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The coronavirus pandemic has produced considerable effects on medical and demographic processes worldwide and
in Russia in particular. The epidemic process involved a sequence of circulating SARS-CoV-2 virus strains with different
mutations and this reflected in registered levels of incidence and mortality against spatial heterogeneity of socioeconomic
factorsin different RF regions.

The aim of this study was to analyze spatial-dynamic heterogeneity of the COVID-19 epidemic process in the RF re-
gionsin 2020-2023.

We performed retrospective analysis of incidence and mortality at the national and regional levels. The analysisrelied
on departmental statistical data provided by Rospotrebnadzor as well as public data that described the intensive indicators
of the COVID-19 epidemic process and results obtained by sequencing of biomaterial samples to identify COVID-19 in them
in 2020-2023.

In 20202023 we identified five ‘waves of the COVID-19 epidemic processes that interchanged sequentially. Within
these waves, RF regions reached local peaks in incidence with different speed. According to available data, the highest pri-
mary incidence among all the RF regions in 2021-2022 was established in Saint Petersburg (12,821.8 cases and 17,341.2
cases per 100 thousand people); the highest mortality in 2021 was detected in the Tver region (427 cases per 100 thousand
people) and in the Arkhangelsk region in 2022 (350.9 cases per 100 thousand people).The greatest number of the RF regions
where the incidence due to the disease was higher than its average annual level was established in October, November, De-
cember 2021 and February 2022 (51, 68, 51 and 82 RF regions accordingly).

The established spatial-dynamic heterogeneity of the epidemic process may indicate that this process can be largely
determined by differences in the initial socioeconomic, medical and demographic characteristics of the RF religions.

Limitations of the study are related to the used statistical data on registered incidence and mortality as well as the
concept of the epidemiological ‘wave' accepted in it.

The identified territorial differencesin the COVID-19 epidemic process should be considered when devel oping optimal
regulatory impacts including those aimed at predicting probable emergent infections.

Keywords: epidemiological process, COVID-19, epidemiological waves, incidence, mortality, RF regions, epidemiolo-
gical analysis.

According to the WHO statistics, solute values, Europe accounts for 36.1 % of
763,740,140 confirmed COVID-19 cases and all the disease cases (the first rank place) and
6,908,554 deaths caused by the disease were 32.2 % of all the deaths caused by it (the second
registered worldwide as of April 2023'. In ab- rank place). The Russian Federation holds the
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31" rank place in Europe (the 55" in the world)
for incidence (5,021.1 cases per 100 thousand
people) and the 19" rank place in Europe (the
32" in the world) for mortality (90.7 cases per
100 thousand people) over 20202022 [1].

The WHO classification [2] states that at
present (April 2023) no variants of the virus cir-
culating now could raise some concern. Only two
variants of Omicron line are circulating at the
moment that could be of some interest, XBB.1.5
(so called Kraken) and XBB.1.16 (so called Arc-
turus). They are potentially able to induce new
epidemic waves due to their greater capability to
effectively escape any immune response of the
human body [3, 4]. Still, according to the avail-
able estimates [3, 4], these sub-variants are not
prone to induce more severe disease than other
Omicron lines and have smaller virulence against
the previously dominating strains that induced the
first epidemiological ‘waves’.

While the infections agent (SARS-CoV-2)
as well as its mutations and variants were ac-
tively spreading all over the world, it was
deemed necessary to make reliable predictions
how an epidemic situation would develop.
These predictions should consider not only
some peculiar features of the new infection (the
basic reproduction number, incubation, virus
mutation, etc.) but also relevant healthcare
measures (vaccination, social isolation, face
mask wearing etc.) [5, 6]. The general decline
in the epidemic process motivates researchers
to accomplish retrospective assessments of its
active phases, relevance and timeliness of ac-
complished measures aimed at the disease con-
trol within epidemiological ‘waves’. All this is
done to identify the most effective strategies for
fighting against similar threats in future [7].
Despite there is no clear unambiguous defini-
tion of a ‘wave’z, six COVID-19 waves have
already been identified in Russia’ and each of

them has mostly been caused by specific vari-
ants of the virus and had its specific peaks in
incidence and mortality.

