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The Bioethics Committee of Belarus and the local ethics committee of the St. Petersburg Pasteur Institute approved
the study. Selection of participants was carried out using a questionnaire method and online technology (internet, cloud
server). Volunteers were randomized into seven age groups (years of age): 1—17; 18—29; 30—39; 40—49; 50—59; 60—69;
and 70+. Regional randomization ensured proportional representation of volunteers from each region, and no more than
30 people were included from one enterprise. In accordance with manufacturer instructions, blood plasma samples were
analyzed for: IgG antibodies (Abs) to the SARS-CoV-2 nucleocapsid (Nc) using a quantitative ELISA test system; and
IgG Abs to the receptor binding domain (RBD) of the SARS-CoV-2 S (spike) surface glycoprotein using a qualitative
ELISA test system. Statistical processing was carried out using Excel 2010 and other software. Statistical differences
were designated as significant when p < 0.05, unless otherwise indicated. Results. The level of seroprevalence, in terms
of Abs to Nc among the Belarusian population, was 38.4% (95% CI 37.6—45.4). The highest Ab levels were found among
individuals in older age groups (50-70+ years old). The lowest were found in children 1—17 years old and in young
people 18—39 years old The distribution of seroprevalence across Belarusian regions was relatively homogeneous,
with the exception of the Minsk Region, where a statistically significant decrease in the indicator was noted. In terms
of profession, the largest share of seropositive individuals was found among transportation workers; the smallest was
found in business. The moderate COVID-19 incidence has not led to a dramatic increase in the number of contacts.
The base reproduction number (R0) was 1.3. In the Republic of Belarus, there was a moderate level of asymptomatic
COVID-19 among seropositive individuals (45.3% [95% CI44.0—46.7]). This form of infection was observed most
often among children aged 1—17 years old (65.0% [95% CI 61.3—68.6]). In parallel with seroprevalence assessment,
SARS-CoV-2 vaccination was carried out. We used two vaccines: Gam-COVID-Vac (also known as Sputnik V,
developed by Gamaleya National Center for Epidemiology and Microbiology, Russia); and BBIBP-CorV (Sinopharm,
PRC). Vaccination against SARS-CoV-2 was accompanied by an increase in the level of anti-RBD Abs (95% [95%
C194.7-96.7]). Taking into account the vaccination of a subset of the population with BBIBP-CorV, the overall herd
immunity, inferred from the analyzed indicators (presence of anti-Nc or anti-RBD Abs), was 47.1% (95% CI 46.3—48.0).
Conclusion. COVID-19 in Belarus was characterized by a moderately pronounced course of the epidemic process.
The threshold level of herd immunity to SARS-CoV-2 has not yet been reached, as a result of which the conditions
for progression of the epidemic remain.

Key words: coronaviruses, SARS-CoV-2, COVID-19, morbidity, seroprevalence, asymptomatic course, Republic of Belarus, population,
vaccination, anti-nucleocapsid antibodies, anti-RBD antibodies, Gam-COVID-Vac vaccine (Sputnik V), BBIBP-CorV vaccine.
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Pestome. 3amaya — u3yYuTh KOJJIEKTUBHBI MMMYHHBII cTaTyc HaceqeHust bemapycu mpotuB SARS-CoV-2
B KoHTeKcTe nanaemuu COVID-19. Mamepuaaot u memoods.. PaboTa npoBoauaach o METOAMKE OLIECHKU UMMYHUTETA
HaceneHus: SARS-CoV-2, pa3padoranHoii PocnoTpedbHaazopom Poccuu u MunsnpaBom benapycu mpu ydyacTuu
Cankr-IletepOyprckoro uHctutyTa Ilactepa ¢ ydyerom pekomenaanuit BO3. Komurter mo 6uoatuke benapycu
U JokadbHbIl 3THYeckuit kKomuteT CankTt-IletepOyprckoro uHctutyTa Ilactepa omoOpuiu wucciaegoBaHue.
OT6Op YYaCTHUKOB MPOBOAMICS aHKETHBIM METOAOM M OHJaiH-TexHoJorusiMu (MHTepHeT, 00MauyHbIi cepBep).
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J1oOpoBOJIbLIbI ObLIM paHAOMU3UPOBAHbI Ha CeMb BO3pacTHLIX rpyni (j1eT): 1—17 ner, 18—29, 30—39, 40—49, 50—59,
60—69 u 70+. PermonanbHas paHIOMM3alus obecrieyunja IPOMOPILUOHATBHOE MPEICTAaBUTEIBCTBO BOJOHTEPOB
OT KaXJOro peruoHa, M OT OJHOTO MPEeANpUsITHs OblI0 BKIOUeHO He Oojee 30 uenoBek. B cooTBeTcTBUU
C MHCTPYKUMSIMU TMPOU3BOAUTENSI 00pa3libl Maa3Mbl KpOBU ObIIM MpoaHanu3upoBaHbl Ha IgG-antutena (Abs)
K Hykneokarncuny SARS-CoV-2 (Nc) ¢ ucnonb3oBaHUMEM KOJIMUYeCTBeHHOM TecT-cucTteMbl ELISA u nHa IgG-
aHTHUTeNa K pelenTop-cBaspiBatonieMy aoMeHy (RBD) moBepxHocTHOro rimukomporenHa SARS-CoV-2 S (umum)
C UCIONTb30BaHMEM KadyecTBeHHOI TecT-cucteMbl ELISA. Cratuctuueckas o6padoTKa MpoBOAMIACh B IIpOrpaMMe
Excel 2010 u B psae npyrux. CTaTucTUUECKHE pa3Indus CYUTATNCh 3HAYUMBIMU TTpu p < 0,05, eclin He yKa3aHo UHOE.
Pezyavmamer. YpoBeHb pacIIpOCTPaHEHHOCTH CEPOTHUIIOB IO OTHOIIeHUI0 Abs K Nc cpeau HaceneHus bemapycu
cocrasu 38,4% (95% AW 37,6—45,4), caMble BEICOKKE YPOBHU Ab ObLIM 3aperMCTPUPOBAHBI CPEIU JIUIL B CTAPIIUX
Bo3pacTHbIX rpynmnax (50—70+ net), camble HU3kUe — y aeTeil 1—17 net u y mononexu 18—39 net. PacnipeneneHue
CEpONpPEeBaJIEHTHOCTH TIO0 perroHaM bemapycu ObLJIO OTHOCUTENBHO OJHOPOTHBIM, 3a WCKJIIOYeHHMeM MUHCKOM
00J1acTH, T1e ObLJI0 OTMEYEHO CTATUCTUIECKM 3HAYMMOe CHIXKEHME TToKasaTesisl. B mpodeccnoHaibHOM OTHOIIEHU T
HauOOJIbIIasT JOJIST CEPOITO3UTUBHBIX JIMI OblJla OOHApYKeHa Cpely TPAHCIOPTHBIX PAOOTHUKOB, HAMMEHbIIAS —
B cepe mpeanpuHUMaTeabcTBa. YMepeHHas 3aboneBaeMocTh COVID-19 He mpuBeia K pe3KoMy yBETUYSHU IO yncaa
KoHTakToB. bazoBniit HoMmep penponykuuu (R0) paBusiiacs 1,3. B Pecnyonuke benapych cpenu ceporno3uTUBHBIX
JIAIL OTMEYEH cpeqHuil ypoBeHb OeccumnTomuoro COVID-19 (45,3% [95% U 44,0—46,7]). D1a hopma 3apaxkeHust
yallle BCcero Habonanach y aereit B Bozpacre ot 1 1o 17 et (65,0% [95% AU 61,3—68,6]). [1apaienbHo ¢ OLEHKOR
CEPOJIOTUYECKON pacCIpOCTPaHEHHOCTH IpoBoamaach BakumHamus mpoTuB SARS-CoV-2. MBI ucmoab30Bain
nBe BakmuHBL Gam-COVID-Vac (takxke u3BecTHBIN KaK «CmyTHUK V», pa3paboTaHHBIM HammoHaabHBIM
MCCICIOBATEeIbCKUM IICHTPOM SIuAeMuojorun u Mukpoouonornu uM. H.®. lamanen, Poccuss) u BBIBP-CorV
(Sinopharm, KHP). Bakxuunauus npotus SARS-CoV-2 conpoBoxaanach MOBbIIIEHUEM YPOBHS aHTUTeN K RBD
(95% [95% AW 94,7-96,7]). [IpuHuMast BO BHUMaHUE BaKLMHALMIO NOATpymnbl Haceaenus BBIBP-CorV, o0uumii
KOJIJIEKTUBHBIA MMMYHUTET, BEIBEACHHBIN M3 aHAJTM3MPYEeMBIX TTOKa3aTellel (HaJIudue aHTUTEeT TMPOoTUB Nc MiImn
nporuB RBD), cocrasun 47,1% (95% AW 46,3—48.0). 3akawuenue. COVID-19 B Bemapycu XxapakTepu3oBajics
YMEpPEHHO BBIPaXXeHHBIM Te€UEHUEM SMUIeMUYecKoro mpouecca. [ToporoBelii ypoBeHb KOJUIEKTUBHOIO UMMYHUTETA
K SARS-CoV-2 elie He JOCTUTHYT, BCASACTBUE YETO COXPAHSIOTCS YCIOBUS IJIsl pa3BUTUS SMUIEMUU.

