Received: 17 October 2022

Revised: 29 June 2023

Accepted: 23 July 2023

DOI: 10.1111/irv.13182

ORIGINAL ARTICLE

WILEY

Evolution of seroprevalence to SARS-CoV-2 in blood donors in
Sarajevo Canton, Federation of Bosnia and Herzegovina:
Cross-sectional and longitudinal studies

Sanjin Musal?©® |
Anthony Nardone? |
Seila Cilovic Lagarija?
Sanela Dostovic-Halilovic
Golubinka Boshevska” |

Linstitute for Public Health of the Federation
of Bosnia and Herzegovina, Sarajevo, Bosnia
and Herzegovina

2Sarajevo School of Science and Technology
Sarajevo Medical School, Sarajevo, Bosnia and
Herzegovina

3Institute for Transfusion Medicine of the
Federation of Bosnia and Herzegovina,
Sarajevo, Bosnia and Herzegovina

4Epiconcept, Paris, France

SWorld Health Organization Office in Bosnia
and Herzegovina, Sarajevo, Bosnia and
Herzegovina

SWorld Health Organization, Geneva,
Switzerland

7World Health Organization Regional Office
for Europe, Copenhagen, Denmark

Correspondence

Sanjin Musa, Institute for Public Health of the
Federation of Bosnia and Herzegovina,
Sarajevo, Bosnia and Herzegovina.

Email: sanjinm@yahoo.com

Funding information

This work was supported by the World Health
Organization UNITY Studies initiative (COVID-
19 Solidarity Response Fund and the German
Federal Ministry of Health (BMG) COVID-19
Research and Development Fund).

Isabel Bergeri®©® |

Elma Catovic Baralija® | Veronica Ilvey Sawin?® |
Mirza Palo”

| Gorana Ahmetovic-Karic® | Alma Ljuca® |

| Sinisa Skocibusic® | Mia Blazevic! |

Rawi Ibrahim” |

| Aisling Vaughan’

Lorenzo Subissi® |
Richard Pebody’

Rozalija Nedic? |

Abstract

Background: Sarajevo Canton in the Federation of Bosnia and Herzegovina has
recorded several waves of high SARS-CoV-2 transmission and has struggled to reach
adequate vaccination coverage. We describe the evolution of infection- and vaccine-
induced SARS-CoV-2 antibody response and persistence.

Methods: We conducted repeated cross-sectional analyses of blood donors aged
18-65 years in Sarajevo Canton in November-December 2020 and 2021. We ana-
lyzed serum samples for anti-nucleocapsid (anti-N) and anti-spike (anti-S) antibodies.
To assess immune durability, we conducted longitudinal analyses of seropositive
participants at 6 and 12 months.

Results: One thousand fifteen participants were included in Phase 1 (November-
December 2020) and 1152 in Phase 2 (November-December 2021). Seropreva-
lence increased significantly from 19.2% (95% Cl: 17.2%-21.4%) in Phase 1 to
91.6% (95% Cl: 89.8%-93.1%) in Phase 2. Anti-S IgG titers were significantly
higher among vaccinated (58.5%) than unvaccinated infected participants across
vaccine products (p < 0.001), though highest among those who received an mRNA
vaccine. At 6 months, 78/82 (95.1%) participants maintained anti-spike seroposi-
at 12 months, 58/58 (100.0%)
33 (56.9%) had completed the primary vaccine series within 6 months. Among

tivity; participants were seropositive, and
11 unvaccinated participants who were not re-infected at 12 months, anti-S IgG
declined from median 770.1 (IQR 615.0-1321.7) to 290.8 (IQR 175.7-400.3).
Anti-N IgG antibodies waned earlier, from 35.4% seropositive at 6 months to

24.1% at 12 months.
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tion immunity.
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1 | INTRODUCTION

Within 2 years following the World Health Organization’s (WHO)
declaration of the novel coronavirus disease (COVID-19) as a public
health emergency of international concern,® a significant proportion
of the world’s population developed an immune response to severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), via infection
and or vaccination.?

