Antibody seroprevalence against SARS-CoV-2 within
the Canton of Sarajevo, Bosnia and Herzegovina—One
year later

Prguda-Muji¢, Jasminka; Hasani¢, Osman; Besic¢, Larisa; Asi¢, Adna;
Halilovic, Sabina; Cesic, Aida Kulo; Ljevakovi¢, Neira; Muminovi¢,
Fildesa; Huseinovié, Sukrija; Ler, Daria; ...

Source / Izvornik: PLOS ONE, 2022, 17

Journal article, Published version
Rad u casopisu, Objavljena verzija rada (izdavacev PDF)

https://doi.org/10.1371/journal.pone.0265431

Permanent link / Trajna poveznica: https://urn.nsk.hr/urn:nbn:hr:184:025773

Rights / Prava: Attribution 4.0 International/Imenovanje 4.0 medunarodna

Download date / Datum preuzimanja: 2024-05-05

(MED

Repository of the University of Rijeka, Faculty of
Medicine - FMRI Repository

Bl alliEssn aoar

DIGITALNI AKADEMSKI ARHIVI [ REPOZITORLJL



https://doi.org/10.1371/journal.pone.0265431
https://urn.nsk.hr/urn:nbn:hr:184:025773
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://repository.medri.uniri.hr
https://repository.medri.uniri.hr
https://www.unirepository.svkri.uniri.hr/islandora/object/medri:6245
https://dabar.srce.hr/islandora/object/medri:6245

PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Prguda-Muijic J, Hasanic O, Besic L, Asic
A, Halilovic S, Cesic AK, et al. (2022) Antibody
seroprevalence against SARS-CoV-2 within the
Canton of Sarajevo, Bosnia and Herzegovina—One
year later. PLoS ONE 17(3): e0265431. https://doi.
org/10.1371/journal.pone.0265431

Editor: Gheyath K. Nasrallah, Qatar University,
QATAR

Received: August 4, 2021
Accepted: March 2, 2022
Published: March 31, 2022

Copyright: © 2022 Prguda-Muijic et al. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
information files.

Funding: The author(s) received no specific
funding for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Antibody seroprevalence against SARS-CoV-2
within the Canton of Sarajevo, Bosnia and
Herzegovina—One year later

Jasminka Prguda-Mujic®'*, Osman Hasanic®?2, Larisa Besic?, Adna Asic®?,

Sabina Halilovic?, Aida Kulo Cesic?, Neira Ljevakovic?, Fildesa Muminovic?,
Sukrija Huseinovic?, Daria Ler?, Lana Salihefendic?, Rijad Konjhodzic*,
Dragan Primorac®®"821%11:12 'Damir Marjanovic®'?

1 Eurofarm Molecular Diagnostics Laboratory, Eurofarm Centre, Sarajevo, Bosnia and Herzegovina,

2 Department of Genetics and Bioengineering, International Burch University, Sarajevo, Bosnia and
Herzegovina, 3 Department of Pharmacology, Clinical Pharmacology and Toxicology, Medical Faculty,
University of Sarajevo, Bosnia and Herzegovina, 4 Alea Genetic Centre, Health Institute Alea Dr. Kandic,
Sarajevo, Bosnia and Herzegovina, 5 St. Catherine Specialty Hospital, Zagreb/Zabok, Croatia, 6 Eberly
College of Science, The Pennsylvania State University, University Park, State College, Pennsylvania, United
States of America, 7 The Henry C. Lee College of Criminal Justice and Forensic Sciences, University of New
Haven, West Haven, Connecticut, United States of America, 8 Medical School, University of Split, Split,
Croatia, 9 School of Medicine, Faculty of Dental Medicine and Health, Josip Juraj Strossmayer University
Osijek, Osijek, Croatia, 10 School of Medicine, Josip Juraj Strossmayer University Osijek, Osijek, Croatia,
11 Faculty of Medicine, University of Rijeka, Rijeka, Croatia, 12 Medical School REGIOMED, Coburg,
Germany, 13 Institute for Anthropological Research, University of Zagreb, Zagreb, Croatia

* jasminka.mujic @ gmail.com

Abstract

Background

Serostudies are important resources when following pandemics and predicting their further
spread, as well as determining the length of protection against reinfection and vaccine
development. The aim of this study was to update data on the prevalence of seropositive
individuals in Canton Sarajevo, Bosnia and Herzegovina (B&H) from September 2020 to
May 2021.

