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Pe3tome. [Tponmomkaroriasicss Ha MPOTSDKEHUM TIOCJIEIHUX 3 JIET MaHAEMUsI KOPOHABUPYCHOU OOJIE3HU
(COVID-19) BbI3Basia IpUCTAILHOE BHUMaHWE K MPOOJIeMe TOIYJISIIIMOHHOTO UMMYHUTETA, IO/ KOTOPHIM
TOHUMAETCST «yCTOMYMBOCTh K PACTIPOCTPAaHEHUIO MH(MEKIIMOHHOTO 3a00JIeBaHUs B MOMy sy, Koiek-
TUBHBIA UMMYHUTET (DOpMUpYETCsl KaK B pe3ysibTaTe 3a0oJieBaHUs (IMTPU €CTECTBEHHOM PacHpOCTPaHEHUU
BO30yIUTENSI B MOMYJISIIUM BOCHIPUUMYUBBIX UHAWBUIYYMOB), TaK U B pe3yJibTate MPUMEHEHUs crieundu-
yeckux BakuMH. B xone mangemun COVID-19 peanuzoBanuchk 06a BapuaHTa GOpMUPOBAHUS TTOMYJISIIM-
OHHOTO UMMYHHUTETA. B TIepBYyI0 BOJTHY MTPOUCXONWIO €CTECTBEHHOE (DOpMUPOBAHNE HEBOCTIPUMMUYUBOCTU
HaceJICHUS K BUPYCY TTocie TiepeHeceHHoro 3aboneBanuss COVID-19, o0ycioBIeHHOTo MaHAeMIYEeCKIM pac-
npoctpaHeHueM SARS-CoV-2. Haunnag ¢ aekaopst 2020 roga B CILA, Benukooputanuu, Kurtae, Poccuu
U psifie APYTUX CTPaH HAYaJIoCh IIIMPOKOE NMpUMEHEeHrEe creuuyeckux BakiuH npotuB SARS-CoV-2. Bto
3aImyCTUIO mpolecc (hOpMUPOBAHUS TTOCTBAKIIMHAIIHLHOTO TMOMYJISIIIMOHHOTO UMMYHUTETA, CIEIU(MDUIHOCTh
KOTOPOTO 3aBUCUT OT BUJA UCIIOJIb3yeMOUl BaKIIMHbBI. B HacTosiiee BpeMsi B TeX CTpaHaX, TJe HIMPOKO TPo-
BOJIMTCSI BAKLIMHALIMS U PeBAKIIMHALIMU T1epeOOJIEBIIMX MOMYISIIUOHHBIA UMMYHUTET SIBJISIETCSI TUOPUIHBIM.
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IMpuHMas BO BHUMaHHE OTHOCUTEIBHO CXOMHbBIN BOTHOOOPA3HBIN XapakKTep 3MUAEMHUYECKOTO Mpoliec-
ca COVID-19, ob6ycnoBieHHbIi CMEHOI T€HOBAPUAHTOB BO30YIUTENSI BO BCEX CTPaHAaX, a TaKXkKe pa3BepHY-
TOU MPOrpaMMOIl MacCOBOU BaKIIMHAILIMW HACEJIEHUSI, MOXHO CIeJaTh HEKOTOPbIE BBIBOIbLI 00 OOLIEH ISt
BCEX CTPaH TeHACHIIMY (hDOPMUPOBAHUS TTOMYJISIIIMOHHOTO MMMYHHUTETA B XOJI€ TAHIEMUU.

B nauane nangemuu, B 2020 romy, ceporipeBajJeHTHOCTb HAaceJIeHUsI B LieJIOM He mpesbiiiaia 20%, npu
5TOM HauOOJIbIINE TTOKAa3aTe/u CEepPOINPEBAIEHTHOCTU OTMEUYAIM B JETCKOUW BO3PACTHOU TpyMIie; BbISBIS-
JINCh BBIPAXKEHHBIE TEPPUTOPUAIbHBIC Pa3INins, HAUOOJIbIIIME TTOKA3aTeIM OTMEeYaIn B TPYIIIe MEIUIINH-
CKUX paOOTHUKOB. [TOMyISIIIMOHHBII UMMYHUTET Pa3BUBAJICS BCIEICTBUE IEPEHECEHHOTO 3a00JIeBaHUS U Y
OOJIBIIMHCTBA CEPONO3UTHUBHBIX BOJIOHTEPOB ObLT MPEACTABIEH AaHTUTEJIAMU K 000UM aHTUTEHaM.