The analysis of the research in the field
has revealed that in Russia the COVID-19 epi-
demic process was estimated as per specific
‘waves’ / periods during which incidence and
mortality were growing. However, such stud-
ies and analysis often focused either at the na-
tional level [8—10] or on just one or several RF
regions / Federal Districts [11-13]. Some stud-
ies addressed identification and comparative
analysis of SARS-CoV-2 genetic variants that
were detected in Russia during different peri-
ods of the COVID-19 epidemic process
[14,15]. Some studies established regional
peculiarities and regularities lying in differ-
ences associated with multiple environmental
factors able to modify the epidemic process, its
intensity and duration [16, 17].

Despite some relevant studies in the field,
only limited data are available in scientific lit-
erature that describe peculiarities of the
COVID-19 epidemic process in RF regions or
provide comparative inter-region assessments
of it relying on the concept of epidemiological
waves caused by consistent changes between
several dominating SARSCoV-2 strains.

The aim of this study was to analyze spa-
tial-dynamic heterogeneity of the COVID-19
epidemic process in the RF regions in 2020-
2023.

Materials and methods. We have con-
ducted retrospective epidemiological analysis
of indicators related to the COVID-19 epi-
demic process (confirmed disease cases and
deaths) over 2020-2023 at the national (the
RF) and regional (RF regions) levels relying
on open information sources’ as well as de-
partmental statistical reports issued by Ro-
spotrebnadzor. We analyzed indicators that

2WHO Coronavirus (COVID-19) Dashboard. Geneva, World Health Organization, 2020. Available at:

https://covid19.who.int/ (April 20, 2023).

*Virusolog Chepurnov predupredil o nastuplenii novoi volny koronavirusa [Chepurnov, a virologist, warns a new coronavi-
rus wave is possible]. URA.RU: Informatsionnoe agentstvo [ Information Agency]. Available at: https://ura.news/news/1052624187

(April 20, 2023) (in Russian).

* Daily new confirmed COVID-19 cases per million people. Our World In Data: COVID-19 Data Explorer. Available at:
https://ourworldindata.org/explorers/coronavirus-data-explorer?zoomToSelection=true&time=2020-03-01..1atest&facet=none&
country=~RUS &pickerSort=asc&pickerMetric=location&Metric=Confirmed-+cases&Interval=7-day+rolling+average&Relative+
to+Population=true&Color+by-+test+positivity=false (April 20, 2023).

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308 5



N.V. Zaitseva, S.V. Kleyn, M.V. Glukhikh

were directly associated with the epidemic
process, namely, the results of sequencing of
COVID-19 genetic samples. Our information
sources were open data taken from the
Our World In Data’, a web-site specializing in
aggregating official statistical data provided by
different countries. Our analysis of regional
data on the COVID-19 incidence and mortality
over 2021-2022 relied on using the Federal
Statistical Report Forms No.2 Data on Infec-
tious and Parasitic Diseases".

In this study, we have taken on a concept
that describes the COVID-19 epidemiological
process in dynamics of consistent interchanges
between epidemiological waves. The term
‘wave’ means a period when a certain strain
circulating among infected people accounted
for more than 50 % in sequenced biomaterial
samples; each wave usually involves a rise in
incidence and / or mortality. Intra-wave dy-
namics of COVID-19 incidence as per specific
RF regions was analyzed by establishing inci-
dence peaks in weekly averaging and calculat-
ing a number of weeks necessary to reach
them. RF regions were divided into separate
groups relative to the mode value of the num-
ber of weeks necessary to reach an incidence
peak within the analyzed wave at the regional
level (in specific regions). RF regions where
the number of weeks necessary to reach a peak
in incidence was below the mode value were
considered areas with ‘extensive’ (rapid)
growth in incidence; in case this number was
above the mode value, a region was considered
an area with ‘slowed’ growth in incidence. RF
regions where this number was equal to the
mode value were considered areas with

‘steady’ growth in incidence. RF regions were
divided into separate groups during the second
wave, which involved two sequential rises in
COVID-19 incidence, on the basis of specific
dynamics of these two rises: regions with a
plateau-like curve of the first rise, regions
where the first rise in incidence was higher
than the second one, and regions where the
second rise was higher than the first one. In-
tensive indicators were calculated using data
on population numbers provided by the RF
Federal State Statistics Service.

