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Abstract

Introduction. The COVID-19 pandemic, etiologically related to SARS-CoV-2, was the longest-lasting pandemic
for an acute respiratory disease and had a significant impact on demography, economics and politics globally.
Experiences with this pandemic are significant for the sustainable development of human society. A detailed
analysis of these experiences in epidemic control should include details of the pathogen evolution down to the
regional level.

The aim of the study was to establish the regularities of the COVID-19 epidemic process in connection with the
change of the pathogen genetic variants on the territory of Primorsky Krai.

Materials and methods. A retrospective epidemiological analysis of COVID-19 incidence and dynamics of
circulation of SARS-CoV-2 genetic variants during the pandemic of this disease (11.03.2020-05.05.2023) in
Primorsky Krai was carried out. Data was gathered from the Department of Rospotrebnadzor in Primorsky Krai,
the Centre of Hygiene and Epidemiology in Primorsky Krai, as well as the G.P. Somov Research Institute of
Epidemiology and Microbiology of the Russian Federation and Russian Platform for Aggregation of Information
on Virus Genomes (VGARus). In particular, 1055 nucleotide sequences of full-length SARS-CoV-2 genomes from
Primorsky Krai, among which 553 were sequenced at the G.P. Somov Research Institute of Epidemiology and
Microbiology were included in analysis.

Results. When analyzing the epidemic dynamics of COVID-19 in Primorsky Krai (2020-2023), 7 rises in incidence
with different clinical and epidemiological symptoms depending on the genetic variants of the pathogen were
identified. At the beginning of the pandemic in Primorsky Krai, as well as throughout Russia, Wuhan-like variants
of SARS-CoV-2 were predominant, though later, Delta and Omicron genetic variants were in the majority. By
the end of April — beginning of May 2023, the proportion of Omicron sub-variants (XBB.1.9.2 and XBB.1.16) in
Primorsky Krai was higher than the Russian average and comparable to that in neighboring countries (Republic
of Korea and Japan).

Conclusion. Due to the ongoing evolution of SARS-CoV-2, the possibility of the emergence of new pathogens,
the peculiarities of the geographical location as well as political and economic importance of Primorsky Krai, it is
necessary to consistently improve regional capabilities for operational molecular virological monitoring.
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AHHOmMauus

BeepeHue. Mangemusa COVID-19, atnonormnyeckn ceszaHHasa ¢ SARS-CoV-2, ctana camoi NpoaormKUTenbHOM
AN OCTPOro pecnupaTtopHoro 3aboneBaHMs 1M okasana 3amMeTHOe BO3OENCTBUE Ha AeMorpadumio, 3KOHOMUKY 1
NnonuTMKY B MMPOBOM MacluTabe. Ypoku 3Tol NaHAEMUN UMEIOT BaXXHOE 3HaYeHue AN YCTOMYMBOrO pas3BuUTUS
yernoBeyeckoro obuectsa. MogpobHbI aHanM3 NPUoGPETEHHOIO OMbITa MO KOHTPOSO ANUAEMUYECKOro NpoLec-
ca [OIMKEH BKIHYaTh AeTanu3aumio 3Bonoumm Bo3byanTens BnoTb 40 PEMMOHANbHOIO YPOBHSI.

Lenb uccnegoBaHus — ycTaHOBMNEHME 3aKOHOMepHoCcTeln anngemunyeckoro npouecca COVID-19 B cBsian co
CMEHOW reHoBapuaHToB BO30yanTens Ha TeppuTopun NprMMopckoro Kpasi.

Martepnanbl u metoabl. [1pOBEedEH pPETPOCMEKTMBHBIN 3NMAEMUONIOTMYECKUA aHanmM3 3aboneBaemMocTu
COVID-19 u guHamukn umpkynsuum reHoBapuaHtoB SARS-CoV-2 B nepuog naHgemun atoro 3aboneBaHus
(11.03.2020-05.05.2023) Ha TeppuTopumn NprmMopckoro kpas. Vcnonb3oBaHbl AaHHblE YnpaBneHusa Pocrnotpeb-
Hafa3opa no NpumopckoMy Kpato, LieHTpa rurneHsl 1 anngemmonorun B NMpumopckom kpae, HAW anngemmnonorum
1 mukpo6uonorumn um. .M. ComoBa PocnotpebHagsopa u Poccuiickoi nnatdopMbl arperaumm nHopmaumm o
reHomax BupycoB (VGARus), B yacTHocTu 1055 HykneoTuaHbIX NocrneaoBaTenbHOCTEN NONHOPa3MepHbIX reHo-
MoB SARS-CoV-2 n3 NMpumopckoro kpasi, cpeam KoTopbix 553 Obinu cekBeHupoBaHbl B HAW annaemuonorun un
Mukpobuonorum um. I.IN. Comoea.