B pasrap mangemuu, jgetoM 2021 roga, ceporipeBajgeHTHOCTh HaceleHust gocturia 50%. D1o ObL1o 00-
YCJIOBJIEHO KaK 3HAUUTEIbHBIM YMCJIOM MePeOOIeBIINX JIUII, TAaK M HAYaJIOM KOMITAHUW MacCOBOM BaKIIMHA-
MU HaceseHusi. Bo Bcex cTpaHax MpakTUYECKU HUBEJIUPOBATUCH ClieliM(UUYECKUE Pa3Indurs B CepoIpeBa-
JICHTHOCTU HaceseHUsl (TeppUTOpUaIbHbIE, BO3pacTHbIe U MpodeccuoHanbHbie). B aTOT nepuon Hanbosee
SIBHO MOXHO OTMETUTH (POPMUPOBAHUE TMOPUIHOTO MMMYHUTETA — YBEJIMYWIIACH JIOJISI JIMI], UMEIOIINX
aHTuTesa Toabko K RBD (BciaeacTBre BakIIMHALIMM BEKTOPHBIMU BaKILIMHAMM ).

IMo3gHee MaccoBas BaklLIMHALKS, a TAKXKE BOBJIEUEHHE OOJbIIEH YaCcTU HACEJEHUS B IMUAESMUYECKUN
MPOIIECC M3-3a MOSIBJICHUS BBICOKO KOHTAarmo3HOro mramMa «OMUKPOH», TIOHSUIN YPOBEHbD MOTTYJISIIIUOH -
Horo ummyHurera 10 80-90%. D1o npuBeao K pe3KoMy CHUXeHUIo 3abosieBaemoctu COVID-19 Bo BTO-
poii mosoBuHe 2022 roma BO BCeX CTpaHax, yyacTBYIOIIMX B ucciaeagoBaHuu. Ha mo3gHux cpokax naHaeMuu
(2022-2023 roapr) mpaktuyecku y 90% CceponoO3UTUBHBIX BOJIOHTEPOB TYMOPAJIbHBIA UMMYHUTET SIBJISIIICS
TUOPUIHBIM U OBLT MPENCTaBICH aHTUTeIaMu K 00ouM aHTureHam (Nc+RBD).

Karouesvie crosa: kosnexkmusruiil ummynumem, nonyisuuonnsiii ummyrnumem, COVID- 19, nandemus, 6aKUuuHANbHYLL
UMMYHUmMem, SNU0eMU0N02Us
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Abstract. The ongoing coronavirus disease (COVID-19) pandemic over the past three years has caused close
attention to the problem of herd immunity, which is understood as: "resistance to the spread of a contagious
disease within a population or herd". Collective immunity is formed both as a result of infection (natural
spread of the pathogen in a population of susceptible individuals) and as a result of the use of specific vaccines.
During the COVID-19 pandemic, both mechanisms for the formation of collective immunity were realized.
In the first wave, there was a natural formation of collective immunity to the virus following recoveries from
COVID-19 caused by pandemic spread of SARS-CoV-2. Starting from December 2020, the widespread use
of specific vaccines against SARS-CoV-2 began in the USA, Great Britain, China, Russia, and a number
of other countries. This launched the process of post-vaccination collective immunity formation; its features
have depended on the vaccine types implemented. Currently, in those countries where vaccination and re-
vaccination of recovered patients is widely carried out, immunity is "hybrid" in nature.

Several commonalities should be noted in the pandemic experience: a somewhat regular, periodic (wave-
like) nature of the COVID-19 epidemic process; changes in pathogen genetics in variants in all countries; and
expansive mass vaccination programs in many populations. From these, we can draw some conclusions about
the general trend for all countries in the formation of collective immunity during the pandemic:

At the beginning of the pandemic in 2020, overall population seroprevalence did not exceed 20%. Other
findings were: the highest seroprevalence rates were noted in the children's age group; pronounced regional
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differences were revealed; and the highest indicators were noted among medical workers. Collective immunity
developed as a result of infection or illness, and in the majority of seropositive volunteers, it was represented by
antibodies to both antigens.

