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ABSTRACT

Background. There are many aspects of the development ofimmunity to the SARS-
CoV-2virus, that remain poorly understood, like the influence of age-related charac-
teristics on the intensity ofimmunity and the course of the disease. Studies of the state
ofimmunity are widely used, mainly in the adults. But questions of the patho- and im-
munogenesis in children remain unsolved. Determining the nature of seroconversion
of antibodies to SARS-CoV-2 in this age group is important information for serologi-
cal monitoring for targeted immunoprophylaxis of the population and forecasting
the epidemic situation in the region.

The aim. Evaluation of the dynamics of seroprevalence of specific antibodies
to SARS-CoV-2 in children of the Irkutsk region during the pandemic of a new coro-
navirus infection.

Materials and methods. Studywas conducted among the child population of the Ir-
kutsk region in the period June 2020 - December 2021 as part of the Rospotrebnadzor
project to assess population immunity to SARS-CoV-2 in the population of the Russian
Federation. The content of antibodies to SARS-CoV-2 was determined by ELISA using
native commercial test systems.

Results. Population immunity among the child population of the Irkutsk region
was characterized by an upward trend from 7.8 % at stage 1 to 98.4 % at stage 6
of the study. IgG to SARS-CoV-2 remained in 72.8 % and formed in 25.6 % of previously
seronegative children. Antibodies were detected in 66.1 % of cases and persisted for up
to 10-15 months after COVID-19 infection. The proportion of asymptomatic forms
of infection among seropositive volunteers was 69.5 %, which determines the high
intensity of the latent epidemic process.

Conclusion. The level of seroprevalence was 98.4 %. The current results of serological
monitoring serve as a scientific basis for adjusting the list and scope of management
decisions on the organization of preventive anti-epidemic measures, including vac-
cination.
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PE3IOME

AkmyanbHocme. BHacmosuwee speMa MHoz2ue adchekmesl pazgumus UMMyHUMe-
ma k supycy SARS-CoV-2 ocmaromca ManousyyeHHsIMU, 8 MOM Yuc/ie 8/lusHUe
803PACMHbIX 0CObEeHHOCMeU Ha HaNPAXEHHOCMb UMMyHUMema u meyeHue
3a60/1e8aHUSA — WUPOKOE pacnpoCcmMpaHeHuUe NoJly4usiu Ucc/1e008aHUs COCMOAHUA
UMMYHUMema npeumywecmseHHO y 83pOC/iblx, d 80ONPOCHI NAMO- U UMMYHO2eHe3a
3moli uHgekyuu y demeli ocmaromca Hepackpeimoimu. OnpedesieHue xapakmepa
cepokoHsepcuu aHmumesn k SARS-CoV-2 8 daHHoU 8o3pacmHoU epynne agsigemcs
s8axHoU UHpopmayueli npu ceposioeu4eckoM MOHUMOPUH2e 0J1 NpoB8eoeHUs
mapzemupo8aHHOU UMMYHONPOPUIAKMUKU HAcesleHUs U Npo2HO3UpOB8AHUSA
3nudemuyeckoli cumyayuu 8 pe2uoHe.

Leno. OyeHums OUHAMUKY ceponpesaseHmMHoOCmMu cneyuguyeckux aHmumen
K SARS-CoV-2 y 0emeli Mipkymckol ob61acmu 8 nepuo0 naHoemuu Ho8ol KOpOHa-
supycHoU UHgheKkyuu.

Mamepuanel u memoosl. B pavkax npoekma PocnompebHad3opa no oyeHke
nonyaAyUuoHHo20 uMMyHUmema K SARS-CoV-2 y Hacenerus Poccutickoti ®edepa-
yuu nposedeHbl Uccie008aHus cpedu 0emcKo0 HaceneHus Vipkymckou obnacmu
8 nepuo0 ¢ utoHA 2020 2. no 0ekabpe 2021 2. CooepxaHue aHmumen K SARS-CoV-2
onpedensanu memodom VDA, ucnosib3ys omedecmeeHHble KoMMepyeckue mecm-
cucmemei.