Bosnia and Herzegovina, a country in the Western Balkan region
with 3.3 million residents, is composed of two entities: the Federation
of Bosnia and Herzegovina (FBiH) and the Republika Srpska (RS).
Sarajevo Canton (population 419,918) is one of 10 cantons in the
FBiH, which includes City of Sarajevo, the capital and largest city in
Bosnia and Herzegovina.® Sarajevo Canton has recorded several
waves of high SARS-CoV-2 transmission and has struggled to attain
adequate vaccination coverage. As of 31 January, 2022, BiH had
recorded 368,564 cases and 14,481 deaths associated with COVID-
19, with 92,344 cases and 1745 deaths in Sarajevo Canton.*

COVID-19 vaccines first arrived in Sarajevo Canton in March
2021, though uptake was stymied by limited supplies and vaccine
hesitancy. By the end of 2021, only 27.8% of residents aged 18 years
or older in the FBiH and 41.3% in Sarajevo Canton had received at
least one dose.* However, official data likely underestimate vaccina-
tion coverage due to vaccination of BiH residents in neighboring
countries. The Institute for Public Health (IPH) of Sarajevo Canton
estimates 54.3% of residents are fully vaccinated, including
those who voluntarily registered their vaccination in neighboring
countries.’> Vaccines administered in the FBiH include Comirnaty
(Pfizer-BioNTech), AstraZeneca, Sinopharm, CoronaVac (Sinovac), and
SpikeVax (Moderna).®

Serosurveys provide critical estimates of population immunity,
particularly in areas with suboptimal disease surveillance and vaccine
coverage.” Asymptomatic or mild disease is common, which leads to
a high prevalence of under-detection.®? Although knowledge of the
virological, epidemiological, and clinical characteristics of SARS-
CoV-2 has progressed considerably since the beginning of the
pandemic, few studies have been conducted in the Western Balkan
region.

Using an adapted WHO UNITY study seroepidemiological
investigation protocol,'® we aimed to estimate the seroprevalence
of anti-SARS-CoV-2 antibodies in Sarajevo Canton by conducting
repeated cross-sectional analyses among blood donors (aged
18-65 years) at 12-month intervals from end of 2020 to end of

Conclusions: SARS-CoV-2 seroprevalence increased significantly over 12 months
from end of 2020 to end of 2021. Although individuals with previous infection

may have residual protection, COVID-19 vaccination is vital to strengthening popula-

Bosnia and Herzegovina, cross-sectional study, longitudinal study, SARS-CoV-2, seroprevalence

2021; to assess immune durability at 6- and 12-month intervals
among those who were seropositive at end of 2020; and to
describe the antibody response among blood donors with infection-
and/or vaccine-induced immunity, including across vaccine products.
This will support improved understanding of population immunity

and provide evidence to support informed public health decision

making.
2 | METHODS
21 | Study design and participants

We conducted repeated cross-sectional analyses among blood donors
aged 18 to 65 years who attended the Institute of Transfusion
Medicine of the FBiH at end of 2020 (Phase 1) and end of 2021
(Phase 2) to estimate the seroprevalence of anti-SARS-CoV-2
antibodies in Sarajevo Canton. We aligned methods with WHO
standardized protocol under the Unity Studies initiative.® In the
cross-sectional analyses, blood donors were invited to participate in
the study, irrespective of prior SARS-CoV-2 infection (Figure 1). Non-
residents of Sarajevo Canton and those experiencing COVID-19
symptoms, or who reported contact with a confirmed COVID-19 case
within 14 days prior, were excluded.

In the longitudinal analysis, seropositive participants in Phase
1 were contacted via telephone and invited to participate in follow-up
assessments at approximately 6- and 12 months after baseline to
assess immune durability. Participants were excluded if they refused
to participate or were no longer residents of Sarajevo Canton.

Partially vaccinated participants, and those who had completed
the primary series more than 6 months prior or had received a third
booster dose were included in overall seroprevalence estimates but
excluded from other analyses that aimed to estimate the effect of vac-

cination on population immunity.

2.2 | History of COVID-19 and vaccination

After providing written consent, all eligible participants completed a
questionnaire regarding their history of suspected or confirmed
COVID-19 infection within the last 9 months (Phase 1) or 3 months
(Phase 2), including whether they had experienced COVID-19 symp-
toms, had received a diagnosis of COVID-19, or had been hospitalized
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FIGURE 1 Participant flow diagram.
Participants were excluded due to refusal to
participate or residence outside Sarajevo Canton.

