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Abstract

Introduction. In response to the COVID-19 pandemic in the Russian Federation, comprehensive response
measures were taken. One of these measures was the development of a viral genome aggregation platform
(VGARuSs) to monitor virus variability.

The aim of this paper is to describe the role of the VGARus platform in tracking genetic variation in SARS-CoV-2.
Materials and methods. VGARus utilizes sequencing data and bioinformatics tools to monitor genetic variations
in SARS-CoV-2. The viral genomes were aligned using NextClade, which also translated them into amino ac-
ids and identified mutations. The viral variability over time was analyzed by counting the number of amino acid
changes compared to the reference sequence.

Results. The analysis of data within VGARus enabled the identification of new virus variants, contributing to
improved diagnostic tests and vaccine development. The platform allowed for the prediction of epidemiologic
trends, facilitating a rapid response to changes in the epidemiologic situation. For example, using VGARus, an
increase in COVID-19 incidence was accurately predicted in the summer of 2022 and early 2023, which were as-
sociated with the emergence of Omicron subvariants BA.5 and XBB. Data from the platform helps validate the ef-
fectiveness of primers and DNA probes to ensure high diagnostic accuracy and reduce the risk of false negatives.
Conclusion. VGARus demonstrates the growing role of genomic surveillance in combating COVID-19 and im-
proving preparedness for future infectious disease outbreaks. The platform is a powerful tool for generating
evidence-based solutions to combat a pandemic and mitigate its health, economic and societal impacts. It pro-
vides the ability to promptly obtain information on the epidemiologic situation in a particular region of the Russian
Federation, use genomic data for phylogenetic analysis, compare the mutational spectrum of SARS-CoV-2 se-
quences with foreign samples. VGARus data allow for both retrospective analysis and predictive hypotheses. For
example, we can clearly see the dynamics of the change of different virus variants: sequences belonging to the
Alpha, Beta, Delta, Omicron lineages and many less common ones, clearly form the upsurges of morbidity, the
interaction of which is reflected in the epidemiological picture. It is also currently being expanded to monitor other
pathogens, increasing its public health relevance.
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AHHOMauyus

BeepeHue. B oteet Ha naHgemmnio COVID-19 B Poccun Gbinu NpuHATHI KOMMNMEKCHbIE Mepbl pearnpoBaHus.
OpHon 13 Hux cTana paspaboTtka nnaTdopmel arperaummn BupycHbeix reHomoB (VGARUS) ons MOHUTOpUHra us-
MEHYMBOCTM BMpYCa.

