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Introduction. In late 2019 — early 2020, an outbreak of infection caused by a novel strain of beta coronavirus
SARS-CoV-2 was reported. The World Health Organization defined the disease as coronavirus disease 2019
(COVID-19). In the Tyumen Region, the first case of COVID-19 was diagnosed on 31/1/2020. The source of
infection was a female student who came from Jinan, Shandong province (China). The number and rate of cases
were steadily increasing from the 16" week through 28" week in 2020. The highest rate was 36.87 cases per
100 thousand people. Afterwards, the cumulative incidence kept increasing gradually, but not as quickly.

The purpose of the seroepidemiological study was to measure the level and to identify the structure of herd
immunity against the SARS-CoV-2 virus among the population of the Tyumen Region during the rapid spread of
the COVID-19 outbreak.

Materials and methods. Volunteers for participation in the study were selected through questionnaire surveys
and random sampling. The exclusion criterion was an active COVID-19 infection at the time of the survey. A total
of 2,758 individuals were tested for SARS-CoV-2 specific antibodies. The age of the surveyed volunteers ranged
from 1 year to 70 years and older.

Results of the study. During the active phase of the COVID-19 incidence, the population of the Tyumen Region
showed moderate (24.5%) seroprevalence of SARS-CoV-2. At the same time, the tests revealed a high (97.8%)
rate of asymptomatic infection cases in seropositive individuals who had never been diagnosed with COVID-19
and did not have history of positive PCR test results or acute respiratory infection symptoms on the day of testing.
The maximum level of herd immunity was identified in children aged 1-6 years (34.7%), which was significantly
higher compared to the average level of seroprevalence in the entire cohort. In recovered COVID-19 patients,
antibodies were detected in 68.2%. In individuals with positive PCR test results, antibodies were detected in 64%.
Conclusion. The results of the assessment of the level of herd immunity against the SARS-CoV-2 virus are crucial
for prediction of the development trend of the epidemic and for planning specific and non-specific COVID-19
prevention measures.
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BeeaeHume. B koHue 2019 . — Havane 2020 r. 6bina 3aperncTpmMpoBaHa BCrbIlKa MHeKUMK, BbI3BaHHAs HOBbLIM
wrtammoM Beta-kopoHasupyca SARS-CoV-2. BO3 onpeaenvna naeHTuguunpoBaHHoe 3aborneBaHune Kak «kopo-
HaBupycHas 6onesHb 2019» (COVID-19). B TiomeHckon obnacTtu nepsbinn crnyyan 3abonesaHua COVID-19 6bin
AnarHoctuposaH 31.01.2020 r. icTouHMKOM MHbeKuMmn Bbina cTyaeHTka, npyexaslias u3 LisnHaHsa, npoBuHUMSA
LWanbayH (KHP). C 16-11 no 28-t0 Hegento 2020 r. Habnogancst ycTon4mBbIi pocT 3abonesaemocty. Makcumans-
HbI ypoBeHb cocTaBun 36,87 Ha 100 Teic. Yyenosek. BnocrneacTeum kymynsatuBHas 3aboneBaemMocTb NOCTENeH-
HO yBenuunaanacb, XOTsi U C MEHbLUEN MHTEHCUBHOCTBLIO.

Llenblo cepoanvaemMmonormyeckoro nccnefoBaHnsa 6uino onpegeneHne ypoBHsa U CTPYKTYPbl NONYNSLMOHHOIO
ummyHuTeTa k Bupycy SARS-CoV-2 cpean HaceneHus TiomeHckow o6nactu B Nepuop UHTEHCMBHOTO pacnpo-
cTtpaHeHus COVID-19.

Matepuanbl n metoabl. OT60p fo6poBONbLEB A5 UCCIe40BaHNA MPOBOAMIICA MyTeM aHKeTUPOBaHWA U paH-
nomusaumn. Kputeprem HeBKNoYeHNs sBnsnack aktmeHas nHgekums COVID-19 Ha moMeHT obcnegoBaHusg. Ha
Hanunune cneumduydeckux aHtuten Kk SARS-CoV-2 6binv obcnenoBaHbl 2758 yenosek. Bo3pacT onpoLueHHbIX
[obposonbLes coctaenan ot 1 roga go 70 net un cTapue.

