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Abstract. This paper presents the results of a three round seroepidemiological study of the population for SARS-CoV-2
virus antibodies presence. The aim of the study was to assess herd immunity in the population of the Kyrgyz Republic
stratified by age, gender and region. Materials and methods. The material for the study was blood samples and personal
data (questionnaire) of individuals, who agreed to participate in the study. Results and discussion. The results of the
three rounds study indicated that the proportion of seroprevalent persons at the 1* round was 30.8% (95% CI 29.5-32.1),
at the 2™ round - 71.2% (95% CI 69.9-72.5), at the 3" round - 92.3% (95% CI 91.5-93.1). High herd immunity in the
population was defined by short-term and low incidence in the fourth wave of the pandemic compared to the global indi-
cators of the COVID-19 fourth wave. Uneven territorial distribution of seroprevalence was observed through all rounds
of the study. All three rounds of the study were characterized by the lack of coronavirus infection symptoms in some of
the seropositive individuals. Symptoms presence in seropositive individuals in the second and third rounds tended to de-
crease compared to the 1* round results in general. The percentage of SARS-CoV-2 virus seropositive individuals among
children was lower versus the adult population. The share of seropositive samples was less for men compared to women.
Paired sera examination, collected after 8-20 months, showed the decreased level of antibodies by 64.6% compared to
those collected 1-2 months after the disease. At the same time, an increased level of antibodies was observed in 35.4%
of individuals.
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OueHKa KONJIeKTUBHOro MMMyHuTeTa K Bupycy SARS-CoV-2 cpeau HaceneHus
Kbiprbizckon Pecny6nuku B nepuog naHgemmn COVID-19

'Hayuonanohoiti uncmumym obujecmeenno2o 300posvs Munucmepemea 3opasooxpanenust Kvipevisckoi Pecnybnuxu, buwikex,
Kwvipevizckas Pecnybnuxa;

2 Asuamcruii meouyunckui uncemumym umernu Camxvinbas Tenmuwesa, Kanm, Kvipevizckas Pecnyonuxa,

SCmpanosoii ogpuc BO3 ¢ Kvipevizemane, buwikex, Koipevizcrkas Pecnyonuka

B crarbe npencTaBieHsl Pe3ynbTaThl TPEX ITAMOB CEPOIMUIEMUOIOTNIECKOTO HCCIIEI0BAHNS HACETICHHUS Ha HAININE
aututen K Bupycy SARS-CoV-2. eablo uccnenoBanusi Oblia OINEHKA KOJUIEKTHBHOTO MMMYHHUTETa y HACEJICHHUS
Keipreizckoit PecriyOmiku, cTparuuIupoBaHHOTO 10 BO3PACTY, Oy ¥ peruoHy. MaTepuaJibl 1 MeToabl. Marepuanom
JUISL VICCIIEZIOBAHUSI TIOCIYKWIN 00pasisl KPOBH M IEPCOHAJbHBIC JaHHbIC (QHKETHI) JIMI, JABIIMX COIVIACHE Ha
ydacTue B uccienoBanuy. Pe3yabraTbl u o0cyskaeHue. Pe3yasTaTsl TpeX payH/I0B HCCIICIOBAHMS MTOKA3aJIH, YTO JOJIs
ceponpeBaNeHTHBIX JIUIl Ha 1-M sTame coctaBuna 30,8 % (95 % AU 29,5-32,1), va 2-m stane — 71,2 % (95 % AU 69,9—
72,5),8a3-M—92,3 % (95 % AN 91,5-93,1). Beicoxuii ypoBeHb KOJUIEKTUBHOTO HIMMYHHTETA B ITOMYJISIIIH OTIPEICIISIICS
KOPOTKUM MEPHUOJAOM U HU3KHUM YPOBHEM 3a00JIEBAEMOCTH B YCTBEPTYIO BOJIHY MAaHACMHUHU 110 CPABHEHHUIO C MUPOBBIMU
nokaszarensaMu yeTBepToil BoaHsl COVID-19. HepaBHOMepHOE TeppUTOpHaNIbHOE paCIpeiesICHUe CEpONPEBAICHTHOCTU
HaOJII0/1alIOCh HA MPOTSHKEHUH BCEX PAayHJIOB MccienoBanus. Jis Bcex Tpex (a3 ucciieoBaHus XapakTepHO OTCYTCTBHE
CHUMIITOMOB KOPOHaBHUPYCHOH HWH(MEKIMM y YacTH CEPONO3UTHUBHBIX JHI. Ilokazarenu HamM4YMs CHMITOMOB Y
CEpPOIO3UTUBHBIX JIMI[ HA BTOPOM M TPETHEM 3Talax MMENH TEHJCHIHUIO K CHIDKEHHIO. I[IPOIEHT Ceporo3uTHUBHBIX
k Bupycy SARS-CoV-2 nurm cpenu neteit ObUT HIKE, €M CPEAX B3pPOCIOTO HaceleHHs. Jons CepOTO3UTHBHBIX JIHI]
HIDKE Y MY>KIHH 110 CPABHEHUIO C )KEHIIWHAMH. AHAJIN3 PE3yIbTaTOB CPaBHEHHS MAPHBIX CHIBOPOTOK, COOPAHHBIX Yepe3
8-20 mecsieB, TI0Ka3all CHU)KEHHE YPOBHS aHTUTEN Ha 64,6 % 10 CpaBHEHHIO C PE3YJILTATOM I1€PBOi POOBI, OTYYEHHOM
yepe3 1-2 Mecsa rmocie 60Je3HH, B TO )K€ BpeMsl TIOBBIIICHHBIH YPOBEHb aHTHTEN Habmronancs y 35,4 % mu.