Methods

Anti-SARS-CoV-2 antibodies were quantified using an electrochemiluminescence
immunoassay.

Results

Compared to the period April-July 2020, when anti-SARS-CoV-2 antibodies were detected
in 3.77% of samples, one year later (May 2021) the estimated percentage within the same
population of the urban Canton Sarajevo was 29.9% (5,406/18,066). Of all anti-SARS-CoV-
2 |g-positive individuals, 53.27% were men, and 69.00% were of 50 years of age or younger.
Also, the current update found the individuals 50 years of age or younger to be more fre-
quently anti-SARS-CoV-2 Ig positive compared to older individuals. On the other hand,
higher median anti-SARS-CoV-2 Ig levels were found in individuals > 50 years old than in
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younger individuals, as well as in men compared to women. Seropositivity gradually
increased from September 2020 to May 2021, with the lowest frequency of positive cases
(3.5%) observed in September 2020, and the highest frequency (77.7%) in January 2021.

Conclusion

Our results provided important seroprevalence data that could help in planning restrictive
local public health measures to protect the population of Sarajevo Canton, especially con-
sidering that at the time of the study the vaccines were virtually inaccessible to the general
population not belonging to any of the high-priority groups for vaccination.

Introduction

The coronavirus disease 2019 (COVID-19) has resulted in more than 192 million cases of con-
firmed infection, and more than 4.2 million deaths worldwide as of week 27 update July 15,
2021 [1]. The actual prevalence number of infections is believed to be significantly higher in
comparison with Real-time-PCR (qRT-PCR)-confirmed cases. In Bosnia and Herzegovina
(B&H), 134 thousand qRT-PCR-confirmed cases and 5.5 thousand deaths have been docu-
mented, whilst in the Canton Sarajevo, 46,571 QRT-PCR-confirmed cases have been acknowl-
edged [2].

Serological testing for COVID-19 is becoming increasingly important within the research
community and immunity surveillance efforts. Likewise, seroprevalence studies are crucial for
estimating the infection, prevalence, and death rate, as well the spread of the virus in the popu-
lation-based on disease recovery and vaccination. Henceforward, seroprevalence will become
a parameter that will aid in planning and monitoring the impact of implementation and relax-
ation of epidemic restrictions.

Serological testing is performed on whole blood, serum, or plasma samples via a relatively
simple and rapid procedure, requiring less expertise and simpler laboratory settings compared
to molecular methods. Tests are designed to detect either total immunoglobulins (Ig) or to dif-
ferentiate between immunoglobulins M (IgM) and immunoglobulins G (IgG) fractions [3, 4].
Previous studies have reported 77.3% sensitivity and 100% specificity for IgM, and 83.3% sen-
sitivity, and 95% specificity for IgG [5]. Serological assays directed towards SARS-CoV-2 are
based on the detection of antibodies against a 2-subunit viral spike (S) protein with S1 being
responsible for receptor binding and S2 for fusion [3, 6].

In the second year of the COVID-19 pandemic seroprevalence studies are gaining consider-
able attention. Detection of antibodies is an important resource in controlling the epidemio-
logical situation, determining the duration of protection against reinfection, developing
vaccines and therapeutic monoclonal antibodies, as well as for forecasting the future of the
pandemic. In addition, it was shown that the number of individuals with antibodies against
SARS-CoV-2 may be 10-fold higher than the number of reported cases [7]. On the other hand,
serosurveys are criticized for two main limitations, namely design bias and inadequate testing
methods, both of which are likely to lead to overestimating the number of seropositive individ-
uals [8].

