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Abstract

Background. The ongoing pandemic of a new coronavirus infection (COVID-19) determines the relevance of the
analysis of epidemiological patterns of SARS-CoV-2 spread among the population of the Russian Federation.
Aim — study of the manifestations of the epidemic process of COVID-19 in the Russian Federation in 2020-2022.
Materials and methods. A retrospective epidemiological analysis of the incidence of COVID-19 in the Russian
Federation was carried out from 03/30/2020 to 04/24/2022. The data from the Rospotrebnadzor report No. 970
“Information on cases of infectious diseases in persons with suspected new coronavirus infection”, information
portal Stopcoronavirus.rf, etc. were used. The presence of SARS-CoV-2 RNA was confirmed by real-time
RT-PCR.

Results and discussion. The analysis of the manifestations of the epidemic process of COVID-19 in the Russian
Federation in 2020-2022 showed the presence of two stages which differed depending on the influence of the
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biological factor and the ongoing anti-epidemic measures. There was a pronounced trend in the development of
the epidemic process, starting from megacities (Moscow, Moscow region and St. Petersburg), which are major
transport hubs and centers of migration activity of the population, to the regions of the Russian Federation. The
SARS-CoV-2 pathogenicity has been shown to decrease with each subsequent cycle of the rise in the incidence
of COVID-19 against the background of the increased contagiousness of the virus.

Conclusion. As a result of the study, risk areas (megacities) and risk groups were identified.
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AHHOMauus

AkTyanbHoOCTb. [1pogomkatoLiasca naHgemus HoBoM kopoHaBupycHomn uHdpekumm (COVID-19) onpenenseT ak-
TyanbHOCTb aHanm3a anuaeMuonornyeckux 3akoHoMepHocTen pacnpoctpaHeHns SARS-CoV-2 cpeamn Hacene-
Hus Poccun.

Llenb gaHHOM cTaTbu — M3ydeHWe NPOSBMEHU anuaemmyeckoro npouecca COVID-19 Ha Tepputopun PO 3a
2020-2022 rr.

Martepuanbl u meTtoAbl. [lpoBedéH PETPOCNEKTUBHBLIA 3NMAEMUONOrMYeckui aHanus 3abonesaemocTu
COVID-19 ¢ 30.03.2020 no 24.04.2022 Ha Tepputopun PP. icnonb3oBaHbl matepuansl oT4yéTta PocnotpebHas-
3opa Ne 970 «MHdopmaLms o cnyvasix MHPEKUMOHHBIX 3aboneBaHuin y nNnL, ¢ Nogo3peHMEM Ha HOBYHO KOPOHaBU-
PYCHYI0 UHdEKUMIOY», MHdOpMaLmMoHHoro noptana CtonkopoHasupyc.pd v ap. Hannune PHK SARS-CoV-2 6bI-
10 NoATBEPXXAEHO METOAOM NONMMEpPa3HOW LIENHON peakunm B peanbHOM BPEMEHN C 06paTHON TPaHCKpUNLMEN.
PesynbraThl u ob6cyxaenue. MNpy aHanv3e nposiBneHnii anugemMuyeckoro npouecca COVID-19 Ha TeppuTopun
P® 3a 2020-2022 rr. BbiAenNeHbl ABa 3Tana, pasnuyaBLUmMecs BIUsSHUEM BMONorMyeckoro haktopa 1 NpoBOAMMbI-
MW NPOTUBOINUOEMUYECKUMU MePONPUATMAMU. MPOCreXnBaETCA BbipaXXeHHas TeHOEHUNS pa3BUTUS SnMaemu-
Yyeckoro npotecca, HadmHas ot meranonucos (Mocksa, MockoBckasi ob6nactb u CaHkT-INeTepOypr), ABNSOWMX-
CSl KPYMHBbIMW TPAHCMOPTHBIMW Y3MaMu U LIeHTpaMy MUIPaLMOHHON akTUBHOCTU HaceneHusi, o pernoHos P®.
YCTaHOBMEHO, YTO C KaXabIM MOCNeayLMM LMKNoM nogbéMa 3abonesaemoctn COVID-19 Ha oHe ycuneHus
kKoHTarnosHoctn SARS-CoV-2 cHmxaeTcs ero NnatoreHHOCTb.

3aknoyeHune. BobiSBneHbl TeppuTopun pucka (ropoga-meranonuchbl), rpynnbel pucka, akTopbl, BNUSIOLLME Ha
pasBuTME anMaeMmyeckoro npouecca. OnpegeneHbl 3aKOHOMEpPHOCTM pacnpocTpaHeHns SARS-CoV-2 1 oue-
HeHa 3p(heKTMBHOCTb NPOTUBOINMAEMUYECKUX MEPOMPUSITUIA, HANPaBIEHHbIX HA Pa3pbiB MexaHU3Ma nepegaqu
BO30OyauTEnS.

