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Abstract

The topic of epidemiologic surveillance is one of the basic concepts in the theory and practice of epidemiologic
science. In Russia, generalization of the accumulated factual material and theoretical developments have allowed
us to formulate a number of provisions on the nature of the epidemic process. The pandemic of a new coronavirus
infection has forced adjustments in all spheres of society, including the activities of the infectious disease
epidemiological surveillance system, requiring the development and implementation of innovative solutions.
Based on the experience of prompt response to the tasks set by the COVID-19 pandemic, the authors raised
the problem of development and implementation of a system of molecular genetic monitoring for pathogens of
emerging and re-emerging infections as a priority vector of epidemiological surveillance development.

The introduction of modern molecular biological technologies for the identification of pathogens with epidemic
potential, taking into account their genetic diversity, into the system of epidemiologic surveillance has been
substantiated based on the experience of using platform solutions created by the Central Research Institute
of Epidemiology of Rospotrebnadzor. The strategy of genomic epidemiologic surveillance as a powerful tool
to ensure readiness for response measures and management of the epidemic process by implementing and
adjusting preventive and anti-epidemic measures was developed.

The Russian platform for aggregation of information on virus genomes (VGARus) developed at the Central
Research Institute of Epidemiology of Rospotrebnadzor as a technological, scientific, organizational and
infrastructural base of genomic epidemiological surveillance, acting as an interdepartmental consortium, has
been introduced into practice. The efficiency of VGARus was shown to assess the mutational variability of SARS-
CoV-2, the influence of evolutionary development of circulating pathogens on the characteristics of the epidemic
process, the implementation of operational and retrospective analysis of morbidity and prediction of the spread
of genetic variants of pathogens.
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CTpa'rervm reHOMHoOro annpaeMmmonornyeckoro Haa3sopa
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'LleHTpanbHbI HayYHO-UCCNEeA0BATENbCKUIM UHCTUTYT anuaemmnonorumn PocnotpebHagsopa, Mocksa, Poccus;
2HauuoHasbHbI MCCnefoBaTeNbCKUA LIEHTP SNUAEMUNONOMM U MUKPOBUONOrMN UMEHW NOYETHOTO akageMuka
H.®. famanen Munsgpasa Poccun, Mocksa, Poccns;

3CeBepo-3anafHblil roCyfapCTBEHHbIN MeaNUUHCKUIA yHuBepcuTeT M. U.U. MeuHunkoBa, CaHkT-lNeTepbypr, Poccnsa

AHHOMauyusi

MMoHATME 3nMMaeMMonornyeckoro Haasopa SBnAeTca ogHUM M3 6a30BbIX B TEOPUM U MPaKTUKE 3NUOEMUONOoru-
Yyeckon Hayku. B Poccum o606LieHne HakonmneHHoro oakTMYeckoro matepuana u TeopetTudeckme paspaboTkm
no3Bonunu copMynupoBaTh psg MOMOXEHWI O CYLLHOCTM anNuaeMu4ecKkoro npouecca. lNaHgemms HoBOM KOpo-
HaBupycHow nHdekummn (COVID-19) BHecna kKOppeKkTuBLI BO BCe cdhepbl XM3HM o6LecTBa, B TOM Yucne B Aes-
TENbHOCTb CUCTEMBI ANNAEMMUONOMMYECKOro Haa30pa 3a MHAEKUMOHHLIMY BonesHsmu, Tpebytowme pa3paboTku
1 peanu3aumm MHHOBALMOHHbIX pewleHuii. Onmpasicb Ha OnbIT ONepaTUBHOIO pearMpoBaHus Ha 3adayu, NocTae-
neHHble nangemuen COVID-19, aBTopamu nogHATa npobnema pa3paboTkv 1 BHEAPEHUS CUCTEMbI MOMNEKyNsAp-
HO-FeHEeTUYECKOr0 MOHUTOPWHIa 3a BO30YyAMUTENSAMU HOBbLIX Y BO3BPALLAKLLMXCA MHEKLMIA KaK MPUOPUTETHOIO
BEKTOpa pasBUTUS ANNOEMMONOrMYECKOro Haasopa.

