzed a color reaction. In the next incubation, the conjugate reacted 

with the substrate and a colored product of the reaction was formed. Photometric meas-

urement of the color intensity was performed, which was indicative of the antibodies to 

SARS-CoV-2 present in the calibrators, samples, or controls. Due to a linear correlation of 

the results in relative units per milliliter (RU/mL) with the “First WHO International 

Standard” (NIBSC code: 20/136) [11], the results from the quantitative sample evaluation 

were converted into standardized units. The resulting concentrations were converted into 

binding antibody units per milliliter (BAU/mL) by multiplying them by a factor of 3.2. All 
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of the samples with IgG titers below 8.0 RU/mL (<25.6 BAU/mL) were considered nega-

tive, values ≥8.0 RU/mL and <11.0 RU/mL (≥25.6 BAU/mL to <35.2 BAU/mL) were consid-

ered equivocal, while those with titers equal to or greater than 11.0 RU/mL (≥35.2 

BAU/mL) were considered as positive. For the purpose of analysis, the values of titers 

with <35.2 BAU/mL were considered as seronegative, while the values of ≥35.2 BAU/mL 

were considered as seropositive to SARS-CoV-2. The sensitivity of this test, in cases when 

it is used at 10 days and 21 days after symptom onset is 90.3%, and 93.2%, respectively. 

The specificity of this ELISA test amounted to 99.8% [10]. 

2.2.2. LIAISON® SARS-CoV-2 TrimericS Test 

This test is a new generation of indirect chemiluminescence immunoassay (CLIA) for 

the detection of IgG antibodies to SARS-CoV-2.  

The testing was performed on a LIAISON® XL Analyzer strictly according to the 

manufacturer’s instructions [12]. The principal components of the test are magnetic parti-

cles (solid phase) coated with a recombinant trimeric SARS-CoV-2 spike protein and a 

conjugate reagent containing an anti-human IgG mouse monoclonal antibody linked to 

an isoluminol derivative (isoluminol-antibody conjugate). The trimeric Spike Glycopro-

tein is the stabilized native form of the SARS-CoV-2 spike protein. It detects a broader 

repertoire of the neutralizing antibodies, improving the sensitivity and accuracy of the 

immune status monitoring. During the first incubation, the SARS-CoV-2 IgG antibodies 

present in the calibrators, samples, or controls bound to the solid phase. During the second 

incubation, the antibody conjugate reacted with the antibodies to SARS-CoV-2 already 

bound to the solid phase. Subsequently, the starter reagents were added and a flash chem-

iluminescence reaction was thus induced. The light signal, and hence the amount of 

isoluminol-antibody conjugate, was measured by a photomultiplier in relative light units 

(RLU) and was indicative of the antibodies to SARS-CoV-2 present in the calibrators, sam-

ples, or controls. The Analyzer automatically calculated the SARS-CoV-2 IgG antibody 

levels expressed as arbitrary units per milliliter (AU/mL). Owing to the correlation of the 

results of this CLIA IgG to the values and units of the first WHO International Standard 

(IS) for anti-SARS-CoV-2 immunoglobulin binding activity [11], the AU/mL was con-

verted to BAU/mL through multiplication by a factor of 2.6. The quantification range for 

the test was 1.85–800 AU/mL (4.81–2080 BAU/mL). According to the manufacturer’s rec-

ommendations, the samples with IgG titers <13.0 AU/mL, i.e., <33.8 BAU/mL, were con-

sidered as seronegative, while those with titers ≥13.0 AU/mL, i.e., ≥33.8 BAU/mL, were 

considered as seropositive to SARS-CoV-2. The sensitivity of this CLIA test, in cases when 

it is used 15 days after symptom onset, is 98.7%. The specificity of this test was 99.5% [12]. 

2.3. Data Analysis 

The seroprevalence was a dichotomous outcome measure (seropositive or seronega-

tive). The proportions of the IgG positive results (seropositive) obtained by the ELISA and 

CLIA tests in the analysis samples were calculated. A test of proportion was then per-

formed to compare the values of seropositivity with the observed variables given by the 

ELISA and CLIA tests. Univariable and corrected multivariable logistic regression anal-

yses were performed using seropositivity as the outcome variable. As the reference 

groups, we used the lowest values of seroprevalence regarding certain variables. The stra-

tum seroprevalence and 95% confidence intervals (CIs) of SARS-CoV-2 seropositivity 

were calculated using the SPSS software tool (version 22.0) and the MedCalc for Windows, 

version 12.3.0 (MedCalc Software, Mariakerke, Belgium). The statistical significance was 

set at p < 0.05. 