Kniouesvie cnosa: HOHyJ'IHL[I/IOHHHﬁ HMMYHUTCT, MMaHACMUS, CCPOIPECBAJICHTHOCTh, KOPOHABUPYC, CECPOINNUIAECMHUO-
JIOrHYE€CKOC MCCIICIOBAHUC, 3a00J1€Ba€MOCTb.

Kongauxm unmepecos. ABTOPbI NOATBEPHKIAIOT OTCYTCTBHE KOH(IMKTA (pUHAHCOBBIX/HEPUHAHCOBBIX MHTEPECOB, CBSI3AHHBIX
C HAIlMCAaHUEM CTaTbU.

Qunancuposanue. ABTOPBI 3asMBISIIOT 00 OTCYTCTBHM JOTOJHMTENBHOTO (DMHAHCHPOBAHMS TIPH IIPOBEACHUH JaHHOTO
HCCIIE0BaHMUSI.
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Buosmuxa. Tlepen mpoBeneHneM Bcex MPOIEAyp OBLIO MOMydIeHO HHPOPMUPOBAHHOE COTTIACHE TTAI[HeHTA.

bnazooaprnocmu. Mpl BbIpakaeM IiyOokyio OmaromapHOcTh cTpaHoBoMmy oducy BO3 B Keiprencrane u EBPO BO3 3a
TEXHUYECKYIO TOMOIIb B IPOBEACHUH CEPOAHAEMHUOIOTHIECKOTO HecienoBanus Ha Hannune anTuTel K SARS-CoV-2 B Keipreickoit
Pecniy6nuke. Taroke MBI XoTesnu OBl MOOJIAroJapuUTh COTPYAHUKOB MEIHIMHCKHX opraHm3aunmii Keipreisckoir PecryOmukm 3a mx
y4acTue U INOAACPIKKY, OKA3aHHYIO B XOZE ATOr0 HCCIICA0BAHUSL.
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In December 2019, a highly pathogenic SARS-
CoV-2 B-coronavirus emerged on the maritime market
in the Chinese city of Wuhan, which became the etio-
logical factor of the 2019 novel coronavirus disease
(COVID-19) [1]. In the next few days, the virus quickly
spread across various territories of China, and to other
countries due to the active population migration. In
March 2020, the World Health Organization assigned
the status of a pandemic to this event [2].