Karouesnie caosa: xoponasupycol, SARS-CoV-2, COVID-19, 3a601eeaemocmp, ceposocueckas pacnpocmpaneHHocmo,
beccumnmomuoe meverue, Pecnybauxa beaapyce, uucieHHocms Haceaenus, 6AKUUHAYUS, AHMUHYKACOKANCUOHbIE AHMUMEeAd,
anmumena npomue RBD, éaxuyuna Gam-COVID-Vac (Sputnik V), eaxuyuna BBIBP-CorV.

Introduction

The Republic of Belarus is a country located prac-
tically at the center of Europe. In fact, the Republic’s
territory includes Europe’s geographical center
(55°30’N, 28°48’E). It is quite natural that the novel
coronavirus infection (COVID-19), which began
in the Chinese city of Wuhan and almost instantly
spread throughout the world, could not bypass an en-
tire Eastern European country like Belarus. The first
COVID-19 case was detected on February 28, 2020
in a student who arrived from Iran [1]. In the follow-
ing month, predominantly sporadic cases were re-
corded. Only on March 30, 2020, were 58 infections
detected in a single day for the first time [3].

Two days later, the first wave of the disease started.
The peak incidence, of 969 primarily infected people
per day, fell on May 17, 2020 (Fig. 1). Following that,
there was a gradual decrease in the number of infect-
ed people, reaching a plateau from August 5 to 21,
when the number of new cases did not exceed 100—
127 people per day. Starting from August 21, 2020, an
uptrend formed. Incidence grew rapidly and reached
a maximum (1,972 people/day) on January 13, 2021.
This figure was 2-fold higher than the maximum
of the first rise. A subsequent, uneven decrease was
observed in the period until July 15, 2021 (the ob-

servation period). However, at the end of this period,
the number of new cases per day on different days
ranged from 600 to 1,300 people. In aggregate, as
of July 22, 2021: the incidence rate in the Republic
was 4.7%oco00; and the number of deaths was 0.8%
of the total number of infected [3].

Arrows mark the sampling period for determin-
ing the level of Ab to SARS-CoV-2 Nc (14.05.2021—
19.05. 2021, the 19*"—20" week of the year). The black
solid line shows the trend curve described by the 6™
degree polynomial equation. The regression equa-
tion and coefficient of determination (R?) are shown
on the graph.

A feature of Belarus is the tactics aimed at mini-
mizing restrictive government measures [20, 39].
In the country, a 14-day self-isolation was introduced
for persons arriving from abroad or having contact
with COVID-19 patients. In addition, the use of pro-
tective masks and observance of social distancing
in public places (public transport, trade establish-
ments, etc.) were strongly recommended. Distance
learning and schedule changes in schools and uni-
versities were also used [39, 51]. No other restrictive
government measures were applied in the Republic.
As the official statistics show, the refusal to introduce
global restrictions did not cause a significant increase
in the number of cases, the number of which remains
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Figure 1. COVID-19 morbidity dynamics of the Belarusian population during the pandemic, 2020-2021

at about 50.00%occ0. In the global ranking of coun-
tries, Belarus ranks 51% in terms of morbidity.