Lenb pabotel — onucatb ponb VGARUS B OTCnexXnBaHuy reHeTn4ecknx nameHeHnin SARS-CoV-2.
Martepuanbl n metoabl. BeipaBHMBaHWE BUPYCHBIX FEHOMOB, MOCMEAYOLLYH TPAHCMALNUIO B @MUHOKUCIIOTHI U
noucK MyTaumn nponssogunu ¢ nomolubto nporpammel NextClade. C uenbto aHanm3a reHOMHOW U3MEHYMBOCTU
NOACHUTBIBANM YACNO aMUHOKUCITOTHLIX U3MEHEHUI OTHOCUTENBHO pedepeHCHON NOCNeaoBaTenbHOCTH.
PesynbraTtbl. AHanu3 gaHHbix VGARuUS no3sonun naeHTuguumpoBatb HOBbIE BapuaHTbl BMpYyca, YTO Crnocob-
CTBOBArioO YNy4yllEeHU AMarHOCTUYECKUX TECTOB M MOXET MoMoYb B pa3paboTtke BakuuH. [Nnatdopma npeno-
CcTaBuna BO3MOXHOCTb NPOrHO3NpPOBaTb ANMAEMUONOrMYeckne TeHAEHUMN U OonepaTuBHO pearmpoBaTb Ha W3-
MEHeHUst anuaemuonornyeckon cutyaumm. Hanpumep, ¢ ucnons3oBaHunem VGARuUS 6bin TOMHO npeackasaH
pocT 3aboneBaemoctn COVID-19 netom 2022 r. n B Hayane 2023 r., CBsI3aHHLIN C NOsIBNEHMEM cybOBapuaHToB
Omicron BA.5 n XBB. [laHHble nnatdopmMbl MOMOratoT NPoBepsATb ahdeKkTBHOCTL npavimepos 1 HK-30HA0B,
4YTO 0becnevmBaeT BbICOKYH TOYHOCTb AMArHOCTUKU U CHUXKAET PUCK NOXHOOTPULATENBHbLIX Pe3yrbTaToB.
3akntoueHune. VGARUS JEMOHCTPUPYET pacTyLLyO Porib FEHOMHOIo anuaHaasopa B 6opbbe ¢ COVID-19 m no-
BblLLEHME FOTOBHOCTU K ByayLmm BCnbilwkam MHMEKLMOHHbIX 3abonesBaHuin. Mnatdopma SBASETCH MOLLHbLIM
WHCTPYMEHTOM 151 GOPMMPOBaHUS Hay4YHO 06OCHOBaHHbLIX peLleHui no 6opebe ¢ NnaHOEMUEN N CMATYEHMIO €€
nocneacTBuUii Ans 300POBbS HACENeHUs, 3KOHOMUKKN 1 obecTBa. OHa NpeaocTaBnsAeT BO3MOXHOCTb onepaTme-
HO nony4atb MHopMaLuo 06 annaemuonornyeckon o6cTaHoBKe B KOHKPETHOM perMoHe Poccuun, ncnonb3oBatb
reHOMHble [aHHble AN NpoBeAeHUs UNOreHeTMYECKOro aHanmaa, CpaBHUBaTb MYTALMOHHbIA CNEKTP nocrne-
posatenbHocten SARS-CoV-2 ¢ 3apybexHbiMmn obpasuamu. JaHHele VGARUS No3BOMSOT NPOBOAUTL PETPO-
CMEKTVBHbIA aHanu3 1 BblABUraTb rMnoTe3bl MPOrHOCTUYECKOro XapakTepa. Tak, SBHO MOXHO yBUAETb AUHAMU-
Ky CMEHbI pa3nuyHbIX BapuaHTOB BMpyca: NnocrnenoBaTenbHOCTH, NpuHagnexawme nuHusm Alpha, Beta, Delta,
Omicron n MHOrMM MeHee pacnpoCTPaHEHHbIM, OTYETNNBO (POPMUPYIOT NOAbEMBI 3a60NeBaeMoCTH, KOTopble
OoTpaXalTCs Ha 3ANMAEMUONOrM4eckomn cutyaumm. B gaHHbIn MOMEHT nnatdgopma pacumpsaeTcs Ans MOHUTOPUH-
ra U3BMEH4YMBOCTW APYr1X NaToOreHoB, YTO yBENMYMBAET €€ 3HaYMMOCTb AN 06LLECTBEHHOMO 34paBOOXpPaHEHNSI.

KnroueBble cnoBa: 2eHoMHas anudemuorioausi, MonekynspHas anudemuornoaus, SARS-CoV-2, cekeeHuposa-
Hue criedyrowe2o nokoneHus, nnamagopma VGARUS, 2eHOMHbIU Had30p
Omuyeckoe ymeepxdeHue. ViccnegoBaHne nNpoBoOAMIOCh Mpu A06POBONBHOM MH(OPMMPOBAHHOM cormacuu na-
umneHToB. [NpoTokon uccnegoBaHus opobpeH ATudveckum komutetom LIHWW 3nupemwuonorum (npotokon Ne 111
o1 22.12.2020).

BnazodapHocmb. Mbl BbipaxxaeM UCKPEHHIO GriarofapHOCTb BCEM, KTO NPUHMMAan yyacTue B co3faHum, obenyxusa-
HUWN N HANOMHEHUN FEHOMHbIMW AaHHbIMKU 6a3bl VGARuUS.