The clinical presentations of the COVID-19 disease (asymptomatic, mild, severe, and 

critical) were determined as previously described in detail [13]. 
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2.4. Ethical Considerations 

The study protocol, participant information form, and written informed consent form 

were reviewed and approved by the Ethics Committee of the Institute of Public Health of 

Vojvodina, Novi Sad (28 March 2022, number: 01-200/58-1). Participation in the study was 

based on a voluntary basis. Every participant was given the option to refuse to participate 

or to terminate the interview and their participation at any time during the study. All of 

the participants provided written informed consent. None of the authors of this study 

were involved in the treatment of the patients included in the analysis, and all data were 

anonymized before the authors accessed it. 

3. Results 

In total, 6936 participants provided a blood sample along with the questionnaire. A 

total of 3835 (55.3%) participants were tested by the ELISA test, and 3101 (44.7%) by the 

CLIA test. The mean age of all of the participants was 45.62 years (median age 46 years; 

IQR 38–55 years). The mean age of the participants tested by the ELISA test was 44.94 

years (median age 46 years; IQR 37–55 years), and there were 298 (7.77%), 1070 (27.90%), 

and 2467 (64.33%) serum samples from participants with antibody levels ≤35.2 BAU/mL, 

in the range between 35.2 and 380 BAU/mL, and >380 BAU/mL (above the limit of detec-

tion of the measured antibody level), respectively (Figure 1A).  

 

Figure 1. Scatter plot of the SARS-CoV-2 IgG concentrations using (A) Anti-SARS-CoV-2 QuantiVac 

ELISA test, and (B) LIAISON® SARS-CoV-2 TrimericS IgG test, by age of healthcare workers in Voj-

vodina, Serbia. Legend: Horizontal line on panel (A) indicates the limit of reference level of protec-

tive antibodies (35.2 BAU/mL). Horizontal line on panel (B) indicates the limit of reference level of 

protective antibodies (33.8 BAU/mL). 

The mean age of the participants tested by the CLIA test was 46.46 years (median age 

47 years; IQR 39–56 years), and there were 190 (6.13%), 1237 (39.89%), and 1674 (53.98%) 

serum samples from participants with antibody levels ≤33.8 BAU/mL, in the range be-

tween 33.8 and 2000 BAU/mL, and >2000 BAU/mL, respectively (Figure 1B). 

Out of the 6936 tested participants, most of them were female (83.52%), aged 40–49 

years (30.03%), nurses (46.90%), employed at the primary healthcare level (40.70%), with-

out pre-existing medical conditions (77.80%), without previous contact with COVID-19 

patients at the workplace (59.46%), with previous laboratory confirmation of COVID-19 

(56.30%), and those who were vaccinated with at least one dose of the vaccine against 

COVID-19 (79.08%). 

Overall, 6448 of the 6936 subjects (92.96%, 95% CI 92.33–93.55) tested positive for the 

presence of SARS-CoV-2-specific antibodies. More precisely, 92.23% (95% CI 91.34–93.06), 

and 93.87% (95% CI 92.97–94.69) of the serum samples were positive by the ELISA and 

CLIA tests for SARS-CoV-2-specific IgG antibodies, respectively, and this observed dif-

ference of seroprevalence was statistically significant (p = 0.0079). Significantly higher lev-

els of seropositivity obtained by the CLIA test compared with the ELISA test were also 
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observed among females (p = 0.0082), participants aged 18–29 (p = 0.0007) and 40–49 (p = 

0.0061) years, among HCWs employed at the primary health care level (p = 0.0101), in 

those who did not have contact with COVID-19 patients at the workplace (p = 0.0282), 

among participants who had laboratory-confirmed COVID-19 cases (p = 0.0063), and in 

those who had not been vaccinated against COVID-19 (p = 0.0043) (Table 1). 
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Table 1. Characteristics of total study population and stratified for their serostatus. 