A likely reason for the relatively low COVID-19
incidence may be low population density (45.5 per
km?). In neighboring countries, this level was lower
only in Latvia and the Smolensk Region of Russia
(29.0 and 18.5 per km?, respectively). Ukraine (75.8
per km?), Poland (121.1 per km?), and the Czech
Republic (135.7 per km?) feature much higher popu-
lation densities [5]; their incidence values were from
1.1 to 3.3-fold higher than that of Belarus. It is logical
to assume that, in the context of relatively low mor-
bidity, seroprevalence may also be low. A significant
decrease in the intensity of contacts with residents
of foreign countries, as well as the initiation of vac-
cination against SARS-CoV-2, may have positively
affected the epidemic situation. Unfortunately, we
could not find any published data specifically on this
issue.

The objective of the study was to investigate
the (SARS-CoV-2) population immunity structure
in Belarus at the 15" month of the COVID-19 pan-
demic.

Table 1. Distribution of volunteers by region

Materials and methods

Formation and randomization of the cohort
of volunteers

The study was organized and carried out with-
in a framework for scientific cooperation between
countries of Eastern Europe, Transcaucasia, and
Central Asia. The framework is in accordance with
a Russian Government Order (dated 06.18.2021,
No. 1658-p.) and decisions by: the head of the Russian
Federal Service for Supervision of Consumer Rights
Protection and Human Welfare (Rospotrebnadzor);
and the Deputy Minister of Health, Chief State
Sanitary Doctor, of Belarus. A cross-sectional co-
hort randomized study of SARS-CoV-2 herd im-
munity was carried out according to a program de-
veloped by Rospotrebnadzor with the participation
of the St. Petersburg Pasteur Institute, taking into
account WHO recommendations [52]. The study
was conducted on May 14—19, 2021 (weeks 19—-20
of the year). In all stages of the study (organizing,
collecting, and analyzing results), cloud (Internet)
technologies were used [15].

Region Population Number of individuals studied Representation % (95% ClI)
Brest Region 1,347,000 1,690 0.13 (0.12-0.13)
Vitebsk Region 1,133,000 1,648 0.15(0.14-0.15)
Grodno Region 1,025,000 1,685 0.16 (0.15-0.17)
Gomel Region 1,386,000 1,606 0.12(0.11-0.12)
Mogilev Region 1,023,000 1,718 0.17 (0.16-0.18)
Minsk Region 147,2000 1,602 0.11 (0.10-0.11)
Minsk 2,020,000 2,977 0.14 (0.14-0.15)
Total 9,408,440 12,926 0.14 (0.14-0.14)
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In accordance with the chosen methodology,
the first step was the formation and subsequent ran-
domization of a volunteer cohort by means of ques-
tionnaires. Each volunteer, or their legal representa-
tive, was familiarized with the goals and conditions
of the upcoming study and signed an informed con-
sent. The study was organized in accordance with
the provisions of the Declaration of Helsinki and
approved by the Bioethics Committee of Belarus
(protocol No. 2, dated 13.05.2021) and the local eth-
ics committee of the St. Petersburg Pasteur Institute
(protocol No. 64, dated 26.05.2020). In accordance
with the specific equation of the De Moivre—Laplace
Theorem [16], 12,926 people, from all regions
of Belarus, were selected to participate in the study.
Volunteers were randomized according to their place
of residence, taking into account proportional repre-
sentation from each region of the Republic (Table 1).

In total, 0.14% (95% CI10.13—0.14) of the total
population was selected for the cohort of volunteers
throughout Belarus. In regions of the Republic,
the representation varied from 0.11 to 0.17%.
Although the differences in SARS-CoV-2 sero-
prevalence between regions turned out to be statisti-
cally significant, it is unlikely that the range of mean
values (0.06%) in the subpopulations could have
a significant impact on the state of seroprevalence
in the Republic with a population of 9,349 million
people. The cohort of volunteers consisted of 4,375
men and 8,551 women (a ratio of approximately 1:2).
In addition to regional randomization, the cohort
was stratified into seven age groups (Table 2).

Vaccination against SARS-CoV-2

Some of the volunteers took part in corona-
virus vaccination launched in Belarus. The pro-
gram used two vaccines. The first, Gam-COVID-
Vac (Sputnik V), was developed by the Gamaleya
National Center for Epidemiology and Microbiology
(Moscow, Russia) [35, 56]. It is a vector, heterolo-
gous 2-component vaccine containing: recombinant
adenovirus type 26 (rAd26); and a vector of recom-
binant adenovirus type 5 (rAd5). Both components
carry the SARS-CoV-2 spike glycoprotein gene
(rAd26-S, rAd5-S). The second vaccine was an in-
activated design, BBIBP-CorV, manufactured by
Sinopharm Group Co., Ltd., (Shanghai, PRC) [50,
54]. Vaccinations were carried out in accordance
with their instructions for use. As a consequence
of their compositions, immunity resulting from vac-
cination with Sputnik V is mainly aimed at binding
the RBD of the spike protein [32], while the BBIBP-
CorV vaccine (inactivated) induces Abs against all
viral antigens [37].

Analysis of volunteers for the presence of SARS-
CoV-2 antibodies

All volunteers in the formed cohort underwent
blood sampling from the cubital vein (3 ml into va-

Table 2. Age structure of the surveyed volunteer
cohort

Surveyed
Age group,
in years absolute % of total
number surveyed
1-17 1,727 13.4
1-6 199 11.5*
Including | 7-13 803 46.5*
14-17 725 42.0*
18-29 1,761 13.6
30-39 1,862 14.4
40-49 1,900 14.7
50-59 1,958 15.2
60-69 1,911 14.8
70+ 1,807 13.9
Total 12,926 100.0

Note. Since children feature different stages of generalimmune
development 1-17 years old children group was divided into three
subgroups to refine analysis: 1-6; 7-13; and 14-17 years old * — pediatric
subgroup values are percentage of the overall group (1-17 years old).

cutainers containing EDTA). Blood plasma sam-
ples, after separation from the cellular component,
were used for the quantitative determination of IgG
Abs to the Nc (SARS-CoV-2) antigen by enzyme
immunoassay, using a reagent Kit manufactured
by the St. Petersburg Pasteur Institute. In addition,
vaccinated volunteers were qualitatively analyzed
for the presence of anti-RBD Abs using a reagent
kit developed by the Gamaleya National Center
for Epidemiology and Microbiology.