The first case of COVID-19 was registered in the
Kyrgyz Republic on March 18, 2020 in the southern
regions of the country. At the beginning, isolated cases
were registered, which were imported by pilgrims who
visited Saudi Arabia and labor migrants who returned
from the Russian Federation and other countries. Then
it quickly spread throughout the republic among the
contact persons and general population. In this connec-
tion, by Decree of the Kyrgyz Republic Government
No. 93-p, the emergency state regime was introduced
throughout the country from March 22, 2020. Since
March 24, the state of emergency, quarantine and cur-
few, completely restricting the movement of the popula-
tion at night, was introduced in the southern regions and
in the city of Bishkek. On May 11, 2020 to the effect
of supporting the economic situation, the state of emer-
gency was canceled, followed by population movements
and visiting public places, which in combination with
insufficient compliance with anti-epidemic measures
led to the increased incidence in the Republic. The mid
June 2020 intensive incidence rate in the Republic was
at the level of 32,4 per 100,000 population, and morta-
lity rate - 1,2% (26 out of 2093 patients died) [3]. Due
to rapid spread of coronavirus infection, the Republican
Headquarters for Coronavirus Infection Control raised
the issue of the necessity to study population immunity
to SARS-CoV-2 virus in order to assess the dynamics
of post-infection humoral immunity formation and to
predict development of the epidemiological situation
in the country [4-6]. The initiative of the Republican
Headquarters and the Ministry of Health to conduct the
study was supported by the WHO. At the end of June
2020, the 1% round of COVID-19 seroepidemiological
study was launched to inform public health response. In
total, three rounds of the study were carried out from
June 2020 through December 2021, covering all three
periods of the pandemic incidence rise in the Republic.
At the second and third stages, the humoral response du-
ration in individuals who had previously had COVID-19
was also assessed.
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Materials and methods

The material for the study was blood serum samples
collected from the population stratified by age categories
and regions of the Kyrgyz Republic, as well as question-
naires necessary to obtain information from the patients
on age, gender, symptoms of the disease, healthcare
seeking behavior, hospital admission and frequency of
disease symptoms manifestation.

Study design: seroepidemiological cross-sectional,
prospective population study aimed at obtaining the data
on the main serological and epidemiological patterns of
SARS-CoV-2 coronavirus infection spread.

The population sampling was carried out in two
stages: at the first stage, the sample size was stratified
by 9 geographic regions, and at the second stage the
sample size was stratified by five age groups for each
region: 0-9 years old, 10-19 years old, 20-44 years old,
45-64 years old, and 65 and above.

Health care organizations (HCO) of primary health
care (PHC) were selected by random sampling in all
9 regions of the country. Individuals were randomly
recruited to participate in the study from the list of the
population, enrolled to the selected PHC HCOs.

The sample size was calculated using the online for-
mula http://www.openepi.com/Menw/OE_Menu.htm [7].

Due to the lack of data on the true SARS-CoV-2
virus prevalence during each new wave of the epidemic
in the regions, the expected incidence rate was equated
to 50%. The estimated population size for this antibody
serological test is 384 individuals:
n=[DEFF-N-p-(1-p)] / [(/ Z2 - (N-1) + p-(1-p)],
where n = sample size; N = population = 6,456.515;
p = hypothetical % factor outcome frequency in popula-
tion = 50% % 5; d = confidence limits as % of 100 (abso-
lute + %) = 5%; D = sampling/design effect (for cluster
surveys) = 1.

With a non-response rate of 25%, the sample size
was 384 + 25% = 480 participants.

The three-round study was conducted at intervals of
6-8 months and included the determination of antibodies
to SARS-CoV-2 virus and examination of individuals in-
volved in the study.

The 1* round of the study was conducted in July,
2020 and included 4691 individuals (1480 men and
3211 women), the 2" round - in April, 2021 included
4735 persons (1469 men and 3266 women) and the
3“one - in December, 2021, involving 4713 people
(1244 men and 3469 women). Total of 14,139 people
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were studied. The men to women ratio was 29.7% and
70.3%, respectively.

To study the dynamics of changes in the level of an-
tibody response in 285 study participants tested positive
in the first round of the study, repeated blood sampling
was carried out in the second or third rounds, that is, two
sera samples from each participant were used: a posi-
tive sample from the first round and the sample from
the same person, collected 8 to 14 months following the
first test.

The serological population study was carried out
using ELISA “SARS-CoV-2-Ab ELISA WANTAI” test
system for qualitative determination of antibodies to
SARS-CoV-2.