Samples submitted by the Institute
of Transfusion Medicine of FBiH:

Phase 1 (Nov-Dec 2020): 1019
Phase 2 (Nov-Dec 2021): 1985

Declined to participate in study:
Phase 1 (Nov-Dec 2020): 4

4

Phase 2 (Nov-Dec 2021): 380

Reside cutside Sarajevo Canton:

\4 Phase 2 (Nov-Dec 2021): 453

Study population used in cross-
sectional analyses:
Phase 1 (Nov-Dec 2020): 1015

821 1gG- .

5 1gG- at baseline:

194 |gG . (R S gG
Phase 2 (Nov-Dec 2021): 1152 821

971gG- | e »| Declined to participate in 6-

1055 I1gG+ month follow/-up:
Total: 2167 112

due to COVID-19. Participants also provided their vaccination status
(Phase 2) via verbal report or vaccination card. We determined indi-
viduals to be fully vaccinated against COVID-19 if they had completed
the primary vaccine series at least 14 days but no more than 180 days
prior to serological testing. Vaccines were stratified by platform:
mRNA vaccines (Comirnaty and SpikeVax), inactivated vaccines
(Sinopharm and CoronaVac), and viral vector vaccines (AstraZeneca
and Johnson & Johnson). Participants who were seropositive but
reported no history of symptomatic infection, diagnosis, or vaccina-
tion were considered to have had asymptomatic infection.

Participants in the longitudinal analysis were stratified according
to their exposure status over the study period, including those who
reported no vaccination and their antibody titers did not increase
from baseline at follow-up visits (primarily infected), those who
reported no vaccination and their antibody titers increased over
follow-up (re-infected), and those who were fully vaccinated against
COVID-19 (vaccinated).

Study population used in longitudinal analysis
at 6-month follow-up (Apr-May 2021):

82

Declined to participate in 12-
............ »{ month follow/-up:

24

Study population used in longitudinal analysis
at 12-month follow-up (Nov 2021-Jan 2022):

58

2.3 | Serological testing

Trained laboratory staff at the Institute for Transfusion Medicine of
the FBiH collected venous blood samples from participants and
conducted laboratory testing. Plasma samples (500 uL aliquot) of
seropositive participants were stored at —30°C and archived for pos-
sible additional testing for up to 2 years, as described on the informed
consent forms signed by participants. Anti-SARS-CoV-2 antibodies
were detected by chemiluminescent microparticle immunoassays
(CMIA) using the Abbot Laboratories SARS-CoV-2 IgG | and Il kits and
ARCHITECT i2000sr system.

In Phase 1, serum samples were assessed for anti-nucleocapsid
(anti-N); 1.4 AU/mL or greater was considered seropositive for anti-N.
In Phase 2, serum samples were assessed for the receptor binding
domain (RBD) of the S1 subunit of the spike protein of SARS-CoV-2
in serum and plasma (anti-S); 50.0 AU/mL or greater was considered

seropositive for anti-S.
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In the longitudinal analysis, anti-N seropositive participants at
baseline were contacted via telephone and invited to participate in
follow-up assessment at 6- and 12 months for anti-N and anti-S
seropositivity. Using stored aliquots, we retroactively assessed anti-S
antibodies among participants who were seropositive for anti-N at
baseline and included in the 6-month follow-up.

2.4 | Statistical analysis

Participants were stratified by age (18-29, 30-39, and 40-65 years)
and sex. The crude seroprevalence estimates and 95% confidence
intervals were adjusted using direct standardization for the age and
sex distribution of Sarajevo Canton based on April 2021 data from
the Office of Statistics for the FBiH.% Crude and adjusted seropreva-
lence estimates are presented. Mean and standard deviations were
computed for continuous variables, and frequency distributions
were calculated for categorical variables. Chi-squared tests were con-
ducted on categorical variables. 1gG titers were presented using
median and interquartile range (IQR). Logarithmic transformation of
the IgG values was used to present the distribution. Differences
between groups were examined using the Wilcoxon rank-sum test
(cross-sectional) and the Student’s paired t test (longitudinal). The
Institute of Transfusion Medicine of the FBiH typically receives 1000

to 1500 blood donations per month. Assuming a seroprevalence of

5%-50% during the study period and a 95% confidence interval, inclu-
sion of 300-500 blood donors per age stratum would allow a 2%-6%
margin of error for seroprevalence estimates. All statistical analyses

were conducted in R 4.2.0.