Several early seroprevalence studies were already conducted within different countries,
including B&H [9-19].

The aim of the present study was to update data on the prevalence of seropositive individu-
als in Canton Sarajevo, B&H, from September 2020 to May 2021, to determine the time frame
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for the peak frequency of positive results and to compare our results with those published by
the official authorities and governmental bodies.

Materials and methods
Participants

The research was conducted at Eurofarm Central Laboratory, from September 2020 to May
2021. All participants signed written informed consent (prepared in accordance with the princi-
ples of the Declaration of Helsinki), reviewed and approved by the local ethics committee [20].

Materials

Peripheral blood samples and nasopharyngeal swabs were collected. Blood samples were col-
lected by venipuncture in Vacusera vacutainers with CAT serum (BD Vacutainer™, Germany).
Samples were transferred for centrifuge at 500xg for 10 minutes and analyzed the same day.

Methods

ECLIA. The serum samples were analyzed using CE.IVD Roche CobasElecsys™ Anti-
SARS-CoV-2, an electrochemiluminescence immunoassay (ECLIA), for the qualitative detec-
tion of total pan-Ig, IgG, IgM, and IgA (Roche Diagnostics, Rotkreuz, Switzerland). The test
was performed according to manufacturer instructions (Roche Diagnostics, Rotkreuz, Switzer-
land). The test applies the recombinant nucleocapsid (N) protein of SARS-CoV-2 as an antigen
and the method is based on the”’Double-antigen sandwich”format between the donor’s plasma,
biotinylated SARS-CoV-2 specific N antigen, and SARS-CoV-2-specific recombinant N anti-
gen labeled with a ruthenium complex. Streptavidin-coated microparticles are added after con-
comitant incubation of reagents. The immune-complex is bound to the solid phase via biotin-
streptavidin interaction and extracted for cell measuring through a Roche Cobas E411 Ana-
lyzer, magnetically capturing microparticles on the surface of the electrode. Materials that
remain unbound are washed away, and the emission levels of induced chemiluminescence by
a specific electrical current on an electrode are measured with a photomultiplier.

Results are generated with an interpolating ECLIA signal with a threshold produced during
calibration. The result is given either as reactive or non-reactive in the form of a cutoff index
(COIL signal sample/cutoff). If the COI is < 1.0 then the result is considered non-reactive (neg-
ative for anti-SARS-CoV-2 antibodies); if COI is > 1.0 then the result is considered reactive
(positive for anti-SARS-CoV-2 antibodies). Elecsys™ Anti-SARS-CoV-2 exhibits a high overall
clinical specificity of 99.8%, and sensitivity from 60.2-99.5% (Roche Diagnostics, Rotkreuz,
Switzerland) with a lack of cross-reactivity to the common cold coronaviruses according to the
manufacturer’s package insert.

ELISA. The ELISA method was used for testing the control group (n = 60) samples,
selected randomly from the tested cohort. ELISA was performed using a commercial ELISA
kit based on recombinant spike glycoprotein (S) and nucleocapsid protein (N) antigens of
SARS-CoV-2 (ELISA COVID-19 IgG; Vircell Microbiologists, Granada, Spain). Results were
expressed through the antibody index; AI = (sample OD/cut off serum mean OD) x 10, and
interpreted as follows: IgG < 4, negative; 4-6, borderline; > 6, positive.

qRT-PCR. Real-time PCR was applied for the analysis of nasopharyngeal swab samples of
the negative control group (n = 20). RNA was isolated using Bosphore® EX-Tract Dry Swab
RNA Solution (Anatolia Geneworks, Istanbul, Turkey), and the following kit was implemented
for the detection of SarS-CoV-2 [Bosphore‘f“\’ Novel Coronavirus (2019-nCoV) detection kit
V2]. The SARS-CoV-2 kit detects two regions of the virus in a single reaction: the E gene is
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used for screening purposes whereby the orflab target region is used to discriminate SARS-
CoV-2 specifically. Applied Biosystems QuantStudio 5 Real-Time PCR System [Thermo Fisher
Scientific Inc. (NYSE:TMO), Waltham, Massachusetts, USA] was applied for detection.