Quantitative measurements of the level of SARS-
CoV-2 antibodies were carried out in the ELISA test
system “COVID-SeroKlir”, Kantaro Semi - Quantitative
SARS-CoV-2 Antidody Kit”. The quantitative measure-
ments of the antibody response level were performed
using the SoftMaxPro software. The established ana-
lytical measurement range (AMR) was 3.2-125 conven-
tional units per milliliter (Au/ml) for SARS-CoV-2 spike
protein. The result was considered negative if the value
of the test sample was below 3.2 Au/ml and positive if
the value was equal to or higher than 3.2 Au/ml.

Statistical analysis of the data was carried out using
the methods of variation statistics in the Excel program.
Calculation of the prevalence of SARS-CoV-2 antibo-
dies with a 95% confidence interval (CI) was conducted
among the studied population taking into account the
age, gender, region and manifestation or lack of disease
symptoms, seeking healthcare behavior, hospitaliza-
tion, frequency of manifestation of disease symptoms
throughout all rounds of the study.

Ethical issues. All respondents were included in
the study on the basis of their prior informed consent.
Respondents were provided with an information notice
about the processing of their personal data within the
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100,00
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survey in accordance with national requirements. Prior
to the start of the study, an ethical committee resolu-
tion was obtained that the study is not in conflict with
international ethical practices. The registration num-
ber of the ethical committee at the IORG Research and
Production Association “Preventive Medicine” at the
Department of Health and Human Services (USA) is
IORG0008909.

Results and discussion

In total, 206,876 cases of COVID-19 were regis-
tered in the Kyrgyz Republic as of May 2, 2023, with
the intensive incidence rate of 3065 per 100 thousand
population [8]. All in all, four pandemic waves were
recorded. The collection and testing of blood samples
were carried out at intervals of 6-8 months during the
pandemic evolution periods, from the first through the
third wave. The fourth wave was low and did not last
long. The COVID-19 pandemic virtually ended in the
Kyrgyz Republic in May, 2022, with sporadic cases re-
ported later (Fig. 1).

The proportion of seropositive individuals in
Kyrgyzstan at the 1% round of the study was 30.8% (95%
CI29.5-32.1), 2™ round - 71.2% (95% CI 69.9-72.5) and
3" round - 92.3% (95% C191.5-93.1). An uneven territo-
rial distribution of seroprevalence was observed through
all rounds of the study: during the 1% round, the seropo-
sitivity rate varied from 13.0% to 62.7% across regions
of Kyrgyzstan (Batken, Jalal-Abad and Naryn regions),
during the 2" round - from 63.9 to 77.8% (Bishkek and
Talas region) and the 3™ one - from 88.1 to 95.6% in
Talas and Chui regions (Fig. 2).

The results indicated different level of seropreva-
lence across the age groups. Among children under
9 years of age, seroprevalence rates were lower du-
ring all study rounds compared to other age groups.
Seroprevalence rate among children aged 0-9 years
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Fig. 1. Weekly incidence of COVID-19 in the Kyrgyz Republic, 2020-2023
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Fig. 2. Seroprevalence to SARS-CoV-2 virus by regions of the Kyrgyz Republic (July 2020, April 2021, and December 2021)

during the 1*round was 16.5% (95% CI 13.8-19.2),
2" round - 51.4% (95% CI 47.5-55.2) and the 3™ round -
79.7% (95% CI 77.3-82.5). The highest level of seropre-
valence was noted in the age group of 45-64 years, which
at the 1* round of the study amounted to 36.1% (95% CI
33.5-38.7), 2™ round - 79.4% (95% CI 77.2-81.6), and
the 3" round - 97.8% (95% CI 96.9-98.7) (Fig. 3).

The results of the analysis show that the frequency
of coronavirus infection symptoms among seroposi-
tive individuals decreased with each stage of the study.
Manifestation of coronavirus infection symptoms in
children aged 0-9 years was less pronounced than in
adults. Also, with each round of the study, the propor-
tion of those seeking healthcare and those hospitalized
decreased in all age groups, regardless of gender of the
studied persons.