© KotoB U.A., ArnetanHoB M.P, Poes I"B., MumknHa E.B., Hagtoka M.W., MepecaguHa A.B., ByxapuHa A.1O., CeetnuuHbin [1.B., MoHyapos C.E.,
Beixoguesa A.B., bopucosa H.W., NbiceHkoB B.I", Yanbiwes M.[., Arabanaes [.H., CaeHko B.B., YepkawwuHa A.C., CemeHeHko T.A.,
Oy6onenos [.B., Xadumsos K.®., AkumkuH B.T", 2024
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HNcmoyHuk huHaHcuposaHusi. PaboTbl MO CeKBEHVMPOBaHWIO U aHanu3y AaHHbix B LIHWW Snunaemuonorun Pocno-
TpebHaasopa nposBoAMnuUCL Npu hMHaAHCOBOW nopdepxke dedepanbHoro npoekta «CaHUTapHbIN WKUT», cybcuaunii,
BbleNeHHbIX No pacnopsbkeHuto MNpasutensctea PP, a Takke 3a CH4ET BHYTPEHHUX mHaHCOBbIX pecypcos LIHNA
Anuaemuonoruu.

KoHpnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX U NOTEHUMANbHBIX KOH(PIIMKTOB MHTEPECOB, CBSI-
3aHHbIX C Ny6nunKkaumen HacTosiLLen cTaTbu.
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Introduction

The advent of high-throughput sequencing tech-
nologies, also known as next-generation sequencing
(NGS), has led to a significant reduction in the cost
of genomic sequencing experiments over the past 15
years. NGS is increasingly utilized across various bi-
ological and medical fields, including virology, where
its application in studying viral genomes has become
widespread [1-5]. Furthermore, contemporary bio-
informatics tools have expanded the capabilities for
the development and analysis of databases containing
the genomes of pathogens responsible for various in-
fectious diseases [6—8]. Genomic epidemiology has
emerged as a crucial component in epidemic control.
It enables the examination of genetic alterations in the
genomes of pathogens, the identification and classifi-
cation of distinct lineages, and the evaluation of their
pathogenic potential and transmissibility [9—15]. These
studies are very important for the development of new
diagnostic kits, the creation of modern and effective
vaccines, the formulation of optimal epidemic response
strategies, and the prediction of disease incidence.

A striking example of the application of molecular
genetic monitoring is the detailed study of a new coro-
navirus infection during the COVID-19 pandemic [16].
By analyzing the genomes of SARS-CoV-2, associa-
tions were established between different virus variants
and the characteristics of the course of the epidemic.
This approach allows for accurate monitoring, under-
standing the relationship between genetic variants and
their ability to cause disease, and implementing target-
ed measures to prevent the spread of infection.

At the onset of the COVID-19 pandemic, Pro-
fessor Edward Holmes from the University of Syd-
ney, representing a research team led by Yong-Zheng
Zhang from Fudan University in Shanghai, published
the nucleotide sequence of the SARS-CoV-2 genome.
This information was posted on the Virological.org
platform', which allowed the international scientific
community to begin taking immediate action to count-
er the spread of the pathogen, among which were the

' Novel 2019 Coronavirus Genome.
URL: https://virological.org/t/novel-2019-coronavirus-genome/319

development of new diagnostic tests and subsequent
vaccine development [17, 18]. As the pandemic pro-
gressed, countries that had typically relied less on
their own genomic data began to conduct extensive
sequencing experiments. The knowledge gained was
used to develop strategic plans to contain the spread
of infection [19]. The widespread use of SARS-CoV-2
genome sequencing led to a significant increase in the
number of new sequences uploaded to internation-
al databases. The well-known database is GISAID
(https://www.gisaid.org) with more than 16 million se-
quences from more than 200 countries [8].

The aim of the study is to determine the role of the
VGARus platform and its data for analyzing genomic
sequences of SARS-CoV-2 virus collected in Russia.

Materials and methods

Before starting this study, informed consent was
obtained from patients, and the protocol was approved
by the ethical committee of the Central Research Insti-
tute of Epidemiology (protocol No. 111 of 22.12.2020).
Biological material was obtained by taking nasopharyn-
geal swabs from patients with COVID-19 symptoms.
The samples were collected from different regions of
Russia, with most of them coming from Moscow and
the Moscow region. The presence of SARS-CoV-2
RNA was confirmed by real-time reverse transcription
polymerase chain reaction (RT-PCR). RIBO-prep kit
(AmpliSense, Russia) was used for RNA isolation, and
REVERTA-L reagent kit (AmpliSense, Russia) was
used for reverse transcription.