Statistical analysis

Data processing was performed using Excel
2010. Confidence intervals (95% CI) were calculat-
ed by the method of A. Wald and J. Wolfowitz [49],
with correction by the method of A. Wald and
J. Wolfowitz [49], with correction by A. Agresti and
B.A. Coull [18]. Correlation analysis was performed
according to Spearman’s method. The statistical sig-
nificance of differences was calculated by the z-test,
using an online calculator [2].

Results

Age distribution of Nc antigen seroprevalence
in the Belarusian population

Theshare of residentswith Absto SARS-CoV-2 Nc¢
(seroprevalence), in Belarus as a whole at 15 months
after epidemic onset, was 38.4% (95% CI 37.6—39.3)
(Table 3). Seroprevalence among men (39.7% [95%
CI 38.3—41.2]) was higher than that among women
(37.8% [95% CI 36.8—38.8]). Statistical differences
are significant at p < 0.05.

The largest shares of seropositive persons were
noted among volunteers in 3 older groups: 50—59;

891



AYu. Popova et al.

MHdekumns n uMmyHuTeT

Table 3. Seroprevalence of anti-Nc antibodies in different volunteer age groups

Age group, years Total studied (N) Seropositive (n) Seroprevalence, % (95% Cl)
1-17 1,727 677 39.2 (33.3-41.6)
1-6 199 59 29.6 (23.4-36.5)
Includind |7-13 803 339 42.2 (38.8-45.7)
14-17 725 279 38.5(34.9-421)
18-29 1,761 490 27.8 (21.7-30.0)*
30-39 1,862 546 29.4 (25.6-31.4)*
40-49 1,900 699 36.8 (34.4-39.0)
50-59 1,958 922 471 (44.6-51.3)*
60-69 1,911 853 44.6 (41.7-46.9)*
70+ 1,807 778 43.1(38.4-45.4)
Overall 12,926 4,965 38.4 (37.6-45.4)

Note. * — statistically significant differences with the final value of seroprevalence in the cohort, upward or downward. In all comparison pairs, the level

of statistical significance by the z-test was p < 0.001.

60—69; and 70+ years old (Table 3). Differences from
the overall cohort mean were statistically significant
at p < 0.001. The lowest seroprevalence indicators
were found in the groups 18—29 and 30—39 years
old. Differences from the cohort mean were statis-
tically significant at p < 0.001. Unlike most regions
of Russia [6], in Belarus, there was no predominant
seroprevalence among children. There was a slightly
higher level of seropositivity among children aged
7—13 years. However, the differences were statisti-
cally insignificant in comparison with the overall
data (0.05 > p < 0.1). At the same time, a statistically
significant increase in the proportion of seroposi-
tive volunteers in older groups may indicate a greater
infection in this category of people with coronavi-

rus against the background of a limited set of non-
pharmacological interventions in the context of an
increase in COVID-19 incidence [39]. For a more
accurate assessment of the age structure of seroposi-
tivity, the distribution of volunteers by level of Ab
to SARS-CoV-2 Nc was determined (Table 4, Fig. 2).

The proportion of volunteers with an Ab level
of 100—186 U/ml was 12.2% (95% CI 10.7—13.8)
among children 1—17 years old and decreased
to 6.2% (95% Cl5.1-7.4) among people aged 70+
years. The differences were statistically significant
at p < 0.0001. The age dependence had a negative
trend and was described by the regression equation
y=0.0712x*— 1.2894x3 + 7.9167x>— 19.373x + 25, with
a coefficient of determination of R? = 0.90. The ma-
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Figure 2. Distribution of the shares of volunteers in different age groups by antibodies to Nc antigens level

Legend: Ab sero-interval groups; colored dots with black vertical lines (confidence intervals) — the proportion of seropositive
volunteers who have Abs to SARS-CoV-2 Nc in their blood in the corresponding interval; solid colored lines — forecast trends
related to the corresponding sero-interval group. In the upper part of the diagram, the regression equations and R? determination
coefficients are presented (in colors matching those of the corresponding sero-interval group). The numerical values

of the points are given in Table 4.
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jority of seropositive volunteers had low Ab levels
in the range 187—750 U/ml. Among individuals in this
group, there were: elevations in children 1—17 years old
(20.9% (95% CI 19.0—22.8) p < 0.05) and those 50—59
years old (23.7% (95% CI120.1-25.6) p < 0.0001); and
decreased Ab levels in the age groups of 18—19 years
old (14.5% (96% CI 12.8—16.2) p < 0.0001) and 30—39
years old (15.4% (95% CI 13.8—17.1) p < 0.0001).

An attempt to build a linear trend turned out to be
unsatisfactory, since R? was —0.11. Use of a 5th or-
der polynomial was more successful (y = 0.0808x> —
1.517x* + 9.9769x3 — 26.621x> + 24.404x + 14.5), with
R2 of 0.91. Interestingly, in this group, the regression
also had a negative direction, although not as pro-
nounced as in the first group (Fig. 2). Two processes
described were observed in individuals with very low
or low Abs to SARS-CoV-2 Nc.

A change in trend was noted in volunteers with av-
erage Ab values ranging from 750 to 1500 U/ml. When
approximated by the least squares method, the slope
coefficient (tga) was: —0.8 in the Ab sero-interval
group 100—186 U/ml; and tgo was 0.5 in the Ab se-
ro-interval group 186—150 U/ml. This indicates that
the lowest Ab levels are inherent in children and indi-
viduals aged 18—29 years. As age increases, Ab levels
increase. This increase started at the 186—750 U/ml
AD level and reached its maximum in the group with
Abs in the 751—1500 U/ml range (tgo. = 1.0). In addi-
tion, the minimum level was noted among 18—29 year
olds (2.7% [95% CI 2.0—3.5] p < 0.0001) (Fig. 2, green
dots). Consistent with a linear prognosis, Ab levels in-
creased with age (Fig. 2). Among persons 40—49 years
old, there were 5.9% (95% CI 4.8—7.0). In the group
of 60—69 years old, their share increased to 9.6% (95%
CI 8.3—11.0) (p < 0.0001). Finally, among volunteers
aged 70+ years, there was a statistically insignificant
decrease (8.3% [95% CI1 7.0—9.6]).