O6ocHoBaHO BHegpeHne B CUCTEMY 3MUAEMUONOrM4ecKoro Hag3opa COBPEMEHHbIX MONeKynsapHo-6uonornye-
CKUX TEXHOMNOTrMI naeHTUMKaLmnmM NaToreHoB ¢ 3ANMAEMUYECKUM MOTEHLMANOM C Y4ETOM UX FEHETUYECKOrO pas-
HOOOpa3uns Ha onbITe UCMONb30BaHMA NNaTOPMEHHbIX pelleHni, cosganHbix LIHWW Snuaemuonorum Pocno-
TpebHaasopa. PaspaboraHa cTpaterns reHOMHOrO 3MNMAEMMONOrMYeckoro Haasopa Kak MOLLHOMO UHCTPYMEHTa
Ansi obecneyeHmns rOTOBHOCTY K OCYLLIECTBIIEHUIO MEP pearnpoBaHusl U yNpaBneHns anMaeMmyeckum npoLeccom
NyTEM OCYLLIECTBINEHUSA U KOPPEKTUPOBKM NPOUNIAKTUYECKMX U MPOTUBOINMAEMNYECKUX MEPONPUATUIA.
BHegpeHa B npakTuky padpabortaHHas Ha 6ase LIHUW Snugemuonorun PocnotpebHagsopa Poccuiickas nnar-
dopma arperauum nHdopmauumn o reHomax supycoB (VGARUS) Kak TexHonornyeckasi, HaydyHasi 1 opraHusa-
LIMOHHAsA 1 MHApPacTpyKTypHasa 6asa reHOMHOro aNMAEeMUONOrMYecKoro Haa3opa, BbIMOMHAWAA porb MeXBe-
OOMCTBEHHOro koHcopuuyma. NokasaHa adpdektuBHocTb VGARUS ANA OUEHKUM MYTaLMOHHOW M3MEHYMBOCTM
SARS-CoV-2, BN1sHMSA 3BOMOLNOHHOIO pasBUTUS LMPKYNUPYIOLLMX BO3OyAUTENEN Ha XapakTepUCTUKU anuae-
MUYECKOro npoLecca, OCyLLECTBIEHUS ONEPaTUBHOIO U PETPOCMEKTUBHOIO aHan13a 3abonesaeMocTy U NPOrHo-
3a pacnpocTpaHeHUs reHETUYECKUX BapuaHToB Bo30yauTenen.

KnroueBble cnoBa: snudemuonozudeckuli Hadzop, COVID-19, SARS-CoV-2, moneKynsipHo-eeHemu4eckul Mo-
HUMOPUHE, 2eHOMHbIU 3r1udemuornioaudeckul Had3op

McecmoyHuk ¢puHaHcupoeaHusi. ABTOpbI 3asBMSAOT 06 OTCYTCTBMMN BHELLUHEro (hHAHCUPOBAHWUS NPU NPOBEAEHUN UC-
cnefoBaHus.

KoHgbriukm unmepecoe. ABTOpbI AEKNapUPYOT OTCYTCTBME SIBHbIX U NOTEHLMArbHBLIX KOH(MUKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumen HacTosLLEeN cTaTbu.
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Introduction

The growing threat of epidemic and epizootic
outbreaks of new and re-emerging infections, most of
which are characterized by sudden onset, high mortali-
ty, lack of specific methods of diagnosis and treatment,
require the development of new approaches to the orga-
nization of epidemiological surveillance. In the context
of public health, systemic control and management of
the epidemic process of infectious and parasitic diseas-
es are closely related to the problem of biological safe-
ty, which is extremely relevant for all countries due to
the expanding range of real and potential threats caused
by the impact of dangerous biological agents [1-3].

The concept of epidemiological surveillance

The topic of epidemiologic surveillance is one of
the basic concepts in the theory and practice of epide-
miologic science. In Russia, generalization of the accu-
mulated factual material and theoretical developments
allowed us to formulate a number of concepts and
provisions on the nature of the epidemic process: the
theory of the mechanism of transmission of infectious
pathogens by L.V. Gromashevsky [4] and the theory
of natural foci of infectious diseases by E.N. Pavlov-
sky [5]. However, based on these theories, the leading
scientists of the country developed the main provisions
of epidemiologic surveillance, which had certain differ-
ences in interpretation. In the socio-ecological concept
of the epidemic process formulated by academician
B.L. Cherkassky, epidemiological surveillance was de-
fined as a system of dynamic and comprehensive mon-
itoring for the epidemic process of a particular disease
in a certain territory in order to rationalize and improve
the effectiveness of preventive and anti-epidemic mea-
sures [6]. According to the definition of academician
V.1. Pokrovsky, epidemiologic surveillance is the infor-
mational support of the infectious disease prevention
system, guaranteeing comprehensive tracking of the
epidemic process and its determinants (screening) and
clearly responding to all possible changes in its devel-
opment (monitoring) [7].