KnioueBble cnoBa: COVID-19, 3abonesaemocms, anudemudeckul rnpouecc, SARS-CoV-2

Amuyeckoe ymeepxdeHue. ViccnenosaHne npoBoaMIoch nNpn Ao6poBonbHOM MHPOPMUMPOBaAHHOM cCormacum nauu-
eHToB. [MpoTokon nccnegoBaHusa ogobpeH dtudecknmn kommtetamm ®BYH LUHUW Bnugemumonorumn PocnoTtpebHanso-
pa (npotokon Ne 3 ot 27.03.2020).

HNcmoyHuk dpuHaHcupoeaHusi. ABTOpPbI 3asiBNSAOT 06 OTCYTCTBUM BHELLUHETO (hUHAHCUPOBAHWS MPW NPOBEAEHUN UC-
crnefoBaHus.

KoHpriukm uHmepecoe. ABTOpbI OEeKNapupyoT OTCYTCTBME SIBHBLIX M MOTEHLMANbHBIX KOH(IMKTOB MHTEPECOB, CBSi-
3aHHbIX ¢ NyGnnKaument HacTosLLen cTaTbu.

Ansi yumupoeaHus: AkumkuH B.T, Monosa A.1O., MNnockupesa A.A., YrmeBa C.B., CemeHeHko T.A., MNweHunyHas H.1O.,
Exnosa E.B., lleTiowes A.H., Alemuna K0.B., Kyaun C.H., Oy6onenos [.B., Xadu3zos K.®., 3aBonoxuH B.A., AHapee-
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Introduction

The epidemic, which first broke out in China in
late 2019 — early 2020 and then spread to other coun-
tries worldwide, and which was etiologically related to
SARS-CoV-2 (severe acute respiratory syndrome-relat-
ed coronavirus 2), has propelled research covering the
entire range of the infection-associated problems [1, 2].

Coronaviruses belong to the family Corona-
viridae, the order Nidovirales; the first of them —
HCoV-B814 — was isolated in 1965 and to date has

not been preserved in virological collections. By the be-
ginning of the 21* century, coronaviruses had not been
seen as dangerous viruses for human health; rather they
had been considered pathogens of relevance in veteri-
nary medicine. This view had to be revised after people
had been infected by SARS-CoV (severe acute respi-
ratory syndrome-related coronavirus) of bat origin in
Southeast Asia in 2002 and by MERS-CoV (Middle
East respiratory syndrome-related coronavirus) in the
Arabian Peninsula in 2012. Having a pronounced zoo-
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notic potential, coronaviruses were able to cross the
interspecies barrier, thus urging scientists to revise the
taxonomic structure of the Coronaviridae family [3].

The studies have shown that the novel SARS-
CoV-2 virus emerged through natural mechanisms in
China in October-November 2019 and used angioten-
sin-converting enzyme 2 (ACE2) receptors to facilitate
its entry into human lung cells. The first case of infec-
tion associated with the novel coronavirus was report-
ed in Wuhan (China) on November 17, 2019; then, the
authorities identified at least 266 people with the respi-
ratory condition that could be associated with the new
variant of coronavirus. At the end of December 2019,
the World Health Organization (WHOQO) was informed
about an outbreak of pneumonia of unknown etiolo-
gy. At the beginning of 2020, cases of the new disease
subsequently named COVID-19 (coronavirus disease
2019) were reported in many countries, primarily in
Europe and the United States [4-7]. With numerous
fatal outcomes, damage to people’s health, which was
caused by COVID-19, its rapid global spread, WHO
had every reason to declare the novel coronavirus in-
fection outbreak a global pandemic on March 11, 2020".
COVID-19 remains a public health concern worldwide,
having a tremendous epidemiological, social and eco-
nomic impact.

The COVID-19 epidemic process has distinctive
patterns in different countries. Such diversity can be
caused by multiple factors, including the level of eco-
nomic development, effectiveness of the healthcare
system, ethnic composition of population, promptness
and scale of the containment measures imposed by the
government, population health and mentality, environ-
mental conditions, and other factors. Since the first cas-
es of COVID-19 were reported, many countries have
developed and introduced statistical reporting forms to
collect epidemiological and clinical information to be
further used for building databases not only to analyze
the country-specific patterns of the epidemic process
and disease course, but also to assess the effectiveness
of the containment measures and to plan further mea-
sures aimed to control and prevent outbreaks of acute
respiratory infections of pandemic potential [§—15].