High-throughput sequencing was performed on
the [llumina MiSeq platform (Illumina, San Diego, CA,
USA) using MiSeq Reagent Kit v2 (PE 150 + 150 or PE
250 + 250 cycles) or MiSeq Reagent Kit v3 (PE 300 +
300 cycles), Illumina NextSeq 2000 using NextSeq
1000/2000 P2 reagents v3 (300 cycles), MinlON using
Midnight Kit (Oxford Nanopore Technologies Oxford,
UK), DNBSEQ-G50 using ATOPlex RNA Library Prep
Set (MGI Tech, Shenzhen, China). The Sanger method
was used to sequencing fragments of the spike protein
gene, but this information was barely utilized in the
analysis. In addition, nucleotide sequence data from the
GISAID database were used in case of their geographi-
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cal affiliation to Russia. The program “Pangolin” [19],
as well as internal tools and scripts, were used to classi-
fy different variants of SARS-CoV-2.

In total, more than 82,000 complete SARS-CoV-2
genomes with the date of biomaterial collection from
01.01.2020 to 31.12.2023 were used. Only genomic
sequences that met the specified quality criteria were
selected. The selected genomes were aligned to the ref-
erence sequence NC 045512.2 using the NextClade
tool and then translated into amino acid sequences.
A specialized script written in Python was used to count
the number of amino acid changes compared to the ref-
erence.

Results

Development and creation of the Russian viral genome
aggregation platform VGARus

In 2021, the VGARus platform (Virus Genome
Aggregator of Russia; registration date 06.07.2023,
No. 2023622263) was developed and established at the
Central Research Institute of Epidemiology (CRIE) of
Rospotrebnadzor in accordance with the decree of the
Government of the Russian Federation. The key tasks
of this platform are collection of data on viral genomes,
centralized analysis of genetic diversity and temporal
dynamics of identified SARS-CoV-2 variants in Russia.
A scientific consortium was established, comprising in-
stitutions from Rospotrebnadzor, the Ministry of Health
of the Russian Federation, various scientific institutes,
and other organizations. Currently, more than 150 or-
ganizations are members of the consortium, many of
which are actively conducting extensive genomic se-
quencing of SARS-CoV-2 and uploading the obtained
sequences to the VGARus database for further analysis.
In addition, the Republic of Armenia and the Republic
of Belarus are participating in the project, which makes
it possible to track pathogen variability in neighboring
countries with active transport connections.

The process of monitoring viral genome variabili-
ty involves the following steps (Figure 1):

* the sequencing laboratory receives biological
material from diagnostic laboratories, including
those affiliated with hospitals. The quality
of these samples is preliminarily assessed,
typically through PCR analysis, to determine
viral load and assess the sample’s suitability for
next-generation sequencing (NGS);

» the laboratory that provided the biological
material must enter the relevant metadata into
the VGARus platform (information on sex,
age, vaccination status of the patient, date of
collection of the biological material, region of
collection, etc.);

» a specialized sequencing laboratory conducts
the essential sample preparation followed by the
sequencing of viral genomes;

ORIGINAL RESEARCHES

* primary bioinformatics analysis is performed,
which includes data quality control, genome
assembly (usually by alignment to a reference
genome) and sequence validity check (assess-
ment of genome coverage);

* uploaded genomic information is validated and
processed automatically using the “Pangolin”
program for complete genomes [19, 20] and
the “V-TRACE” program (developed by CRIE)
for fragment sequencing results. Samples with
genomes that fail quality control are marked as
invalid on the platform, and a corresponding
notification is sent to the originating laboratory.

All SARS-CoV-2 genomic sequences in the coun-

try, obtained through routine epidemiologic monitor-
ing, are registered in the VGARus database. The system
supports both manual uploading and uploading via spe-
cialized APIs, facilitating the addition of large volumes
of sequences. Each sample entry in the system includes
not only the nucleotide sequence but also associated
technical data. Upon registration in the database, the
sample is automatically assigned an internal identifier,
and the SARS-CoV-2 genome sequence is appended to
the sample information field. The technical informa-
tion encompasses data on the organizations involved in
sample collection and laboratory processing, the dates
of sample receipt, registration in the system, and se-
quence upload.