3 | RESULTS

3.1 | Cross-sectional analyses
A total of 1015 blood donors were recruited in Phase 1 (November
2-December 11, 2020) and 1152 in Phase 2 (November 7-December
31, 2021) (Figures 1 and S1). In comparison to Phase 1 (n = 4), there
were significantly more participants who refused to participate in
Phase 2 (n = 380). Reasons for refusal include prior knowledge of
antibody status and younger donors’ lack of interest in knowing their
antibody status (85 high school students).

In both cross sections, the median age was 35 years (range 18-
65 years), and the majority of participants were male (73.9% in Phase
1 and 66.6% in Phase 2) (Table 1). More participants reported COVID-
19 symptoms in Phase 1 (21.3%) than in Phase 2 (14.1%). History of
hospitalization due to COVID-19 was rare in both study populations
(0.3% in Phase 1 and 0.1% in Phase 2).

In Phase 1 of our cross-sectional analysis, 49% of seropositive

participants reported no history of symptoms associated with COVID-

TABLE 1 Demographic characteristics in study population, Sarajevo Canton, BiH, Nov/Dec 2020-Nov/Dec 2021.

Phase 1 Phase 2
(Nov/Dec 2020) (Nov/Dec 2021)
N % N %
Overall 1015 100.0 1152 100.0
Age (years) Median (range) 35 (18-65) Median (range) 35 (18-65)
18-29 341 33.6 419 36.4
30-39 320 315 323 28.0
40-65 354 34.9 410 35.6
Sex
Male 750* 73.9 767* 66.6
Female 265* 261 385* 334
History of COVID-19 infection®
Diagnosed 54 5.3 47 4.1
Symptomatic 216 21.3 163 14.1
Hospitalized 3 0.3 1 0.1
Received COVID-19 vaccine - - 788 68.4
Fully vaccinated <6 months - - 675 58.6
Partially vaccinated - - 46 4.0
Last dose >6 months prior - - 64 5.6
Received booster dose - - 3 0.3

*Statistically significant (p < 0.05).

aSurvey included self-reported history of COVID-19 symptoms, diagnosis, and hospitalization over previous 9 months for Phase 1 and previous 3 months

for Phase 2.
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19 within the previous 9 months. Of those who were asymptomatic,
62.1% were aged younger than 40 years. Among seropositive and
symptomatic participants, few sought medical attention (7.1% aged
18-29 years and 8.1% aged 30-39 years).

No participants were vaccinated against COVID-19 in Phase 1. In
Phase 2, 675 participants (58.6%) were fully vaccinated, including
290 (43.0%) who had received Comirnaty, 221 AstraZeneca (32.7%),
125 Sinopharm (18.5%), 19 CoronaVac (2.8%), 15 Janssen (Johnson &
Johnson) (2.2%), and 5 SpikeVax (0.7%). Vaccination status was
reported verbally by 307 (45.5%) participants and with written docu-
mentation by 342 (50.7%) participants. An additional 46 participants
(4.0%) were partially vaccinated, 64 (5.6%) had completed the primary
series more than 6 months prior, and 3 (0.3%) had received a third
dose. The elapsed time between completion of the primary COVID-
19 vaccine series and serological testing ranged from 14 to 180 days
(median 106 days, IQR 65-148 days).

Population-adjusted seroprevalence in Sarajevo Canton increased
significantly from the end of 2020 to the end of 2021 (p < 0.001)
(Table 2). In Phase 1, 194 (19.2%) of 1015 participants were positive
for anti-N IgG antibodies against SARS-CoV-2, with an adjusted sero-
prevalence of 17.7% (95% Cl 15.4%-20.2%). Among seropositive par-
ticipants, 99 (51.0%) reported COVID-19 symptoms. In Phase 2, 1053
(91.6%) of 1152 participants were positive for anti-S IgG antibodies,
with an adjusted seroprevalence of 91.6% (95% Cl 87.0%-96.5%).