Statistical analysis

The results were expressed in the form of COI The chi-square test was deployed when testing
the association between the proportion of SARS-CoV-2 positive cases and gender, and
between individuals of 50 years of age or younger and > 50 years old at the time of testing. The
Mann-Whitney U test was used to compare the full distribution of ranks of anti-SARS-CoV-2
Igs levels between men and women who tested positive, and between individuals of 50 years of
age or younger and > 50 years old at the time of testing, all of whom tested positive. The two-
sample t-test was employed to compare mean ages between men and women who tested posi-
tive. Binary logistic regression analysis was performed to assess independent predictors of
SARS-CoV-2 positive cases. The variables tested as covariates were age and gender. Data anal-
ysis was performed in MS Excel, as described by McDonald in 2014 [21], and IBM SPSS Statis-
tics for Windows v27 (IBM, Armonk, NY).

Results

A total of n = 18,066 individuals were tested in the period from September 2020 to May 2021.
Prior to testing and analyzing, 60 control samples, selected randomly from the tested cohort,
have been used for verification and correlation between ECLIA and ELISA methods, 30.4%
were positive during ECLIA tests, whilst ELISA tests gave 27.2% positive results. The fractions
of positive results did not differ significantly between the two methods (p = 0.41). The naso-
pharyngeal samples (n = 20) that tested negative on qRT-PCR disclosed negative results on
both ECLIA and ELISA.

Demographic data

Mean + standard deviation of age at testing was 42.25 + 15.27 years, ranging from minimum 0
to maximum 93 years, with 70.7% of the participants being 50 years of age or younger, and the
remaining 29.3% were > 50 years old. A total of 54.2% of the study participants were men,
while the remaining 45.8% were women.

SARS-CoV-2 positive cases

An individual was considered to be positive for anti-SARS-CoV-2 Ig if COI was > 1.0. Based
on this cutoff level, a total of 5,406 individuals tested positive, which accounts for 29.92%. The
mean age among individuals who tested positive was 43.21 + 14.91 years, and the median anti-
SARS-CoV-2 Ig level was 18.9; interquartile range (IQR) 43.9 (Table 1).

Seroprevalence according to age

A total of 3731 (69.00%) of positive individuals were of 50 years of age or younger, while 1675
(31.00%) were > 50 years old. The chi-square test revealed this association between the pro-
portion of positive cases and two age groups to be significant (X* = 10.274; df = 1; p = 0.001;
Fig 1).

Significantly higher median anti-SARS-CoV-2 Ig level was found in individuals >50 years
of age when compared to the younger group (25.9; IQR 59.00 vs 16.00, IQR 36.00;
U = 2535473.00; p < 0.001; Fig 2).
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Table 1. The proportion of positive cases and the effect of age and gender.

Variables P value
Positive cases, n | Age (years) |Anti-SARS-CoV-21Ig |Two sample t- Mann-Whitney U test, anti- Chi-square test, anti-
(%) level test, age SARS-CoV-2Ig SARS-CoV-2Ig
Total cases 5,406 (29.92) 4321 +14.91 | 18.9 (43.9)
n = 18,066
Male 2,880 (53.27) 43.51 +14.99 | 20.4 (49.73) 0.112 p < 0.001 0.090
Female 2,526 (46.72) 42.86 + 14.82 | 17.3 (38.70)

Data are presented by frequencies (%), by mean + standard deviation or by median (IQR). P values that were lower than the 0.05 critical level shown in bold.

https://doi.org/10.1371/journal.pone.0265431.t001

Seroprevalence according to gender

A total of 2,880 (53.27%) anti-SARS-CoV-2 Ig-positive individuals were men, while 2,526
(46.72%) were women, and the chi-square test revealed no significant association between the
proportion of positive cases and gender (X° = 2.890; df = 1; p = 0.090; Table 1; Fig 3).