 

All Participants 

Anti-SARS-CoV-2 QuantiVac ELISA LIAISON® SARS-CoV-2 TrimericS 

p-Value 1 Total 
Seroposi-

tive 

Seronega-

tive 
Seroprevalence % 

(95% CI) 

Total 
Seroposi-

tive 

Seronega-

tive 
Seroprevalence % 

(95% CI) 
n = 6936 n = 3835 n = 3537 n = 298 n = 3101 n = 2911 n = 190 

n % (95% CI) n % n % n % 92.23 91.34–93.06 n % n % n % 93.87 92.97–94.69 0.0079 

Gender 

Male 1143 16.48 15.56–17.32 606 15.80 561 15.86 45 15.10 92.57 90.18–94.53 537 17.32 502 17.24 35 18.42 93.48 91.05–95.42 0.5475 

Female 5793 83.52 82.63–84.39 3229 84.20 2976 84.14 253 84.90 92.16 91.18–93.06 2564 82.68 2409 82.76 155 81.58 93.95 92.96–94.84 0.0082 

Age (year) 

18–29 707 10.19 9.49–10.93 450 11.73 416 11.76 34 11.41 92.44 89.60–94.71 257 8.29 253 8.69 4 2.11 98.44 96.06–99.57 0.0007 

30–39 1347 19.42 18.49–20.37 798 20.81 734 20.75 64 21.48 91.98 89.87–93.77 549 17.70 501 17.21 48 25.26 91.26 88.58–93.49 0.6383 

40–49 2083 30.03 28.95–31.12 1099 28.66 1002 28.33 97 32.55 91.17 89.33–92.78 984 31.73 928 31.88 56 29.47 94.31 92.67–95.67 0.0061 

50–59 2043 29.46 28.39–30.55 1098 28.63 1025 28.98 73 24.50 93.35 91.71–94.75 945 30.47 887 30.47 58 30.53 93.86 92.13–95.30 0.6391 

≥60 756 10.90 10.18–11.66 390 10.17 360 10.18 30 10.07 92.31 89.20–94.75 366 11.80 342 11.75 24 12.63 93.44 90.40–95.75 0.5468 

Occupation 

Physician 1241 17.89 16.99–18.81 617 16.09 588 16.62 29 9.73 95.30 93.32–96.83 624 20.12 603 20.71 21 11.05 96.63 94.90–97.90 0.2338 

Nurse 3253 46.90 45.72–48.08 1917 49.99 1766 49.93 151 50.67 92.12 90.82–93.29 1336 43.08 1253 43.04 83 43.68 93.79 92.36–95.02 0.0698 

Pharmacist 70 1.01 0.79–1.27 42 1.10 37 1.05 5 1.68 88.10 74.37–96.02 28 0.90 28 0.96 0 0.00 100 87.66–100 0.0600 

Dentist 93 1.34 1.08–1.64 29 0.76 29 0.82 0 0.00 100 88.06–100 64 2.06 62 2.13 2 1.05 96.88 89.17–99.62 0.3389 

Laboratory tech-

nician 
411 5.93 5.39–6.51 207 5.40 192 5.43 15 5.03 92.75 88.33–95.88 204 6.58 186 6.39 18 9.47 91.18 86.42–94.69 0.5586 

Other medical 

staff 
221 3.19 2.79–3.63 111 2.89 107 3.03 4 1.34 96.40 91.04-99.01 110 3.55 102 3.50 8 4.21 92.73 86.18-96.81 0.2296 

Support non-

medical staff 
1647 23.75 22.75-24.77 912 23.78 818 23.13 94 31.54 89.69 87.53-91.59 735 23.70 677 23.26 58 30.53 92.11 89.92-93.95 0.0918 

Healthcare level 

Primary 2823 40.70 39.54-41.87 1158 30.20 1060 29.97 98 32.89 91.54 89.79-93.08 1665 53.69 1566 53.80 99 52.11 94.05 92.80-95.14 0.0101 

Secondary 2026 29.21 28.14-30.30 1443 37.63 1334 37.72 109 36.58 92.45 90.96-93.76 583 18.80 541 18.58 42 22.11 92.80 90.39-94.76 0.7860 

Tertiary 2087 30.09 29.01-31.18 1234 32.18 1143 32.32 91 30.54 92.63 91.03-94.02 853 27.51 804 27.62 49 25.79 94.26 92.48-95.72 0.1434 

Comorbidities 
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Hypertension 186 2.68 2.31-3.09 81 2.11 80 2.26 1 0.34 98.77 93.32-99.97 105 3.39 101 3.47 4 2.11 96.19 90.53-98.95 0.2819 

Chronic pulmo-

nary disease 
210 3.03 2.64-3.46 119 3.10 106 3.00 13 4.36 89.08 82.05-94.06 91 2.93 87 2.99 4 2.11 95.60 89.12-98.79 0.0868 

Cardiovascular 

disease 
441 6.36 5.80-6.96 253 6.60 230 6.50 23 7.72 90.91 86.67-94.15 188 6.06 179 6.15 9 4.74 95.21 91.10–97.79 0.0855 

