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ABSTRACT: The recent vaccination campaign targeting the new coronavirus infection (COVID-19) carried out in the Armed
Forces of the Russian Federation, on the background of the current unstable global pandemic situation, makes it necessary to
study post-vaccination population immunity to the SARS-CoV-2 virus and thus identify key features of immunity in organized
military collectives. In the future, this will make it possible to objectively assess the risks of a worsening pandemic situa-
tion, effectively adjust the ongoing sanitary and anti-epidemic measures aimed at preserving and strengthening the health of
military personnel, as one of the main conditions for maintaining the combat readiness of the Armed Forces of the Russian
Federation. During a study conducted on epidemic indications, it was found that vaccination with Gam-Covid-Vac contributes
to the formation of collective immunity with 95% effectiveness. A gender-based analysis of the immune response showed that
the proportion of persons who lack class G immunoglobulins to SARS-CoV-2 among females is twice than that among men
(9.3% and 4.7%, respectively). Seroprevalence indicators, classified by blood group, range from 94.4% (AB (IV) Rh-) to 97.4%
(A (II) Rh-). There were no significant differences in seroprevalence between groups of people with different blood groups;
however, the highest value of seroprevalence was seen among military personnel with blood group A (Il) Rh-. In this context,
it is advisable to continue monitoring the formation of immunity in individuals with various blood groups. The results obtained
made it possible to form a primary medical and social “portrait” of a serviceman with the most adequate immune response
to the introduction of the Gam-Covid-Vac vaccine (a man under the age of 20 with blood type A (Il) Rh-) and to draw a conclu-
sion about the high effectiveness of vaccination in military units (formations) staffed by conscripts and military educational
organizations.
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OLLEHKA NOCTBAKLUMHANIbHOIO KONIIEKTUBHOIO
WMMYHUTETA NPOTUB HOBOU KOPOHABWUPYCHOW
WHOEKL WU (COVID-19) CPEAU BOEHHOC/TYALLUX
BOOPYXXEHHbIX CU1 POCCUMCKOW OEQEPALUN

N.W. Asapos, [1.B. OBunHHMKOB, A.A. Ky3uH, E.B. JlaHuos, 10.1. BynaHbkos, C.B. ApTebakuH,
[.A. apkos, I1.B. Kynukos