Pe3ynbratbl uccnepgoBaHus. Cpean HaceneHus TioMeHCKOM obractu B akTMBHOW dhase 3aboneBaemocTu
COVID-19 Habntoganacb ymepeHHas (24,5%) ceponpeaneHTHocTb k SARS-CoV-2. OgHOBPEMEHHO C 3TUM Bbl-
aBneHa Bbicokas (97,8%) yactoTta crny4aes 6eCcMNTOMHON UHAEKLUM Y CEPOMO3UTUBHBIX MHOAEN, Y KOTOPbIX B
aHamMHese He Obino 3abonesanHus COVID-19, nonoxutensHoro pesynerarta [NLP n cumntomoB ocTpbix pecnu-
paTopHbIX BMPYCHBIX MHMekunii B AeHb obcnenoBaHnsl. MakcMmanbHble NOKasaTenu KOMmeKTUBHOMO MMMYHM-
TeTa, ycTaHoBneHHble y aeten 1-6 net (34,7%), Obinu CTaTUCTUYECKM 3HAYUMBIMU MO CPaBHEHWIO CO CPEeaHUM
YPOBHEM CepOonpeBaneHTHOCTU ANsi BCEM KOropTbl. Y pekoHBanecueHTtoB COVID-19 aHTuTena obHapyxmBanmcb
B 68,2% cny4aeB. Y nuu ¢ NonoxutenbsHbIM pe3ynstatoM paHee nposegeHHoro MNLP-aHanusa aHTUTEeNa BbISAB-
naTcs B 64% cnyyaes.

BeiBoa. Pesynsrathl nccnegoBaHns COCTOSHUS KOMMEKTMBHOMO MMMYyHUTETa K BUpycy SARS-CoV-2 Heobxoanmbl
Ans pa3paboTku NporHo3a pasBuTUS ANUAEMUOSIONMYECKON CUTyaumm, a Takke AN NiaHupoBaHUsi Meponpusi-
TWIA NO cneuuduyeckon n Hecneumduyeckon npodunaktnke COVID-19.

KnioueBble cnoBa: KOpoOHasupyc, anudemusi; ceporipesanieHmMHocme, TroMeHckas obriacme, HacereHue.

HUcmoyHuk ghuHaHcupoeaHus. ABTOpbI 3asiBMsIOT 06 OTCYTCTBUMU (hMHAHCMPOBAHWUSA NPV NPOBEAEHUN UCChe-
[0BaHus.

KoHdbnnukm unmepecos. ABTOpPbI AeKNapuUpyoT OTCYTCTBUE ABHbIX U NOTEHUMArbHbIX KOH(MMKTOB UHTEpe-
COB, CBA3aHHbIX C NyOnukauunen HacTosALLEN CTaTby.
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Introduction

The COVID-19 pandemic, which began on
11/2/2020, is an unprecedented event in the modern his-
tory of human civilization. Having started with a single
infected case at the seafood market in Wuhan (China),
the infection spread rapidly around the world, having
affected almost every region of the globe. It has spared
a few small countries in Africa so far. Besides, there
is no information about COVID-19 cases in Turkmen-
istan and North Korea. As of the first decade of July
2020, the global case tally hit 12.5 million confirmed
COVID-19 cases, out of which 6.89 million patients
had recovered and 560 thousand patients had died'.

In Russia, according to official data from the Rus-
sian Federal Service for Surveillance on Consumer
Rights Protection and Human Wellbeing (Rospotreb-
nadzor), as of 12/7/2020, a total of 727,162 cases were
reported; the number of recovered patients was 561,061
and the number of the deceased was 11,335. Coronavirus
cases are recorded across the country. The highest inci-
dence is recorded in Moscow; the lowest number of cas-
es is recorded in the Chukotka District, Yamalo-Nenets
District and Arctic islands of the Russian Federation.