This study did not require any approval
by a committee on biomedical ethics (the
study used only open population data taken
from official statistical reports).

Results and discussion. According to
available data®> ¢ over 2020-2022, in general,
the COVID-19 (ICD-10 code U07.1) incidence
grew in the RF by 282.4 % (from 2,157.1
cases to 8,248.7 cases per 100 thousand peo-
ple); the COVID-19 mortality also grew by
59.0 % (from 0.39 cases to 0.62 cases per
1 thousand people) (Table 1). Among the first
diagnosed diseases, COVID-19 accounted for
2.8 % in 2020 and for 7.2 % in 2021; the dis-
ease accounted for 2.7 % in 2020, 9.9 % in
2021 and 4.8 % in 2022 in the all-cause mor-
tality in the country,

In 20212022, the highest incidence of the
first diagnosed COVID-19 was in Saint Peters-
burg (12,821.8 cases and 17,341.2 cases per
100 thousand people); the highest mortality due
to COVID-19 in 2021 was in the Tver region
(427 cases per 100 thousand people), and in
2022 in the Arkhangelsk region (350.9 cases
per 100 thousand people) (Figure 1, 2).

> Ob utverzhdenii form federal'nogo statisticheskogo nablyudeniya s ukazaniyami po ikh zapolneniyu dlya organizatsii

Federal'noi sluzhboi po nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya cheloveka federal'nogo statisticheskogo
nablyudeniya za sanitarnym sostoyaniem sub'"ekta Rossiiskoi Federatsii: Prikaz Rosstata ot 30.12.2020 Ne 867 [On Approval of
federal statistical report forms with recommendations on how to fill in them to facilitate federal statistical monitoring of the
sanitary situation in RF regions by the Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing:
the Order by Rosstat issued on December 30, 2020 No. 867]. KODEKS: electronic fund for legal and reference documentation.
Available at: https://docs.cntd.ru/document/573324768 (April 21, 2023) (in Russian).

® Demografiya [Demography]. Federal State Statistics Service. Available at: https:/rosstat.gov.ru/folder/12781 (April
19, 2023) (in Russian); Raspredelenie umershikh po polu, vozrastnym gruppam i prichinam smerti: Statisticheskaya forma
Ne 5 (tablitsa 51) [Distribution of the deceased as per sex, age groups and causes of death: Statistical Form No. 5 (Table 51)]
(in Russian); Zabolevaemost' vsego naseleniya Rossii s diagnozom, ustanovlennym vpervye v zhizni: statisticheskie mate-
rialy za 2019-2021 gg. [Incidence of the first diagnosed diseases among the whole RF population: statistical data collected in
2019-2021]. Moscow, the RF Ministry of Health (in Russian).
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Table 1
Some statistical indicators of public health in the Russian Federation in 2019-2022

Indicator / Year 2019 2020 2021 2022
Average annual population of the RF®, abs. 146,764,655 | 146,459,795 | 146,575,531 146,713,743
Deceased due to all causes, total’, abs. 1,798,307 2,138 ,86 2,441,594 1,905,778*
The number of patients with the giI‘St diagnosed 114,512,153 | 111294314 | 125,022,382 -
diseases as per all the nosologies”, abs.
All—cause mortality among the whole popula- 1225 14.6 16.7 12.9
tion, cases per 1 thousand people
The first diagnosed diseases among the whole
population as per all the nosologies, cases per 78,024.3 75,989.7 85,295.5 Xk
100 thousand people

. 9 . 3,159,297**
The number of infected” with COVID-19, abs. - * 9,054,041 12,102,028
9

;F;Se number of deceased” due to COVID-19, B 57,019%+ 240,586 90.836
COVID-19 Incidence, cases per 100 thousand 3 2,157.1 6,177.1 8.248.7 ()
people (2.8 Yo)**** (7.2 %) o
COVID-19-caused mortality, cases per 1 thou- 3 0.39(27%) | 1.64(9.9%) | 0.62 (4.8 %)
sand people

Note: * preliminary data provided by Rosstat; ** data unavailable; *** according to the web-site
Our World In Data; **** the share in the total incidence / mortality is given in brackets.