In the last two groups (Ab levels 1,501—3,000 and
> 3000 U/ml), a similar tendency was observed even
with a decrease in the arithmetic value of the propor-
tion of seropositivity (Table 4). Thus, the interage
distribution, of the proportion of seropositive indi-
viduals within the same serological interval, showed:
adecrease in Ab levels among young and middle-aged
people; and a statistically significant increase among
older volunteers. This relationship between age and
the level of anti-Nc Abs can be considered one of the
features of SARS-CoV-2, which has been established
in other studies [47, 55]. One of the probable reasons
for this phenomenon may be more severe COVID-19
courses due to the widespread prevalence of premor-
bid pathology and decreased immune responsiveness
in elderly and senile people [4, 34].

Regional seroprevalence structure
of the Belarusian population

The study of population seroprevalence was con-
ducted in all seven administrative regions of the
Republic (Table 5).

Table 4. Age group distribution of antibodies to SARS-CoV-2 Nc, by titer range
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Note. n — number of volunteers. A negative result was designated as 0-99 U/ml.
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Table 5. Morbidity and SARS-CoV-2 seroprevalence in volunteers living in different regions of Belarus

i Studied volunteers )

Location de::i't);lgggrllmz Total Seropositive Sero;zges\gzlg?)ce, % Morbidity, %o00
Brest Region 4 1,690 698 41.3 (34.4-43.7) 61.0
Vitebsk Region 28 1,648 587 35.6 (33.3-38.0) 86.8
Grodno Region 40 1,685 709 42.1(35.0-44.5) 61.7
Gomel Region 34 1,606 635 39.5 (37.1-42.0) 48.5
Mogilev Region 35 1,718 685 39.9(33.7-42.2) 77.8
Minsk Region 37 1,602 544 34.0(31.6-36.3)" 93.5
Minsk 5761 2,977 1,107 37.2(35.5-38.9) 130.4
Overall 45 12,926 4,965 38.4 (37.6-39.3) 80.9

Note. * — statistically significant difference with the overall value.

Among the surveyed Belarusian regions, high-
er seroprevalence (relative to the average for the
Republic) was noted in the Grodno and Brest re-
gions. They were, however, statistically insignificant.
The lowest seroprevalence was found among volun-
teers in the Minsk Region (differences were statis-
tically significant at p < 0.0001). A slightly higher
proportion of seropositive volunteers was found
in Minsk, while in other regions there was a signifi-
cant morbidity. At first glance, there is no statistically
significant relationship between morbidity and sero-
prevalence, which somewhat contradicts previously
obtained results in other territories [9, 11, 12].

We tried to assess the presence of any relationship
between morbidity and population density, assum-
ing that these two indicators may be correlated. Such
a dependence does exist with: a correlation coeffi-
cient of r=10.64 (0.05 > p < 0.1); a descending straight
trend line (y = —0.292 In(x) + 1.7687); and a deter-
mination coefficient of R? = 0.41. The connection
turned out to be weak (0.05 > p < 0.1) (Fig. 3).

Based on these data, it can be concluded that an
increase in seroprevalence is accompanied by a de-

145

y=-5,5514x+294,19
] r=0,61;R?*=0,3725
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Figure 3. Correlation between morbidity

and seroprevalence

Note. On the x and y axes, morbidity and seroprevalence

are expressed as log,,. The correlation coefficient (r),

the determination coefficient R?, and the regression equation
are shown.

crease in the incidence rate per 100,000 population.
This conclusion is quite consistent with published
ideas that: as the level of herd immunity grows in the
population, the rate of spread of the disease decreases
until its complete cessation [23, 42, 43]. The relation-
ship between population density and seroprevalence
turned out to be slightly more significant. The trend
line is an ascending straight line: y = 0.2904 In(x) +
1.7182; correlation coefficient 0.70 (0.05 > p < 0.1);
and a determination coefficient of R? = 0.47 (Fig. 4).

In this case, the regression line was ascending.
This reflects the well known fact in epidemiology
that there is a direct relationship between population
density and morbidity. Demographically, Belarus
is a territory with a relatively evenly distributed popu-
lation. As noted earlier, the average population den-
sity in the country is 45 per km?. An exception to the
trend is the capital of the Republic, Minsk, where
the population density is 5819 per km? (126.5-fold
higher than the national average). Interestingly, even
with such a density, the seroprevalence level (37.2%
[95% CI 35.5—38.9]) does not differ from the nation-
al average (38.4% [95% CI 37.6—39.3]).

2,2
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Figure 4. Correlation between morbidity rate

and population density

Note. On the x and y axes, incidence and population density
are expressed as log,,. The correlation coefficient (r),
determination coefficient R?, and the regression equation
are shown.
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Thus, the performed correlation analysis con-
firmed the presence of a statistically significant rela-
tionship between population density and morbidity,
as well as between population density and seropreva-
lence. The latter phenomenon was revealed in other
territories as well [13]. The desire to break this con-
nection is precisely what caused the widespread use
of self-isolation regimes in Belarus [22, 24, 26]. It can
be assumed that the nature of the relationship be-
tween population density and morbidity is, to some
extent, due to the late introduction of restrictive anti-
epidemic measures to protect the population from
SARS-CoV-2 [39].

The structure of (SARS-CoV-2 Nc) seroprevalence
by profession

A factor such as profession can have a significant
impact on the level of seroprevalence. There is an ex-
tensive list of professions that involve constant, broad
contact with the surrounding population. Visual, and
often tactile, contact with those around them are
typical for workers in: healthcare; education; trade;
transportation; catering; consumer services (hair sa-
lons, massage parlors, spas); and a number of other
professions, such as manufacturing, were working
remotely or in self-isolation isn’t feasible [21, 30, 39,
46]. In Belarus, a survey of SARS-CoV-2 Ab sero-
prevalence was carried out among representatives
of 12 professional groups (Table 6).