In the Tumen Region, the first case was detected
on 31/1/2020; the source of infection was a female Chi-
nese citizen who came from Jinan, Shandong province.
Sporadic cases had been recorded till April 9, 2020.
The steady increase in the incidence started from the
16" week in 2020; the peak was reached during the
28" week with 36.87 cases per 100 thousand people.
Afterwards, the cumulative incidence rose gradually to
demonstrate a 195% increase during the period from

ORIGINAL RESEARCHES

the 26" to the 30" week (Fig. 1). Therefore, any an-
nouncement of the successful breakthrough in elimina-
tion of the COVID-19 outbreak in the Tyumen Region
would be premature.

Both the current COVID-19 situation and the ur-
gent need for effective epidemic control measures bring
herd immunity assessment studies to the fore. The
herd immunity threshold can be reached in two ways:
through natural infection by increasing the number of
people who had the infectious disease, i.e. COVID-19,
in a symptomatic or asymptomatic form, or through
vaccination covering at least 60% of susceptible people
[1, 2]. No matter how fast scientists and manufacturers
are moving to create a vaccine, its development takes
time; its safety, specificity and efficacy require thorough
examination [3]. Then, the only realistic solution is to
rely on developing herd immunity resulting from ap-
parent symptomatic infection or inapparent seroconver-
sion. The common assumption is that at least 50-60%
of the vulnerable population must develop immunity to
a particular infection to stop the spread of infection [2].
Careful attention should be given to the dynamics of the
process and to the degree of population heterogeneity,
which can significantly affect the development of both
individual and community resistance to infection with
SARS-CoV-2 [4].

Considering the aforesaid, the purpose of the
conducted seroepidemiological study was to measure
the level and to identify the structure of herd immunity
against the SARS-CoV-2 virus among the population
of the Tyumen Region during the rapid spread of the
COVID-19 outbreak.
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Fig. 1. COVID-19 incidence in Tyumen Region.
The arrows show the period when the seroprevalence study was conducted (the 24"-25" week of the year).

'https://www.who.int/ru/emergencies/diseases/novel-coronavirus-2019
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Materials and methods

The study was conducted during the first stage of
Rospotrebnadzor’s large-scale project aimed at assess-
ment of herd immunity to the SARS-CoV-2 virus in
the population of Russia, following the protocol rec-
ommended by the World Health Organization [5]. The
study was approved by the research ethics committee
of the Pasteur Research Institute of Epidemiology and
Microbiology. Prior to the study, all the participants or
their legal representatives were informed about the pur-
pose and methods of the study; all of them signed the
informed consent.

Volunteers for participation in the study were se-
lected through questionnaire surveys and random sam-
pling. The exclusion criterion was an active COVID-19
infection at the time of the survey. The sample size was
calculated by using the formula:

£xp(1-p)

n= s ,
where:
n — a sample size;
t — a precision level (for a 95% CI ¢ = 1.96);
p — expected prevalence of the studied phenomenon
(at 50% p = 0.5);
m — a margin of error of 5% [6].

A total of 7,163 volunteers were surveyed; out of
them, 3,030 people had their venous blood samples col-
lected for further tests for SARS-CoV-2 specific anti-
bodies. A total of 2,758 samples had been tested.

The age of the examined volunteers ranged from 1
to 70 years and older (Table 1).

In all the age groups, the number of volunteers
was comparable, except for the significantly smaller
number of volunteers in the senior-age group. Tak-

ing into account the specifics of child development,
the first group was divided into three subgroups:
1-6, 7-13 and 14-17 years. The individuals who had
COVID-19 in the past accounted for 0.7% (22 peo-
ple) of the total number of volunteers. On the testing
day, no volunteer had clinical symptoms of acute re-
spiratory infections.

Blood samples were collected in EDTA-contain-
ing vacutainer tubes and centrifuged. Plasma was sepa-
rated from cellular elements, collected in plastic tubes
and stored at 4°C till the commencement of the test. The
amount of antibodies to SARS-CoV-2 was measured
with an enzyme-linked immunosorbent assay (ELISA)
kit for human blood serum or plasma tests for detecting
SARS-CoV-2 nucleocapsid specific immunoglobulin G
(IgG) antibodies; the kit is made by the State Research
Center for Applied Microbiology and Biotechnology of
Rospotrebnadzor. The results were assessed by using
qualitative methods and were deemed positive when
the cut-off level was exceeded.