SPE MUR
MOW KR NEN
LEN |NGR MG ARK kO |YAN KYA CHU
!KGD FSK [TVE |YAR |[VA |KOS |ME KR |PER [KHM |[TYU [TOM |KEM [IRK [SAK |MAG |KAM
sMo [k [mos NANSNZ [cu  |TA UD |SVE KGN [NvS KK |BU  JAMU
iERY ORL [TUL |RYA MO |ULY |[SAM [BA |CHE |OMS |ALT |[TY ZAB |YEV |KHA SAK
KRS |LIP TAM [PNZ |SAR |ORE AL FRI
BEL |VOR (VGG
CR [AD [KDA |ROS [KL AST
Below 7 586,8 cases per 100 thousand people —
SEV KC |STA |CE DA
Between 7 586,8 and 9 022,4 cases per 100 thousand people —
KB SE IN
| Above 9 022,4 cases per 100 thousand people —

Figure 1. Spatial distribution of COVID-19 incidence among the RF regions in 2021,
cases per 100 thousand people

"Raspredelenie umershikh po polu, vozrastnym gruppam i prichinam smerti: Statisticheskaya forma Ne 5 (tablitsa 51)
[Distribution of the deceased as per sex, age groups and causes of death: Statistical Form No. 5 (Table 51)] (in Russian).

8 Zabolevaemost' vsego naseleniya Rossii s diagnozom, ustanovlennym vpervye v zhizni: statisticheskie materialy
za 2019-2021 gg. [Incidence of the first diagnosed diseases among the whole RF population: statistical data collected in
2019-2021]. Moscow, the RF Ministry of Health (in Russian).

% Daily new confirmed COVID-19 cases per million people. Our World In Data: COVID-19 Data Explorer. Available at:
https://ourworldindata.org/explorers/coronavirus-data-explorer?zoomToSelection=true&time=2020-03-01..latest& facet=none&
country=~RUS&pickerSort=asc&pickerMetric=location&Metric=Confirmed+cases&Interval=7-day-+rolling+average&Relative
+to+Population=true&Color+by-+test+positivity=false (April 20, 2023).
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SPE MUR
Mow KR NEN
[Len [NGR LG ARK |KO  |YAN KYA CHU
KGD PSK |TVE [YAR (VA [KOS |ME KIR |PER [KHM |TYU |TOM [KEM |[IRK [SAK |MAG |KAM
|SMO (KLU [MOS [VLA INZ  [cu  |TA uUD  |SVE KGN |NVS KK |BU  |AMU
BRY [ORL |TUL [RYA [MO WY [|SAM |BA CHE [OMS [ALT [TY ZAB |YEV |KHA SAK
|KRS |LP [TAM [PMZ |SAR |[ORE AL PRI
BEL |VOR VGG
ICR |AD |KDA [ROS |KL  [AST
Below 7 586,8 cases per 100 thousand people —
[SEV | KC |STA [CE |DA
‘ Between 7 586,8 and 9 022,4 cases per 100 thousand people —
KB [SE [N
| Above 9 022,4 cases per 100 thousand people —

Figure 2. Spatial distribution of COVID-19 incidence among the RF regions in 2022,

cases per 100 thousand people

Dynamics of the COVID-19 incidence
and mortality varied within substantial ranges
at the regional level in 2021-2022: between
-54.5 % (growth rates) in Dagestan to 222.2 %
in the Novosibirsk region for incidence (the
regional average is 43.4 %); between -98.9 %
in the Nenets Autonomous Area and 168.2 %
in the Nizhniy Novgorod region (the regional
average is -57.1 %) for mortality.

In the RF as a whole, children (< 17
years) accounted for 10.1 % among all the
infected in 2021 and 15.7 % in 2022; at the
regional level, the share of children in the
total infected population ranged between
1.8 % (Tatarstan) and 22.5 % (Buryatia) in
2021, the regional average was 10.5 %; in
2022, the share ranged between 8.3 % (the
Belgorod region) and 30.0 % (the Yamal
Nenets Autonomous Area), the regional ave-
rage was 16.2 %.