PesynbraTthbl. [pu aHanuse anngemuyeckon amHammkn COVID-19 B MNpuMopckom kpae (2020-2023 rr.) Bbiage-
neHbl 7 NogbEMOB 3ab0NeBaeMoCTV C PasNUYHbIMK KIMHMKO-3MNOAEMUNONOrMYECKMMU MPOSIBNEHNSIMU B 3aBU-
CMMOCTW OT reHoBapuaHToB B030yauTens. B Havane naHaemun B [NpumMopckom Kpae, kak u no Bcew Poccuu,
OOMUHMpPOBanu YxaHb-nogobHele BapnaHTbl SARS-CoV-2, B AanbHenwem — reHoBapuaHTbl Delta u Omicron.
K koHuy anpensa — Hadany masa 2023 r. gonda cybsapuaHToB Omicron (XBB.1.9.2 n XBB.1.16) B Npumopckom
Kpae 6blna Bbllle, YeM B cpeHeM no Poccuu, 1 conocTtaBrvMa C TakoBOW B conpeaernbHbix cTpaHax (Pecnybnuka
Kopes n Anonus).

3akntoueHume. B cBa3n ¢ npogomxkatowenca apontounen SARS-CoV-2, BOSMOXXHOCTBIO NOSIBNIEHMS HOBbIX MaTo-
reHoB, 0COBEHHOCTAMYU reorpanyecKoro pacrnonoXeHNs U NONMUTUKO-3KOHOMMUYECKOTO 3HaveHus Mpumopckoro
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Amuyeckoe ymeepxdeHue. ViccrneqosaHne npoBoAMIoch nNpu 4o6poBoribHOM MHEPOPMUPOBAHHOM Corflacum nauu-
eHTOoB. [poTokon nccnegoBaHus ogobpeH dTndeckum kommtetoM HAW anngemuonorum n mukpoduonorum um. .1N. Co-
moBa (npotokon Ne 2 ot 16.11.2021).

HNcmoyHuk ¢puHaHcupoeaHusi. PvHaHCHpoBaHWe paboTbl OCYLUECTBAANOCL MO rocyAapcTBeHHoMy 3agaHuio HAU
anugemuonoruu u Mukpobuonorum um. .M. Comosa B pamkax HAP «MonekynsipHo-reHeTu4eckme u heHoTUnnyeckme
cBoncTBa Bo3byauTenen pecnmpaTtopHbiX MHeKUMIA. Monck aheKTUBHBIX COEANHEHNIA N3 HA3EMHOW 1 MOPCKOW Bro-
Tbl [lanbHero BocToka ans pa3paboTku cpeacts npodunakTuki u nevexmnsay» (per. Ne 122041800135-3) n depeparnb-
Horo npoekTa «CaHuTapHbI WKMT — 6e3onacHOCTb AN 300poBbs (MpeaynpexaeHne, BbisiBNEHNe, pearnpoBaHmne)»
B pasgerne nonosiHeHns «HaunoHanbHOro aNeKTPOHHOTO KaTanora NaToreHHbIX MUKPOOPraHN3MOB U BUOTOKCUHOBY.
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3aHHbIX C Nybnukaunen HacTosLLEen CTaTbu.

Ans yumupoeanus: Monosa A.10., LenkaHoe M.KO., Kpeinoea H.B., Benuk A.A., CemeliknHa J1.M., 3anopoxey T.C.,
CwmoneHckuii B.1O., MNepcuaHosa E.B., MNpocsaHHukosa M.H., Benos tO.A., NyHuxuna O.B., Mott A.B., Xomunuyk T.®.,
CwumakoBa A.W., Abpamosa C.A., PomaHoBa O.B., [letkoBckas T.H., KpepkaHosckuii C.I1., BecegHosa H.H. MeHoTunu-
Yeckun noptpeT SARS-CoV-2 Ha Tepputopum MNprmopckoro kpas B nepuod nanaemun COVID-19. )XKypHan mukpobuo-

noeuu, anudemuonoauu u ummyHobuonoauu. 2024;101(1):19-35.

DOI: https://doi.org/10.36233/0372-9311-497
EDN: https://www.elibrary.ru/puijffa

Introduction

Coronavirus disease 2019 (COVID-19) is etio-
logically related to Severe acute respiratory syndrome
coronavirus type 2 (SARS-CoV-2; Nidovirales: Coro-
naviridae, Betacoronavirus, subgenus Sarbecovirus)
[1, 2] and resulted from the pathogen crossing the inter-
species barrier and entering the human population from
bat populations (Chiroptera, Microchiroptera) [3, 4].
COVID-19 caused the longest (11.03.2020-05.05.2023,
or 1150 days), largest (over 750 million confirmed cases)
and one of the deadliest (about 6 million deaths) acute
respiratory disease pandemic in human history [3, 5].
The COVID-19 pandemic was the first to be associated
with a coronavirus of bats (Chiroptera) [1, 6], the second
largest mammalian group after rodents, with a number of
unique evolutionary features [7-9], the epidemiologi-
cal significance of which became clear only in the early
21st century after the epidemics caused by SARS coro-
naviruses (Nidovirales: Coronaviridae, Betacoronavi-
rus, subgenus Sarbecovirus) [1, 10] and Middle East
respiratory syndrome (Nidovirales: Coronaviridae,
Betacoronavirus, subgenus Merbecovirus) [11, 12].