The distribution of seroprevalence, among 8,241
working-age volunteers in 12 professional groups, was
generally quite homogeneous (Table 5). Unlike other
researchers, we were unable to identify predominant

Table 6. SARS-CoV-2 seroprevalence among
different professions groups

seroprevalence values in healthcare [8, 19] or educa-
tion [14] professional groups. A higher SARS-CoV-2
seroprevalence was found among transport workers:
45.2% (95% CI 41.6—52.5; p < 0.0001). It can be as-
sumed that this group of volunteers was dominated
by employees of public transport enterprises who
have frequent contact with passengers. The lowest
seroprevalence was noted among business profes-
sionals: 32.0% (95% CI 28.1-36.2; p < 0.0001). In the
remaining groups, statistically significant differences
from the group mean were not found (Table 5). Thus,
analysis of seroprevalence by professional group did
not find substantial differences in Belarus as a whole.

Seroprevalence among COVID-19 convalescents
and their contacts

Among the volunteers who participated in the
study, 4,056 people indicated in the questionnaire
that they had suffered from COVID-19 (31.4% [95%
CI 30.6—32.2]). In the entire group of convales-
cents, the number of seropositive was 2,611 (64.4%
[95% CI 62.6—65.8]). Correlated with the cumulative
number of infections in Belarus as a whole (as of May
19, 2021), the total number of convalescents in the
cohort was 1.07% (95% CI 1.03—1.10).

Keeping in mind that each patient in the latent and/
or manifest period is highly likely to be a spreader of in-
fection, it is reasonable to assume that a certain num-
ber of people have been in contact with patients [42,
43]. The share of such persons may vary and largely de-
pends on the effectiveness of restrictive administrative
measures. During the survey process (questionnaire),
4,967 people (38.4% [95% CI 37.6—39.3]) were identi-
fied with verified patient and/or convalescent contact.
Among them, the number of seropositive persons was
2,043 (41.3% [95% CI 39.7—42.5]).

2 0y § . Table 7. Age distribution of SARS-CoV-2
E .'E g g S % 3 seropositive volunteers with an asymptomatic
Professions £ 2 3 §-I§ i, ‘g COVID-19 course
= E s 5 g g-; Numbe_r_
o » o of seropositive
@ individuals
Healthcare 1,504 570 37.9 (35.4-40.4) Age ° Asymptomatic
. = seropositive

Science 91 33 36.3 (26.4-47.0) group, _ g ] individuals,
Business 540 173 | 32.0(28.1-36.2)* years g gL % (95% Cl)
Education 1126 | 440 [ 39.1(36.2-42.0) - ES
The Arts 148 56 37.8 (30.0-46.2) g
Manufacturing 1,201 457 38.1(35.3-40.9) 1-17 677 440 65.0 (61.3-68.6)*
Transportation 328 151 46.0 (40.5-51.6)* 16-29 490 248 50.6 (46.1-55.1)
Armed Forces 99 39 39.4 (29.7-49.7) 30-39 546 258 47.2 (43.0-52.0)
Civil Service 365 147 40.3 (35.2-45.5) 40-49 699 265 37.9 (34.3-41.6)
Office Work 1,675 614 36.7 (34.3-39.0) 50-59 922 349 37.8 (34.7-41.1)
Unemployed 340 116 34.1(29.1-39.4) 60-69 853 308 36.1(32.9-39.4)
Other 823 275 33.4(30.2-36.7) 70+ 778 383 49.2 (45.7-52.8)
Overall 8,241 3,071 37.3 (36.2-38.3) Overall 4,964 2,251 45.3 (44.0-46.7)

Note. * — statistically significant differences from the mean (p < 0.0001).

Note. * — statistically significant difference from the cohort mean.
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Distribution of asymptomatic COVID-19 forms
among seropositive volunteers

In the surveyed cohort, asymptomatic individu-
als with a positive PCR test result were not identi-
fied. Antibodies to (SARS-CoV-2) Nc were identi-
fied in 4,964 people (38.4% [95% CI 37.6—39.2)).
Of them, 2,251 people (45.3% [95% C144.0—46.7])
had no symptoms or indications of COVID-19, ex-
cept for the aforementioned antibodies. This group
of individuals was classified as seropositive volunteers
with an asymptomatic course of infection (Table 7).

In a number of Russian regions, the share of asymp-
tomatic, seropositive individuals ranged from 90
to 100% [7]. The share of such persons in Belarus, how-
ever, was about 2.2-fold lower (Table 6). The largest
number of asymptomatic volunteers was found in the
group 1—17 yearsold (p <0.0001). Some higher seropos-
itivity values were noted in the groups 16—29 years old
and 70+ years old, but they were statistically insignif-
icant (p = 0.1).

Seroprevalence among vaccinated individuals

Among the volunteer cohort who participated
in the program assessing SARS-CoV-2 seropreva-
lence in the population, 1,735 people received SARS-
CoV-2 vaccines. Twenty six volunteer samples were
invalid. Therefore, further analysis was carried out
of 1709 vaccinated volunteers (1,542 immunized with
Sputnik V, 167 immunized with BBIBP-CorV).

The BBIBP-CorV vaccine induces Abs to all an-
tigens of the SARS-CoV-2 complex. In response
to Sputnik V vaccination, only Abs against the RBD
are produced (not against Nc) [35, 54]. Among
Sputnik V-vaccinated volunteers, however, about
20% were found to have anti-Nc Abs. Presumably,
they were formed as a result of a transmitted asymp-

tomatic infection. This assumption is in satisfac-
tory agreement with the data on Nc seropositivity
in the entire cohort, which amounted to 38.4% (95%
CI 37.6—45.4) (Table 1). Although the proportion
of seropositive individuals is, in general, statistically
significantly higher than those vaccinated (Table 8),
it includes unvaccinated children and convalescents
(who are recommended to observe a 3—6 month de-
lay in vaccination). Considering that the Sputnik V
vaccine does not induce anti-Nc Abs by nature of its
design, we interpreted their presence in vaccinated
volunteers as a sign of post-infectious immunity.
Accordingly, anti-RBD Abs were attributed to post-
vaccination immunity.