Diabetes 192 2.77 2.40–3.18 106 2.76 101 2.86 5 1.68 95.28 89.33–98.45 86 2.77 78 2.68 8 4.21 90.70 82.49–95.90 0.2103 

Obesity 32 0.46 0.31–0.65 13 0.34 12 0.34 1 0.34 92.31 63.97–99.81 19 0.61 19 0.65 0 0.00 100 82.35–100 0.2268 

Malignancy 90 1.30 1.05–1.60 50 1.30 44 1.24 6 2.01 88.00 75.69–95.47 40 1.29 38 1.31 2 1.05 95.00 83.08–99.39 0.2489 

Other chronic dis-

ease 
389 5.61 5.08–6.18 214 5.58 196 5.54 18 6.04 91.59 87.03–94.94 175 5.64 162 5.57 13 6.84 92.57 87.63–95.98 0.7229 

Without comor-

bidity 
5396 77.80 76.80–78.77 2999 78.20 2768 78.26 231 77.52 92.30 91.29–93.23 2397 77.30 2247 77.19 150 78.95 93.74 92.69–94.68 0.3382 

Contact with COVID-19 patients at workplace 

Yes 2812 40.54 39.38–41.71 1550 40.42 1448 40.94 102 34.23 93.42 92.07–94.60 1262 40.70 1196 41.09 66 34.74 94.77 93.39–95.93 0.1331 

No 4124 59.46 58.29–60.62 2285 59.58 2089 59.06 196 65.77 91.42 90.20–92.54 1839 59.30 1715 58.91 124 65.26 93.26 92.02–94.36 0.0282 

Previously having laboratory-confirmed COVID-19 

Yes 3905 56.30 55.12–57.47 2170 56.58 2054 58.07 116 38.93 94.65 93.62–95.56 1735 55.95 1674 57.51 61 32.11 96.48 95.50–97.30 0.0063 

No 3031 43.70 42.53–44.88 1665 43.42 1483 41.93 182 61.07 89.07 87.47–90.53 1366 44.05 1237 42.49 129 67.89 90.56 88.88–92.06 0.1786 

Vaccinated against COVID-19 with at least one dose of vaccine 

Yes 5485 79.08 78.10–80.03 3063 79.87 2965 83.83 98 32.89 96.80 96.11–97.39 2422 78.10 2365 81.24 57 30.00 97.65 96.97–98.22 0.0592 

No 1451 20.92 19.97–21.90 772 20.13 572 16.17 200 67.11 74.09 70.85–77.15 679 21.90 546 18.76 133 70.00 80.41 77.22–83.33 0.0043 

Values that differ significantly (p < 0.05) are marked in bold. 1 Test proportion differences between seroprevalence obtained by two different serological tests. 
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Univariate and multivariate analyses were undertaken using the seropositivity to 

SARS-CoV-2 as the dependent variable and incorporating the participants’ age, gender, 

occupation, and the healthcare level of their workplace as the independent variables. 

There were numerous potential factors that might have influenced the seropositivity to 

SARS-CoV-2 antibodies in the studied population. Therefore, among the participants 

tested by the ELISA test, the seropositivity was significantly higher in the subjects with 

hypertension (98.77%) compared to the participants with malignancy (88%), and in those 

who had contact with COVID-19 patients at the workplace compared with those who did 

not, while among those tested by the CLIA test, the seropositivity to SARS-CoV-2 was 

significantly higher in participants aged 18–29 (98.44%) and 40–49 years (94.31%) com-

pared with those aged 30–39 years (91.26%), as well as, among physicians (96.63%) in 

comparison with the laboratory technicians (91.18%). After adjusting, the chance of being 

seropositive was above two times higher among participants who had laboratory confir-

mation of COVID-19 and above 11 times higher among those who had been vaccinated 

with at least one dose of the SARS-CoV-2 vaccine compared to their counterparts, as meas-

ured by both serological tests (Table 2). 
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Table 2. Exposure factors associated with SARS-CoV-2 seropositivity stratified by univariable and multivariable logistic regression models. 