With each study round, the proportion of people
with coronavirus infection symptoms among the sero-
positive persons decreased from 64.0% to 47.1%. At the
same time, decrease in the number of symptoms, cha-

racterizing the disease severity was observed. Thus, the
presence of headaches in seropositive individuals de-
creased from 44.1 to 24.2%, while during the 1% round
of study, headache ranked the first among the symp-
toms, and during the 3" round was in the third place.
The presence of rhinorrhea in the 1% round was regis-
tered in 38.6% of the cases, and dropped to 25.8% in the
3" round. At the same time, the presence of rhinorrhea
at the 3™ round ranked first among the symptoms versus
the third place in the 1% round of the study. Cough was
noted in 35.0% of the patients in the 1* round and ranked
fifth among the symptoms, and during the 3™ round it
was noted in 25.2% of the cases and came to the second
place. Specific coronavirus infection symptoms, such as
loss of taste and smell remained in the 10-12% place du-
ring the study, the frequency of their occurrence in diffe-
rent rounds ranged from 21.4 to 13.7% and from 20.9 to
14.5%, respectively.

To study the duration of the antibody response to
SARS-CoV-2 in 285 individuals who received positive
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Fig. 3. SARS-CoV-2 seroprevalence by age groups in the Kyrgyz Republic (July 2020, April 2021, and December 2021)
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test results in the 1% round of the seroepidemiological
study, repeated blood sampling was carried out during
the 2" or 3" round of the study (Table). From each par-
ticipant in this study, blood was collected 2 times: du-
ring the first and second rounds, or the first and third
rounds of the study. 78% of repeated samples were col-
lected 8-12 months after the disease and 22% - after 13-
20 months.

The presence of antibodies at the level of 3.2 Au/ml
and higher was registered in 97.2% (277/285) of the
tested samples 1-2 months after the disease. There were
no significant differences in the level of antibodies in the
samples collected from the patients who had recovered
after 8, 9-10, 11-12 and 18-20 months from the onset
of the disease. In the samples, collected after 13-15 and
16-17 months, the level of antibodies above 3.2 Au/ml
was identified in 100%.

The results of paired sera show a decreased an-
tibody level in 64.6% (184/285) of samples, collected
after 8-20 months compared with the result of the first
sample, collected 1-2 months after the disease. An in-
creased antibody level in samples collected from 8 to
20 months compared to the result of the first samples,
collected 1-2 months after the disease, was observed in
35.4% (101/285) of cases.

To explore possible prerequisites for the increased
level of antibodies in 101 participants, the results of
laboratory testing were compared with the data of indi-
vidual information files of these persons.

Confirmed cases of re-infection with COVID-19
and 12.9% of cases of vaccination against COVID-19
were supposed causes for the increase in the level of an-
tibody response in 5.9%.

The results of the three-round herd seroepidemio-
logical age-stratified study of coronavirus infection
(COVID-19) in the Kyrgyz Republic indicate that sero-
prevalence among the individuals, tested for the presence
of SARS-CoV-2 antibodies, increased gradually over
the time since the pandemic onset in April, 2020, and
amounted to 92.3% in December, 2021. The relatively
small number of cases and short-term continuation of
the fourth wave of the pandemic, which was registered
at the end of January 2022 in comparison to the global
indicators is attributed to high level of herd immunity of
the population in the Kyrgyz Republic [9].

In the first round of the study (July 2020), the per-
centage of seropositive samples detection was low in the
southern regions of the country (Osh, Batken, Jalal-Abad
regions and Osh City) and varied from 13 to 16.3% and

statistically significantly differed from the republican in-
dicator of 30.8% (95% CI 29.5-32.1). This is due to the
fact that these samples were collected at the end of June
and early July of 2020, i.e. before the start of the first
wave of the epidemic rise in the incidence in the country.
In the northern regions (Chui, Naryn, Issyk-Kul, Talas
regions and Bishkek City) of the country, seroprevalence
rates were significantly higher at the 1% round of the
study than in the south of the country and varied from
46.0 to 62.7%. The high level of seroprevalence can be
attributed to the fact that samples were collected in the
second half of July 2020, i.e. at the peak of COVID-19
incidence. It should also be noted that the rise in inci-
dence in the northern regions began 2-3 weeks earlier
than in the south of the country.

In the second round of the study (April 2021),
SARS-CoV-2 virus seroprevalence was significantly
higher and reached 71.2% versus 30.8% in the first round.
Seroprevalence in the southern regions ranged from 68.2
to 76.5%, and from 63.9% to 77.8% in the northern re-
gions. It should be noted that, in contrast to the result
of the first round of the study, seroprevalence in many
southern and northern regions under the second round
did not statistically significantly differ (P>0,05) from the
republican indicator (71.2+0.7), with slight differences
in the city of Bishkek (63.9+1.7), Talas (77.8+3.0) and
Jalal-Abad (75.2+1.4) regions.