The S-protein SARS-CoV-2 plays a key role in

virus variant identification. This is due to its role in vi-

Patient biological
material

Diagnostic

laboratory Sequencing laboratory

sequencing,
bioinformatics
— ifct<20 — analysis:
genome

RT-PCR
assembly,
initial
validation

Nucleotide sequences, metadata

|

VGARus

secondary validation,
virus genotyping

Metadata —>

Fig. 1. The stages of the process of monitoring the variability
of viral genomes.
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rion entry into host cells and high mutation frequency/
variability of the sequence [21]. However, attempting
to establish a virus variant solely on the basis of muta-
tions in the S-protein gene may lead to incomplete or
inconsistent results [22]. Given the complexity of viral
evolution, in which individual mutations may affect vi-
rus functions differently and interact in ways that may
alter the overall effect, bioinformaticians at the Central
Research Institute for Virus Evolution have developed
the V-TRACE algorithm to address this problem. The
algorithm identifies mutations in the S-protein gene
of SARS-CoV-2, after which a plausibility measure of
whether the sequence under study belongs to different
virus lineages is estimated.

Temporal dynamics and evolutionary trajectories
of SARS-CoV-2 variants

The VGARus platform is a valuable resource for
tracking the dynamics of the COVID-19 pandemic in
Russia and studying its peculiarities. In particular, sys-
tematically collected sequence information allows us to
study the genomic diversity of the virus.

In 2020, a substantial diversity of SARS-CoV-2
lineages was observed [23]. These lineages did not ex-
hibit significant advantages over one another, resulting
in none of the variants becoming dominant. In Decem-
ber 2020, about a year after the new coronavirus began
to spread worldwide, the UK authorities informed the
World Health Organization of the discovery of a new
SARS-CoV-2 lineage, named VOC-202012/01. It had
numerous mutations in its genome and was originally
named “British” but was later renamed Alpha to avoid
naming variants by country. Among the mutations found
in the S-protein gene, the most important were N501Y,
P681H and A69-70 [24, 25]. These mutations affected
the ability of the virus to infect cells and evade the host
immune response and, as a consequence, allowed it to
spread more efficiently. This variant was detected in
Russia in late 2020 and persisted into early 2021, coin-
ciding with a sharp increase in the number of cases.

The Beta variant was identified shortly thereafter,
but it had a much lower prevalence than Alpha. In the
spring of 2021, the Delta variant appeared and quickly
became dominant, leading to a significant increase in
the incidence and hospitalization rate [26]. After a pe-
riod of relatively favorable epidemiological conditions,
the Omicron variant appeared in December 2021 (Fi-
gure 2), which led to a marked increase in the number
of cases in Russia. However, the incidence of the dis-
ease declined just as quickly.

Despite a period of low numbers of COVID-19
cases in the spring of 2022, the emergence of Omicron
subvariants BA.4 and BA.5 caused an increase in inci-
dence that lasted until the end of October (Figure 3).
In late 2022 and early 2023, highly contagious variants
such as BQ.1* emerged. Such shifts in dominant lin-
eages well illustrate the ever-changing and complex na-

ture of SARS-CoV-2 evolution. Notably, in early 2023,
modified versions of pre-existing lineages returned to
the virus population, notably Omicron BA.2, present-
ed as recombinant forms of XBB*. In November 2023,
a variant of coronavirus BA.2.86, unofficially named
Pirola, began to spread rapidly in several countries, in-
cluding Russia. It was notable for the large number of
accumulated changes in the genome compared to ear-
lier lineages and by the end of 2023 had become the
predominant virus lineage, and in early 2024 its JN.1
sublineage was almost completely dominant in most
countries of the world.

The pathogen variability described above under-
scores the importance of ongoing epidemiologic moni-
toring and sequencing of virus genomes for the timely
detection of new variants or changes in viral population
structure. Rapid identification of such changes can help
in the development of public health strategies and in
controlling the spread of these variants.