At the height of the pandemic in the summer of 2021, population seroprevalence reached 50%. This was
due to both a significant number of convalescents and the start of mass vaccination campaigns. In all countries,
specific differences in seroprevalence (by age, region, profession) leveled out, leading to more uniformity.
During this period, the formation of "hybrid" immunity is clearly prominent, and the proportion of individuals
with antibodies to RBD alone increased (due to vaccination with vector vaccines).

Later, mass vaccination, as well as involvement of most of the population in the epidemic process due to the
emergence of the highly contagious Omicron strain, raised the level of collective immunity to 80-90%. This led
to a sharp decrease in COVID-19 incidence in the second half of 2022 in all countries participating in the study.
In the later stages of the pandemic (2022-2023), almost 90% of seropositive volunteers had hybrid immunity;,

reflected as antibodies to both antigens (Nc, RBD).

Keywords: collective immunity, herd immunity, COVID- 19, pandemic,vaccine-induced immunity, public health

Introduction

The ongoing coronavirus disease (COVID-19)
pandemic over the past three years has caused
close attention to the problem of herd immunity,
which is understood as: "resistance to the spread of
a contagious disease within a population or herd"
[16]. Collective immunity is formed both as a result
of infection (natural spread of the pathogen in a
population of susceptible individuals) and as a result
of the use of specific vaccines. During the COVID-19
pandemic, both mechanisms for the formation of
collective immunity were realized. In the first wave,
there was a natural formation of collective immunity
to the virus following recoveries from COVID-19
caused by pandemic spread of SARS-CoV-2. Starting
from December 2020, the widespread use of specific
vaccines against SARS-CoV-2 began in the USA,
Great Britain, China, Russia, and a number of
other countries. This launched the process of post-
vaccination collective immunity formation; its features
have depended on the vaccine types implemented.
Currently, in those countries where vaccination and
re-vaccination of recovered patients is widely carried
out, immunity is "hybrid" in nature [2]. In the recent
time period with epidemic increases in case numbers
alongside a lack of effective specific COVID-19
treatments, collective immunity has served as the only
tool for controlling and managing the epidemic.

Materials and methods

At the beginning of the local epidemic in May 2020,
Rospotrebnadzor developed a multi-stage program
for seromonitoring of the population's immunity to
SARS-CoV-2. It was implemented in 2020-2021
in Russia [5, 7, 14]. Since 2021-2023, neighboring
countries have participated in a partnership program
(Armenia, Belarus, Kyrgyzstan, Tajikistan) [6, 10,
11, 12]. The program has included the formation of
volunteer cohorts, the volume and structure of which
has made it possible to obtain representative data for
the populations in the study region (countries) by age
and professional group. Volunteers included in the

cohort were divided into seven age groups (years old):
1-17, 18-29, 30-39, 40-49, 50-59, 60-69, and > 70.

Due to their high representation during infectious
and post-vaccination processes, two SARS-CoV-2
antigens are especially relevant to analytical methods:
nucleocapsid (Nc) and S protein receptor-binding
domain (RBD). Depending on vaccine design,
antibodies to one, or both, antigens are formed. The
presence of serum antibodies as a result of a previous
infection makes it possible to use seromonitoring to
detect not only clinical, but also subclinical cases of
infection that would otherwise go unnoticed.

Levels of IgG antibodies (anti-Nc¢, anti-RBD) in
volunteers were quantified by enzyme immunoassay
using Russian assay systems: "Reagent set for enzyme
immunoassay quantitative determination of human
IgG Abs to SARS-CoV-2 N protein (N-Cov-2-IgG
PS)" (Saint Petersburg Pasteur Institute) and "SARS-
CoV-2-ELISA-IgG-screen”" (LabPack). All studies
were carried out according to a single algorithm,
which included the use of cloud service (internet)
technology to form a cohort of volunteers, collect test
results, and assist analysis [8].