Significantly higher median anti-SARS-CoV-2 Ig level was found in men when compared
to women (20.40, IQR 49.72 vs 17.3, IQR 38.7; U = 3365817.50; p < 0.001; Table 1; Fig 4).

The mean age did not differ significantly between men (43.51 + 14.99) and women
(42.86 + 14.82) who tested positive (Two-sample t-test = 1.589; p = 0.112; Table 1; Fig 5).

In binary logistic regression analysis, the odds ratios for age categorised into 10-year age
bands were insignificant, while individuals of 50 years of age or younger were, independently
of gender, more likely to have positive anti-SARS-CoV-2 Ig levels compared with individuals
age > 50 years. The unadjusted and adjusted odds ratio for two age groups and gender are
shown in Table 2.

The frequency of positive cases throughout a nine-month time frame

Fig 6 shows the frequency of seropositive cases detected for each month separately for the
same nine-month period covered in this study.

Effect of age on the frequency of positive
cases

positive >50

Age groups

pOSiﬁve =0 —

17,5 35 52,5 70
Proportion of SARS-CoV-2 positive cases

o

Fig 1. Effects of age on the frequency of positive cases. A total of 69.02% of the individuals who tested positive were
of 50 years of age or younger, while 30.98% were > 50 years old, and the chi-square test revealed this association
between the proportion of positive cases and two age groups to be significant (X* = 10.274; df = 1; p = 0.001).

https://doi.org/10.1371/journal.pone.0265431.9001
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Effect of age on median anti-SARS-CoV-2 Ig levels
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Fig 2. Effect of age on median anti-SARS-CoV-2 Ig levels. Significantly higher median anti-SARS-CoV-2 Ig level was
found in the individuals > 50 years old when compared to the younger group (25.9; IQR 59.00 vs 16.00, IQR 36.00;
U =2535473.00; p < 0.001).

https://doi.org/10.1371/journal.pone.0265431.9002

The lowest frequencies of positive cases were observed in September 2020 (3.5%, 84/2,376)
and October (5,4%, 82/1,509) 2020 while the highest frequencies were observed in January
2021 (77.7%, 483/622), and in April 2021 (60.1%, 1,042/1,734) (Fig 6).

Discussion

The present study provides a year-later update on the first population-wide serosurvey in
B&H, i.e. an update on the anti-SARS-CoV-2 antibody prevalence in Canton Sarajevo. A sig-
nificantly increased number of seropositive individuals during the one-year period of COVID-
19 pandemics was reported. In a previously published seroprevalence study for the urban Can-
ton Sarajevo region, 2,841 samples were collected between April and July 2020, and anti-
SARS-CoV-2 antibodies were detected in 3.77% of samples [12]. Our latest dana revealed that
one year later (May 2021), the estimated percentage within the same population was actually
29.9%. Also, the current update found the individuals 50 years of age or younger to be more
frequently SARS-CoV-2 positive compared to older individuals. On the other hand, higher
median anti-SARS-CoV-2 Ig levels were found in individuals > 50 years old than in younger
individuals, as well as in men compared to women.