The COVID-19 pandemic stimulated the wide-
spread introduction of molecular genetic [13, 14] and
information [15, 16] technologies into the practice of
anti-epidemic measures. With the degradation of broad
international relations in the early 2020s, exacerbated
by the pandemic, and the declining authority of inter-
national organizations, including the World Health
Organization (WHO), the Russian Federation was
forced to deploy its own national molecular genetic
data platform, the Virus genome aggregator of Russia
(VGARus), developed by the Federal Service for Su-
pervision of Consumer Rights Protection and Human
Welfare (Rospotrebnadzor). VGARus was put into ope-
ration at the Central Research Institute of Epidemio-

logy of Rospotrebnadzor by the Order No. 448 of the
Russian Government from 23.03.2021. By the end of
2023, more than 150 organizations were registered in
the system, carrying out its replenishment; the data-
base contains more than 300 thousand nucleotide se-
quences of SARS-CoV-2, more than half of which are
full-length viral genomes [14, 17]. Thus, unlike even
the last influenza A (HIN1 pdm09) (Articulavirales:
Orthomyxoviridae, Alphainfluenzavirus) pandemic
(2009-2010) [18], when molecular genetic methods
were actively used to monitor the infectious process,
the COVID-19 pandemic was the first global epidemic
process that was characterized in detail using real-time
whole-genome sequencing data (at least in developed
countries) [14, 17, 19].

Russia, being the largest territory in the world,
has an enormous regional diversity of natural, clima-
tic and socio-demographic conditions, which should
be taken into account in the process of epidemiological
analysis of infectious disease dynamics. For example,
Primorsky Krai (PK), located in the south of the Rus-
sian Far East (practically at the latitude of the Crimean
Peninsula), is characterized by a unique monsoon tem-
perate climate formed by a latitudinal climatic anoma-
ly due to the cold Primorsky Current flowing through
from the Tatar Strait. The PK provides convenient access
via non-freezing ports (Vladivostok, Vostochny, Zarubi-
no, Nakhodka, Posyet) to the dynamically developing
Asia-Pacific region and is traditionally closely connected
with the north-eastern provinces of the People's Republic
of China by all means of transport. The administrative
center of the PK, Vladivostok, being the capital of the
Far Eastern Federal District, is well recognized both in
Russia and abroad due to its free port status and the pres-
ence of the Far Eastern Federal University, one of the
largest educational facilities in the Asian part of Russia.
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The aim of this study is to analyze the regulari-
ties of the COVID-19 epidemic process development in
the PK territory during the pandemic period of this dis-
ease with the help of molecular genetics (2020-2023).

Materials and methods

Nasopharyngeal swabs for PCR testing and ob-
taining viral strains were collected from people living
in the PK territory. Biological material was collected
by qualified personnel who had undergone preliminary
training and regular skills testing on rhinolaryngologi-
cal simulators [20, 21]. The study was conducted with
the voluntary informed consent of the patients. The
study protocol was approved by the Ethical Commit-
tee of the G.P. Somov Institute of Epidemiology and
Microbiology (protocol No. 2 of November 11, 2021).

SARS-CoV-2 RNA was detected by reverse trans-
cription followed by quantitative polymerase chain re-
action (RT-qPCR): RNA isolation was performed man-
ually using the M-Sorb-NK reagent complex (Syntol)
or (in case of large amounts of samples) at the AutoPure
96 automatic station (Hangzhou Allsheng Instruments
Co.), RT-PCR-SARS-CoV-2 reagent kit (Syntol). Posi-
tive samples intended for subsequent use for research
purposes were stored at —20°C while maintaining the
cold chain.

Sequencing of full-length SARS-CoV-2 genome
was performed for positive samples with threshold cy-
cle in primary PCR testing C, < 25 on the Nanopore
technology platform [22, 23] according to ARTIC
SARS-CoV-2 v3 protocol: reverse transcription was
performed using the Midnight RT-PCR Expansion kit;
amplicons were obtained and coded using 29 pairs of
overlapping primers and the Rapid Barcoding Kit 96
(SQK-RBK110. 96); cDNA purification was performed
on AMPure XP beads magnetic particles; the resulting
genomic libraries were sequenced on a MinION instru-
ment using FLO-MIN106 R9.4.1 cells (Oxford Nanopore
Technologies). The obtained data in FASTS format (the
MinKNOW software package was converted to FASTQc
format using the Guppy v. 6.3.8 program). SARS-CoV-2
genomes were assembled in FASTA format by align-
ment with reference sequences from VGARus using
the Epi2me v. 22 software package and the ARTIC v. 1
module. To assess the quality of the assembled sequen-
ces and genome distribution among lineages, the Next-
clade and Pangolin COVID-19 Lineage Assigner v. 4.3
services were used. Sequences in which the number of
unrecognized or ambiguous nucleotides was more than
10% of the full genome sequence of SARS-CoV-2 were
excluded from the sample for analysis.

Phylogenetic analysis of nucleotide sequences
was performed after multiple alignment using MAFFT
v. 7.475 by the "neighbor joining" method [24] using
the MEGA v. 11.0.13 software package at the bootstrap
support level of 1000 repetitions. Visualization of the ob-
tained data was performed using the iTOL v. 6 service.

ORIGINAL RESEARCHES

Isolation of SARS-CoV-2 strains was performed
from qPCR-positive samples of nasopharyngeal wash-
ings, clarified by low-speed centrifugation and filtered
through Millex (Merck) nozzles with a pore diameter
of 0.22 um, on the Vero E6 cell line model (kidneys
of the African green monkey), which was cultured in
plastic tubes (Nunc) with a slanted bottom of 5.5 cm? in
DMEM medium (BioloT) supplemented with 1% fetal
calf serum (PanEco), 100 U/ml gentamicin at 37°C in
an atmosphere of 5% CO, [25, 26]. The efficiency of vi-
rus isolation was evaluated by decreasing the threshold
cycle of PCR in 3 consecutive passages. On the 5" day
after infection, the culture fluid was taken for RT-qPCR
(after the 3™ passage, we additionally determined 1g of
the 50% tissue culture infectious dose (Ig TCID, ) using
the MTT test).