Note that all the epidemic control measures imple-
mented in the Russian Federation (RF) were based on
the scientific rationale and the experience accumulated
by the Russian epidemiology. Therefore, from the out-
set, the measures adopted by the Federal Service for
Surveillance on Consumer Rights and Human Well-
being (Rospotrebnadzor) were focused on monitoring
of the epidemiological situation (from December 31,
2019) and strict sanitary and quarantine control at RF
border crossing points. Yet, as the COVID-19-causing

! WHO. Coronavirus disease 2019 (COVID-19) Situation
Report — 51; 2020. Available at: https://apps.who.int/iris/
handle/10665/331475
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pathogen can be transmitted by asymptomatic carriers,
the risk of infection being imported to the country still
existed. During the early stage of the COVID-19 pan-
demic, the main efforts were focused on prevention of
importation and spread of infection across the RF state
border. Subsequently, once SARS-CoV-2 had spread
throughout the world and reached pandemic propor-
tions, the focus on control and prevention measures
shifted from the cross-border sanitary measures toward
testing and screening, tracing contacts, their quarantine
and isolation inside the country.

The effectiveness of the response to the SARS-
CoV-2 spread in RF is rooted in the systemic approach
and prompt implementation of strict containment mea-
sures based on the results of the large-scale laboratory
screening and prediction for development of the epi-
demic situation. The response to the COVID-19 spread
in Russia is unique, as research institutions closely
collaborate with sanitary and epidemiological services.
Science has become a secure foothold for development
of diagnostic tools, means of prevention and treatment
of COVID-19, monitoring the dynamics of the epide-
mic process across regions and country-wide, thus pro-
viding the ground for further adoption of executive de-
cisions. The epidemiological analysis and well-defined
criteria set for assessment of the epidemic situation lay
behind the decisions on restriction of air travel, opera-
tion of business offices, manufacturing facilities, edu-
cational and cultural institutions [ 16—24].

The aim of the article was to study the COVID-19
epidemic process features in Russia during 2020-2022.

Materials and methods

The study was performed at the Central Research
Institute of Epidemiology of Rospotrebnadzor. The ret-
rospective epidemiological analysis of the COVID-19
incidence in RF was conducted for the period from
March 30, 2020 to April 24, 2022. The information
about patients (age, gender, case severity, and the onset
date) was retrieved from the database containing data
of Rospotrebnadzor reports, form 970 "Information
about Cases of Infectious Diseases in Individuals with
Suspected Novel Coronavirus Infection". The ICD-10
U07.1, COVID-19, virus identified, code was assigned
to the above patients: COVID-19 was confirmed by
laboratory tests, regardless of the severity of the clinical
signs or symptoms. We also used the data from WHO,
the Russian information portal stopcoronavirus.rf?, and
the Yandex Datal.ens data visualization and analysis
service’. The above materials were used to study main
features of the COVID-19 epidemic process during the
period from the beginning of the pandemic to the pres-
ent day, including incidence dynamics, gender ratios

2 The public Internet resource for information of population on
coronavirus (COVID-19). URL: https://cTonkoponaBupyc.pd
3 URL: https://datalens.yandex
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and age distribution of patients, seasonal patterns, the
effect of the imposed containment measures. We also
used materials from VGARus (Virus Genome Aggrega-
tor of Russia), the national platform for aggregated data
on SARS-CoV-2 genomes*.

The laboratory studies were conducted in com-
pliance with Guidelines MR 3.1.0169-20, Laboratory
Diagnostics of COVID-19, etc. The biological materi-
al for the study included nasal, nasopharyngeal, and/
or throat swabs, bronchial washings collected during
fibrobronchoscopy (bronchoalveolar lavage), (endo)
tracheal and nasopharyngeal aspirate, sputum, biopsy
or autopsy material of the respiratory tract.

The laboratory techniques used in the study are
developed by specialists of the Central Research In-
stitute of Epidemiology of Rospotrebnadzor. The pres-
ence of SARS-CoV-2 RNA was confirmed by using the
real-time reverse transcription polymerase chain reac-
tion (real-time RT-PCR) test system AmpliSens® Cov-
Bat-FL°> and LAMP-based assay AmpliSens® SARS-
CoV-2. To quantify SARS-CoV-2 RNA with RT-PCR,
we used the AmpliSens® COVID-19-FL reagent kit®.
For the amplification of genomic fragments and subse-
quent sequencing, we used the primer panels designed
at the Central Research Institute of Epidemiology of
Rospotrebnadzor. The real-time PCR-based technique
was developed to detect 2 mutations in the S protein
of the delta genetic variant (B.1.617.2) — L452R and
P681R, and 4 mutations in the S protein of the omicron
genetic variant (B.1.1.529) — the N507Y mutation, the
delHV69-70 deletion, the delVYY143-145 deletion, and
the Ins214EPE insertion.