The majority of seropositive participants in Phase 2 were vacci-
nated, with vaccination increasing significantly by age (p = 0.001)
(Figure S2). Among 364 unvaccinated participants, 283 (77.7%) were
seropositive in Phase 2. There were no statistically significant differ-
ences in vaccination between men and women (p = 0.347). Fully vac-
cinated participants recorded significantly higher anti-S titer values
than unvaccinated infected participants, regardless of the vaccine
product (Figure 2). However, no statistically significant differences
were detected between vaccine products that shared the same plat-
form. Based on pairwise comparison of each product, anti-S IgG titers
were highest among participants who had received mRNA vaccines,
followed by vector-based vaccines, and inactivated vaccines
(p < 0.05).

3.2 | Longitudinal analysis

Among anti-N seropositive participants in Phase 1, 82/194 (42.3%)
returned at approximately 6 months (April 15-May 25, 2021), and
58/82 (70.7%) anti-S seropositive participants at the first follow-up
returned at approximately 12 months (November 7, 2021-January
20, 2022) (Figure 2). From baseline, the median elapsed time was
157 days (range 146-194 days) to the first follow-up and 395 days
(range 354-441 days) to the final follow-up. Loss to follow-up was

TABLE 2 Crude and adjusted SARS-CoV-2 IgG antibody seroprevalence estimates by demographic characteristics, Sarajevo Canton, BiH,

Nov/Dec 2020-Nov/Dec 2021.

Sarajevo Canton population Directly standardized

All samples IgG+ samples Crude seroprevalence (Apr 2021) seroprevalence
N n % (95% Cl) N % (95% Cl)
Phase 1 (Nov-Dec 2020)
Overall 1015 194 19.2 17.2-21.4 273,891° 17.7 15.4-20.2
Age (years)
18-29 341 70 20.5 16.4-25.2 59,869 18.3 14.0-23.5
30-39 320 58 18.1 14.1-22.8 64,559 17.3 12.4-23.8
40-65 354 66 18.6 14.7-23.1 149,463 17.6 12.6-24.3
Sex
Male 750 157 20.9 18.1-24.0 131,032% 20.5 17.3-24.3
Female 265 37 14.0 10.0-18.7 142,859° 15.0 9.9-22.0
Phase 2 (Nov-Dec 2021)
Overall 1152 1053 91.6 89.8-93.1 273,891° 91.6 87.0-96.5
Age (years)
18-29 419 383 91.4 88.3-93.9 59,869 90.9 81.9-100.1
30-39 323 299 92.6 89.1-95.2 64,559 93.9 82.0-107.0
40-65 410 373 91.0 87.8-93.6 149,463 90.9 80.8-102.0
Sex
Male 767 700 91.3 88.9-93.2 131,032% 91.1 84.2-98.5
Female 385 355 92.2 89.1-94.7 142,859 921 81.3-104.0

@Population aged 18-65 years in Sarajevo Canton.
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Anti-S IgG titer across COVID-19 vaccine products FIGURE 2 Anti-S IgG antibody response

across types of vaccine products and history of
§1000O J SARS-CoV-2 infection, Sarajevo Canton, BiH,
2 Nov/Dec 2021 (within 180 days of completing
? 1000 primary series). Dashed line is seropositive
= threshold (i.e., IgG titer 50.0). Black, unvaccinated,;
(CD» 1001 red, mRNA vaccine products; purple, inactivated
a 104 vaccines; blue, vector-based vaccines.
2 14

Unvaccinated Spikevax Comirnaty Astra Johnson CoronaVac Sinopharm
Zeneca &
Johnson

Vaccine product

TABLE 3 Characteristics of study population included in longitudinal analysis, Sarajevo Canton, BiH, Nov/Dec 2020-Nov 2021/Jan 2022.