Comparative analysis of Figure 2 and Figure 3 re-
veals a trend wherein each new significant virus lineage
becomes dominant once it reaches a threshold of 50%
of the total population size, typically within 1.5 to 3.0
months. Additionally, the period during which an indi-
vidual lineage remains dominant ranges from 3 months
to 1 year.

We then attempted to explain the dynamics of
COVID-19 incidence in Russia and to explore the pos-
sibility of predicting the rate of spread of a particular
virus sublineage on the basis of SARS-CoV-2 sequence
data. Our main hypothesis is that specific mutations in
the virus genome significantly affect the incidence rate.
However, the reported incidence rate undoubtedly de-
pends on other critical factors such as population im-
munization rates, PCR testing coverage, and seasonal
factors, whose exact contribution is difficult to estimate.
Therefore, these factors were not used for the analysis.

The period from May 2020 to December 2023 was
divided into 21-day intervals. The time period studied
was limited to December 2023, allowing for a detailed
examination of trends at that time. However, the sub-
sequent emergence of the BA.2.86 variant has shown
that predicting future trends can be extremely difficult.
Given the key role that missense mutations play in viral
transmission rates, nucleotide sequences were aligned
to the reference genome and translated into amino acid
sequences using NextClade [27]. The number of ami-
no acid changes compared to the reference sequence
was chosen as a metric of viral variability. For example,
a rapid increase in the number of frequently occurring
changes may indicate an active mutational process or the
importation of a new lineage into the study region. The
higher the mutational activity of a virus, the more likely
it is that some subset of acquired mutations can affect the
properties of the virus, such as its transmissibility.

The amino acid changes compared to the refer-
ence sequence from May 2020 to December 2023 are
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represented by the black line in Figure 4. For each in-
terval, only mutations with a frequency of at least 50%
are plotted. This approach enables the evaluation of
mutations that significantly affect the adaptability of a
viral variant or are inherited alongside such mutations.
The graph clearly highlights three distinct intervals
during which the number of frequent mutations in the
SARS-CoV-2 genome increased. These intervals corre-
spond to June 2021, February 2022, and January 2023,
aligning with the widespread distribution of the Delta,
Omicron, and XBB variants in Russia, respectively.

One potential limitation of the method described
above is that it cannot effectively reflect the dynamics
of change when new and old dominant lineages have
different characteristic mutations, but their absolute
number differs only slightly. A simple counting of mu-
tations in such a case will lead to the erroneous conclu-
sion that genetic evolution does not occur. To solve this
problem, the qualitative composition of mutations was
analyzed.

Sets of amino acid changes with a frequency
greater than 50% were considered as separate sets for
each time interval. Differences between them for ad-
jacent time intervals were evaluated and used to mea-
sure the genetic variability of the virus. In this case,
both the appearance and disappearance of a mutation
with a frequency of at least 50% compared to the pre-
vious period was considered a change (Figures 2, 4).
This auxiliary strategy demonstrated its reliability.
Thanks to its application, we observed qualitative
changes in the set of frequent mutations in the pop-
ulation caused by the transition from lineage BA.1 to
BA.2. At the same time, fluctuations in the absolute
number of common mutations were minimal. Both da-
ta sets described above are consistent with the World
Health Organization data on the incidence of SARS-
CoV-2 in Russia (Figures 3, 4).

Increases in disease incidence are often preceded
by significant changes in the pathogen genome, as was
the case in the summer of 2021 with the appearance
of the Delta variant, in December 2021 with Omicron
(BA.1/BA.2), in July 2022 with Omicron (BA.5), and
in early 2023 with XBB (Figure 5). However, seasonal
factors also play an important role.

We investigated the dynamics of mutation fre-
quencies in the SARS-CoV-2 genome in Russia (Fi-
gure 5). It was noted that during the spread of the new
dominant lineage at the above-mentioned time points,
the frequency of mutations characteristic of them
demonstrated a rapid S-shaped growth. When the new
lineage began to dominate in the country, the frequency
of mutations characteristic of the replaced lineage de-
creased along a similar S-shaped trajectory. In addition
to the general picture, local trends can be observed on
the mutation frequency distribution graph.