In the RF, incidence was 1.5-1.8 times
higher in urban areas than in rural ones both in
2021 (6,759.8 cases and 4,448.6 cases per 100
thousand people accordingly) and in 2022
(9,264.3 cases and 5,225.8 cases per 100 thou-
sand people accordingly). At the national level
(RF), cases of carrying the COVID-19 infec-
tious agent equaled 6.8 % in 2021 and 6.9 % in
2022; the share of COVID-19-induced pneu-
monia went down considerably over the same
period, from 18.3 to 3.7 %.

It is difficult to analyze the COVID-19 in-
cidence and mortality within one year due to the
epidemic process being rather short, anti-
epidemic activities being distributed unevenly
both in the world and in the country, and fre-
quent interchanges between dominant strains.
That is, social, natural and biological factors are
not stable and this does not make it possible to
discuss any seasonality within one year and even
more so any long-term cyclicity. Still, we were
able to establish incidence and mortality levels
higher than the annual average in October — De-
cember 20202021, as well as in July — Septem-
ber 2021 and January — March 2022 due to more
virulent (Delta) and contagious (Omicron)
strains circulating at that moment (Figure 3).

We assessed monthly dynamics of the
COVID-19 incidence in the RF regions in
2021; as a result, levels of this incidence
higher than the national annual average (con-
sidering two standard errors M + 2m) were
identified in all the months except from March
and April (Figure 4a); in 2022, except from the
periods April — July and October — December
(Figure 4b). The greatest number of the RF
regions where the COVID-19 incidence was
higher than the national annual average (con-
sidering two standard errors M + 2m) was es-
tablished in October (51 regions), November
(68), and December (51) 2021 and February
(82 regions) 2022.
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According to the concept of epidemiol-
ogical waves accepted in this study and based
on the analyzed data, we established five
‘waves’ of the COVID-19 epidemic process
that sequentially changed one another over
2020-2023. These waves are characterized by
a change in prevalence of the most contagious
SARS-CoV-2 strains with relevant rises in the
COVID-19 incidence (Figure 5).
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The first wave was 73-week long; it
started in the first decade of March 2020 and
ended in late May 2021. It was accompanied
with genetic diversity of the virus, wide
prevalence (up to 30 %) of the Alpha strain at
the end (Figure 5, 6). The second wave was 32-
week long, from late May 2021 and till the be-
ginning of January 2022; it was characterized
with the dominating Delta strain (Figure 5, 6).
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This wave had the highest weekly COVID-19
mortality levels (up to 6 %0) among the total
(Figure 6). The third wave lasted 24 weeks,
from early January 2022 till early June 2022,
and was characterized with two dominant sub-
variants of the Omicron strain changing each
other, BA.1 and BA.2 (Figures 5, 6). The BA.1
sub-variant of the Omicron strain induced a
‘drastic’ growth in the COVID-19 incidence and
the beginning of a decline in the COVID-19
mortality (Figures 5, 6). The fourth COVID-19
wave lasted from early June 2023 till the begin-
ning of January 2023, 27 weeks overall (Fig-
ures 5, 6). During this wave, the prevailing
BA.5 sub-variant of the Omicron strain induced
another rise in the weekly COVID-19 incidence
(up to 240 %o) together with a slight growth in
the COVID-19 mortality (up to 0.5 %o). The
fifth wave started after one of the Omicron
strain variants, XBB, had become prevalent. It
has been lasting from middle January 2023 up to
now (April 2023 ) and is characterized with rela-

tively low levels of the COVID-19 incidence
and mortality due to the prevailing strain being
even less contagious and virulent (Figure 5, 6).

The epidemic process had its peculiarities
in different RF regions within the aforemen-
tioned waves. We analyzed Rospotrebnadzor’s
department statistical reports on the weekly in-
cidence in the RF regions (starting from Sep-
tember 2020). As a result, three different groups
of the RF regions were identified; the maxi-
mum COVID-19 incidence was reached with a
different speed during the first wave: regions
with slowly growing incidence (18 regions);
regions with steadily growing incidence
(19 regions); regions with extensively growing
incidence (47 regions) (Figure 7). There were
some regions in all three groups where the
COVID-19 incidence was not higher than the
national average (12, 21 and 16 regions accord-
ingly). The maximum incidence was identified
on the 52™ week (late December) of 2020,
136.4 cases per 100 thousand people.
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Figure 5. Dynamics of the confirmed COVID-19 cases'® and the share of dominant SARS-CoV-2 strains
among the sequenced'' samples in 2020-2023