The MTT assay was used to assess the survival
of Vero E6 cells under the influence of different di-
lutions of the virus when evaluating the infectious
titer of SARS-CoV-2 strains after the 3™ passage.
The essence of this method is the ability of viable
cells to convert the highly soluble yellow bromide
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
(MTT) into insoluble intracellular crystals of
(E, Z)-5(4,5-dimethylthiazol-2-yl)-1,3-diphenylfor-
mazan (MTT-formazan) under the action of intracel-
lular dehydrogenases [27, 28]:

On the 5" day after infection, 20 ul of 5 mg/ml
MTT solution (Sigma-Aldrich) was added to the wells
with cells in a 96-well plate (Merck); incubated at 37°C
in an atmosphere with 5% CO, for 2 hours; after re-
moval of culture media, 150 pl of isopropyl alcohol
acidified with 0.4 M HCI was added to the wells; the
optical density in the well was determined at 540 nm
(near the absorption maximum of MTT-formazan) with
subtraction of the background value at 620 nm using a
tablet reader (Labsystems). The cytopathogenicity level
(CPL) of the strain in a particular dilution was calculat-
ed according to the following formula:

CPL=(1 _D, ) x 100%,
DO

where D — optical density of the infected sample;
D, — optical density of uninfected cell culture.

The infectious titre of the strain was defined as
the limiting dilution of the initial virus-containing li-
quid recorded in the experiment, for which CPL > 0
(inequality to zero was assessed by Student's t-test at a
significance level of p = 95% and 8-fold repetitions of
each dilution of the virus-containing liquid).
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Epidemiological analysis of COVID-19 inci-
dence in PK from 20.04.2020 to 30.06.2023 was based
on data from the Department of Rospotrebnadzor for
Primorsky Krai, the Centre for Hygiene and Epidemio-
logy in Primorsky Krai', in Russia — on data from the
official website of Rospotrebnadzor? and the Russian
information portal Stopcoronavirus®. Information on
the distribution of genetic variants of SARS-CoV-2 in
Russia was used from the review and analytical work
[17, 19] and the Russian database VGARus, in East-
ern Asian countries — from the international database
GISAID*.

Statistical processing of data was carried out us-
ing the following functions from the MS Excel 2010
software package: sample size (n); arithmetic mean
(M); standard error of mean (m); median (Me); lower
(25%) quartile (LQ); upper (75%) quartile (UQ); inter-
quartile range (LQ-UQ). The normality of distribution
of quantitative signs was tested using the Shapiro—
Wilk W-test; Student's t-test (at the significance level
of the alternative hypothesis p = 0.05); Mann—Whitney
U-test [29, 30].

The method of principal components as a way
to find a subspace of lower dimensionality, in projec-
tion on which the initial data have the smallest spread
of quadratic deviations [31, 32], was applied using the
software packages "Statistica v. 7.0" ("StatSoft Inc.")
and "Mathworks Matlab R2007b" software packages.

Results

Indication of SARS-CoV-2 RNA in nasopharyn-
geal washings during the COVID 19 pandemic in PK
territory was carried out in 24 laboratories (including
5 private laboratories): 3,007,009 RT-qPCR tests were
performed, of which 399,821 (13.3%) were positive’.
The obtained information was integrated for operation-
al analysis in the epidemiological units of the Centre for
Hygiene and Epidemiology in Primorsky Krai and the
Primorsky Krai Department of Rospotrebnadzor.

The full-genome nucleotide sequences of SARS-
CoV-2 obtained from samples of biological material col-
lected on the territory of the PK during the COVID-19
pandemic are presented in Table 1. In addition to 553
genomes sequenced at the G.P. Somov Research In-

' Rospotrebnadzor reporting form No. 970 "Information on cases
of persons with suspected coronavirus infection", report No. 1076
"Summary report on COVID-19 cases in the regions".

URL: https://www.rospotrebnadzor.ru/region/korono_virus/epid.
php

URL: https://cTonkoponaBupyc.pd/

4 URL: https://gisaid.org

The number of RT-qPCR-positive samples should not be
associated with the number of patients with COVID 19: in 2020,
patients were examined an average of 3.6 times, as at that time
patients were discharged after a double negative result, which
was not achieved the first time; in 2021, discharge started to
be performed after a single negative result and later on upon
recovery.

stitute of Epidemiology and Microbiology within the
framework of the Federal Project Sanitary Shield of
the Country — Safety for Health, another 502 genomes
were sequenced in other scientific institutions, to which
RT-qPCR-positive samples from the Center of Hygiene
and Epidemiology in Primorsky Krai were sent in ac-
cordance with the Order of Rospotrebnadzor®.

The results of phylogenetic analysis of full-length
SARS-CoV-2 genomes from the PK territory (Table 1),
shown in Fig. 1, a, indicate differentiation into genetic
variants according to the Pango (Fig. 1, ) and WHO
(Fig. 1, ¢) classifications.