The statistical analysis was conducted using stan-
dard methods of descriptive statistics in Microsoft Ex-
cel and Statistica 12.0 (StatSoft). The confidence inter-
val (95% CI) was calculated using the Clopper-Pearson
method (the exact method).

Results

The analysis of the COVID-19 epidemic process
in Russia during 2020-2022 was based on the dynamic
assessment of the epidemic situation and its trends.

In Russia, the first cases of COVID-19 were re-
ported in areas bordering China 31/1/2020; the first
case of imported infection in the European part of the

4

VGARus (Virus Genome Aggregator of Russia).

URL: https://genome.crie.ru/app/index

> Registration Certificate No. RZN 2014/1987 dated 7/4/2020;
The reagent kit for detection of RNA of coronaviruses causing
severe respiratory infection: MERS-Cov (Middle East respiratory
syndrome coronavirus) and SARS-Cov (severe acute respiratory
syndrome coronavirus) in biological materials by using
polymerase chain reaction (PCR) with the AmpliSens® Cov-Bat-
FL kit for hybridization and fluorescence detection in compliance
with TU 9398-224-01897593-2013 specifications.

¢ Registration Certificate No. 2021/14026, 9/4/2021; The reagent

kit for detection and quantification of SARS-CoV-2 RNA by

using RT-PCR and AmpliSens® COVID-19-FL.

country was recorded on 2/3/2020. From 30/3/2020, the
infection started spreading swiftly in megacities and
megaregions, and, later, on 16/4/2020, COVID-19 cases
were reported in all regions of Russia. During the entire
period of monitoring (30/3/2020-24/4/2022) in Russia,
a total of 18,137,137 cases of infection were reported.
The average COVID-19 incidence rate in Russia during
2021-2022 was 155.3 per 100,000 population. The dy-
namic assessment of the COVID-19 epidemic situa-
tion and its trends in Russia during 2020-2022 showed
that there were 5 surges in the incidence. The highest
number of cases was recorded during the 5" surge
(10/1/2021-27/2/2022), being 905.37 per 100,000 po-
pulation (Fig. 1).

The most intensive spread of SARS-CoV-2 was
recorded in three megalopolises of Russia (Moscow,
the Moscow Region, St. Petersburg) where the cumula-
tive number of COVID-19 cases during the importation
period (2/3/2020-30/3/2020) accounted for 84% (95%
CI, 83.08-85.20) of the total number of reported cases
(Fig. 2).

Later, the proportion changed dramatically, and
the number of COVID-19 cases in Moscow, the Mos-
cow Region, and St. Petersburg during the entire period
(30/3/2020-24/4/2022) accounted for 31% of the total
cases (95% ClI, 30.8-32.2) (Moscow — 16%, the Mos-
cow Region — 6%, St. Petersburg — 9%), while the num-
ber of recorded cases in other RF regions accounted for
69% (95% CI, 68.5-70.95) (Fig. 2).

The epidemic process in Russia started from the
first case of COVID-19 imported to the European part
of the country (Moscow) from Italy on 2/3/2020. Start-
ing from 30/3/2020, cases of COVID-19 began surging
(30/3/2020-30/8/2020 — 22 calendar weeks). During
that period, a total of 987,989 cases of COVID-19 were
recorded; the average incidence rate in Russia was
30.72 per 100,000 population (Fig. 3).

When the epidemic was escalating during the
first surge in the incidence, the rate of increase in new
cases ranged from 39.6% to 161.3% (from 10,370 to
75,001 cases weekly). Starting from 16/5/2020, the
number of recorded new cases declined sharply, having
demonstrated a 20.5% drop by 31/5/2020, and having
further decreased by 42.6% by 30/6/2020, compared
to the previous highest level. The incidence reached
its peak during 4/5/2020-11/5/2020, with 51.31 cas-
es per 100,000 population. In Moscow, the incidence
rates were 6.4-fold higher than the rates across Russia
(p <0.001). The period of escalation was followed by
a slow decline and then, finally, the rates plateaued at
their lowest levels — 22.97 per 100,000 population
(Fig. 3). In regions, the stabilization of incidence rates
(219-39" week) took much longer time and the highest
rate was recorded 15 days later than in Moscow, the
Moscow Region, and St. Petersburg.

The aggravation of the epidemiological situation
was recorded from 31/8/2020 through May 09, 2021
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Fig. 1. Dynamics of COVID-19 incidence in the Russian Federation in 2020-2022.
|-V — periods of rise.
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Fig. 2. The proportion of SARS-CoV-2 infection in large megacities (Moscow, Moscow Region, St. Petersburg) among
all COVID-19 cases registered in the Russian Federation during the period of SARS-CoV-2 “importation” in 2020
(March, 02, 2020 — March 30, 2020) (a) and during the period from March 30, 2020 to April 24, 2022 (b).
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Dynamics of COVID-19 incidence in the Russian Federation during its | period

from March 30, 2020 to August 30, 2020.