BBIBP-CorV vaccine, being polyvalent, naturally
induced production of Abs against the entire viral
antigen range. The proportion of Nc seropositive fol-
lowing BBIBP-CorV vaccination was 2.8-fold higher
than that with Sputnik V. In this regard, it is logical
to assume that the real contribution of the Chinese-
made vaccine to the proportion of those seropositive
for Nc Abs in immunized volunteers may be about
42%. Of course, this is a purely speculative conclu-
sion that requires additional verification. In addition,
this 42% refers to only 167 individuals vaccinated
BBIBP-CorV. When recalculated for the entire vac-
cinated cohort, the additional contribution to the to-
tal proportion of individuals with anti-Nc plasma Abs
will be only 4.1% (95% CI 3.2—5.1). This does not
statistically differ from the proportion of individuals
in which immunity from both Ab classes is absent.

As for Abs to the RBD, no surprises were noted.
Both vaccines created comparable immunity with
seroprevalence levels from 94.0% (95% CI 89.3—
97.1) to 96.0% (95% CI94.9—-96.9); differences be-
tween the indicators were not statistically significant
(Table 8). Thus, these vaccines used in the Republic

Table 8. Seroprevalence in the surveyed volunteers vaccinated against SARS-CoV-2

Post-infectious immunity Post-vaccination immunity
i Total is present (anti-Nc IgG is present (anti-RBD IgG Absence of immunity*
Vaccine vaccinated antibodies) antibodies)
n % (95% Cl) n % (95% Cl) n % (95% Cl)
Sputnik V 1542 357 23.2(21.1-25.3) 1,480 96.0 (94.9-96.9) 56 3.6 (2.8-4.7)
BBIBP-CorV 167 109 65.3 (57.5-72.5)** 157 94.0 (89.3-97.1) 8 4.8 (2.1-9.2)
Overall 1,709 466 27.3 (25.2-29.5) | 1,637 | 95.8 (94.7-96.7) 64 3.7 (2.9-4.8)

Note. * — there is neither post-infectious nor post-vaccination immunity, ** — the presence of anti-Nc Abs in those vaccinated with BBIBP-CorV cannot

be unambiguously interpreted as a consequence of prior infection.

Table 9. Presence of IgG antibodies to various SARS-CoV-2 proteins in volunteers vaccinated with

Sputnik V (N = 1,542)

anti-Nc IgG antibodies

Sputnik Vvaccine

present (n =357)

absent (n=1,185)

1gG antibodies

present (n = 1480)
to the RBD domain

22.8% (95% CI 20.7-25.0)

351 1,129
73.2% (95% C1 70.9-75.4)

(S protein), number

of volunteers absent (n = 62)

0.4% (95% C1 0.1-0.8)

6 56
3.5% (95% Cl 2.8-4.7)
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Table 10. Presence of IgG antibodies to various SARS-CoV-2 proteins in volunteers vaccinated

with BBIBP-CorV (N = 167)

BBIBP-CorV vaccine

anti-Nc IgG antibodies

present (n=109)

absent (n=58)

IgG antibodies

present (n = 157)
to the RBD domain

64.1% (95% Cl 56.3-71.3)

107 50
29.9% (95% CI 23.5-37.3)

(S protein), number

of volunteers absent (n=10)

1.2% (95% CI10.2-4.3)

2 8
4.8% (95% C12.1-9.2)

of Belarus have shown high efficiency in terms of Ab
production to the RBD of SARS-CoV-2.

Further analysis was carried out only in relation
to those immunized with Sputnik V, the composi-
tion of which allows: the most complete assessment
of the contribution of vaccination to the structure
of herd immunity (Table 9); and to compare these
datawith BBIBP-CorV vaccination results (Table 10).
The number of persons with post-vaccination SARS-
CoV-2 immunity induced by Sputnik V was 1,129.

Similar calculations for the BBIBP-CorV vaccine
showed that its contribution to post-vaccination im-
munity was 0.4% (95% CI0.3—0.5). The contribu-
tion of the BBIBP-CorV vaccine to Nc Ag immu-
nity, calculated according to the principle above, was
0.9% (95% CI 0.7—1.9). The total contribution of Abs
to the BBIBP-CorV vaccine to SARS-CoV-2 herd
immunity was: 0.4 + 0.9 = 1.3%.

Taking into account the sum of post vaccina-
tion immunity from Sputnik V (1129 people) and
the number of seropositive individuals with post in-
fectious immunity (4,965 people), relative to the total
cohort (12,926), the final indicator of SARS-CoV-2
herd immunity was 47.1% (95% CI 46.3—48.0). This
is the average level of seroprevalence in the popula-
tion of the Republic of Belarus.

Discussion

Based on the overall results of the study, it can
be concluded that the epidemic process, of novel
coronavirus infection in Belarus, can be character-
ized as moderately intense. This is manifested as
a high proportion of convalescents, although it is
worth noting that a noticeable morbidity did not lead
to the activation of transmission or the appearance
of a significant number of contact persons. The age
structure of seroprevalence, in contrast to a number
of Russian regions [10, 11, 13, 41], was characterized
by a statistically significant increase in the indicator
among persons in older age groups (50—70+ years;
p < 0.0001) (Table 3). When quantifying Abs SARS-
CoV-2 Nc, it was shown that: the minimum Ab levels
(100 to 750 U/ml) prevailed among volunteers in the
age groups 1—17 and 18—29 years old; and the maxi-
mum levels (751 to 3000+ U/ml) were identified
among persons aged 50 to 70+ years. This is proba-
bly, to a certain extent, associated with a more severe
disease course in elderly and senile people [4, 28, 44].

When analyzing the relationship between sero-
prevalence and morbidity, an inverse correlation was
found (rank correlation coefficient 0.61, p < 0.05;
Fig. 3). Other features were revealed when assessing
the influence of occupational factors on seropreva-
lence. Unlike other territories [27, 33, 38, 48], a pre-
dominant seroprevalence among medical workers was
not established in Belarus. At the same time, there
was a statistically significant increase in the propor-
tion of seropositive people among transport workers.