The epidemic dynamics of COVID-19 in connec-
tion with the change of SARS-CoV-2 genetic variants
on the territory of the PK (2020-2023) is presented in
Fig. 2 and Table 2: as in Russia as a whole, the rise
in COVID-19 incidence during the pandemic period
of this disease (11.03.2020-05.05.2023), which began
with large megacities [17, 19], had a pronounced wave-
like character with 7 epidemic periods.

In PK, the first case of COVID-19 was registered
on 21.03.2020 (a 30-year-old woman, Russian citizen,
living in Vladivostok, who returned on 15.03.2020
from a business trip to Cancun, Mexico), and as of
05.05.2023, 217,196 cases of this disease were docu-
mented.

Generally speaking, the dynamics of the epide-
mic process in the region corresponded to the average
in Russia (Fig. 2, Table 2), but with some delay (about
2 weeks) compared to the central regions of the country
(similarly to the spread of pandemic influenza A (HIN1
pdm09) [18]). The first rise in COVID-19 incidence in
PK was characterized by a slow increase over 13 weeks
with a peak at week 29. In Russia, this process deve-
loped more rapidly — the peak incidence was registered
already in 5 weeks from the beginning of the upsurge
with a local maximum in 19 weeks. The slower deve-
lopment of epidemic growth in PK was primarily due
to the introduction of strict regime-restrictive measures.
During this period in Russia, mainly Wuhan-like vari-
ants of the pathogen were isolated from COVID-19 pa-
tients: B.1.1 (62.0%), B.1.1.317 (3.3%). In PK, most
of the virus genetic variants also belonged to the B.1.1
(26%) and B.1.1.x (B.1.1.317 and B.1.1.277.2) line-
ages — 74% (Fig. 2, Table 3).

During wave 11, the increase in incidence in both
PK and Russia was slower — 11 and 17 weeks, with
peaks at weeks 50 and 52, respectively. The proportion
of B.1.1 in Russia decreased to 33.7%, while the pro-
portion of B.1.1.317 and B.1.1.523 increased to 21.3%;
new genetic variants appeared: Alpha (B.1.1.7) —
7.2% and Delta (B.1.617.2) — 1.6%. In PK, the B.1.1
genetic lineage dominated during this period (68.4%);

¢ Order of Rospotrebnadzor of 19.02.2021 Ne 56 "On improvement
of molecular genetic monitoring for strains of the causative agent
of a new coronavirus infection".
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Table 1. Data on full-genome sequences of SARS-CoV-2 detected in the territory of Primorsky Krai (2020—2023)
in the VGARus database

G.P. Somov Institute of

State Research Center of Virology

Institute of Influenza

Year Ep|demlo(l\c;glggd?vr;itl\élll((;roblology and Blo('ﬁgccr)lglt())i?gk)Vector (St.-Petersburg) Total
2020 173 2 23 198
2021 90 1 1 102
2022 105 158 306 569
2023 185 0 1 186
Total 553 171 331 1055

®B.1.1+B.1.1x

=B.1.617.x = Wuhan
BA.1.X u Delta

mBA2.x 59,7 Omicron

mBA.5.x

m XBB.x

Fig. 1. Genotyping of 804 full-genome SARS-CoV-2 nucleotide sequences identified in Primorsky Krai (2020—2023).
a — phylogenetic tree; b — distribution according to Pango genetic lines; ¢ — distributions according to WHO genovariants.

other gene variants B.1.1.x (primarily B.1.1.317 and
B.1.1.277.2) together accounted for 31.6%. In 2021, the
periods of rises in incidence were shorter but characte-
rized by a more intensive development of the epidemic
process. At that time, III and IV rises of incidence rates
were registered in PK with peaks at 27 and 48 weeks,
respectively; in Russia, the III rise lasted on average

100
N
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60
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40
30

Distribution of SARS-CoV-2, %

20
10

0
Number of week

Epidemic period

Year

4 months with the maximum incidence rate at week 29,
the IV rise — from September to January 2021. During
this period, the process of changing the biological
properties of the pathogen was actively underway: the
percentage of the Delta genetic variant (B.1.617.2.x)
increased to 93-97%, practically displacing all previ-
ously circulating lineages.
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Fig. 2. Incidence of COVID-19 and genetic diversity of SARS-CoV-2 on the territory of Primorsky Krai (2020—2023).

Left ordinate;: mmmm B.1.1 + B.1.1.x;

B.1.617.2.x; mmmm BA 1.x;
Right ordinate: =====in Primorsky Krai;

BA.2.x; mmmm BA 5 x; =mmm XBB.x.
in a whole Russia.
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Table 3. Distribution of SARS-CoV-2 genetic variants by COVID-19 pandemic periods on the territory of Primorsky Krai

and a whole Russian Federation (2020-2023).