 

Anti-SARS-CoV-2 QuantiVac ELISA LIAISON® SARS-CoV-2 TrimericS 

Crude OR  

(95% CI) 
p-Value 

Adjusted OR a,b 

(95% CI) 
p-Value b 

Crude OR 

(95% CI) 
p-Value 

Adjusted OR a,b 

(95% CI) 
p-Value b 

Gender 

Male 1.06 (0.76–1.47) 0.7297   Referent    

Female Referent    1.08 (0.74–1.58) 0.6781   

Age (year) 

18–29 1.18 (0.79–1.78) 0.4150   6.06 (2.16–16.99) 0.0006 6.22 (2.21–17.47) 0.0005 

30–39 1.11 (0.80–1.54) 0.5341   Referent    

40–49 Referent    1.59 (1.06–2.34) 0.0237 1.57 (1.05–2.36) 0.0274 

50–59 1.36 (0.99–1.86) 0.0569   1.47 (0.98–2.18) 0.0598   

≥60 1.17 (0.76–1.78) 0.4913   1.367 (0.82–2.27) 0.2305   

Occupation 

Physician 2.74 (1.00–7.49) 0.0495   2.78 (1.45–5.33) 0.0021 2.72 (1.39–5.34) 0.0036 

Nurse 1.58 (0.61–4.08) 0.3443   1.46 (0.86–2.49) 0.1628   

Pharmacist Referent    5.65 (0.33–96.45) 0.2313   

Dentist 8.65 (0.46–162.87) 0.1496   3.00 (0.68–13.30) 0.1481   

Laboratory technician 1.73 (0.59–5.05) 0.3162   Referent    

Other medical staff 3.61 (0.92–14.18) 0.0654   1.23 (0.52–2.94) 0.6348   

Support non-medical staff 1.18 (0.45–3.07) 0.7402   1.13 (0.65–1.96) 0.6659   

Healthcare level 

Primary Referent    1.23 (0.84–1.78) 0.2816   

Secondary 1.13 (0.85–1.50) 0.3948   Referent    

Tertiary 1.16 (0.86–1.56) 0.3244   1.27 (0.83–1.95) 0.2658   

Comorbidities 

Hypertension 10.91 (1.27–93.54) 0.0293 3.98 (0.41–38.53) 0.2336 2.59 (0.75–8.91) 0.1313   

Chronic pulmonary disease 1.11 (0.40–3.11) 0.8399   2.23 (0.65–7.70) 0.2042   

Cardiovascular disease 1.36 (0.52–3.54) 0.5243   2.04 (0.76–5.48) 0.1576   

Diabetes 2.75 (0.80–9.50) 0.1088   Referent    

Obesity 1.64 (0.18–14.93) 0.6624   4.22 (0.23–76.37) 0.3294   

Malignancy Referent    1.95 (0.39–9.63) 0.4130   



Vaccines 2022, 10, 2168 11 of 18 
 

 

Other chronic disease 1.48 (0.56–3.96) 0.4292   1.28 (0.51–3.21) 0.6016   

Without comorbidity 1.63 (0.69–3.87) 0.2650   1.54 (0.73–3.24) 0.2593   

Contact with COVID-19 patients at workplace 

Yes 1.33 (1.04–1.71) 0.0238 1.46 (1.13–1.90) 0.0041 1.31 (0.96–1.78) 0.0852   

No Referent    Referent    

Previously having laboratory-confirmed COVID-19 

Yes 2.17 (1.71–2.77) <0.0001 2.18 (1.71–2.78) <0.0001 2.86 (2.09–3.91) <0.0001 2.90 (2.12–3.97) <0.0001 

No Referent    Referent    

Vaccinated against COVID-19 with at least one dose of vaccine 

Yes 10.58 (8.18–13.69) <0.0001 
11.34 (8.70–

14.78) 
<0.0001 10.11 (7.31–13.97) <0.0001 11.05 (7.92–15.40) <0.0001 

No Referent    Referent    

The group with the lowest seropositivity by characteristics was used as the reference. a Adjusted for the following variables: age, gender, occupation, and healthcare 

level. b Only identified risk factors for seronegativity with a p-value <0.05 in the univariable analyses were included in the multivariable logistic regression analyses. 

Values that differ significantly (p < 0.05) are marked in bold. 
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When we combined the data about previous SARS-CoV-2 infections and vaccination 

against COVID-19, the seropositivity to the SARS-CoV-2 virus significantly (p < 0.0001) 

increased with the number of SARS-CoV-2 infections and the number of doses of the 

SARS-CoV-2 vaccines received. Higher seropositivity was observed in HCWs with hybrid 

immunity, i.e., those who had previous infection(s) and were also vaccinated, emphasiz-

ing the importance of the vaccination of convalescents from a SARS-CoV-2 infection. In 

contrast, there were no significant differences in seropositivity among the participants 

with two laboratory confirmations of COVID-19, regardless of their vaccination status, 

and the number of received vaccines against COVID-19, because almost all of the subjects 

in these groups were seropositive (p > 0.005) (Figure 2, Table S1). 