In Russia, the study by Rospotrebnadzor invol-
ved eight research institutes and twenty regional
departments (centers of hygiene and epidemiology,
etc.). Itinvolved volunteers from 26 regions (located in
all of the country’s federal districts), whose population
accounted for 54.7% of the total national population.
Along with megacities featuring high populations and
density (such as Moscow and St. Petersburg), regions
with populationsbelow 800,000 (Murmansk and Amur
regions, the Republic of Crimea) and low population
density (Krasnoyarsk region 1.21 km) also took part.
The total number of volunteers was 74,158 people and
was representative of the total Russian population.
The study was conducted in 2020-2021 in 5 stages,
with an interval of 3-9 months (Figure 1) [5, 7, 14]. In
Armenia, Belarus, Kyrgyzstan and Tajikistan, 32,128
volunteers were examined for population dynamics in
2021-2023; from 2 to 4 stages were carried out in each
country (Figure 2).

The multi-stage studies, wherein the levels of Abs
to various SARS-CoV-2 antigens were assessed at
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26 regions of Russian Federation 238 646 volunteersare examined
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Figure 1. Russian regions included in the study of SARS-CoV-2 collective immunity, 2020-2021. The seroprevalence values
presented on the map correspond to the first stage of the study
Republic of Belarus

12 926 volunteers

Istep: 14.05-19.05 2021

Il step: 30.08-03.09. 2021
1l step: 17.01-21.01.2022
IVstep: 10.10-14.10.2022

Kyrgyz Republic
9 471 volunteers
I step: 28.06.-03.07.2021

I step: 21.02-25.02.2022
I step: 31.10 -04.11.2022

Republic of Tajikistan

3 674 volunteers

I step: 14.03-20.03.2022
Ii step: 13.02-18.02.2023

Republic of Armenia
6 057 volunteers

Istep: 12.04-16.04.2022
1l step: 28.11-02.12.2022

Study of collective
immunity to SARS-CoV-2

Figure 2. Neighboring countries included in the study of SARS-CoV-2 collective immunity, 2021-2023

different periods of the pandemic, made it possible to
identify some patterns in the formation of collective
immunity to coronavirus infection, common to
populations of all countries included in the study.

Results and discussion

At the beginning of the pandemic in 2020 (stages
1-2 of the study in Russia), seroprevalence in the
population varied significantly by region of the
country. Average SARS-CoV-2 seroprevalence in
the summer of 2020 was 18.0% (95% CI: 10.0-23.9),
while the range of variation across regions exceeded
10-fold. The highest seropositivity levels were found
in the Kaliningrad (50.2%; 95% CI: 48.4-52.0%) and
Amur regions (45.4%; 95% CI: 43.6-47.2). The lowest
were seen in the Republic of Crimea (4.3%; 95%
CI: 3.6-5.1) and the Krasnodar region (8.0%; 95%
CI: 7.1-9.0). No correlations were found between
seroprevalence and local morbidity; nor between
seroprevalence and local population density.

For the first half of 2020, overall seroprevalence
in Russia could be considered low, which posed a
certain threat of a further increase in incidence. This
is exactly what has been happening everywhere since
mid-October 2020 [https://coronavirus-monitor.
ru]. Subsequently (2020-2021), following increased
COVID-19 incidence, seroprevalence in the Russian
population steadily increased, exceeding 70% in
December 2021. At the same time, fluctuations in
indicators across Russian regions gradually leveled off
[5, 7, 14].

Atthebeginning ofthe pandemic (summer-autumn
2020), there were age differences in seroprevalence
almost throughout Russia. Despite the fact that the
number of children with COVID-19 was small, the
seroprevalence of SARS-CoV-2 Abs in children was
higher than the average value for the entire cohort or
the value in adults [9]. One of the most likely reasons
for this phenomenon could be a high frequency of
asymptomatic or mildly-symptomatic infections in
the children's age group. Such infections may have
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proceeded under the guise of a common cold without
serious clinical manifestations, yet accompanied by
serological changes.

Thus, in the process of seromonitoring conducted
in 2020-2021, among seropositive children, the
proportion of individuals with asymptomatic
infection exceeded 90% [9]. In addition, age-related
reduced ACE-2 receptor density, and cross-immunity
to closely related seasonal coronaviruses, may have
markedly reduced susceptibility to SARS-CoV-2 [1,
3]. It has also been hypothesized that in children,
mesenchymal stem cells may be a factor in limiting
the virus in the body [13]. Such cells can suppress
the pathological activation of immune responses
(manifested in severe cases as a “cytokine storm”)
and also promote the regeneration of affected tissues.
Mild and asymptomatic forms of infection led to
the fact that children were less likely to come to
the attention of a doctor, yet remaining a source of
pathogen transmission. By March 2021, age-specific
seroprevalence differences in the Russian population
had completely evened out.