(36 calendar weeks) and was caused by the 2" surge
in the COVID-19 incidence in Russia. The incidence
rate was 2,661.23 per 100,000 population. A total of
3,889,936 cases were recorded. The average rate of
COVID-19 incidence in Russia during that period was
73.92 per 100,000 population (Fig. 4).

During the 2™ surge in the COVID-19 incidence
in Russia, the rate of increase was characterized by high
absolute numbers and varied during September-Decem-

ber 2020, ranging from 0.7% to 32.3% (from 35,179 to
201,871 cases weekly). The rate of newly reported cases
reached its peak, spiking to 29,935 new cases of infec-
tion on 24/12/2020, and was followed by a steep decline,
having dropped by 38.7% by 31/1/2021 and by 62.1% by
28/2/2021 compared to the highest rate. The peak of in-
cidence was recorded during 21/12/2020-27/12/2020,
reaching 138.11 per 100,000 population. The average
incidence rate was 93.0 per 100,000 population.

138.11
140
c
§ 120
=
©
a3 100
[]
Q.
o 80
o
<
8 60
—
@
8 40
Q
©
S 20
O OO0 0000000000000 O0 ™“™“WFW™WT™MT ™T ™mT™T- T ™TH ™T™Tf T ™T™T™T™ ™ ™ ™ ™ ™
AN AN AN ANANANNNNANNNNANANNNNNNNNNANNNNNNNNNNNNN
O O O O O OO O OO0 OO0 0000000 0000000000000 00O OO O
NANNNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNA
DO O OO0 ™~ — — AN AN ANNT = = N ANANANOOOO I I I 00
TR e T S T B T R B I B A B e T T B i B !
O MO NN T v~ O W - O0OUOUANDOMONNMONMNST NN - ONNT T 00T v« 000U AND
T 9921199279997 99 97999 Y9I IV
OO0 OO0 O0OO0OO0DO0OO0OO0DO0DO0O0DO0DO0O0O0 ™“ ™M™ ™ ¥ ™Tf T ™mT T ™-T T ™T ™ T ™™ ™ ™ v« ™
AN AN AN AN AN AN AN AN AN AN AN AN AN AN NN AN NN AN NN NN NN ANNNNNNNNAN
O O O O O 0O OO0 0000000000000 000 0000000000 OO O
NANNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN A
O WO O OO ™™ v r— N ANANANT«TTcc T N ANANNODOOOOO T I I I W0
QLN -T o NI C T T T TN 0009009Q00CQ0000 00900
TN T OO AN O N OMONMMT — O v~ 00U~ 00U ANTODWLANODLOLNOD O®M
MO T~ AN ANO T~ - NOOTTANMOT~TANNO T T NOOTNOOTTNNOTTTTN O
Period

Fig. 4. Dynamics of COVID-19 incidence in the Russian Federation during its Il period
from August 31, 2020 to May 9, 2021.
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During the 3™ surge (10/5/2021-12/9/2021, 18
calendar weeks), a total of 2,259,808 cases were re-
corded in Russia with the average COVID-19 incidence
rate of 85.89 per 100,000 population (Fig. 5).

During that period, the rate of increase was char-
acterized by high numbers and ranged from 1.1% to
31.5% weekly (from 59,983 to 174,800 cases). The
peak level of 25,766 new cases of infection was re-
corded during 12/7/2021-18/7/2021, with 119.59 per
100,000 population. Later, the number of newly re-
ported cases went down, having decreased by 7.6% by
31/7/2021 and by 30.9% by 31/8/2021 compared to the
highest level (Fig. 5).

The fourth surge in the incidence lasted from
13/9/2021 to 9/1/2022 (17 calendar weeks); a total of
3,510,779 cases were reported with the average in-
cidence rate being 141.28 per 100,000 population
(Fig. 6). The rate of increase varied during Septem-
ber 2021, ranging from 3.4% to 15.1% (from 112,883
to 281,305 cases weekly). The peak of incidence was
recorded during 1/11/2021-7/11/2021, the incidence
rate being 192.45 per 100,000 population and going
downward by 21.0% by 30/11/2021 and by 50.1% by
31/12/2021 compared to the highest level.

The 5% surge (10/1/2021-27/3/2022, 11 calen-
dar weeks) brought 5,640,267 cases. The average
COVID-19 incidence rate in Russia during that period
was 442.31 per 100,000 population (Fig. 7).