In the third round of the study (December 2021),
SARS-CoV-2 virus seroprevalence among the general
population turned 92.3%. In many regions, seropreva-
lence did not statistically significantly differ (P>0.05)
from the republican indicator (92.3£0.4). The analysis
of seroprevalence among the age groups of the popu-
lation shows that seroprevalence rate was increasing as
the pandemic spread across regions over time. However,
increase in seroprevalence was observed across all age
groups, regardless of regions. Seroprevalence in all age
groups in the 1 round of the study varied from 16.5 to
36.1%, 2" round - from 51.4 to 79.4%, and during the
3" round - from 79.9 to 97.8%.

The findings of the study indicate statistically sig-
nificant differences of seroprevalence in different age
groups (except the age 65+). The lowest seroprevalence
rates at all study stages were noted in children under
9 years of age, amounting to 16,5% during the 1% round,
51,4% - in the 2™ round, and 79,9% - in the 3™ round.
In all three rounds of the study, the highest rates of an-
tibody prevalence were observed in socially active age
groups at the ages of 20-44 (32.8%; 77.3% and 96.9%)

Data from personal information files for the study participants with increased level of SARS-CoV-2 antibody response

Period of sample collection 8 months 9-10 m. 11-12 m. 13-15 m. 16-17 m. 18-20 m. Total
Confirmed cases of COVID-19 relapse 0/40 0/25 0/3 6(62/73?) (51'/3103) g/f;y; ( 65/19((;?)
Vaccination against COVID-19 0/40 025 03 073 ‘(‘97/"1‘;/;’ ij/-‘l‘:/;’ (11 32/-?;4;)
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and 45-64 years (36.1%; 79.4% and 97.8%) in almost all
regions of the Kyrgyz Republic.

The results of seroepidemiological study show that
from the beginning of the pandemic (March 18, 2020)
the level of population immunity increased to 30.8%
within three months (July 2020), then to 71.2% within
nine months (April 2021). Eight months later (December
2021), the level of population immunity reached 92.3%.
The highest increase in seroprevalence by 3.1 times (51.4
versus 16.5%) was observed in the age group 0-9 years
in the 2" round (Fig. 2). This indicates that the intensity
of population immunity growth depends on the presence
of anon-immune stratum of the population; with the
decrease in the proportion of a non-immune population
stratum, the intensity of the growth of herd immunity
decreases in parallel, regardless of the presence of virus
circulation and contact with sick people.

The analysis of COVID-19 incidence in the Kyrgyz
Republic during the study of SARS-CoV-2 seropreva-
lence showed that the intensive incidence rates for the
same period increased by 4.8 times; the incidence rate in
the republic was 578.7 per 100 thousand population on
August 1,2020; April 1,2021 - 1373.3; and December 1,
2021 - 2812.3. It indicated that the proportion of indivi-
duals with SARS-CoV-2 antibodies increases in parallel
with the increase in the incidence of coronavirus infec-
tion. The higher the incidence of COVID-19 in cities/
districts at the time of sampling, the higher the level of
SARS-CoV-2 Ab seropositive results in the population
and vice versa. Direct strong correlation was established
(r=0.737) between the level of COVID-19 incidence rate
in the regions and the level of SARS-CoV-2 seropreva-
lence among the population.

The results of all three rounds of the study showed
a statistically significant difference in seroprevalence
among men and women (P>0,001). Seroprevalence
at different stages among men was 27.2%; 63.9% and
85.8+1.0; and 32.5%; 74.5% and 94.7+0.4 among wo-
men. Seropositive individuals experienced COVID-19
symptoms: at the 1 round 61.6% of men, at the 2™ round
40.2% and at the 3 round 42.4%, and 64.9%; 54.2%
and 48.7% of women respectively. Healthcare seeking
was noted in 21.2%; 20.1% and 9.7% of cases for men
and 22.0%; 27.3% and 15.6% for women; hospitaliza-
tion indicators among men were 6.2%; 7.9% and 4.0%,
and among women - 5.3%, 11.0%, and 7.2%.