Genovariants, %
Period Territory Number Wuhan Alpha Delta Omicron
of samples B+ not found in PK
B11.x B.1.1.7x | B.1.617.2.x | BA.1.x BA.2.x BA.5.x XBB.x
PK 23 100,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
! RF 1701 65,3 0,0 0,0 0,0 0,0 0,0 0,0 34,7
PK 201 100,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
! RF 7417 55,0 7,2 1,6 0,0 0,0 0,0 0,0 36,2
PK 30 3,3 0,0 96,6 0,0 0,0 0,0 0,0 0,0
" RF 10,602 5,1 2,5 89,6 0,0 0,0 0,0 0,0 2,8
PK 46 2,2 0,0 97,8 0,0 0,0 0,0 0,0 0,0
W RF 23,315 0,1 0,0 93,5 6,1 0,0 0,0 0,0 0,3
PK 368 0,0 0,0 334 48,9 17,7 0,0 0,0 0,0
Y RF 24,416 0,1 0,0 11,4 38,9 42,5 6,2 0,0 0,9
PK 201 0,0 0,0 1,0 0,0 1,0 98,0 0,0 0,0
v RF 28,300 0,0 0,0 0,0 2,1 11,4 85,7 0,7 0,1
PK 130 0,0 0,0 0,9 0,0 2,7 1,1 96,2 0,0
v RF 4928 0,0 0,0 0,0 1,5 0,3 35,9 62,3 0,0

Note. PK — Primorsky Krai; RF — Russian Federation.

The fifth rise in incidence in Russia as a whole
and in PK was characterized by a sharp increase —
the peak of incidence was reached 4 and 5 weeks after
the beginning of the rise. The incidence rates during
this period were significantly (p < 0.05) higher than
in the previous periods. This increase was due to the
combined circulation of the outgoing Delta variant
(B.1.617.2.x) and the first two lineages of the Omi-
cron variant (BA.1.x and BA.2.x). By the end of Pe-
riod V, the dominance of the Omicron variant was es-
tablished worldwide. Omicron BA.5.x sub-lineages,
the percentage of which increased up to 90%, caused
the VI upsurge of disease incidence in different re-
gions of Russia. At the same time, both in PK and in
Russia as a whole, the course of the epidemic process
differed from the previous period by a lower intensity
and speed of reaching peak indices. During the VII pe-
riod there was a further decrease in the intensity of the
epidemic process. The maximum value of the peak in-
cidence rate on average in Russia was registered in the
8" week, in PK — in the 9™ week from the beginning
of the massive increase. During this period, the diver-
sity of Omicron sub-variants increased significantly,
one of them (XBB) spread rapidly around the world
[33]. By the end of January 2023, XBB.x sub-variants
prevailed in Russia as a whole as well as in PK, and
their percentage in the structure of Omicron sub-vari-
ants increased to 62.3 and 92.8%, respectively.

When analyzing the clinical symptoms of
COVID-19 in PK, much like in Russia as a whole,
infections of mild (68.4 and 54.2%, respectively) and
moderate (29.3 and 42.7%) severity prevailed. The per-
centage of severe forms was 2.3 and 3.1%, respective-
ly. The first wave was characterized by a high propor-
tion of pneumonias (20.9%) and asymptomatic forms
(30.3%), the proportion of severe forms was 2.1% (Ta-
ble 2). As the epidemic process developed in wave 1,
the highest proportion of severe forms of the disease
(5.8%) was observed over the entire observation peri-
od, the proportion of non-nosocomial pneumonias was
17.7%. During the subsequent periods, the proportion
of non-nosocomial pneumonias gradually decreased
from 16.2% in wave III to 1.9% in wave VI. The per-
centage of severe forms of pneumonia also decreased
from 3.1% to 0. It should be noted that the percentage
of moderately severe forms of COVID-19 course was
distributed unevenly over the periods of the upswing:
it increased from I to III period (from 31.5 to 36.5%),
decreased to 12.1% in VI period and increased again to
25.1% in VII period.

Inepidemic period VII (May 2023), the XBB.x vari-
ant, first registered on 31.01.2023 (XBB.1.14 lineage),
prevailed in PK, by the end of March — XBB.1.5.24
lineage, a subspecies of variant XBB.1.5 (Kraken), by
05.05.2023 the XBB.1.9.1 (Hyperion) variant became
dominant (Fig. 3). It is particularly important to note
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Fig. 3. Genetic diversity of SARS-CoV-2 in Primorsky Krai from January to May 2023.

the high proportion of the XBB.1.5.24 (9% in PK and
6% in Russia as a whole) and XBB.1.9.1 (45 and 51%,
respectively) variants, which contrasts sharply with the
genetic landscape of SARS-CoV-2 strains in the neigh-
boring countries of South-East Asia (Fig. 4). This pat-
tern may be a consequence of the timely introduction
of strict restrictive measures in Russia, including the

Fig. 4. Genetic diversity of SARS-CoV-2 in Primorsky Krai,
whole Russia, and neighboring countries of East Asia on
the eve of the official end of the pandemic on May 05, 2023
(figures in the sectors of pie charts correspond to the percent
portion of this genovariant according to GISAID).

cessation of transport links with Asia-Pacific countries,
while the relative freedom of transport links between
Russia and Europe as well as PK and central Russia
was maintained throughout the pandemic.

Isolation of SARS-CoV-2 strains was success-
fully performed from 151 samples of RT-qPCR-posi-
tive nasopharyngeal washings (isolation efficiency was
151/217 = 69.6%). The obtained viral strains were de-
posited in the collection of pathogens of the G.P. Somov
Research Institute of Epidemiology and Microbiology.
Signs of cytopathic effect of the virus in Vero-E6 cell cul-
ture were observed from 2—4 days after infection (Fig.
5, a, b). The distribution of the obtained SARS-CoV-2
strains by genetic lineages is presented in Fig. 5, c,
and by Ig TCID, values — in Table 4.