The above period of the pandemic demonstrated
high rates of increase ranging during January—February
2022 from 23.3% to 106.4% (from 15,830 to 203,949
cases daily). The peak of 203,949 new cases of infec-

ORIGINAL RESEARCHES

tion was recorded on 11/2/2022. Then, the number of
newly reported cases dwindled, having decreased by
16.2% by 20/2/2022 compared to the highest level. The
fifth surge was recorded on 3/1/2022, with the incidence
peak reached on 7/2/2022—13/2/2022. The highest rate
of COVID-19 incidence in Russia during that period
was 905.37 per 100,000 population.

The comparative analysis of the epidemic process
rates in different regions of Russia showed that the epi-
demic started escalating in megacities and megaregions
before it hit other regions. For example, in Moscow, the
increase in the incidence was reported from 30/3/2020
through 5/4/2020 with the peak rates reached during
4/5/2020-10/5/2020 — 325.04 per 100,000 popula-
tion, while the other RF regions reported the increas-
ing incidence rates during 20/4/2020-26/4/2020 with
the highest incidence rates recorded during 8/6/2020—
14/6/2020 — 37.75 per 100,000 population (Fig. 8).
The trend persisted during the next 4 surges in the
COVID-19 incidence in Russia (Table).

One of the priorities of the epidemiological sur-
veillance over COVID-19 is identification of target
groups of population at high risk of infection. The retro-
spective epidemiological analysis of the data collected
at different points of the epidemic during 2020-2022
showed that the gender-age structure of COVID-19
cases was mostly represented by women and men
aged 50-64 years (24.2 and 21.8%, respectively) and
female and male patients over 65 years (20.8 and
15.7%, respectively). The lowest proportion among
the COVID-19 cases was reported for individuals aged
18-29 years (with women accounting for 10.9% and
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Fig. 5. Dynamics of COVID-19 incidence in the Russian Federation during the third period
from May 10, 2021 to September 12, 2021.
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Fig. 7. Dynamics of COVID-19 incidence in the Russian Federation during the V period
from January 10, 2022 to March 27, 2022.

men — for 11.9%), which can be explained by the prev-
alence of asymptomatic cases due to active functioning
of the immune system providing effective protection of
the host against infectious agents (Fig. 9). The above

data are consistent with the results obtained by Russian
researchers in 2020 and demonstrating that COVID-19
is the disease affecting primarily middle-aged and older
adults [24].
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Fig. 8. Comparative dynamics of COVID-19 incidence in Moscow and in the Russian Federation (2020—2022).
| -V — periods of rise (dates see in the Table).

Comparison of COVID-19 incidence rates at the different stages of epidemic in Moscow and other regions of the Russia

Start date of the increase in incidence
Incidence rate (per 100 thousand population)

Date of maximum incidence
Maximum incidence rate (per 100 thousand population)

Rise
Moscow regions of the Russian Federation Moscow regions of the Russian Federation
| 14" week, 2020 17" week, 2020 19" week, 2020 24% week, 2020
(30.03.2020-05.04.2020) (20.04.2020-26.04.2020) (04.05.2020-10.05.2020) (08.06.2020-14.06.2020)
18,02 14,93 325,04 37,75
Il 37" week, 2020 40" week, 2020 49" week, 2020 52 week, 2020
(07.09.2020-13.09.2020) (28.09.2020-04.10.2020) (30.11.2020-06.12.2020) (21.12.2020-27.12.2020)
37,46 34,00 382,05 113,52
] 23 week, 2021 25" week, 2021 25" week, 2021 29% week, 2021
(07.06.2021-13.06.2021) (21.06.2021-27.06.2021) (21.06.2021-27.06.2021) (19.07.2021-25.07.2021)
290,08 61,49 413,80 107,45
\Y, 37" week, 2021 39" week, 2021 43" week, 2021 45" week, 2021

(13.09.2021-19.09.2021)
123,33

(27.09.2021-03.10.2021)
105,14

(25.10.2021-31.10.2021)
398,75

(08.11.2021-14.11.2021)
181,28

1%t week, 2022
(03.01.2022-09.01.2022)
142,28

31 week, 2022
(17.01.2022-23.01.2022)
163,39

5% week, 2022
(31.01.2022-06.02.2022)
398,75

6" week, 2022
(07.02.2022-13.02.2022)
181,28
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Although the gender distribution was relatively
uniform in different age groups, men prevailed among
the COVID-19 patients under 40 years old, while women
prevailed among the patients over 40 years old (Fig. 9).
Thus, the demographic profiles of COVID-19 patients
remained almost unchanged during the pandemic, thus
implying a relative stability of the gender-age distribu-
tion. This stability makes it possible to identify the target
groups of population at high risk of infection as well as
monitoring parameters to have sufficient information for
making targeted and effective executive decisions.