" Daily new confirmed COVID-19 cases per million people. Our World In Data: COVID-19 Data Explorer. Available at:
https://ourworldindata.org/explorers/coronavirus-data-explorer?zoomToSelection=true&time=2020-03-01..1atest& facet=none&
country=~RUS&pickerSort=asc&pickerMetric=location&Metric=Confirmed-+cases&Interval=7-day+rolling+average&Relative
+to+Population=true&Color+by-+test+positivity=false (April 20, 2023).

""SARS-CoV-2 sequences by variant, Russia, Apr 24, 2023. Our World In Data: COVID-19 Data Explorer. Available at:
https://ourworldindata.org/explorers/coronavirus-data-explorer?zoomToSelection=true&time=2020-03-01..latest&facet=none&
country=~RUS&pickerSort=asc&pickerMetric=location&Metric=Variants&Interval=7-day+rolling+average&Relative+to+
Population=true&Color+by+test-+positivity=false (April 20, 2023).
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during the

The second COVID-19 epidemiological
wave had two subsequent rises in incidence
caused by the Delta strain (Figure 8). Differen-
tiated analysis of the period also made it possi-
ble to identify three groups of the RF regions as
per the character of the incidence growth during
its first rise: regions with a plateau-like curve
during the first rise in incidence (52 regions);
regions with a fast growth and decline in the
incidence with its level not exceeding the sec-
ond rise (21 regions); regions with rapidly
growing and declining incidence with its level
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first wave

being higher during the first rise than the sec-
ond one (12 regions). There were some regions
in all three groups where the COVID-19 inci-
dence was not higher than the national average
during the second wave (32, 9 and 3 regions
accordingly). The highest incidence for the
Delta strain prevalence was identified on the
44™ week of 2021 (early November) when it
equaled 191.0 cases per 100 thousand people.
The Omicron strain prevailed during the
third wave with the highest incidence and its
most rapid growth. We did not identify any ap-
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parent asynchronicity among the RF regions as
regards reaching the incidence peak during this
wave. It had a rather short (6 weeks) period dur-
ing which the incidence was higher than the
national average and the incidence peak was
achieved quite rapidly during this wave
(67 weeks) in most RF regions (68). The third
wave was characterized with apparent differ-
ences between the RF regions as per the value by
which a regional incidence level was higher than
the national average (Figure 9). The maximum
incidence in the third wave was identified on the
6™ week of 2022 (middle February) and was
equal to 907.6 cases per 100 thousand people.
The fourth COVID-19 wave occurred
due to the BA.5 sub-variant of the Omicron

strain; it involved relatively higher incidence
than the first two waves but at the same time
mortality was relatively low during it
(Figures 5, 6). This wave was similar to the
first one as per the epidemic process during it
since there was similar asynchronicity in the
speed at which different RF regions reached
the incidence peak (Figure 10). Within the
wave, three different groups of the RF regions
were identified: regions with slowly growing
incidence (5 regions); regions with steadily
growing incidence (52 regions); regions with
extensively growing incidence (28 regions).
During this wave, the incidence peak was
reached on the 37" week of 2022 (late Sep-
tember), 253.1 cases per 100 thousand people.
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It was hardly advisable to have full-scale
analysis of the fifth COVID-19 epidemiologi-
cal wave at the moment this study was being
conducted (April 2023). Although we can see
an obviously prevailing strain (Omicron sub-
variant XBB) and an already reached peak in the
incidence, the epidemic process is still ongoing.

Therefore, we have established spatial-
dynamic heterogeneity of the epidemic process
over the whole pandemic period. This indi-
cates that intensity of the process depends not
only on unstable biological factors (strains
changing each other) and introduced restrictive
measures but also on initial socioeconomic
conditions and medical-demographic features
of the RF regions. Some studies have estab-
lished that levels of the COVID-19 incidence
tend to differ depending on age and sex struc-
ture of population and socioeconomic condi-
tions. This also includes differences identified
between different epidemiological waves of
incidence accompanied with implemented
non-medical activities that could be also dif-
ferent in their intensity [18, 19].