 

Figure 2. Seroprevalence of the SARS-CoV-2 antibodies regarding COVID-19 and vaccination status 

by two serological tests. 

When the levels of antibodies were compared with regard to the clinical form of their 

last (most recent) COVID-19 episode and their vaccination status, the highest seropreva-

lence of SARS-CoV-2 antibodies was observed in participants with asymptomatic 

(64.36%), mild (45.17%), severe (38.39%), and critical (45.45%) forms who received three 

doses of the COVID-19 vaccines, as well as in unvaccinated participants who had and 

recovered from the critical form of COVID-19 (45.45%). On the other hand, with the ex-

ception of the critical form of COVID-19 (there were no seronegative samples to SARS-

CoV-2 in this group), the highest seronegativity to SARS-CoV-2 was noticed among the 

unvaccinated participants regardless of the clinical form of COVID-19 they had (asymp-

tomatic, 59.87%; mild, 83.85%; and severe, 87.50%) (Figure 3 A-D). 
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Figure 3. Seroprevalence of the SARS-CoV-2 antibodies in HCWs regarding the clinical form of their 

last episode of COVID-19: (A) asymptomatic, (B) mild, (C) severe, and (D) critical. 

4. Discussion 

In this cross-sectional study of asymptomatic people employed in healthcare centers 

of all three levels (primary, secondary, and tertiary) that covered 1/4 of the entire popula-

tion of HCWs in Vojvodina, the overall SARS-CoV-2 seroprevalence was high (92.96%). 

The highest seroprevalence rates were found in those HCWs who had previous infec-

tion(s) and were also vaccinated, suggesting that such hybrid immunity could confer bet-

ter protection against subsequent infections. 

Previously published data from a research conducted among HCWs from three Uni-

versity Hospitals in Belgrade, Serbia, during the second wave of the COVID-19 pandemic 

(from June to early October, 2020, and before the start of the COVID-19 immunization in 

Serbia), showed that the overall seroprevalence of SARS-CoV-2 was only 18.3%. Specifi-

cally, the seropositivity among HCWs who worked in the COVID-19 hospital was higher 

(28.6%) compared with those who worked in the emergency center (12.6%) or those from 

non-COVID-19 hospitals (18.3%) [14]. In concordance with the aforementioned differ-

ences of seroprevalence, a longitudinal study among HCWs in Chile during the three-

month period from April to July 2020, before and after the first wave of the COVID-19 

pandemic, reported that the initial overall IgG seroprevalence of SARS-CoV-2 was 9.6%. 

However, the final cumulative value (after the first pandemic wave) in this Chilean study 

was 24% [15]. Thus, the seropositivity to SARS-CoV-2 may noticeably fluctuate depending 

on different parameters such as geographical location and the time when the research was 

conducted (stage of the pandemic), timeliness and the enforcement of infection control 

measures, the sampling strategies and type of serological test used, and may progressively 

increase over time. Therefore, it is not surprising that in our study, which was conducted 

later during the pandemic, after the sixth epidemic wave of COVID-19 and more than one 

year since the beginning of the vaccination campaigns in Serbia and elsewhere, the ob-

served prevalence was much higher compared to the prevalence rates obtained in various 



Vaccines 2022, 10, 2168 14 of 18 
 

 

populations of HCWs in several other SARS-CoV-2 seroprevalence studies that were per-

formed before the period of our research [2,16–25]. In addition, numerous previous stud-

ies reported that the seroprevalence to SARS-CoV-2 among HCWs was higher in compar-

ison with the general population [4,17,26,27]. Thus, the main reasons for these discrepan-

cies of seroprevalence lie in a significant and repeated occupational exposures to the 

SARS-CoV-2 virus among HCWs during the COVID-19 pandemic [4] as well as higher 

vaccination coverage rates (VCR) in HCWs than in the general population. Indeed, VCR 

were estimated to be around 70% in HCWs compared to approximately 45% in the general 

population in Serbia [28]. 