The analysis of seroprevalence among convales-
cents and contact persons may be of some interest.
First of all, attention is drawn to a rather large share
of volunteers who indicated a COVID-19 illness,
which amounted to 4,056 people. Of them, 2,611
people were seropositive for Abs SARS-CoV-2 Nc
(64.4% [95% CI162.6—65.8]). Naturally, a question
arises about the reasons behind the lack of Abs among
the remaining 35%. The answer likely lies in the work
of Wu et al. [53], in which it was shown that about
30% of convalescents produce specific Abs in titers
below detection thresholds. However, if physical
protection measures are not followed, they are able
to spread the virus through exhaled air, coughing, or
sneezing [25, 45].

In the study, verified contacts with patients or
convalescents were found in 4967 people. Of them,
2,043 had Abs to SARS-CoV-2 Nc (41.3% [95%
CI 39.7—42.5]). Thus, light protection methods did
not prevent SARS-CoV-2 transmission in the suscep-
tible population; transmission was slowed, although
probably not as effectively as would be expected ac-
cording to mathematical models [23].

Among seropositive persons, a significant pro-
portion are so-called asymptomatic cases, in which
the disease proceeds without any clinical mani-
festations, leaving behind only a trace in the form
of specific Abs [36]. This is most common among
children [31]. There are at least two asymptomatic
case types. Firstly, asymptomatic individuals can
be defined as those without any signs of COVID-19
other than a positive PCR test. There were no such
volunteers in the surveyed cohort. It is believed that
such people are able to shed coronavirus longer
than symptomatic COVID-19 patients, thus reduc-
ing the effectiveness of anti-epidemic measures [36].
The second asymptomatic type includes people with-
out any signs of COVID-19, with the exception of Abs
to SARS-CoV-2. Some of them may subsequently
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develop a manifest infection, while others will re-
main asymptomatic (albeit with low level 1gG Abs).

Among seropositive volunteers, the asymptomatic
share was 45.3% (95% CI 44.0—46.7), which is ap-
proximately 2-fold lower than in Russia and other
territories [7, 36]. It can be assumed that this is due
to the low level of viral transmission among the pop-
ulation.

The implementation of a COVID-19 vacci-
nation program in the Republic of Belarus start-
ed in December, 2020. Two vaccines were used:
the Sputnik V vector, heterologous vaccine (Moscow,
Russia); and the BBIBP-CorV inactivated vaccine
(Sinopharm, PRC). As of May 19, 2021, 3.5% (95%
CI 3.49—-3.51) of the population were vaccinated
in Belarus. In other words, no more than 57,000
people a month were vaccinated for six months.
At the time of this writing, the proportion of vacci-
nated persons had increased 4.5-fold and amounted
to 15.7% (95% CI 15.68—15.72). Among the vol-
unteers, 1709 people were vaccinated (1542 with
Sputnik V, 167 with BBIBP-CorV). Both vaccines
showed almost equal efficacy in terms of anti-RBD
Abs. A significantly higher response to Nc antigen
was found in BBIBP-CorV vaccinated individuals.
This is expected as the Chinese (polyvalent, inacti-
vated) vaccine naturally induces a larger spectrum
of Abs than the Russian Sputnik V (monovalent, vec-
tor) vaccine. Despite the small scale of vaccination
within the surveyed cohort, it contributed to an in-
crease in the level of herd immunity, on average, up
to 47.1% (95% CI1 46.3—48.0).

The achieved level of immunity is still far from
the minimum threshold [42]. The base reproduction
number (RO) calculated for Belarus, a value charac-
terizing the rate of spread of infection and the forma-
tion of herd immunity [44], was about 1.3. The value
of R, among volunteers, at first glance, is mathemati-
cally small. However, one cannot fully rely on it, since
it does not take into account: the real prevalence
of infection among the population; the effectiveness
of non-specific protective measures (distancing, pro-
tective masks, self-isolation, etc.); or vaccination.

Taking into account available mathematical mod-
eling methods for COVID-19 morbidity, an R, of 3.0
to 3.5 is likely more realistic [17, 23]. This means that
the minimum threshold for SARS-CoV-2 immunity
cannot be less than 60—65%. Indeed, an extreme
point of view has been expressed by A. Pollard, who
believes that herd immunity is generally unattain-
able [29]. The truth, however, is probably somewhere
in between. Even with vaccination of up to 80—90%
of the country, COVID-19, if it does not completely
disappear, will likely transform into another sea-
sonal, acute respiratory viral infection. Achieving
this limit is only possible with a significant increase
in the rate of vaccination of the population.

Thus, at 15 months following the onset of the
COVID-19 pandemic, the herd immunity of the Bela-

rusian population amounted to 38.4% (95% CI1 37.6—
45.4). Statistically significant differences between
regions of the Republic were not noted, with the ex-
ception of a lower proportion of seropositive persons
in the Minsk Region (p < 0.0001).

When assessing the age distribution of Nc sero-
prevalence (Abs to SARS-CoV-2 Nc), a significantly
higher proportion of seropositive persons was noted
among the older generation (50—70+ years). Further,
low levels were found among younger volunteers (1—
39 years old).

There was a statistically significant inverse re-
lationship between morbidity and seroprevalence
(r = 0.61; p < 0.05). The highest seroprevalence was
observed in transportation workers (47.0% [95%
C141.6—52.5]), and the lowest was noted in busi-
ness (32.0% [95% CI28.1-36.2]). The relatively
high number of convalescents, 4,056 (31.4% [95%
CI 30.6—32.2]), did not lead to a significant increase
in the number of contact persons, amounting to 4,967
people (38.4% [95% CI 37.6—39.3]). A characteristic
feature of Belarus is the low level of viral transmission
from convalescents to healthy individuals. The base
reproduction number (R,) was 1.3, which is less than
in most other countries and territories.

The Republic is characterized by a low propor-
tion of asymptomatic forms of infection among sero-
positive volunteers (45.3% [95% CI 44.0—46.7]), with
a statistically significant predominance of such forms
among children 1—17 years old (65.0% [95% CI 61.3—
68.6]). The obtained results show that the chosen tac-
tics of combating the novel coronavirus have affected
the epidemic process in certain ways, but have not led
to the formation of an optimal level of herd immunity.
The SARS-CoV-2 vaccination deployed in Belarus
has contributed to the formation of a high level of an-
ti-RBD immunity. However, the rate of vaccination
clearly has not led to a rapid growth in herd immunity
so far, which poses a threat of further COVID-19 epi-
demic growth.
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