In a later period of pandemic development (spring
2021 — spring 2023), countries adjacent to Russia
joined the study: the Republic of Belarus, the Kyrgyz
Republic, the Republic of Tajikistan and the Republic
of Armenia. By the time the studies began in these
countries, significant portions of the population
had already experienced infection in a manifest or
asymptomatic form. Therefore, like Russia during this
period, some statistically significant differences (by
age, profession, region) in population seroprevalence
were no longer identified in these countries. This is
likely the result of the preceding epidemic phases
(rising, intense) as well as the vaccination campaign
initiated mid-2021 [6, 10, 11, 12].

In general, in those countries where the study
began in 2020-2021 (Russian Federation, Republic of
Belarus, Kyrgyz Republic), there was a steady upward
trend in the level of collective immunity (percentage
seropositive individuals) during the pandemic. In
countries that joined the study at the height of the
pandemic in 2022 (Republic of Tajikistan, Republic
of Armenia), already in the first stage of the study,
population seroprevalence was almost absolute
(approaching 100%), both due to high incidence
and high vaccination coverage (more than 70% of
the population). This situation continued in 2023
(Figure 3, see 2" page of cover).

Vaccines proposed for vaccination against SARS-
CoV-2 can be divided into two main groups according
to their antigenic composition and, accordingly,
antibody types elicited. The first group induce the
production of antibodies to RBD alone: vector
vaccines (AstraZeneca, Sputnik V, Sputnik Light);
and mRNA vaccines (Moderna, Pfizer). The second
group includes vaccines that generate a response to
both Ncand RBD antigens (whole-virion preparations
Sinopharm/BIBP, CoronaVac, CoviVac). In Russia
and Belarus, the Sputnik vector vaccines (Sputnik V,
Sputnik Light) were most widely used. Until recently,

they have accounted for up to 80% of vaccinations.
To a much lesser extent, the EpiVacCorona peptide
vaccine and the CoviVac whole-virion vaccine have
been used [15]. In Russia, total vaccination coverage
of the population by April 19, 2023 reached 61.4%.
In Belarus, coverage had reached almost 70% by
May 2022. In Kyrgyzstan, more than 30% of the
population had been vaccinated by the end of 2022,
with more than 70% of volunteers receiving the
Sinopharm/BIBP whole-virion vaccine. In Armenia
and Tajikistan, all volunteers who participated in the
study were vaccinated by the beginning of 2023. In
Armenia, vector and whole-virion vaccines were used
equally. In Tajikistan, up to 70% were vaccinated with
vector vaccines.

By design, specific vaccines induce the production
of antibodies to various SARS-CoV-2 antigens in
various ways. With this in mind, it is possible to draw
certain conclusions about the nature and structure of
collective immunity. At the beginning of the pandemic
(summer/autumn of 2020 in the absence of specific
prophylaxis), the structure of collective immunity was
represented approximately evenly by individuals with:
antibodies to Nc alone; or antibodies to both antigens
(Nc, RBD) as a result of a previous SARS-CoV-2
infection (Figure 4).

With the start of vaccination of the population
in 2021, and in the context of a slight decrease in
COVID-19 incidence, there was a shift in the structure
of seropositivity towards an increase in the proportion
of people who had anti-RBD antibodies only. Given
the specificity of vector vaccines (mainly used in
Russia and Belarus), the presence of antibodies to
RBD antigen alone, to a large extent although not
exclusively, indicated post-vaccination immunity. It is
obvious that, at that time, it was possible to say with
a high degree of certainty that: collective immunity
was hybrid in nature; and in half of the seropositive
volunteers, it was due to vaccination (Figure 4).

Vaccination against coronavirus (both primary and
booster) launched in the first half of 2021 and actively
carried out in all countries, as well as genetic changes
in the pathogen (such as the highly contagious
Omicron variant), undoubtedly became the main
reasons for rising collective immunity, reaching 80-
90%. In 2022 and 2023, more than 80% of seropositive
volunteers had humoral immunity with antibodies to
both antigens (Nc, RBD). Obviously, in the late stages
of a pandemic, under conditions of high incidence
of a highly transmissible strain and high vaccination
coverage, collective immunity is going to be "hybrid".
Considering the variety of vaccines obtained from
various platforms (vector, mRNA, whole-virion),
as well as vaccination schedules including booster
re-vaccination, it is currently difficult to quantify
the exact contribution of vaccination to ‘hybrid’
immunity, although its valuable contribution is
undisputed [6, 10, 11, 12].