Baseline 6-month follow-up 12-month follow-up
(November/December 2020) (April/May 2021) (November 2021/January 2022)
N % N % N %
Overall 194 100.0 82 100.0 58 100.0
Age (years) Median (range) 35 (18-62) Median (range) 38 (19-62) Median (range) 41 (21-62)
18-29 70 36.1 24 29.3 14 241
30-39 58 29.9 21 25.6 12 20.7
40-65 66 34.0 37 45.1 32 55.2
Sex
Male 157 80.9 67 81.7 48 82.8
Female 37 19.1 15 18.3 10 17.2
History of COVID-19 infection®
Diagnosed 38 19.6 0 0.0 1 1.7
Symptomatic 99 51.0 0 0.0 16 27.6
Hospitalized 2 1.0 0 0.0 0 0.0
Fully vaccinated <6 months 0 0.0 0 0.0 30 51.7
Partially vaccinated - - 2 2.4 2 3.4
Last dose >6 months prior - - 0 0.0 3 5.2
Received booster dose - - 0 0.0 0 0.0

@At baseline, participants were asked about infection history within the previous 9 months (since the beginning of the pandemic); at the 6-month follow-
up, participants were asked about infection history within the previous 6 months (since baseline); and at the 12-month follow-up, participants were asked
about infection history within the previous 3 months.

higher among younger participants (80.0% in 18-29 years vs. 51.5% seropositive for anti-N at 6 months, with median titers decreasing
in 40-65 years). from 3.9 (IQR 2.7-5.2) to 1.0 (IQR 0.6-1.8) (Table S1). At 12 months,

No participants had received the COVID-19 vaccine at baseline. 58 (100.0%) participants were seropositive for anti-S, and 14 (24.1%)
Two participants (2.4%) were partially vaccinated by the first participants were seropositive for anti-N, including 6 participants who
follow-up, though had not completed the primary vaccine series by had received an inactivated vaccine (5 Sinopharm, 1 CoronaVac). No
the time of serological testing. At the final follow-up, 30 participants participants reported a history of symptoms or diagnosis at 6 months.

(51.7%) had completed the primary vaccine series within 6 months, At the final follow-up, 16 participants reported a history of COVID-19

excluding 2 (3.4%) who were partially vaccinated and 3 (3.7%) who symptoms in the previous 3 months (median 40 days prior to testing,
had completed the primary series more than 6 months prior (Table 3 IQR 29-60), and 1 participant reported diagnosis (80 days prior to
and Figure 3). Vaccination status was reported verbally. testing).

At 6 months, 78 (95.1%) participants were seropositive for anti-S, Of 82 participants at the 6-month follow-up, 64 (78.0%) were

with median titers decreasing from 665.3 (IQR 216.7-1597.6) to unvaccinated, and anti-S and anti-N IgG titer values had not increased
380.6 (IQR 179.6-801.6); in contrast, 29 (35.4%) participants were since baseline (primarily infected); primarily infected participants
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FIGURE 3 Anti-N and anti-S IgG antibody

response at baseline, 6 months, and 12 months
among primarily infected, re-infected, and
vaccinated blood donors, Sarajevo Canton, BiH,
Nov/Dec 2020-Nov 2021/Jan 2022. Primarily
infected: unvaccinated participants whose anti-S
and anti-N IgG titer values decreased over the
follow-up period; re-infected: unvaccinated
participants whose anti-S and/or anti-N IgG titer
values increased over the follow-up period;

1gG (log10)

$ Primarily-infected

g Re-infected

— Vaccinated (mRNA)
Vaccinated (inactivated)
' Vaccinated (viral vector)

vaccinated: participants who had completed the
primary vaccine series. At 6 months, analysis
included 64 primarily infected and 16 re-infected