According to the theory of academician V.D. Be-
lyakov, the basis for the development of the epidem-
ic process are phase changes in the heterogeneity of
biological properties of interacting populations of the
pathogen and humans, based on feedbacks in the pro-
cess of self-regulation, with social and natural factors
being an important part of it [8]. According to this
theory, epidemiologic surveillance is considered as a
management system that involves dynamic assessment
of trends in the development of the epidemic process
in space and time, providing timely intervention in its
course in order to reduce the incidence of disease in
the general population and eliminate individual infec-
tions [9]. In this definition, the goals of epidemiologic
surveillance coincide with the goals of the anti-epidem-
ic system as a whole. It is the concept of the self-regu-

lation mechanism of parasitic systems that formed the
fundamental basis for the practice of epidemiological
surveillance developed in the modern period, which
is defined as continuous assessment of the state and
trends in the development of the epidemic process for
the timely adoption of management decisions that en-
sure the implementation of measures adequate to the
situation.

There are no significant differences in the under-
standing of the essence of epidemiological surveillance
between Russian and foreign experts, but the empha-
sis is different. Thus, according to the definition of the
World Health Organization (WHO), epidemiological
surveillance is a systematic continuous collection, com-
parison, analysis of data and timely dissemination of
information among interested parties to make certain
decisions [10]. In the domestic health care system, the
fact that the object of epidemiological surveillance is
the epidemic process, which is a unity of biological,
natural and social factors, and the surveillance itself
began to be considered as a tool for its cognition, was
generally recognized.

Epidemiological surveillance system

The system of epidemiologic surveillance includes
three interrelated subsystems: informational, diagnostic
and managerial.

The information subsystem is the basic section of
epidemiologic surveillance, which takes into account
and records data on the status and trends of the epide-
mic process, causes (biological factor) and conditions
(social and natural factors) that support it in a particular
territory. Depending on the epidemiological features
of the infectious disease, the level of theoretical know-
ledge and practical capabilities, epidemiological and
socio-ecological monitoring are realized.

Diagnostic subsystem provides pre-epidemic di-
agnostics, including timely detection of preconditions
and precursors of epidemic disadvantage, as well as
forecasting of further development of the epidemic sit-
uation based on the assessment of all information flows.

The management subsystem is focused on the in-
clusion of information, diagnostic and analytical data
in epidemiologic surveillance, taking into account mo-
dern achievements of science and practice. Managerial
decisions imply drawing up problem-thematic and pro-
gram-targeted plans, control over their implementation
and making adjustments to the tactics of the conducted
activities taking into account changing risk factors [11].

Russian platform for aggregation

of information on virus genomes
The pandemic of a new coronavirus infection has
made adjustments in all spheres of society, including
the activities of the health care system. The XII Con-
gress of the All-Russian Public Organization under the
name of "All-Russian Scientific and Practical Society
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of Epidemiologists, Microbiologists and Parasitolo-
gists" outlined the main milestones of further devel-
opment of the sanitary and epidemiological service of
the country taking into account the transformation of
the general paradigm of epidemiological surveillance
and control. Changes in the socio-economic and epide-
miological situation in Russia, increasing pressure of
adverse environmental factors on humans, urbanization
processes, development of new technologies in medi-
cine, food industry and agriculture are reflected in the
state of sanitary and epidemiological well-being of the
population. Obviously, these trends require fundamen-
tally new approaches to the organization and conduct of
epidemiological surveillance of infectious diseases, de-
velopment of regulatory and legal support, implemen-
tation of scientific solutions in practice [12].