The current pandemic has shown that a cha-
racteristic feature of COVID-19 is a large number
of asymptomatic forms. The manifestations of this
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Figure 4. Seroprevalence dynamics from August 2020 (point 1) to September 2021 (point 5) [14]
Note. The status of antibodies to various SARS-CoV-2 antigens and their combinations are shown: "RBD+Nc Abs", double-positive volunteers with
both Abs; "RBD Abs", those with only RBD Abs; "Nc Abs", those with only Nc Abs; "Total Abs", total number of seropositive volunteers (RBD+Nc,

RBD, Nc) relative to all examined; vertical black lines, 95% Cl.

phenomenon can be various, and the very definition
of "asymptomatic" needs to be clarified. One possible
form may be termed "carrier”, in which only viral RNA
is detected in blood by PCR in the absence of any other
symptoms. In this regard, it can be expected that the
host organism will respond to the circulation of viral
RNA with an immune response in one form or another.
The results obtained fully confirmed this assumption.
The study included asymptomatic volunteers who
did not have any experienced symptoms of overt
COVID-19 in their anamnesis. According to available
data, the share of asymptomatic forms of infection,
both in the early period and during development of the
pandemic, reached very high levels: in Russia (2020)

93.5%; in Belarus (2021) up to 50%; in Kyrgyzstan
(2021) upto 70%; in Armenia (2022) 75.0%; and in
Tajikistan (2022) above 90%. Moreover, the highest
rates of asymptomatic cases in all countries were noted
among children [5, 6, 7, 10, 11, 12, 14].

Conclusion

Several commonalities should be noted in the
pandemic experience: a somewhat regular, periodic
(wave-like) nature of the COVID-19 epidemic
process; changes in pathogen genetics in variants in all
countries; and expansive mass vaccination programs
in many populations. From these, we can draw some
conclusions about the general trend for all countries
in the formation of collective immunity during the
pandemic:

1. At the beginning of the pandemic in 2020, overall
population seroprevalence did not exceed 20%. Other
findings were: the highest seroprevalence rates were
noted in the children's age group; pronounced regional
differences were revealed; and the highest indicators
were noted among medical workers. Collective
immunity developed as a result of infection or illness,
and in the majority of seropositive volunteers, it was
represented by antibodies to both antigens.

2. At the height of the pandemic in the summer of
2021, population seroprevalence reached 50%. This

was due to both a significant number of convalescents
and the start of mass vaccination campaigns. In all
countries, specific differences in seroprevalence
(by age, region, profession) leveled out, leading to
more uniformity. During this period, the formation
of ‘hybrid’ immunity is clearly prominent, and the
proportion of individuals with antibodies to RBD
alone increased (due to vaccination with vector
vaccines).

3. Later, mass vaccination, as well as involvement
of most of the population in the epidemic process due
to the emergence of the highly contagious Omicron
strain, raised the level of collective immunity to 80-
90%. This led to a sharp decrease in COVID-19
incidence in the second half of 2022 in all countries
participating in the study. In the later stages of the
pandemic (2022-2023), almost 90% of seropositive
volunteers had hybrid immunity, reflected as
antibodies to both antigens (Nc, RBD).

In summarizing the presented data, we can agree
with existing opinions about the leading role of
collective immunity in the course and outcome of
the coronavirus epidemic. The combination of "post-
infectious immunity", the natural immune response to
pathogen contact, and ‘artificial immunity’, formed
as a result of vaccine usage, together form a hybrid
immunity that can serve as a major factor in ending
the global COVID-19 pandemic.

The data obtained in our study are consistent
with other authors [4] and indicate that achieving a
70% level of collective immunity may be sufficient to
prevent severe COVID-19 and stop the transmission
of SARS-CoV-2 strains with low or moderate
transmissibility. However, in order to stop the spread
of Omicron strains, or other new highly transmissible
SARS-CoV-2variants, the level of collective immunity
must reach 90%. In addition, any vaccines used must
be as effective as possible in preventing infection with
highly transmissible strains.
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