BoeHHo-MeauumMHcKan akapemusa umenn C.M. Kuposa, Cankt-letepbypr

Pesiome. [lpoBogmmMan B BoopyeHHbix cunax Poccuickon QOenepaumm NpMBMBOYHAA KaMnaHWA NPOTMB HOBOM KO-
poHaBupycHon MHdeKumn (COVID-19), Ha ¢oHe coxpaHsioLLeica B MUpe HEYCTOMYMBOM 3NUOEMUYECKON CUTyauuM, ob-
YCNOBNMBAET HE06X04MMOCTb M3YYEeHUA NOCTBAKLMHAMBHOMO KONMIEKTUBHOMO MMMYHUTETA K BUpYcy SARS-CoV-2 ¢ Lenblo
BbIAB/IEHWA 0CO6EHHOCTEN (OPMMPOBAHMA UMMYHOPE3UCTEHTHOCTM B OPraHU30BaHHbIX BOMHCKMX Kon/eKkTuBax. B panb-
HEMLLEM 3TO NO3BOMUT 06BEKTMBHO OLEHMBATb PUCKU YXYALUEHWA 3MWUAEMUYECKON cuTyauumn, IQGEKTUBHO KOPpPeKTU-
poBaTb MPOBOAMMbIE CaHUTApPHO-MPOTUBOINUAEMUYECKME MEPONPUATUA, HanpaBNeHHbIE HAa COXpaHEHWE U YKpenneHue
3[10pOBbA BOEHHOC/TYKALUMX, KaK 0HO U3 FMaBHbIX YCIOBUIA COXpaHeHWA 6oeroToBHOCTH BoopyeHHbIx cun Poccuickon
Oepepauun. B xone npoBeeHHOr0 NO 3NMAEMUYECKUM NOKa3aHUAM MUCCef0BaHUA OblNo YCTaHOBNEHO, YTO BaKLMHALMA
lam-KOBW[-Bak cnocobeTyeT $popMMPOBaHUI0 KONMEKTUBHOMO MMMYHWUTETa CO CTENeHbl 3QderTUBHOCTM 95%. AHanus
MMMYHHOrO OTBETA B 3aBUCMMOCTM OT NOJIOBOr0 NPU3HaKa NoKasan, YTo JONA WL, Y KOTOPbIX OTCYTCTBYIOT MMMYHOI06Y-
nmnHbl Knacca G K SARS-CoV-2, cpeay »eHcKoro nona B 2 pasa 6onblue, yeM cpeay MyumH (9,3 u 4,7% cooTBETCTBEHHO).
lMoKasaTenu ceponpeBaneHTHOCTM B 3aBUCMMOCTM OT rpynnbl KpoBK Konebniotca ot 94,4% [AB (IV) Rh-] po 97,4% [A (II)
Rh-], cywecTBeHHbIX pa3nuumii ceponpeBaneHTHOCTM Cpeam rpynn L, ¢ pasHbIMM FPYNMNaMm KpoBM He BbIAB/IEHO, 0HAKO
cpeau BoeHHocayKaLwumx ¢ rpynnoit kpoeu A (Il) Rh- 3T0T noKasaTenb MakcMManbHbIN, B CBA3M C YeM LieiecoobpasHo npo-
DOMKaTh HabnwoaeHns 3a GopMUPOBAHMEM UMMYHUTETA Y /UL, C Pa3fIMYHBIMK rpynnaMu KpoBu. MonyyeHHble pesynbTa-
Tbl N03BONMAN CHOPMUPOBATL NEPBUYHBIA MEAMKO-COLMANbHBIA «MOPTPET» BOEHHOC/YMALLEro C Hambonee afeKBaTHbIM
MMMYHHbIM OTBETOM Ha BBeAEeHWe BakumHbl [aM-KoBna-Bak [MymumHa B Bospacte go 20 net ¢ rpynnoit Kposm A (Il) Rh-]
U cAenathb BblBOA, O BbICOKOM 3PGEKTUBHOCTU BaKLMHALMM B BOMHCKUX YacTAX (COeAUHEHMAX), KOMMEKTYEMbIX BOEHHOC-
NyXaLiMMK Mo NpU3bIBY U B BOEHHBIX 00pa30BaTe/bHbIX OpraHn3aLmaX.

KnioueBble cnoBa: HoBas KOpPOHaBUpPYyCHaA VIH(I)eI-(LI,MFI; KOMNEKTMBHbIN MMMYHUTET; CeponpeBasieHTHOCTb;
0pFaHM3OBaHHbIVI KONNEeKTUB; BOEHHOCTyalllne; BaKLMHaUNA; BOEHHbIE 06pa3033Teanble OpraHmsaunu; rpynna Kposu.
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BACKGROUND

Two years have passed since the emergence of
the coronavirus disease 2019 (COVID-19) pandemic
in Russia. During this time, medical specialists have
managed to gain profound experience and knowledge in
preventing this infection. The pandemic has affected nearly
all human activities. The population has learned to live
with the “coronavirus,” which requires strict adherence
to restrictions and other measures that make up a set of
sanitary and antiepidemic (preventive) measures [1-3].

Despite the progress made in controlling COVID-19,
the epidemic remains unstable. The pandemic has an
undulating course with a downward trend. Thus, a consistent
and purposeful set of evidence-based measures aimed at
removing restrictions and returning society to prepandemic
living is necessary [4-7].