Effect of sex on the frequency of positive cases
54

52
50

48

- B

Female Male

Proportion of SARS-CoV-2 positive
cases

Sex

Fig 3. Effects of sex on the frequency of positive cases. A total of 2,880 (53.27%) anti-SARS-CoV-2 Ig-positive
individuals were men, while 2,526 (46.72%) were women, the chi-square test revealed no significant association
between the proportion of positive cases and gender (X* = 2.890; df = 1; p = 0.090).

https://doi.org/10.1371/journal.pone.0265431.g003
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Effect of sex on median anti-SARS-CoV-2 Ig levels
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Fig 4. Effects of sex on median anti-SARS-CoV-2 Ig levels. The median anti-SARS-CoV-2 Ig level among individuals
who tested positive was 18.9, interquartile range 43.9. Significantly higher median anti-SARS-CoV-2 Ig level was found
in men when compared to women (20.40, IQR 49.72 vs 17.3, IQR 38.7; U = 3365817.50; p < 0.001).

https://doi.org/10.1371/journal.pone.0265431.9004

In terms of the incidence of infection cases, lower figures were recorded in B&H at the
beginning of the outbreak when compared to the rest of Europe [22], most probably due to the
country, and Sarajevo Canton especially, being under a strict lockdown from mid-March until
mid-May 2020. A subsequent visible increase in the number of seropositive individuals may be
due to non-selective and non-systematic lifting of a whole set of epidemiological measures,
such as relaxing of obligatory physical distancing practices, allowing mass gatherings, liberal
rules for border crossing, as well as confirmation of new viral genetic variants (e.g., B1.1.7),
increased testing capacity, and local transmission of the virus [13, 22]. It is also important to
emphasize that the vaccination campaign was almost nonexistent in B&H during that time of
this study, that is, until May 2021.

Mean age among positive female and male participants

42,1
41,93
(0]
(1]
(]
£ 41,75
[}
=
41,58
41’4 -
Female Male
Sex

Fig 5. Mean age among positive female and male participants. The mean age of all individuals who tested positive
was 43.21 + 14.91. Mean age did not differ significantly between men (43.51 + 14.99) and women (42.86 + 14.82) who
tested positive (t test = 1.589; p = 0.112).

https://doi.org/10.1371/journal.pone.0265431.9005
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Table 2. Binary logistic regression analysis of independent predictors of positive anti-SARS CoV-2 Ig levels.

Covariates Odds ratio 95% CI p-value
Age* 0.893 0.833-0.957 0.001

The model was not statistically significant X° = 10.183, p = 0.001; it explained 0.1% (Nagelkerke R®) of the variance
and correctly classified 70.1% of cases.

Gender 0.946 0.888-1.009 0.089

The model was not statistically significant X* = 2.886, p = 0.089; it explained 0.0% (Nagelkerke R?) of the variance and
correctly classified 70.1% of cases.

Age* 0.891 0.832-0.955 0.001
Gender 0.943 0.885-1.005 0.073

The model was not statistically significant X° = 13.398, p = < 0.001; it explained 0.1% (Nagelkerke R) of the variance
and correctly classified 70.1% of cases.

*two age categories: 50 years of age or younger and > 50 years of age.

https://doi.org/10.1371/journal.pone.0265431.t1002

Previously reported general population seroprevalence of anti-SARS-CoV-2 antibodies var-
ies across different regions and countries [9]. Early seroprevalence studies were conducted as
early as April 2020. Regarding studies for populations neighboring B&H, a study was con-
ducted on a sample of 1,494 factory workers in the counties of Split-Dalmatia and Sibenik-
Knin in Croatia in April 2020. Antibodies were detected in 1.27% of the total number of study
participants, thus further exemplifying the trend of low seropositivity in the first phase of the
pandemics [19]. In general, the frequency of seropositive individuals varies from < 0.1% to
more than 20% in different studies depending on the country and implemented measures,
sampling, and testing method, and phase of pandemics in which studies were executed [26,
27]. On the other hand, the latest regional dana for the Western Balkans report a seropositivity
of around 17% for Northern Serbia (Vojvodina region) in September 2020 [13].