As already mentioned, seroprevalence research can identify the missing COVID-19 

cases with mild or no symptoms at all, that were left undiagnosed [15,16,18,19]. Our pre-

vious study of four consecutive rounds of surveys in asymptomatic individuals from the 

general population showed marked differences in the numbers of infections estimated by 

the survey and the officially reported cases in Vojvodina and gave insight into the pro-

portion of the susceptible population in a community (over 80% of the total population) 

after two pandemic waves [2]. Although the seroprevalence rate of around 93% found in 

this study would imply that the number of seropositive HCWs could be around 25,796 

out of the total 27,738 HCWs in Vojvodina, which is much more than the 19,272 officially 

reported cases of COVID-19 among HCWs (both primary infections and reinfections) un-

til the end of the study, the same conclusion of the under-diagnosing and under-reporting 

of COVID-19 cannot be drawn since many of the HCWs might have become seropositive 

due to vaccination only, without being exposed to SARS-CoV-2.  

In the sample, the mean age of HCWs was 46 years, and the majority (78%) of them 

had no comorbidities. In addition, we found a variation in the seropositivity of SARS-

CoV-2 among the different groups of subjects employed in the various healthcare centers 

in Vojvodina. Depending on the type of serological test used, the highest seroprevalence 

for participants tested by the ELISA test was in dentists (100%) and other medical staff 

(96.4%), while for those tested by the CLIA test the highest seropositivity of SARS-CoV-2 

was observed in pharmacists (100%) and dentists (96.9%). The seroprevalence of SARS-

CoV-2 in non-medical staff was 89.7% (ELISA test) and 92.1% (CLIA test). Although the 

observed differences might be due to the different performances of the two tests and/or 

the differences between the subjects in the two groups tested, it is also possible that they 

do reflect the specificities of the work of the different profiles of HCWs and a higher or 

lower risk of being exposed to the SARS-CoV-2. In line with this, the results of a previous 

published study showed that in comparison with the seroprevalence of other HCWs, the 

lower seroprevalence of SARS-CoV-2 was noticed among the participants working in in-

tensive care medicine. This could be due to the fact that intensive care units were marked 

as units with high-risk environments where enhanced personal protective equipment was 

implemented [4]. Although we did not predict dividing the participants regarding the 

specificities of their workplaces, the seroprevalences in primary, secondary, and tertiary 

healthcare levels in our study were similar: 91.5%, 92.5%, and 92.6% (ELISA test) and 

94.1%, 92.8%, and 94.3% (CLIA test), respectively. However, a multiple logistic regression 

model found a significantly higher risk of seropositivity to SARS-CoV-2 in participants 

who had contact with COVID-19 patients at the workplace (frontliners who were directly 

involved in diagnosing, treating, and caring for COVID-19 patients), which strongly sup-

ports the notion that the differential risk of SARS-CoV-2 depends on the type of occupa-

tional exposure at the workplace. Similar results were found by other authors [19,23].  

It is well established that natural and vaccine-induced immunity to SARS-CoV-2 may 

have different mechanisms [29], and the increasing amount of data have been accumu-

lated indicating higher levels of anti-SARS-CoV-2 antibodies (especially those against the 

S protein) in participants with combined natural/vaccine induced immunity, i.e., hybrid 

immunity. In this regard, the analysis of the factors associated with the seropositivity in 

HCWs in our study revealed that the participants who previously had laboratory-con-

firmed COVID-19 and/or those who have been vaccinated with at least one dose of the 
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SARS-CoV-2 vaccine had a higher probability of being seropositive than their comparison 

groups. We further analyzed the probability for the seropositivity regarding the number 

of previous laboratory confirmations of COVID-19 along with the number of SARS-CoV-

2 vaccines received. Shortly, the number of SARS-CoV-2 vaccines increased the seroprev-

alence of SARS-CoV-2 regardless of previous COVID-19 status (without laboratory con-

firmation or with one or two laboratory confirmations of COVID-19). Whether our find-

ings mean better protection in those HCWs against new SARS-CoV-2 variants remains 

unclear, but a recently published systematic review on the efficacy and duration of natural 

and hybrid immunity shown that natural immunity has similar effect sizes regarding pro-

tection against reinfection across different SARS-CoV-2 variants, with the exception of the 

Omicron variant (data are just emerging before conclusions can be drawn) and that hybrid 

immunity appears to be the most protective against reinfections and, more importantly, 

against serious COVID-19 outcomes [30]. Nevertheless, the assessment of hybrid immun-

ity in HCWs and its protective effects against the infection with Omicron subvariants was 

beyond the scope of the current study, and it is on future studies to delineate this. 

In this study, we also found that some other factors were independently associated 

with the seropositivity of the participants, especially for those tested with the CLIA test. 