Pesynomamel. [lonynayuoHHbIU UuMMYyHUMem cpeou 0emcKo20 HacesieHus
Wpkymckol obnacmu xapakmepu3ogasca meHoeHyuel K pocmy — om 7,8 %
Ha 1-m amane 00 98,4 % Ha 6-m 3mane uccnedosaHus. IgG k SARS-CoV-2 coxpa-
Hunuce y 72,8 % u cpopmuposanuce y 25,6 % paHee cepoHezamugHbix 0emed.
Mocne nepeHecéHHOU uHpekyuu COVID-19 aHmumena 8bia818/1Uck 8 66,1 %
cyqaes u coxpaHsanucs 0o 10-15 mec. [lJona beccumnmomHbix popm uHpekyuu
Cpedu cepono3UMUBHbIX 80JIOHMEPO8 cocmasuna 69,5 %, umo obycrosnugaem
8bICOKYIO0 UHMEHCUBHOCMb CKPbIMO NPOMeKAarwe20 3nudemMuyecko2o npoyeccad.
3aknioyeHue. YposeHb ceponpesaneHmHocmu cocmasun 98,4 %. Tekywue
pe3ysibmamel cepos102U4ecK020 MOHUMOPUH2A CJ1yXam Hay4YHoU 0CHOBoU 0715 Kop-
peKmupoBKU nepeyHs U 06EM08 ynpassieH4YecKux pewleHul no op2aHu3ayuu npo-
unakmuyeckux npomusosnudemudeckux Meponpusmu, 8KJ1I04asA 8GKYUHAYUIO.

Knrouesnie cnoea: demu, COVID-19, SARS-CoV-2, 2ymopansHbili ummyHumem,
cheyugudeckue aHmumena

Ona untuposanus: bpioxosa [.[., OybposuHa B.U., Kucenésa H.O., MatngecaTHuKo-
Ba A.b., KopbitoB K.M., BanaxoHos C.B. OueHKa nokasateneii cneundunyeckoro rymo-
panbHoro ummyHuteta npotns COVID-19 y getent B nepnof pacnpocTpaHeHna HOBOM
KOpOHaBupycHol nHobekumnn B Npkytckon obnactu (2020-2021 rr.). Acta biomedica
scientifica. 2023; 8(1): 239-246. doi: 10.29413/ABS.2023-8.1.24

240



INTRODUCTION

COVID-19 was first reported in Chinain November 2019.
Since then, this outbreak has rapidly developed into a glob-
al health emergency [1]. By May 2020, more than 4 million
people had become infected with SARS-CoV-2. By Janu-
ary 2022, there were more than 350 million people infect-
ed with COVID-19 worldwide [2]. The disease is registered
in almost all countries of the world, regardless of the climat-
ic zone and the level of social and economic development.
Asignificant proportion of asymptomatic forms of the infec-
tion characterizes the high intensity of the latently evolving
epidemic process [3, 4]. The ubiquity of COVID-19 contrib-
utes toits progression among children. According to the lit-
erature, children account for up to 10 % of people infected
with SARS-CoV-2 worldwide and 6-7 % in the Russian Fed-
eration [5-7]. One of the reasons is considered to be a sig-
nificant frequency of asymptomatic forms of the infec-
tion, which remains unknown, but there is no doubt
that this is due to the peculiarities of the child’s immune sys-
tem. It has been established that children with mild and/or
asymptomatic course of the disease are able to produce spe-
cific SARS-CoV-2 antibodies (Abs), exerting a certain influ-
ence on the age structure of seroprevalence and herd im-
munity in general [8]. By the age of 4, more than 75 % of chil-
dren are known to develop an immune response not only
to seasonal, but also pathogenic coronaviruses [9].

The nature of the immune response to SARS-CoV-2
among children with various clinical manifestations
from asymptomatic to MIS-C compared to the more com-
mon respiratory manifestations of COVID-19 among adults
is unclear. Milder symptoms of the disease among children
are the reason for low medical aid appealability, which
in turn can lead to a decrease in detected cases of SARS-
CoV-2 among children and adolescents. In addition, this age
group with mild symptoms or with an asymptomatic course
may contribute to the prevalence of COVD-19 among
the population [10]. Therefore, the study of the virus-specif-
icantibody reaction to SARS-CoV-2 among children and ad-
olescents is important both for the development, adapta-
tion and improvement of measures to control the incidence
of COVD-19, and to address the issue of specific prevention
of the child population.