Although seropositive individuals were detected in all age groups, a significant difference in
seropositivity among different age groups was noted in the present study. Similar to the North-
ern Serbian population [13], it seems that the younger population group exhibited a higher fre-
quency of seropositive cases due to their behavioral habits, including the lack of physical
distancing, traveling, and not following the proposed epidemiological measures. While the
results from the Northern Serbian population suggested women to be more exposed compared
to men [13], we were only able to estimate no difference in proportion of infected men and
women.

The current official Sarajevo Canton data is reporting 52,752 qRT-PCR-positive cases [2],
which corresponds to approximately 12% of the current population, according to the 2013
Census [23]. On the country level, there are 205,000 qRT-PCR-confirmed cases in B&H [24],
which represents around 6% of the total population according to the same Census [23]. When
comparing the peaks in the number of detected cases, the first peak reported from molecular
data in the second phase of pandemics was in mid-November 2020, while the first peak based
on antibody testing was recorded in January 2021. Such findings are generally expected con-
sidering the time gap between the active infection and seroconversion. The second peak for
both molecular and serological testing was reported in April 2021 (Fig 6), which points out the
fact that the citizens of the Sarajevo Canton relied more on serological testing. Likewise,
another regional study aiming to assess the prevalence and dynamics of anti-SARS-CoV-2 IgA
and IgG antibodies in the cohort of asymptomatic individuals estimated the frequency of
qRT-PCR negative individuals to approximately 5.9-10.5%. Despite this, their exposure to
SARS-CoV-2 during the pandemic could not be excluded [25].
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The frequency of positive cases throughout a nine-month
time frame
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Fig 6. The frequency of positive cases throughout a nine-month time frame. The lowest frequencies of positive cases
were observed in September 2020 (3.5%, 84/2,376) and October (5,4%, 82/1,509) 2020 while the highest frequencies
were observed in January 2021 (77.7%, 483/622), and in April 2021 (60.1%, 1,042/1,734).

https://doi.org/10.1371/journal.pone.0265431.9006

These results can help in estimating the risk rates for virus spread, virus infection, the likeli-
hood of reaching herd immunity, and prioritizing vaccine recipient groups. The threshold
level of seropositive individuals for reaching herd immunity for COVID-19 is estimated to be
approximately 70% [26], and maybe even higher due to variant B.1.617.2, classified as a variant
of concern by the Center for Disease Control and Prevention [27].

Although this study represents the year-later update on the first population-wide serosurvey
in B&H, it has several limitations. Firstly, we collected the blood samples from all the patients
who came for serological testing, without collecting data regarding the reasons for testing,
Covid-19 history or severity of their illness, comorbidities. Thus, we were not able to analyse if
in subjects with the previous infection with COVID-19, e.g. more than 6 months previously,
serum antibody levels may have decreased to low levels. Also, we could not analyse if vaccina-
tion affected the antibody titers as the massive vaccination was not available at the time of our
study. Secondly, we provided 60 control samples, selected randomly from the tested cohort,
while the inclusion of serum samples from at least some of the individuals before the emergence
of SARS-CoV-2 would be a better option. Thirdly, the updated data from other countries,
except their specific subpopulation, i.e. children, pregnant women, healthcare workers, specific
groups of patients such as patients on haemodialysis, patients with autoimmune diseases, etc.,
lack, being the major limitation of our discussion section. Finally, interpretation of serologic
data may be challenging. i.e. the ideal scenario would include the collection of paired sera that
would give a better estimate of the rate of newly acquired infection in the area over time.

Our results provided important seroprevalence data that could help in planning restrictive
local public health measures to protect the population of Sarajevo Canton, especially consider-
ing that at the time of the study the vaccines were virtually inaccessible to the general popula-
tion not belonging to any of the high-priority groups for vaccination. Thus, while expecting
the next COVID-19 waves of pandemics to occur in the near future within our population,
new prospective seroprevalence studies should include measurements of other types of SARS-
CoV-2 antibodies such as neutralising and vaccine-induced ones.
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