The statistical processing included variation sta-
tistics methods, an Excel statistical package and Win-
Pepi software (version 11.65). Due to the absence of a
representative sample for districts of the Tyumen Re-
gion, most of the statistical indicators were calculated
by using the results obtained from the volunteers from
Tyumen. The probability value of p < 0.05 was used to
assess significant differences between variables.

Results

Assessment of seroprevalence

The seroprevalence among the residents of the
Tyumen Region totaled 24.5 + 1.6% (677 out of 2,758);
in the age groups, it ranged from 13.4 + 5.5% to

Table 1. Seroprevalence in residents of Tyumen Region, different age groups

Age group, years Number of the examined, Including Seroprevalence, %

persons seropositive seronegative (Mxm)

1-17 356 94 262 264146

Including: 1-6 75 26 49 34.7£10.8
7-13 144 33 111 229+6.9

14-17 137 35 102 255+6.3

18-29 485 125 360 25.8+3.9
30-39 452 119 333 26.3+4.1
4049 447 108 339 242140
50-59 482 126 356 26.1+3.9
60-69 387 85 302 22.0+4.1
70 and older 149 20 129 1341+55
Total 2758 677 2081 245+16
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26.4 + 4.6% (Table 1). The maximum level of sero-
conversion was detected in the child-age group (mostly
in the subgroup of 1-6 years). The senior age group
(70 years and older) had the lowest level of seropreva-
lence (13.4 £ 5.5%), which can be explained by the in-
sufficient size of the sample. The seropositivity did not
show any significant gender differences and amounted
to 21.5 £ 2.7% in the males and 26.0 £ 2.0% (p > 0.05)
in the females, though the females demonstrated a clear
trend to seroconversion prevalence. The seroprevalence
level was 24.5 + 1.6% in city of Tyumen, exclusive of
non-representative data from regional districts.

Assessment of risk factors

Among the participants who had symptomatic
COVID-19, the proportion of seropositive individuals
was 68.2 + 19.5%, while among the participants who
had not been previously diagnosed with this infection,
the proportion was significantly lower — 24.2 + 1.6%
(p < 0.05), and completely correlated with the results
obtained during the examination of residents from other
regions [5, 7].

In the group of individuals who had never been
exposed to COVID-19 patients, the proportion of sero-
positive people amounted to 21.1 £+ 1.6%, while among
the individuals who had work or household contacts
with those who were diagnosed with COVID-19, the
proportion of volunteers with detected anti-SARS-
CoV-2 antibodies increased to 32.1 £ 7.2%. It suggests
the possibility of household development of an immune
response resulting from transmission of the pathogen
from a COVID-19 patient, though in small amounts.
The absence of significant differences, while the pro-
portion of seropositive people increased by 1.5 times, is
indicative of the insufficient size of the sample.

ORIGINAL RESEARCHES

The assessment of the seropositivity level among
volunteers who had positive PCR test results for virus
RNA is of particular interest. The test results showed
that among PCR positive individuals the seroprevalence
level was 64%, while among PCR-negative volunteers,
the seroprevalence level is 24.24%. The differences are
significant at probability of p < 0.05. The obtained re-
sults convincingly demonstrate the presence of a strong
functional relationship between the virus RNA circula-
tion and antibodies to the SARS-CoV-2 virus. The above
assumption was verified through the analysis of the rela-
tionship between incidence and seroprevalence (Fig. 2).

The conducted analysis shows that there is a direct
linear relationship between the variables. The Pearson
correlation coefficient and the Spearman rank correla-
tion coefficient amounted to 0.44 (p < 0.1). Although
the significance of the revealed relationship is not high,
it leads to the obvious conclusion implied by the direct
relationship between the variables: an increase in the
incidence rate is accompanied by an increase in the se-
roprevalence (Fig. 2).