THE AIM OF THE STUDY

Evaluation of the dynamics of seroprevalence of spe-
cific antibodies to SARS-CoV-2 in children of the Irkutsk re-
gion during the pandemic of a new coronavirus infection.

MATERIALS AND METHODS

The study was carried out as a part of the Rospotreb-
nadzor project to assess population immunity to SARS-
CoV-2 among the population of the Russian Federation, tak-
ing into account the protocol recommended by WHO [11].
The studies were carried out according to a unified meth-
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odology developed by Rospotrebnadzor with the participa-
tion of the Saint Petersburg Pasteur Institute [12]. The work
with volunteers was carried out in accordance with the eth-
ical principles of the Declaration of Helsinki of the World
Medical Association. The study was approved by the lo-
cal Ethics committee of the Institute (Minutes No. 3 dat-
ed June 1, 2020, Minutes No. 7 dated November 11, 2021).
Legal representatives of all volunteers got acquainted
with the purpose and methodology of the study and signed
an informed consent to participate in it.

A total of 384 randomly selected volunteers took part
in the study, who passed a preliminary questionnaire
and had a negative result of a study for the SARS-CoV-2 RNA
by PCR. The same volunteers participated in each stage.
The exclusion criteria during the immunological examina-
tion were: refusal of the patient’s responsible representa-
tive to participate in the study, symptoms of acute respirato-
ry infection with fever at the time of examination, the pres-
ence of acute or exacerbated chronic diseases 2 weeks be-
fore the study, lack of preparation required for the study.

The study of humoral immunity among children
was conducted in 15 administrative territories of the Ir-
kutsk region: from June 6 to July 7, 2020 - the 1%t stage
(384 subjects), from September 16 to September 25,2020 -
the 2nd stage (264 subjects), from December 7 to Decem-
ber 18, 2020 - the 3" stage (249 subjects), from March 8
to March 14, 2021 - the 4th stage (212 subjects), from Au-
gust 30 to September 4, 2021 - the 5th stage (224 subjects)
and from December 13 to December 16,2021 - the 6t stage
(250 subjects).

In terms of gender of the volunteers participated
in the study, the ratio of boys and girls was 1:1. All volun-
teers were divided into three age groups: 1-6, 7-13 and 14—
17 years old.

The content of SARS-CoV-2 antibodies was determined
by ELISA using a reagent kit for the analysis of blood serum
or plasma for the presence of specific immunoglobulins G
to the SARS-CoV-2 nucleocapsid produced by the State Re-
search Center for Applied Biotechnology and Microbiology
(Obolensk), as well as (at stages 5 and 6) using reagent kits
for enzyme immunoassay detection ofimmunoglobulins G
to the S-protein of the coronavirus - SARS-CoV-2-1gG-ELISA-
BEST (Vector-Best LLC, Novosibirsk), and to the SARS-CoV-2
nucleocapsid proteins — SARS-CoV-2-IgG-Vector (State Re-
search Center of Virology and Biotechnology VECTOR)
and N-CoV-2-IgG PS (Saint-Petersburg Pasteur Institute).

The results were recorded qualitatively and were con-
sidered positive when the positivity index (PI) = 1.1 was ex-
ceeded, the calculation of which was carried out according
to the formula:

Pl = (Sample OD) / critical OD (cut off),
where Sample OD is the measured optical density, and criti-
cal OD (cut off) is calculated in accordance with the instruc-
tions for the test system. For N-CoV-2-IgG PS, the results
were considered positive when the quantitative IgG con-
tent exceeded > 100 pg/ml.

Statistical data processing was carried out using vari-
ational statistics methods in Excel (Microsoft Corp., USA)
and Statistica 6.0 (StatSoft Inc., USA). The probability le-
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vel p < 0.05 was used to assess the statistical significance
of the differences in the compared indicators. The normal-
ity of data distribution was determined using Kolmogo-
rov — Smirnov test and Shapiro — Wilk test. The presented
samples did not meet the criteria of normal distribution,
therefore, nonparametric statistical methods for depend-
ent samples (Wilcoxon test) were used in the comparative
analysis. Pearson’s chi-square (x?) test was used in contin-
gency tables when comparing the level of seroprevalence
at different observation periods. The data were expressed
as median (Me) and interquartile range (Q25 %-Q75 %).
Graphical data processing was performed using Excel (Mi-
crosoft Corp., USA).