The proportion of children aged 0—-17 years in-
creased from 10% in 2020 to 18% of the total number
of cases in 2022 (Fig. 10).

The analysis of clinical manifestations of
COVID-19 in Russia during the monitoring period
(March 30, 2020 — April 24, 2022) showed that mild
cases (54.19%; 95% CI, 53.13-55.24) and moderate
cases (42.73%; 95% CI, 41.86—43.60) prevailed. The
severe cases accounted for 3.08% (95% CI, 2.86-3.30)
of the total cases.

The analysis of the COVID-19 incidence in Rus-
sia during the surge in the incidence showed that the
COVID-19 cases were distributed by their severity as
follows: During the first period, mild cases accounted
for 47.8%, moderate cases — for 47.7%, severe ca-
ses — for 4.5% of the total cases; during the second
surge, they accounted for 55.3%, 41.6%, and 3.1%,
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Fig. 9. Age distribution of COVID-19 cases (male and female) in the Russian Federation in 2020-2022.
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Fig. 10. Age distribution of COVID-19 cases in the Russian Federation in 2020-2022.
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respectively; during the third surge, they accounted
for 56.3%, 41.1%, and 2.6%, respectively; during the
fourth surge, they accounted for 56.8%, 40.9%, and
2.2%; during the firth surge period, they accounted for
66.6%, 33.0%, and 0.4% of the total cases, respectively
(Fig. 11).

As can be seen, during five periods of surge in the
COVID-19 incidence, the proportion of severe cases
of infection was shrinking, and during the first period,
they accounted for 4.5% of the total cases of different

o
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severity, going gradually down to 3.1%, 2.6%, 2.2%,
and 0.4% during the 2™, 3%, 4% and 5" periods, re-
spectively. It can be assumed that this downward trend
was caused by the improved treatment practices for
COVID-19 patients and by weakening of the pathogen-
ic properties of the virus due to mutation processes.
Among the COVID-19 cases reported in Russia
during the studied period (30/3/2020-24/4/2022), the
proportion of pneumonia cases among hospitalized
patients with diagnosed COVID-19 was 80.68% (95%

33.0

41.1 40.9

66.6

56.3 56.8

0
Il

O Mild

O Moderate

Il v \Y
E Severe

Fig. 11. The distribution of COVID-19 cases by the disease severity in the Russian Federation
at the |-V stages of the epidemic. * p < 0,05.

%
100 7

90 A
80 A
70 A
60 -
50 A
40 -
30 A
20 -
10 -

47.7 416

47.8 55.3

33.0

40.9
41.1

66.6

56.8
56.3

O ARVI

11 v \Y

O Pneumonia

Fig. 12. Distribution of the clinical variants of registered cases of COVID-19 in the Russian Federation
during the I-V stages of the epidemic. * p < 0,05.



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTMU N UMMYHOBUOJIOTUI. 2022; 99(3)

DOI: https://doi.org/10.36233/0372-9311-276

OPUTVHANbHbBIE NCCJTIEAOBAHNA

Cl, 77.75-83.61), and the proportion of clinical vari-
ants of respiratory viral infection was 19.32 (95% CI,
16.39-22.25).

The distribution of COVID-19 clinical forms in
Russia by periods of surge in the incidence is shown in
Fig. 12. As the COVID-19 pandemic kept spreading in
Russia, the cases diagnosed with pneumonia were re-
ported 4.5-5.2 times more frequently than the cases di-
agnosed with acute respiratory viral infection; however,
the ratio changed dramatically during the fifth surge in
the incidence.

Discussion

The analysis of the features of the COVID-19 epi-
demic process in Russia during 2020-2022 showed that
the process could be broken into two stages.

The first stage (March 2020 — January 2021) is
intrinsically connected with the epidemic control and
containment measures put in place across the country
and incorporating non-specific prevention practices.
From the epidemiological perspective, it was character-
ized by inhomogeneity (heterogeneity) of the interact-
ing pathogen and human populations. During the first
stage of the COVID-19 epidemic in Russia, two surges
in the incidence were recorded, both driven by social
and natural factors.

The second stage (January 202 1—the present day)
evolved due to changes in the biological properties
of SARS-CoV-2 and launching of mass vaccination
against COVID-19; during that stage, three surges in
the incidence among the population were recorded.

The analysis of the SARS-CoV-2 spread helped
identify the pattern of the COVID-19 epidemic process
in Russia: The initial rapid surge in the incidence during
the virus importation period (2/3/2020-30/3/2020) in
megacities and megaregions due to high density of pop-
ulation and social activity, high-density domestic and
international traffic flows, poor social distancing and
subsequent gradual spread of the epidemic process to
other RF regions from west to east.