One of the main activities is the creation of stable
collective immunity to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which is developed after an
illness and artificially through specific prophylaxis. The use
of modern Russian vaccines is a scientific way of prolonging
protection mechanisms in people who had COVID-19 [8-13].

In the epidemic process of COVID-19, the state of collective
immunity to SARS-CoV-2, which can predict the emergence
of an epidemic, is of great importance [14-17]. Collective
immunity develops in a cohort of patients who had recovered
and those who were vaccinated. The immune response of
the body to SARS-CoV-2 develops according to this scenario:
by days 5-7 from the onset of the infection, in 40%-55%
of the cases, virus-neutralizing antibodies begin to form in
the blood of those who had the infection, and by the end of
week 3, they are detected in 100% of the patients. The intensity
of immunity in patients who had recovered from COVID-19
decreases within 6-12 months after the infection. At present,
the duration of postvaccination immunity, according to various
expert estimates, can be up to 1 year [18-21].

According to Russian researchers in various regions
of the Russian Federation (RF), 82.4%-95.2% were
asymptomatic (inapparent) carriers among seropositive
individuals for the entire monitoring period (2020-2021).
However, no sex differences could be identified. The highest
seroprevalence was detected among children aged
1-17 years [22-25].

Currently, data are limited on the formation of collective
immunity in military personnel postinfection and postvaccination
[26, 27]. Thus, an assessment of specific collective immunity
to SARS-CoV-2 in organized military groups is necessary to
identify the characteristics of its formation among military
personnel. Owing to social contacts in such groups, data
obtained can be used to predict the emergence of an epidemic
among comparable population groups [28-31].

The study aimed to analyze population immunity to
SARS-CoV-2 during the COVID-19 pandemic following
immunoprophylaxis in organized military groups.
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MATERIALS AND METHODS

The study was conducted from April 1 to April 30,
2021, according to the order of the Minister of Defense of
the RF. The study participants were military servicemen and
members of the civilian staff of the Ministry of Defense of
the RF who received a full course of vaccination with Gam-
COVID-Vac (component 2 of the vaccine).

The total sample was distributed into several groups
according to territory (belonging to the military district and
Central Authorities of the Military Administration), blood types
and Rh factor, sex, and age. In total, 7586 people took part in
the study, including 1721 patients from the Central Authorities
of the Military Administration (CAMA), 2016 from the Western
Military District, 991 from the Central Military District, 1394
from the Southern Military District, 973 from the Eastern
Military District, and 491 from the Northern Fleet (NF).

One month after receiving the full vaccination course,
3-5 mL of blood was taken from the cubital vein and
placed in vacuum tubes with a coagulation activator.
The samples were sent to the laboratories of military
medical organizations on a territorial basis in accordance
with the generally accepted methodology'. Blood serum
was examined using a set of reagents for the determination
of class G immunoglobulins (IgG) to SARS-CoV-2 in human
serum (plasma) by the enzyme-linked immunosorbent
assay (a set of reagents was used for enzyme immunoassay
detection of class G immunoglobulins to SARS-CoV-2
“SARS-CoV-2-1gG-ELISA-BEST”"). The immunological
efficacy of vaccination was analyzed based on
the assessment of positivity ratio (PR) levels and IgG titers
to SARS-CoV-2. A PR of = 1.1 (specific antibody titer 1:100)
was considered positive.

Seroprevalence was assessed by the following equation:

S=(s"x100%) / N,

where S is the seroprevalence index, s* is the number of
seropositive participants, and N is the sample size.

The geometric mean titer of antibodies was calculated
according to the generally accepted method?.

The results were statistically analyzed using standard
tools of Statistica 10.0 package in accordance with
the rules of descriptive and analytical statistics. When
comparing group differences, a two-sample Student’s
t-test was used for variables with a normal distribution.
Nominal data were analyzed and described in absolute
terms, and derivatives were analyzed and described in
percentages. A p value < 0.05 was considered statistically
significant.