Estimation of the proportion of asymptomatic cases

The asymptomatic infection is typical of
COVID-19 and, as assumed, can act as significant fac-
tor of virus transmission [8]. From this perspective,
estimation of the percentage of asymptomatic cases in
the population is highly important for the analysis of in-
fection transmission among healthy individuals [9] and
can help significantly in adjusting the range and focus
of epidemic prevention measures [10].

The proportion of asymptomatic cases among se-
ropositive individuals was estimated through measur-
ing the proportion of individuals who did not have at
least one of the following: the COVID-19 diagnosis
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Fig. 2. Correlation between the incidence rate and seroprevalence.
The vertical axis shows seroprevalence, %; the horizontal axis shows the incidence per 100 thousand people.
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Table 2. Proportion of asymptomatic cases in the total number of seropositive residents of different age groups in Tyumen

Region

Age group, years Total number

Asymptomatic seropositives

Proportion of asymptomatic cases, %

of seropositives (Mt m)
1-17 94 93 98.9+21
18-29 125 119 95.2+3.8
30-39 119 115 96.6 + 3.3
40-49 108 108 100.0+1.9
50-59 126 123 97.6+27
60-69 85 84 98.8+2.3
70 and older 20 20 100.0+4.4
Total 677 662 97.8+1.1

or a positive PCR test result or acute respiratory infec-
tion (ARI) symptoms. Among residents of the Tyumen
Region, the asymptomatic cases accounted for 97.8 +
1.1%, reaching the highest levels in two age groups:
40-49 year-old and over 70 years old (Table 2).

Thus, similar to other regions, the absolute number
of seropositive individuals demonstrates asymptomatic
infection. Keeping in mind that seropositivity is not
necessarily connected with the virus RNA circulation,
we can reasonably assume that asymptomatic infection
has more advantages than downsides, as it is highly
probable that the presence of antibodies to the SARS-
CoV-2 nucleocapsid protein can be connected with the
increased resistance to infection with a pathogenic vi-
rus and can contribute to reduction in the epidemic ten-
sion among people. The same tendency underlies the
relationship between the seroprevalence to the SARS-
CoV-2 virus and COVID-19 incidence (Fig. 1).

Discussion

The examination of the population of the Tyu-
men Region represented mainly by Tyumen residents
showed that the seroprevalence level among the volun-
teers ranged from 13.4 £ 5.5 to 34.7 + 10.8%. Similar to
other regions (St. Petersburg and Leningrad Region) [1,
2], the highest seroprevalence was detected among chil-
dren. At present, this phenomenon cannot be explained
adequately and to the fullest. It can be assumed that the
development of the landscape of antibodies to corona-
virus in children is affected by cross-reactive antibod-
ies resulting from acute respiratory infections caused
by other types of B-coronaviruses, which have common
determinants in nucleocapsid proteins [11]. The other
age groups did not show any substantial differences in
seroprevalence levels. The fairly low proportion of indi-
viduals with SARS-CoV-2 antibodies in the senior-age
group can be explained by the small number of people
of this age in the group.

The analysis of other parameters of seropreva-
lence did not reveal any unusual findings. As expected,

the seroprevalence level was significantly higher
among people recovered after COVID-19, people
who had work or household contact with COVID-19
patients, and viral RNA carriers having positive PCR
test results.

As for asymptomatic cases, they demonstrate a
high level of seroprevalence. The phenomenon can be
caused by two factors: On the one hand, it is a typical
characteristic of SARS-CoV-2 [10, 11]; on the other
hand, it can be produced by inapparent seroconversion
when a humoral immune response can develop even
without manifest symptoms of the infection [5, 7].

Conclusions

1. The herd immunity of the total population of
the Tyumen Region was 24.5%. The highest level of
seroprevalence was found in individuals aged 1-6 years
(34.7%); the lowest level was identified in the group of
individuals aged 70 years and older (13.4%).

2. After the symptomatic COVID-19 infection,
antibodies are detected in 68% of the patients.

3. Antibodies were detected in 64% of individuals
with positive PCR test results.

4. The COVID-19 incidence rate has a strong rela-
tionship with SARS-CoV-2 seroprevalence.

5. The proportion of asymptomatic cases totaled
97.8% of the seropositive residents of the Tyumen Re-
gion.
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