Baseline

6 months 12 months
Immune status across follow-up period

participants; two partially vaccinated participants Anti-S
were excluded. At 12 months, analysis included
11 primarily infected, 12 re-infected since 100004 . .
baseline, and 30 vaccinated participants = ) B3 Primarily-infected
(11 mRNA [Comirnaty], 8 inactivated =1 s}.\; 1s B3 Re-infected
[7 Sinopharm, 1 CoronaVac], and 11 viral vector < 1000 07# | 5 BE vaccinated (MRNA)
[AstraZeneca)); two partially vaccinated % 3 3: g B3 vaccinated (inactivated)
participants and three participants who completed 3; H " B3 Vaccinated (viral vector)
the primary vaccine series >6 months prior were ] I " ____________ 4"_’, __________________ o]
excluded. : I I I
Baseline 6 months 12 months

declined to 11/58 (19.0%) by the 12-month follow-up. Among 11
primarily infected participants by the final follow-up, all remained
seropositive for anti-S, though anti-S IgG had declined to 290.8 (IQR
175.7-400.3) from 665.3 (IQR 216.7-1597.6) and anti-N IgG had
declined to 0.6 (IQR 0.2-0.6) from 3.9 (IQR 2.7-5.2) (Figure 3). Vacci-
nated participants, including those who may have been re-infected,
recorded higher anti-S IgG titers by the final follow-up than unvacci-

nated participants who had likely been re-infected.

4 | DISCUSSION

We estimated an adjusted seroprevalence of 17.7% in November and
December 2020, which increased significantly to 91.6% among adults
aged 18-65 years by November and December 2021, following two
additional waves of high SARS-CoV-2 transmission and the introduc-
tion of COVID-19 vaccines
Herzegovina. By the end of 2021, 64.1% of study participants had

in Sarajevo Canton, Bosnia and
completed the primary COVID-19 vaccine series.

Data synthesized from over 800 studies in a recent systematic
review and meta-analysis suggest global seroprevalence of
SARS-CoV-2 antibodies rose considerably from 5.5% in June 2020 to
45.2% in July 2021, though to just 35.2% among unvaccinated per-
sons.? Results from multivariate modeling suggest higher seropreva-
lence estimates among low- and middle- income countries compared
to high-income countries, including in the WHO European Region.
Such variation may be due to weaker health system functionality and
performance, lower capacity to isolate, and less stringent use of and
ability to effectively implement public health and social measures

(PHSM).2 Authorities in Bosnia and Herzegovina and several other

Immune status across follow-up period

countries in the Western Balkans implemented strict measures early
in March 2020. However, measures were met subsequently with a
less degree of compliance and new SARS-CoV-2 variants emerged,
leading to periods of high transmission during 2021 (Figure S1).

The estimated seroprevalence in Phase 1 (17.7%) was signifi-
cantly higher than reported cumulative incidence based on testing
(5.7% by December 31, 2020),° which was not unexpected and has
been observed elsewhere. For example, a 2021 systematic review
estimated the seroprevalence to be 1.5 to 717 times higher than the
cumulative reported case incidence.!! Disparities might be explained
by testing constraints or the prevalence of asymptomatic, atypical, or
pauci-symptomatic cases.'? In Phase 1 of our cross-sectional analysis,
half of seropositive participants reported no history of symptoms
associated with COVID-19, and majority were younger than 40 years.
This is consistent with previous studies, which found younger age
groups to be more likely to be asymptomatic carriers of SARS-CoV-2,
less likely to comply with PHSM, and less likely to seek medical atten-
tion if clinical symptoms arise.*>'4 Despite the fact that both phases
were conducted following the high SARS-CoV-2 transmission wave,
participants in Phase 1 reported more COVID-19 infection history
than participants in Phase 2, perhaps as a result of the longer time-
frame for reporting history of symptoms.

Vaccination against SARS-CoV-2 significantly contributed to high
seroprevalence during Phase 2 of our study. Global studies have dem-
onstrated the critical role of vaccination in achieving population
immunity to SARS-CoV-2, primarily to protect against severe dis-
ease.’>® A study conducted in the United States among blood
donors estimated that seroprevalence increased from 3.5% to 11.5%
between July and December 2020 and then to 83.3% by May 2021
as a result of infection- and vaccine-induced antibody response, with
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the majority of the seropositivity attributable to vaccination.*® Simi-
larly, a study in Geneva, Switzerland, conducted in July 2021, found a
population seroprevalence of 66.1%, where 36.2% had developed
antibodies due to vaccination.'”