! Sanitary rules SP 1.2.036-95. The procedure for accounting, storage,
transfer, and transportation of microorganisms of I-IV pathogenicity groups.

2 MU 3.1.3490-17. Epidemiology. Prevention of infectious diseases.

The study of population immunity to influenza in the population of
the Russian Federation (approved by the Chief Public Health Officer of
the Russian Federation on October 27, 2017).
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Table 1. Seroprevalence rates in military personnel of various military districts, %
Ta6nuua 1. lNokasaTenu ceponpeBaneHTHOCTU Y BOEHHOC/YMALUMX Pa3IUYHBIX BOEHHBIX OKPYroB, %

Parameter Proportion of individuals with IgG to SARS-CoV-2+, % (M + m)
Central Authorities of Military Administration (CAMA) 97.9 +0.3
Western Military District (WMD) 95.1+ 0.4
Central Military District (CMD) 96.0+0.6
Southern Military District (SMD) 95.1+£0.5
Eastern Military District (EMD) 92.1+0.8
Northern Fleet (NF) 88.6+1.4
Table 2. Distribution of antibody titers in the examined groups, pers.
Tabnuua 2. PacnpefeneHue TMTPOB aHTUTEN B 06CeyeMblX rpynnax, Yen.
IgG titer to SARS-CoV-2 CAMA WMD CMD SMD EMD NF
1:100 61 91 29 52 53 38
1:200 566 322 63 621 106 397
1:400 253 138 24 19 33 0
1:800 65 56 7 8 17 0
1:1600 137 98 6 26 61 0
1:3200 268 225 5 40 7 0
1: 6400 334 988 817 560 555 0
Geometric mean antibody titer 1:722 1:1342 1:2899 1:692 1:1334 1:103

RESULTS AND DISCUSSION

The results revealed that vaccination with Gam-COVID-
Vac promotes the development of collective immunity with
an efficiency of 95%. No statistically significant differences
were found in the total proportion of seroprevalence
in the examined samples, with Student's t-test of 0.02
(p > 0.05) (Table 1); however, the maximum indicators
were registered in the CAMA group, and the minimum ones
were recorded in the NF group. An indirect influence on
the formation of collective immunity in this group of negative
factors in military service under the conditions of the Far
North (geographical and climatic factors, vitamin deficiency,
etc.) cannot be ruled out; however, this hypothesis requires
additional verification.

Of the overall participants, the proportion of seropositive
individuals with the maximum antibody titer (1:6400)
was 57.1% (n = 3254). The distribution of titers, including
the geometric mean antibody titer (GMT), in the examined
groups is presented in Table 2. For this indicator,
the minimum values were also detected in the NF group.
This is most likely due to the short time interval between

DOl https://doi.org/10.17816/brmmal06245

the vaccination and the subsequent blood sampling for
laboratory testing for the presence of IgG to SARS-CoV-2
(at the time of the study, no more than 1 month had passed).
However, when evaluating these results, the influence of
the above factors on the extent of the formed immune
response cannot be excluded.

Moreover, no significant differences were found in
the distribution of seropositive individuals according to blood
groups and Rh factor. Their relatively even distribution was
noted, with the highest rates in the group with blood type A
(I' Rh—-, and the lowest rates were revealed in those with
AB (IV) Rh- (Table 3).

However, the distribution of GMT characterizing
the degree of immunity to SARS-CoV-2 in the corresponding
samples revealed significantly (p < 0.05) that servicemen
with blood type A (Il) Rh- produce the highest levels of
antibodies, twice as high as those of servicemen with
the AB (IV) Rh- type, with the lowest level of this indicator.
This finding led to the hypothesis that individuals with blood
type A (1) Rh- form the strongest immune response to Gam-
COVID-Vac, whereas individuals with blood type AB (IV) Rh-
demonstrate the least immunogenicity (Table 4).
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Considering that the number of male participants
in the study was 20 times higher than that of female
participants, which is quite typical for military personnel of
the Armed Forces of the RF, differences in seroprevalence
by sex were analyzed. Nevertheless, statistical processing of
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data revealed that the proportion of seroprevalence in male
military personnel was 4.6% higher than in female military
personnel. Indicators characterizing the degree of intensity
of the formed immune response (GMT) were nearly two
times higher than similar indicators in women (Table 5).