RESULTS AND DISCUSSION

Earlier, we showed that a low level of seroprevalence
was formed in the Irkutsk region (stage 1 - 5.8 %; stage 2
- 12.1 %) at the onset of the epidemic outbreak and as-
sociated with a decrease in COVID-19 incidence. During
the recrudescence period, seroprevalence reached 25.9 %
(stage 3), which is 4.5 times more compared to stage 1
of the study [13]. It was found that herd immunity among
the children of the Irkutsk region in the dynamics of ob-
servation tended to increase (Fig. 1) - from 7.8 % (stage 1)
to0 98.4 % (stage 6).

The number of seropositive volunteers was 30 out
of 384 examined at stage 1, at stage 2 — 53 out of 264 sub-
jects, at stage 3 — 47 out of 249 subjects, at stage 4 — 71
out of 212 subjects, at stage 5 — 139 out of 224 subjects,
and at stage 6 — 246 out of 250 subjects (Fig. 1). Compar-
ative analysis using x? test showed statistically significant
differences in the results at different stages of the study
(x?=76.5; df = 5; p < 0.05).

30

25

20}

15}

Positivity index

m Stage 1 @ Stage 2@ Stage 3@ Stage 4

a
FIG. 2.

100% 16%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

98,4 %

Level of seroprevalence

OAb+ BADb-
FIG. 1.
The level of seropositive volunteers among children at different
stages of study

When comparing dependent samples of stages 1-4,
Me ranged from 0.3 (0.2-0.5) at stage 1, 0.55 (0.3-0.9)
at stage 2, 0.5 (0.3-0.8) at stage 3 and up to 0.7 (0.5-1.2)
at stage 4 of the study (Fig. 2a). At stages 5 and 6, the quan-
titative test system N-CoV-2-1gG PS was used, so their com-
parison was carried out separately: Me was 140 (50-470)
and 245 (40-610), respectively (Fig. 2b).

A high level of seroprevalence, which tended to in-
crease, was established in Angarsk, Irkutsk, Usolye-Si-
birskoye and Bratsk at all stages of the study. In Decem-
ber 2021, in some municipalities of the Irkutsk region (An-
garsk, Taishet, Usolye-Sibirskoye), this parameter reached
100 % (Fig. 3). Itis possible to estimate the reliability of statis-
tical data in four localities (Bodaibo, Cheremkhovo, Bokhan,
Ust-Ordynsky) only approximately, since the number of ex-
amined persons in these territories was less than 20 people.
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The maximum level of herd immunity among chil-  of 14-17 years (17 and 21 people respectively), at stag-
dren at stages 1 and 2 of the study was noted inthegroup  es 3 and 4 — among preschool children (13 and 15 peo-
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ple respectively), at stage 5 —in the group of 14-17 years
(47 people), and at stage 6 —among preschoolers (38 peo-
ple) (Fig. 4). During the study, the overall seroprevalence
index among children increased by 12.6 times (from 7.8
to 98.4 %). 222 volunteers (52,9 %) with a primary neg-
ative result became seropositive. It is important to note
that 57 seropositive (14.6 %) volunteers became seron-
egative 4-6 months after the detection of SARS-CoV-2
antibodies.

The percentage of children diagnosed with COV-
ID-19 at stage 1 of the study was 0.52 % (2 people),
at stage 2 - 1.5 % (4 people), at stage 3 - 7.6 % (19 people),
at stage 4 -7.1 % (15 people), at stage 5 - 12.1 %; (27 peo-
ple) and at stage 6 — 15.2 % (38 people). At the same time,
IgG to SARS-CoV-2 was detected in 50.0 % of volunteers
at stage 1 of the study, at stage 2 — in 25 %, at stage 3 -
in 42.1 %, at stage 4 - in 46.7 %, at stage 5 — in 81.5 %,
and at stage 6 - in 100 %.

The analysis of seropositivity to SARS-CoV-2 at stage 6
of the study revealed a statistically significant preponder-
ance of individuals with S-protein Abs (92.8 %) over the con-
tent of coronavirus nucleocapsid Abs (70.4 %). At the same
time, the level of Abs to the studied antigens does not de-
pend on age (p > 0.05). The study of the dynamics of an-
tibody formation showed that Abs to Nc were detected
on day 14 from the onset of the disease with a maximum
increase in Pl by day 185 and persisted up to day 432. Anti-
bodies to SARS-CoV-2 S-protein were detected from day 7
after diagnosis and reached a peak by day 61, followed
by a decrease to day 555.