The frequency distribution of mutations also re-
veals two distinct trends on the right side of the graph.
A more precise analysis of the mutations and sequences
comprising these trends shows that both groups of lin-
eages include XBB.1.9.1, FL.24, FL.1.5.1, XBB.1.16,
XBB.1.16.11, and XBB.1.16.17. The upper trend, sit-
vated in the high-frequency range (70-90%) and in-
dicated by the green dashed line, is formed by muta-
tions common to all these lineages, such as S:G252V
and ORF1b:S959P. Meanwhile, in the low-frequency
range, the trend indicated by the dashed line is formed
by mutations found in subgroups of the same lineages,
such as S:E180V, which is present only in XBB.1.16,
XBB.1.16.11, and XBB.1.16.17, and ORF1a:G1819S,
found in the remaining lineages.

Studying the spreading dynamics of these lineag-
es with time can potentially help predict the evolution
of SARS-CoV-2. For this reason, the frequency dyna-
mics for several of the discussed sublineages from June
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through December 2023 are presented in Figure 6. Lin-
eages XBB.1.9.1 and XBB.1.16 were intentionally ex-
cluded from this analysis due to the decreasing or static
nature of their frequency trend during the period under
consideration. The former line significantly decreased
its prevalence to almost zero, while the latter line did
not change its frequency, remaining between 6—16%.
Consequently, they are not considered potentially fu-
ture dominant lineages.

However, after this period, the BA.2.86* (“Pi-
rola”) lineage became dominant shortly after XBB,
which could not have been predicted from data ob-
tained by mid-December 2023, when this lincage was
found in only a few samples. Figure 6 also shows that
most of the lineages previously considered potentially
dominant, although becoming more common, reach a
frequency of only about 16% in a few months. Mean-
while, earlier observations in this study suggest that a
dominant line typically reaches 50% frequency within
1.5-3.0 months of emergence.

These data suggest that a future potentially domi-
nant lineage must possess a certain minimum spreading
rate; otherwise, it is likely to be displaced by others.
This hypothesis aligns with the periodic nature of lin-
eage changes. Additionally, such events complicate the
prediction of the pandemic’s trajectory, particularly in
determining the dominant lineage in the near future
and its impact on public health. Finally, the rapid emer-
gence and spread of an entirely new variant can render
all previous predictions irrelevant.

Data on the distribution of mutations in the ge-
nome were also obtained. Figure 7 highlights mutations
that reached a frequency of at least 50% at the consid-
ered time points. Many of these mutations were found
in the S-protein gene, which aligns with the findings of
other research groups [28]. It is notable that each new
dominant lineage introduces progressively fewer new
mutations in this gene. While it is challenging to inter-
pret this observation unambiguously at present, it may
suggest the degree of relatedness between the lineages
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Fig. 6. Prevalence of SARS-CoV-2 from June 2023 through mid-December 2023.
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For each timeframe dominant strain is presented.

or that the gene is approaching its optimal structure for
maximizing affinity to the human ACE2 receptor.

Discussion

The development of the Russian viral genome ag-
gregation platform VGARus has become an important
aspect in the fight against the COVID-19 pandemic
in the country. This database contains over 320,000
SARS-CoV-2 genome sequences, including approxi-
mately 200,000 complete genomes. VGARus supports
many essential functions, such as the identification of
novel virus variants, the creation of effective diagnos-
tic tools, and the formulation of public health policies
[12-15].

VGARus has significantly contributed to the un-
derstanding of the spatial and temporal dynamics of the
COVID-19 pandemic. By providing detailed informa-
tion on the time and location of each genomic sample,
the platform allows visualizing the distribution of spe-
cific viral variants in Russia and their evolution over
time. This detailed knowledge provides an important
advantage in predicting epidemiologic trends in the
coming months. For example, using VGARus, we ac-
curately predicted an increase in COVID-19 incidence
in the summer of 2022 and early 2023, associated with
the emergence of Omicron BA.5 and XBB subvariants,
respectively. These predictive capabilities enable pub-
lic health authorities to respond rapidly to changing
epidemiologic situations.