All three rounds of the study indicated that some
seropositive persons did not experience symptoms of
coronavirus infection. Symptom occurrence rates in
seropositive individuals in the second and third rounds
tended to decrease, the proportion of people with symp-
toms in all three rounds of the study was higher in older
age groups, and lower in the age group of 0-9 years.
Children accounted for 1-5% of all symptomatic cases
of COVID-19 globally [10].

The most common symptoms in COVID-19 patients
were fever, chills, headache, muscle pain, dry cough, fa-
tigue, shortness of breath. Our study showed that the in-
cidence of disease symptoms tended to decrease among
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the seropositive individuals. The results obtained corres-
pond to the literature data, indicating that in the SARS-
CoV-2 infected, the disease can have asymptomatic or
mild and severe course [11].

According to the results of all study rounds, propor-
tion of people seeking medical help increases in parallel
with the increasing age.

In general, the rate of seeking medical help during
the 1% round was 21.8%, in the 2™ round - 25.4%, and
in the 3“round - 14.2%. 1.17 times increased rate in
the 2™ round compared to the first round of the study
(25.4 vs 21.8%) indicates public awareness of preven-
tive measures as regards coronavirus infection and in-
crease in the capacity of healthcare system to manage
patients with COVID-19 symptoms. The decrease in the
number of visits in the 3™ round down to 14.2% versus
25.4% in the 2™ round is associated with the increased
proportion of a mild clinical course; our study showed
that in the third round of study, the share of people with
symptoms among the seropositive individuals decreased
by 28.4% (47.1% vs 64.0%) compared to the 1% round
of the study.

The proportion of hospitalized people among the
seropositive persons was 5.5%, 10.1%, and 6.5%. The
increase in the proportion of hospitalized persons in the
2" round by 83.6%, in our opinion, is associated with the
Kyrgyz Republic healthcare system capacity to hospita-
lize. During the period of May 2020 - April 2021, more
than 3500 additional beds were deployed for COVID-19
patients. The decrease in the proportion of hospitalized
patients in the 3™ round is associated with an increase in
the proportion of clinically mild coronovirus infection
course.

The results of studying the dynamics of duration of
SARS-CoV-2 antibody response revealed the decreased
level of antibodies in 64.6% of samples and its increase
in 35.4% of samples, collected after 8-20 months from
the onset of the disease compared with the result of the
first sample, collected after 1-2 months from the dis-
ease onset. The cause for the increase in antibody le-
vels in 5.9% of the cases was confirmed cases of relapse
and in 12.9% of cases - COVID-19 vaccination. The
increase in the level of antibody response in 81.2% of
samples could be associated with a “boosting” of the
antibody response at all stages of repeated sampling,
when there could have been a second encounter with
SARS-CoV-2, which was asymptomatic. Also, it should
be considered that blood sampling at the first stage of
the seroepidemiological study was carried out at the
peak of the first rise in COVID-19 incidence in July
2020, 1-2 months after the disease, when the antibody
response to SARS-CoV-2 in some of the patients was
still not built completely. It is possible that the increase
in the level of antibodies in the samples, collected after
8 and > months could be due to the prolonged formation
of a full-fledged antibody response after the infection.
The impact of vaccination and reinfection on the rise in
antibody response to SARS-CoV-2 plays an important
role in groups of individuals, whose samples were col-
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lected 13 months or more after the previous COVID-19
disease.

Thus the results of the three-stage seroepidemio-
logical study show that during the period from July 2020
until December 2021, population immunity to SARS-
CoV-2 virus increased by 3 times and reached 92.3%
among the entire population of the Kyrgyz Republic.
The percentage of SARS-CoV-2 seropositive children
was lower than that in the adult population. The num-
ber of seropositive persons among men was lower than
among women. During all three rounds of the study, fre-
quency of symptom manifestations in children was sta-
tistically significantly lower than in adults, as well as the
proportion of those seeking medical help and subject to
hospitalization.

The study of the humoral response duration indi-
cated a decrease in the level of antibodies in 64.6% of
samples, collected after 8-20 months compared to the
result of the first sample, collected 1-2 months after the
disease, however, an increased level of antibodies was
observed in 35.4%.
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