Three possible types of seropositivity were identified
among children based on the results of the study: twice
positive (Nc+RBD), monopositive (Nc+ or RBD+) and nega-
tive (Nc- RBD-). The proportion of seronegatives was 1.6 %,
the total proportion of RBD+ was 92.8 % and was statisti-
cally significantly higher (p < 0.01) than the Nc+ propor-
tion - 70.4 %.

It is important to note that the total level of sero-
prevalence was 82.3 % during a comprehensive study
of the herd immunity of the population of the Russian
Federation (3,667 people), when calculating seropos-
itivity to both antigens [14]. The results of a examina-
tion of persons with a history of COVID-19 (2020-2021)
from the Irkutsk region indicate a long-term preserva-
tion of the humoral immune response among those
who have had the infection. At the same time, the pro-
portion of asymptomatic forms of infection among sero-
positive volunteers was 69.5 %, and in the Russian Federa-
tion - 76.9 %, which may indicate a high intensity of the la-
tent epidemic process.

It was found that among the total cohort of exam-
ined volunteers aged 1-17 years, the number of chil-
dren without a confirmed diagnosis of COVID-19,
but having SARS-CoV-2 Abs, was 7.8 % at stage 1
(29 people), 20.1 % - at stage 2 (52 people), 18.9 % -
at stage 3 (39 people), 33.5 % - at stage 4 (64 people),
62.1 % - at stage 5 (117 people) and 98.4 % — at stage 6
(208 people). No significant differences were found
when assessing the correlation between the antibod-

ies of volunteers with a confirmed diagnosis of COV-
ID-19 and those who had this infection asymptomatical-
ly. A high proportion of seropositive children at stage 6
who had no manifestations of manifest infection (83.2 %)
may indicate asymptomatic COVID-19 and the forma-
tion of full post-infectious immunity [14, 15], which may
indicate a significant prevalence of undiagnosed cases
of COVID-19 among children. Taking into account the pro-
portion of cases of asymptomatic COVID-19, confirmed
by the results of testing of seroprevalence of antibodies
to N¢, the actual incidence of children is underestimated.
In addition, children are less likely to have severe chron-
ic pathology and are more likely to be infected by family
members rather than vice versa, which may indicate a de-
crease in the virulence of the pathogen [15].

One of the most prominent manifestations of chil-
dren’s resistance to SARS-CoV-2 is the increased sero-
prevalence of Abs to pathogenic coronaviruses. An addi-
tional protective factor may be an increased level of sero-
prevalence of SARS-CoV-2 Abs, which is formed in response
to the asymptomatic form of the course of coronavirus in-
fection [14].

CONCLUSION

As part of the monitoring studies conducted for the first
time among children aged 1-17 years, the fact of a wide-
spread asymptomatic form of COVID-19 was confirmed,
which does not exclude the formation of a humoral im-
mune response. The proportion of seropositive to RBD
and Nc was 92.8 and 70.4 %, respectively. Children have
been found to be the main contributor to population im-
munity.

Antibodies were detected in 66.1 % of children with
a PCR-confirmed diagnosis and persisted for up to 10-15
months to Nc and up to 15-18 months to RBD SARS-CoV-2
in the Irkutsk region after COVID-19 infection. Studies have
shown that an increase in the level of Abs to RBD and Nc
is accompanied by a decrease in the proportion of sero-
prevalence to SARS-CoV-2 antigens and levels the inter-
age differences.

Thus, the results show a contribution of asymptomat-
ic seroprevalent individuals to the level of humoral immu-
nity to COVID-19 and a gradual decrease in the intensity
of the epidemic of new coronavirus infection. The active for-
mation of population immunity in combination with vacci-
nation can serve as the main factor in ending the COVID-19
pandemic.

These results of serological monitoring can serve
as a scientific basis for adjusting the list and volumes of epi-
demic control measures, making managerial decisions
on the organization of preventive measures, including vac-
cination and forecasting the development of the epidemi-
ological situation.
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