Table 3. Seroprevalence indicators depending on blood type and Rh factor
Tabnuua 3. lNokasatenm ceponpeBaneHTHOCTU B 3aBUCHMOCTM OT Fpynbl KPOBU U pe3yc-paKTopa

Blood type 0 Al B (Il AB (IV)
and Rh factor Rh+ Rh- Rh+ Rh- Rh+ Rh- Rh+ Rh-
Quantity, pers. 1361 1656 967 343 306 347 262 107
Proportion of
e vty 954206 951512 95905 974509 952507 94Txlh  953sll  %b4s22
(M + m)
Table 4. Distribution of antibody titers in samples
Tabnuua 4. PacnpegeneHue TUTPOB aHTUTeN B BblGOpKax
0 A B (i) AB (IV)
IgG titer to SARS-CoV-2
Rh+ Rh- Rh+ Rh- Rh+ Rh- Rh+ Rh-
1:100 62 11 68 16 30 12 15 4
1:200 411 85 513 104 301 100 m 48
1:400 77 15 92 22 52 5 19 8
1:800 31 14 26 4 20 3 6 0
1:1600 63 13 75 16 53 14 19 3
1:3200 134 23 144 31 % 20 28 4
1:6400 520 130 670 145 37 9% 129 34
Geometric mean antibody titer ~ 1: 883 1:970 1:941 1:1073 1:899 1:718 1:834 1:538
Table 5. Distribution of the examined individuals, antibody titers depending on gender
Tabnuua 5. Pacnpegenenvie obcneayeMbix nL, TUTPbI aHTUTEN B 3aBUCKMOCTU OT MoNa
Indicator Men Women
IgG titer 1:100 3N 13
IgG titer 1:200 1967 108
IgG titer 1:400 442 25
IgG titer 1:800 141 12
IgG titer 1:1600 313 15
IgG titer 1:3200 574 35
IgG titer 1:6400 3139 115
No IgG to SARS-CoV-2, pers. 343 33
Quantity, pers. 7230 356
Proportion of individuals with IgG to SARS-CoV-2+, % (M + m) 95.3+0,3 90.7+15
Geometric mean antibody titer 1:991 1:575

DOl https://doi.org/10.17816/brmmal06245
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Tabnuua 6. Moxazarenu ceponpeBaneHTHOCTM B PasfiMiHbIX BO3PACTHbIX Mpynnax

Age, years <20 21-30 31-40 41-50 51-60 >61
Proportion of
individuals with IgGto 945 05 959 4 04 942 + 04 934+ 08 929 + 16 909 + hi

SARS-CoV-2+, %
M+ m

By age, all examined servicemen were distributed into
six groups, and despite statistically insignificant differences,
the highest seroprevalence rate was registered in
servicemen aged < 20 years (Table 6). Objectively, this group
includes conscripted servicemen, contracted servicemen in
the first 2 years of service, and cadets of military educational
organizations in the first 3 years of the study. In this regard,
it is reasonable to assume that the overwhelming majority
of servicemen of these categories have A1 military service
eligibility, that is, they are apparently healthy people
without chronic diseases. A clear trend was found toward
a decrease in seroprevalence as age increases. Therefore,
we can assume a direct relationship between the formation
of immune protection and age indicators in the population.

CONCLUSION

The efficiency of Gam-COVID-Vac vaccination in military
personnel contributes to the development of 95% of
collective immunity to SARS-CoV-2, which fully corresponds
to the vaccine characteristics declared by the manufacturer.
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