Initially, working age population and eld-
erly people prevailed among COVID-19-
infected people in the RF regions; however,
the COVID-19 incidence among children
started to grow gradually over 2021-2022 and
in 2022 its share reached 16 % in the total
COVID-19 incidence. These changes in the
structure of incidence are possibly due to a
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change in prevailing SARSCoV-2 strains with
better ability to ‘escape’ an immune response
of the human body [3, 4, 20].

When it comes down to territorial differ-
ences, the COVID-19 incidence was 1.5-1.8
times (2021-2022) higher among urban resi-
dents than among rural population over the
whole epidemiological process observed up to
the present moment. Some studies report that
such factors as high population density, fre-
quent social contacts, and available tourist at-
tractions are more typical for urban areas and
they can make the COVID-19 epidemic proc-
ess more intense regardless of any introduced
restrictions [21-24].

The COVID-19 incidence and mortality
had the greatest influence on public health in-
dicators (the total incidence and mortality) at
the end of 2021 and the beginning of 2022 de-
spite all the introduced restrictive measures
and high vaccination scales. The prevailing
Delta and Omicron strains had high infectivity
and virulence [20] and easily promoted wide
spread of the infection all over the country. In
addition, the highest share of COVID-19-
induced pneumonia among all the infected
people (18.3 %) was also identified in 2021
and this confirms high virulence of the Delta
strain [25]. Still, the number of cases of carry-
ing the COVID-19 infectious agent was ap-
proximately the same both in 2021 and 2022,
about 7.0 %.
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We have not been able to establish any
apparent regularities of the incidence within
one year due to the epidemic process being
relatively short, anti-epidemic activities being
distributed unevenly and different in different
regions, and frequent changes between domi-
nant strains. At the same time, the research
results allow tracing some trends of elevated
incidence levels in autumn and winter. Thus,
the greatest number with the RF regions where
the COVID-19 incidence was higher than the
national average was established in October
(51 region), November (68 regions), and De-
cember (51 region) 2021 and February (82 re-
gions) 2022, that is, during a period with au-
tumn-winter weather, which meant lower air
temperatures, and a growth in seasonal inci-
dence of other airborne infections [23, 26].

In literature, analysis of COVID-19 epide-
miological waves frequently relies on using
compartmental models that are run with ordinary
differential equations to describe how fast people
move between groups participating in an epi-
demic process (susceptible, infected, and recov-
ered) [5, 27]. In the present study, regional pecu-
liarities of the COVID-19 epidemic process were
established with retrospective assessments of
incidence growth rates within the established
time boundaries of the beginning and end of
each epidemiological wave together with analyz-
ing prevalence of this or that particular strain.

Limitations of the study. Among limita-
tions of the present study, we should mention
the statistical data used in it as regards results
of sequencing and the graphs showing how the
prevailing coronavirus strains replaced each
other that were built on their basis. The actual

structure of strain prevalence could be dis-
torted either by volumes of conducted se-
quencing when laboratory diagnostics was fo-
cusing on specific strains during certain peri-
ods or by sensitivity of test-systems applied in
the process. Some uncertainty also occurs due
to the concept of a ‘wave’ upon which epide-
miologists and healthcare experts have not
reached a consensus yet. Given that, the waves
that are investigated in this study are rather
tentative and this might have influenced the
ultimate results of assessing incidence growth
rates in the RF religions. To get a better insight
into differences in the epidemic process among
RF regions, in future it would be necessary to
perform additional assessment of influence
exerted by various factors on registered inci-
dence and mortality.

Conclusion. This study has made it pos-
sible to identify some regional peculiarities of
the COVID-19 epidemic process among the
RF regions over 2020-2023. We have estab-
lished that peaks of the COVID-19 incidence
were reached at different speed in different RF
regions within each epidemic wave; this might
be due to heterogeneity of environmental fac-
tors that influence the epidemic process. The
identified territorial differences in the COVID-19
epidemic process should be considered when
developing optimal regulatory impacts includ-
ing those aimed at predicting probable emer-
gent infections.
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