During the first stage of increasing incidence
among the population, from March to May 2020, the
timely implemented epidemic control measures in-
corporating mandatory restriction policies and sani-
tary-epidemiological measures (the lockdown poli-
cies) had a significant impact on the development of
the COVID-19 epidemic process in all regions of Rus-
sia [17]. As the COVID-19 pandemic was escalating
worldwide, the RF Government consistently imposed
stringent protective measures: from bans on entry of
foreign citizens from the most affected countries to
border closures and international air travel bans. A to-
tal of 15 orders were issued by the RF Government in
January-March 2020 to impose restrictions on travel.
Following the Decrees of RF President (No. 206, No.
239, No. 2294), the period of stay-at-home days ended
on 12/5/2020.

The imposition of restriction orders and contain-
ment measures reduced the activity of the pathogen
transmission from the source of infection to a suscep-
tible person. The epidemic control measures prevented
an explosive increase in the incidence in Russia and
gave time required for providing medical infrastructure
for effective professional assistance to affected people.

It should be noted that the time interval, after
which the social distancing and self-isolation measures
can take effect in megacities and megaregions, is equal
to 3.0-3.5 incubation periods with maximum duration
of 14 days [22]. During the mandatory self-isolation,
the watershed moment in the COVID-19 epidemic in
Moscow was reached on 16/5/2020, when the number
of' new cases dropped dramatically from 4,748 to 3,505,
stabilizing at new levels and going further down.

Mandatory containment measures, despite their
impact on the intensity of the epidemic process, are
limited not only in their scale, but also in their duration.
In Russia, the complex of containment measures and
stay-at-home orders produced a positive epidemiolo-
gical effect.

The second stage of the COVID-19 pandemic
in Russia (from January 2021 to date) started with
changes in the biological properties of SARS-CoV-2,
the subsequent swapping of prevailing (alpha, delta,
and omicron) genetic variants and the launch of large-
scale specific preventive immunization. During the sec-
ond stage, surges in the COVID-19 incidence (the 3
through the 5") took place amid the mass vaccination
and, apparently, were linked with the evolution of the
virus and development of its epidemic variant (the pha-
sic development of the epidemic process fitting into the
theory of self-regulation by academician V.D. Belya-
kov), along with the natural changes in the immunolog-
ical structure of the human population in the circulation
of the pathogen [25, 26].

The second surge in the COVID-19 incidence
was assumedly catalyzed by seasonal factors typical of
spikes in incidence of respiratory infections with air-
borne transmission of the pathogen. The available data
can hardly be used for retrospective multi-year analy-
sis of COVID-19 incidence. It can be assumed that the
coronavirus is becoming seasonal with annual peaks in
the incidence in September-October; however, these
data require further research and substantiation.

Conclusion

The analysis of features of the COVID-19 epidem-
ic process and the circulation of SARS-CoV-2 genetic
variants in Russia during 2020-2022 helped us identify
2 stages of the pandemic and 5 surges in the COVID-19
incidence, each of them having its specific characteris-
tics. The first stage (March 2020 — January 2021) starts
with the new pathogen in the human population, which,
with the support of social and natural factors, triggered
the COVID-19 epidemic process. During the second



JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2022; 99(3)

DOI: https://doi.org/10.36233/0372-9311-276

stage of the COVID-19 pandemic in Russia (January
2021 — the present day), there were changes in the bio-
logical properties of SARS-CoV-2 and the subsequent
swapping of prevailing genetic variants, their genetic
transformation and the beginning of specific large-scale
immunization.

The new genetic variants of SARS-CoV-2 are less
pathogenic, but more contagious for humans. It can be
seen from the increased incidence rates in the popula-
tion and the decreased percentage of severe cases of
infection.

The study demonstrated a clear trend in develop-
ment of the COVID-19 epidemic process in Russia,
including megacities and megaregions (Moscow, the
Moscow Region, and St. Petersburg), which are large
commuting hubs and centers of migration activity of
the population, and regions connected through trans-
portation flows.

One of the priorities in epidemiological surveil-
lance over COVID-19 is identification of target groups
of population at high risk of infection. The epidemiolog-
ical analysis shows that risk increases for people aged
50-64 years. The proportion of children aged 0-17 is
gradually increasing in the total affected population in
2022, thus suggesting that the pathogen has adapted to
the new vulnerable group of population.

The analysis of COVID-19 incidence rates, moni-
toring of biological, natural, and social factors, identifi-
cation of high-risk groups and regions are essential for
mapping out further routes and focus areas of epidemi-
ological surveillance, which lies at the core of planning
and implementation of preventive and epidemic control
measures.
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