Although the reason for this remains unknown, similarly to results of other authors [31], 

we found that the participants aged 18–29 and 40–49 years had significantly higher odds 

of being seropositive than their older/younger counterparts. In general, all the observed 

differences in the seroprevalences obtained by the two serological tests could be inter-

preted as results of a different type and clinical performances of these tests, where the 

CLIA test is more sensitive in comparison with an ELISA test [10,12]. In other words, these 

differences were probably due to different performances of those assays and they do not 

represent true differences in the seroprevalence of the studied subpopulations. 

In addition, our results support the previous findings that have correlated the sever-

ity of COVID-19 with the magnitude of the antibody response that follows the infection 

[13,32], i.e., seropositivity was significantly higher in individuals with prior symptomatic 

illness and those who have been vaccinated compared with those who remained asymp-

tomatic or unvaccinated. It remains unclear which level of the antibodies against SARS-

CoV-2 correlate with effective protection and further investigations should be done in or-

der to determine the neutralizing capacity of the antibody responses associated with dif-

ferent severities of the disease/vaccination status, i.e., to measure the titres at which the 

neutralizing antibodies provide protection against infection and, if possible, also the du-

ration of that protection [4]. 

Interestingly, the seropositivity of SARS-CoV-2 infections in the examined popula-

tion was similar regardless of the comorbidities that some participants had when com-

pared to those without any comorbidities. Although, there is the possibility that some of 

the participants were not fully aware of their comorbidity status, still, our results might 

be the base for more comprehensive research. 

This study had some limitations. First, considering the fact that the participants self-

presented to enroll, such an approach may have introduced a bias in the study cohort. 

Second, since we were not able to further dilute the sera with the available equipment 

support, we were not able to determine the average (median) values of seropositivity us-

ing the two different serological tests. Third, based on our data we could not distinguish 

whether SARS-CoV-2 infections were community or occupationally derived. We did not 

predict collecting personal data related to crowded workplaces, public transportation use, 

the appropriate use of masks during and outside of work, housing conditions as well as 

physical distancing history, and therefore we cannot be sure to what extent the workplace 

had a role in acquiring an infection by HCWs. However, it should be noted that the aim 

of this study was not to determine the efficacy of implemented non-pharmaceutical 

measures for the prevention of the spread of SARS-CoV-2, but we aimed to observe the 

immunity in HCWs considering the all-potential contact with the variants of SARS-CoV-
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2 before the advent of Omicron BA.4/BA.5. Fourth, although our serosurvey was con-

ducted at the time when our country reported a decline in daily new cases of SARS-CoV-

2, exclusion of symptomatic HCWs at the time point of the study might have slightly de-

creased the observed prevalence of anti-SARS-CoV-2 antibodies. Despite the above-men-

tioned potential limitations, we presume that they did not substantially compromise the 

main results of our study considering that we involved a large sample size of HCWs em-

ployed at various healthcare centers across Vojvodina. Finally, further longitudinal stud-

ies should be conducted to demonstrate the persistence of the current seropositivity, es-

pecially after the end of the actual epidemic wave caused by the Omicron sublineages of 

the SARS-CoV-2 virus. 

5. Conclusions 

In the present study we observed a high seropositivity levels of SARS-CoV-2 anti-

bodies among HCWs in Vojvodina, a northern province of Serbia, during the Omicron 

predominance, before the advent of Omicron BA.4/BA.5 subvariants. The highest sero-

prevalence rates were found in those HCWs who had previous infection(s) and were also 

vaccinated, but it remains unknown whether this hybrid immunity could translate into 

protection against the new variants of concern. In order to better understand the level of 

immunity to actual variants of SARS-CoV-2 and to plan interventions efficiently, the vac-

cination coverage and seroprevalence of SARS-CoV-2 in both the risk groups and the gen-

eral community must be assessed in future perspectives [33]. Although our results in 

HCWs cannot be directly extrapolated to other population groups in Vojvodina and Ser-

bia, it is reasonable to assume that the seroprevalence rates in the general population in 

our country are relatively high; future studies are warranted to delineate this. In addition, 

the results of our recent study, which covered the period from the first confirmed COVID-

19 case (6 March 2020) in Serbia to 31 January 2022, showed that SARS-CoV-2 reinfections 

in the general community were uncommon until the end of 2021, but became common 

with the emergence of Omicron and increased substantially thereafter [34]. Taking into 

account the results of our study, further research should evaluate the rates of reinfections 

and the associated severity of COVID-19 caused by the Omicron sublineages and/or new 

variants of the SARS-CoV-2 virus as well as the changes of the seroprevalence over time 

among HCWs who previously had natural and/or vaccine-induced immunity.  
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