In general, the results presented above on the fre-
quency of occurrence of various SARS-CoV-2 variants
in Russia are consistent with the data of other studies
in different countries. For example, B. Xiao et al. used
data from the GISAID platform [29]. They considered
sequences obtained in the period from January 2020
to May 20, 2023 in the USA, UK, India, South Afri-
ca, Brazil, and Russia. During this period, the GISAID
platform collected about 79,000 genomes from Russia.

The overall picture of the evolution and spread
of the virus in different countries is similar, but there
are significant regional differences. For example, in the

USA and the UK, the peak proportion of the Alpha vari-
ant was about 65% and 100%, respectively. At the same
time, in Russia, the estimate of its peak prevalence was
about 40%, according to the foreign study, and 20% in
the current work. This difference can be explained by a
wider geography of our study than the one based only
on GISAID data.

The Delta variant arrived in Russia in approxi-
mately the same period as in the other countries stu-
died — April-May 2021. Exceptions included India,
where this variant appeared in March 2021, and Brazil,
where the spread of the strain began only in July 2021.
As in most of the other countries studied, the Gamma
variant was practically undetectable in Russia, while it
was dominant in Brazil and was registered in the USA
with a peak frequency of about 10%.

The frequency dynamics of the BA.1 and BA.2
sublineages were nearly identical in Russia and all the
countries studied, except for India. In India, BA.1 did
not become dominant, remaining below 40%, while
BA.2 spread earlier and remained dominant for almost
8 months. A unique characteristic of Russia and India
was the almost complete absence of BA.4, which was
found in other countries with peak frequencies ranging
from 20% to 60%.

The presented comparison demonstrates that indi-
vidual virus variants may begin their spread in differ-
ent regions of the planet with a difference of several
months, and the time of their maximum prevalence may
vary considerably. The data on the frequency dynamics
of SARS-CoV-2 variants are consistent with the find-
ings on the timing of their spread and dominance made
in this study.

In this study, we also demonstrated the main ca-
pabilities of the VGARus platform, presented the dyna-
mics of variant diversity and mutations of SARS-CoV-2
in Russia, and examined in detail the scenario preced-
ing the change of the dominant lineage in December
2023. The results of this part of the study revealed
certain limitations in predicting the dominant lineage
in the near future. These limitations, caused by the ra-
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pid emergence of new lineages subsequently becoming
dominant, represent a significant challenge for existing
prediction tools [30, 31]. Nevertheless, we remain op-
timistic that future approaches will effectively address
this factor. This work has, however, highlighted some
general trends in the course of a pandemic, with the
periodic nature of the change in the dominant variant
being particularly crucial.

In addition to its role in tracking the course of epi-
demics, VGARus has practical implications, such as the
development and assessment of diagnostic tests. For ex-
ample, researchers at the Central Research Institute of
Epidemiology regularly use VGARus data to test the ef-
fectiveness of primers and DNA probes used in test kits.
Thus, the platform provides information for the develop-
ment and processing of oligonucleotides for diagnostic
test systems, information about the variants circulating
in the country, about the variability of the pathogen se-
quence in the annealing site of primers and probes [32].

ORIGINAL RESEARCHES

The capabilities of the VGARus platform have
now been extended beyond SARS-CoV-2 research. The
platform is currently being expanded to include data
on additional pathogens, such as the viruses causing
hepatitis, influenza, varicella, measles, and others. This
multi-pathogen functionality will serve as a valuable
tool for virologists and infectious disease specialists,
enabling enhanced monitoring of the spread of various
diseases and facilitating timely public health interven-
tions.

Overall, VGARus is a significant achievement
of the joint efforts of numerous scientific institutes of
Rospotrebnadzor and other agencies [12]. Its imple-
mentation has expanded our understanding of SARS-
CoV-2 and contributed to the study and control of the
COVID-19 pandemic. VGARus emphasizes the critical
importance of epidemiological monitoring in controlling
infectious disease outbreaks and the significance of col-
laborative efforts in addressing global health crises.
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