The main component plane for different periods
of the COVID-19 pandemic in PK and Russia, consid-
ered as points in an eight-dimensional feature space,
being the components of the SARS-CoV-2 distribution
by genetic variants (Table 3), is shown in Fig. 6. The
first two main components in Fig. 6, corresponding to
the two largest eigenvalues of the feature covariance
matrix, include 63.6% of information about the mutu-
al location of objects in the multidimensional feature
space. It is known that rotation of the main components
by the same angle does not change the values of the
eigenvalues of the covariance matrix [32, 38]: in Fig. 6,
the rotation of components is performed in such a way
as to maximize the variance of factor loadings.

Discussion

In Russia, the COVID-19 pandemic started later
than in many countries due to the application of strict
regime-limiting and anti-epidemic measures against
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mB.1.1+B.1.1.x

uB.1.617.x
BA.1.x

HBA2.x

mBA.5.x

u XBB.x

Fig. 5. SARS-CoV-2 strains isolated in the sensitive Vero-E6 cell line at the G.P. Somov Institute of Epidemiology
and Microbiology of Rospotrebnadzor
a — intact cell line; b — cell line with manifestations of cytopathogenic action of the SARS-CoV-2 strain/Russia_Primorje/FE-R-6932
(Delta AY.122) for 5 days after infection (3 passage); ¢ — the distribution of strains by genovariants (the numbers in the sectors
of the pie charts correspond to the percentage of this genovariant).

Table 4. Infectious titers of SARS-CoV-2 strains isolated at the G.P. Somov Institute of Epidemiology and Microbiology

(2020-2023)

Distribution of strains according to the values of the decimal
. . Number logarithm of the infectious titer, Ig IT
Genovariant of the strain of strains Mtm
3 4 5 6

B.1.1 49 2 8 1 28 53+0,1
B.1.1.1 2 0 0 1 1 55%0,5
B.1.1.317 4 0 1 2 1 5004

Wuhan 53+0,1
B.1.1.397 5 0 0 2 3 5,6+0,2
B.1.1.485 1 0 0 1 0 5,0+0,0
B.1.143 1 0 1 0 0 4,0+£0,0
AY.121 1 0 0 1 0 50+0,0

Delta 43+0,2
AY.122 36 8 14 9 5 43+0,2
BA.1.x 20 10 4 6 0 3,8+0,2
BA.2 5 2 3 0 0 3,6+0,2

Omicron 3,7+0,1
BA.5.2 5 1 3 1 0 40+0,3
XBB.x 22 13 8 1 0 35+0,1

COVID-19, which were regulated by the Decrees of
the President of the Russian Federation’, Orders of the
Government of the Russian Federation® and Resolu-
tions of the Chief State Sanitary Doctor of the Russian
Federation’. Measures to prevent the importation and

7 Presidential Decrees: No. 206 of 25.09.2020; No. 239 of
02.04.2020; No. 294 of 02.04.2020.

8 Orders of the Government of the Russian Federation: from
30.01.2020 No. 140-r; from 31.01.2020 No. 154-r; from
03.02.2020 No. 194-r; from 18.02.2020 No. 338-r; from
27.02.2020 No. 447-r; from 27.02. 2020 No. 446-r; 0f 27.02.2020
No. 448-r; of 16.03.2020 No. 635-r; of 06.03.2020 No. 550-r;
of 12.03.2020 No. 597-r; of 14.03.2020 No. 622-r; of 16 March
2020 No. 730-r; 0f 27.03.2020 No. 763-r.

° Decisions of the Chief State Sanitary Doctor of the Russian
Federation: from 24.01.2020 No. 2; from 31.01.2020 No. 3;
from 02.03.2020 No. 5; from 13.03.2020 No. 6; from 18.03.2020
No. 7; from 30.03.2020 No. 9.

reduce the risk of spread of COVID-19 on the territory
of the PK were introduced on the basis of the above
mentioned decrees and orders, as well as the Decision
of the Governor of the PK'? and the Chief State Sanitary
Doctor of the PK!!. All the activities carried out at the
initial stage made it possible to slow down the spread
of COVID-19, increase the volume of COVID-19 tests
and the capacity of laboratory bases, prepare medical
organizations to provide assistance to patients, which
prevented an increase in the number of cases of severe
forms of the disease and mortality rate.

The analysis of COVID-19 epidemic process
manifestations in the period from April 2020 to June

19 Resolution of the PK Governor of 18.03.2020 No. 21-pg.
Il Resolution of the Chief State Sanitary Doctor of the PK of
20.04.2020 No. 17.
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Main component 2

Main component 1

Fig. 6. The plane of the first two main components for
various epidemic periods of COVID-19 indicated by Latin
numerals (as in Figure 2 and Tables 2-3): the gray dots
correspond to the Primorsky Krai, the white ones — to the
Russian Federation.

2023 on the territory of the PK and Russia as a whole
revealed 7 epidemiological upsurges of COVID-19 in-
cidence, which differed in clinical and epidemiological
manifestations of COVID-19 course depending on the
genetic variant of the pathogen (Fig. 1, 2, Tables 2, 3).
Comparison of COVID-19 incidence in each period
showed that the dynamics of the epidemic process de-
velopment in PK is similar to the all-Russian develop-
ment, which is especially clearly demonstrated by Fig. 6.
At the same time, mild and moderate clinical forms of
the disease prevailed in the structure of clinical forms
of the disease throughout the pandemic.