We found that fully vaccinated participants (including those who
might have previously been infected) recorded significantly higher
anti-S titer values than unvaccinated, infected participants, regardless
of the vaccine product, though titers varied across vaccine platforms.
We also observed a higher antibody response among vaccinated per-
sons who had a prior infection. A systematic review and meta-analysis
based on three vaccine efficacy trials and four observational studies
from the United States, Israel, and the United Kingdom found no sig-
nificant difference in the overall level of protection following infection
versus vaccination; included studies spanned the period prior to and
following the emergence of the Delta variant.'® In contrast, observa-
tional studies found a history of prior infection provided greater pro-
tection against subsequent infection compared to vaccination alone;
however, the overall risk of re-infection was lowest among those who
were vaccinated following infection (hybrid immunity) during periods
of Delta predominance.1?2°

Anti-S IgG titers among seropositive participants in our study
remained stable over 12 months. This finding is consistent with previ-
ous research among confirmed COVID-19 cases from 6 to 12 months
following infection, though antibody response following infection was
highly heterogeneous between individuals.2~2” Previous studies also
found anti-N antibody response wanes earlier, becoming undetectable
in most cases by 5 to 7 months.282? Although the duration of immu-
nity may depend on the type of vaccine, anti-S antibodies remain
detectable at least 6 to 8 months following vaccination.>° However,
greater waning in vaccine effectiveness was observed in persons
65 years of age or older.3!

A limitation of our study is that our sample consisted of blood
donors, a generally healthy population that may not be representative
of the general population. Most study participants were aged younger
than 40 years (64.7%) and male (70.0%), resulting in differences in the
age- and sex- distribution between the study population and Sarajevo
Canton. Additionally, there was a higher rate of non-responses in
Phase 2 of our study. We relied on self-reported history of SARS-
CoV-2 infection and for some participants on vaccination status,
which may not be accurate. Individuals who experienced COVID-19
symptoms within 14 days were excluded, which may have underesti-
mated the prevalence; however, this is a requirement for donating
blood in FBiH. The study population is restricted to residents of
Sarajevo Canton, and results may not be generalizable to other
geographic areas or Bosnia and Herzegovina as a whole. In addition,
we may have underestimated seroprevalence due to waning antibodies,
particularly in Phase 1, during which we relied on anti-N titers to deter-
mine seropositivity due to lack of capacity to test for anti-S antibody
response at that time. Anti-N titers are known to decline earlier com-
pared to anti-S titers.>? Few participants in our study reported severe
disease, with hospitalization reported by just three participants in Phase
1 and one participant in Phase 2, so it was not possible to assess an

association with antibody response. Finally, the manufacturer’s cut-off

threshold of the employed test may lead to the underestimating of
seroprevalence, as suggested in certain peer-reviewed papers.>*3*

This study has many strengths. Our study addresses an important
gap in COVID-19 surveillance in Bosnia and Herzegovina and contrib-
utes evidence from the Western Balkans, a region that has reported
among the highest mortality associated with COVID-19.2°> We used
validated tests and adjusted for the age and sex distribution in the
population of Sarajevo Canton. We also estimated durability of two
types of antibodies (anti-N and anti-S), which are known to have dif-
ferent periods of detectability.>¢~3? We also monitored the evolution
of seroprevalence to SARS-CoV-2 following its introduction to a well-
defined geographic area and present vaccination data across three
COVID-19 vaccine platforms. Finally, use of the standardized WHO
UNITY protocol allows for comparison and synthesis of our study
results with other studies globally.

This study was conducted prior to the widespread circulation of
the SARS-CoV-2 variant of concern, Omicron (Figure S1), in Sarajevo
Canton and within 9 months of the introduction of COVID-19 vac-
cines. Evidence of waning protection from previous infection and
vaccination highlights the importance of booster doses of vaccines
against COVID-19.31:40-43

5 | CONCLUSION

We found the number of reported COVID-19 cases based on testing
significantly underestimated the number of individuals who were
infected with SARS-CoV-2 in Sarajevo Canton. Over the 2-year pan-
demic period, the majority of the population of Sarajevo Canton
developed infection- or vaccine-induced antibodies against SARS-
CoV-2, even prior to the surge in infections caused by the Omicron
variant, which may suggest some level of population protection
against severe disease during future surges. Further efforts should
continue to broaden vaccination coverage, especially in vulnerable

populations, and implement strategic use of booster doses.
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