The introduction of restrictive measures in March-
April 2020 practically stopped the movement of people
between the PK and neighboring countries (China, Re-
public of Korea, Japan), as a result of which the dynam-
ics of circulation of SARS-CoV-2 virus genetic variants
in the region was explained exclusively by intra-Rus-
sian migration, therefore, during the I and II periods of
the pandemic in the PK (as well as in Russia as a whole)
the Wuhan genetic variant was dominant, during the I11
and IV periods — Delta, and during the V period and
subsequent rises — various Omicron genetic variants
(Fig. 2). The change of dominant genetic variants is il-
lustrated in Fig. 3.

Since the middle of 2022, a gradual easing of the
movement regime with neighboring countries began,
which could not but affect the diversity of Omicron ge-
netic variants circulating in PK. Thus, the proportion
of XBB.1.9.2 and XBB.1.16 (Arcturus) variants was
slightly higher in PK by the end of April — beginning
of May 2023 than in Russia as a whole. At the same
time, the percentage of the XBB.1.9.2 variant was the
highest in the Republic of Korea, and the percentage of
the XBB.1.16 variant — in Japan (Fig. 4). These data

suggest a certain involvement of neighboring countries
of the Asia-Pacific region in shaping the genetic land-
scape of SARS-CoV-2 in PK at the final stage of the
pandemic. The data of phylogenetic analysis of samples
of the BN sub-variant, which is rare in Russia (Fig. 5),
can also serve as indirect evidence of multiple path-
ways of virus entry into the region. At the same time,
the proportion of registered COVID-19 cases in PK, the
etiological factor of which was XBB.1.9.2 (5%) and
XBB.1.16 (3%), was comparable to that in the Republic
of Korea (XBB.1.9.2 — 7%) and Japan (XBB.1.16 —
12%; Fig. 4), in contrast to the average Russian values
(XBB.1.9.2 — 2%, XBB.1.16 — 1%) [34-36]. These
data suggest possible participation of the pathogen ge-
netic variants circulating in the neighboring countries
of the Asia-Pacific region in the formation of the gene-
tic landscape of SARS-CoV-2 in PK at the final stage
of the pandemic.

Phylogenetic analysis of isolates belonging to
the BN lineage, which is poorly represented in Russia
(about 150 specimens in GISAID) but is characteristic
of the Republic of Korea [37], confirms the possibil-
ity that new virus variants may have been introduced
into PK from this country. According to the Pango
website, 37% of isolates of the BN.1.2 lineage, 41%
of the BN.1.2.3 lineage, and 25% of the BN.1.3 lin-
eage originate from the PK. Phylogenetic analysis of
the most closely related SARS-CoV-2 samples from
Russia and the Republic of Korea showed that sam-
ple prim000233 (BN.1.2, collection date 14.04.2023)
belongs rather to the group of South Korean isolates,
while sample prim000314 (BN.1 .2.3, collection date
10.04.2023) belongs to the group of isolates isolated
from the central part of Russia (Fig. 7; the low boot-
strap support values for some clusters in this figure
are explained by the high degree of homology of the
analyzed sequences, which is typical of most regional
studies of SARS-CoV-2 [38-42]). These results may
also serve as indirect evidence of multiple pathways
of virus entry into the region.

During the isolation of SARS-CoV-2 strains, a
significant decrease in the titers of Delta and Omicron
genetic variants was observed, indicating a decrease in
their virulence (replication rate and virus accumula-
tion) compared to Wuhan-like variants (Table 4). The
obtained results are consistent with the epidemiological
manifestations of the infectious process — increased in-
fectivity of SARS-CoV-2 variants and decreased sever-
ity of clinical manifestations of infection.

The distribution of SARS-CoV-2 genotypes de-
tected in clinical material (Fig. 1, b, ¢) shows the pre-
dominance of Omicron variant (59,7%), while among
isolated strains Wuhan-like variants dominate (41,0%),
which is explained by their higher virulence. This con-
firms the correctness of the choice of a strategy for rapid
epidemiological monitoring based on sequencing of the
full-length viral genome from primary clinical material
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Fig. 7. Phylogenetic tree of the most homologous viruses of the BN line of SARS-CoV-2.

Numbers in VGARus and GISAID (in parentheses) databases are given for the samples from Russia. Numbers in GISAID database are given
for the samples from Republic of Korea. Numbers of samples from Primorsky Krai are given in bold.

(although this does not exclude the need to isolate dif-
ferent variants of the pathogen for virological studies).

Thus, the uniqueness of the SARS-CoV-2 ge-
notypic portrait formation on the territory of the PK
during the COVID-19 pandemic lies in the possibili-
ty of virus importation both from the European part of
Russia and from the countries of East Asia. The latter
direction seems to be the most relevant in connection
with the strategic "eastern vector" of foreign policy,
which is consistently implemented by the Government
of the Russian Federation. The continuing possibility

of emergence of new, particularly dangerous variants
of the virus in neighboring countries makes molecular
genetic monitoring for SARS-CoV-2 in the territory of
the PK particularly relevant. Retrospective analysis of
the epidemic process of COVID-19 in a particular ter-
ritory is a prerequisite for the formation of models and
forecasts of the situation development, allows to iden-
tify risk factors associated with the spread and severity
of the disease, to assess the effectiveness of measures
taken, to increase the reliability of biological safety
provision.
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