The COVID-19 pandemic has vividly demonstra-
ted the devastating consequences of mass infectious
diseases that kill millions of people and undermine the
global economy. The catastrophic expansion of the in-
cidence of a new coronavirus infection has not only ex-
posed the public health problems of most countries, but
has also been an impetus for scientific progress in many
fields of medical and biological sciences. The global
spread of the new infection caused by SARS-CoV-2
has facilitated the development of innovative tools and
technologies in various fields and accelerated the inte-
gration of genomic research into public health practice.
There is an urgent need to develop new approaches to
the organization of epidemiological analysis and fore-
casting of COVID-19 epidemic development using in-
novative platform solutions and digital technologies.

The organizational mission to create a system
of molecular genetic monitoring during the pandemic
COVID-19 belongs to A.Yu. Popova, the head of the
Federal Service for Supervision of Consumer Rights
Protection and Human Welfare. In accordance with the
set tasks and because of the vast experience of anti-ep-
idemic work in Russia, a strategy of proactive response
to the spread of a new coronavirus infection was imple-
mented, which made it possible to prevent an excessive
burden on the health care system, save millions of lives
and prevent large-scale negative consequences for all
spheres of life [13, 14].

In accordance with the Resolution of the Gov-
ernment of the Russian Federation dated 23.03. 2021
No. 448 "On Approval of the Temporary Procedure
for Provision of Genome Decoding Data of the New
Coronavirus Infection Pathogen (COVID-19)" to en-
sure rapid assessment of the dynamics of the spread of
known and new genetic variants of SARS-CoV-2 cir-
culating on the territory of the country, Virus Genome
Aggregator of Russia (VGARus), which contains in-
formation on nucleotide sequences of SARS-CoV-2
viruses and their mutations circulating in the regions
of Russia, was developed and implemented, and can be
used for storage, systematization and sampling of data
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for mutation detection and determination of virus ge-
netic variants. VGARus was developed and consolidat-
ed by the Central Research Institute of Epidemiology
of Rospotrebnadzor. The software integrated into the
VGARus platform allows analyzing sequencing results,
determining the probable virus strain, generating stan-
dardized reports, and downloading samples for further
sequencing [15]. VGARus makes it possible to con-
tinuously monitor the mutational variability of SARS-
CoV-2, providing essential data for the detection of new
genetic variants and tracking their prevalence in Russia.
The algorithm of work with VGARus data allows to
carry out operative and retrospective analysis of distri-
bution of genetic variants of SARS-CoV-2 taking into
account the latest information on genetic diversity of
COVID-19 pathogen.

The main purpose of VGARus is to centralize the
collection and analysis of the dynamics and structure
of identified SARS-CoV-2 variants in Russia [16]. Cur-
rently, all Russian scientific institutions involved in
coronavirus genome sequencing and registered as users
on the portal have the opportunity to upload the studied
genomic sequences to VGARus. The obtained registra-
tion certificates allow its participants to use information
from the national database. The platform is accessed
through the portal genome.crie.ru.

Thus, a scientific consortium was, in fact, creat-
ed, which included institutions of Rospotrebnadzor,
the Ministry of Health of the Russian Federation and
a number of other agencies. Currently, more than 150
organizations are integrated into the VGARus system,;
a significant part of them perform mass sequencing
of SARS-CoV-2 genomes and download sequenc-
es. Preliminary quality assessment of these samples
is performed, which typically includes analysis using
polymerase chain reaction to determine viral load and
assess the suitability of the sample for next-generation
whole-genome sequencing. Algorithms running in the
database automatically perform mutation analysis and
identification of the SARS-CoV-2 variant in each sam-
ple. After loading the nucleotide sequence of the virus,
the system automatically starts the process of sequenc-
ing validation, analyzing the belonging to one or another
genetic variant. The downloaded genomic information
is processed using Pangolin and V-TRACE programs
(developed by specialists of the Central Research Insti-
tute of Epidemiology of Rospotrebnadzor) in automat-
ed mode with subsequent bioinformatic analysis.

Each sample in the system contains not only the
nucleotide sequence and technical data, but also infor-
mation on the place and time of collection of biologi-
cal material, as well as data on the examined person:
sex, region, age, vaccination status, estimated number
of contacts, comorbidities, recent foreign travel, etc.
These data, given their epidemiologic significance, will
allow them to be used for operational and retrospective
analysis. When samples are registered in the database,
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they will automatically receive an internal registration
number, after which the SARS-CoV-2 genome se-
quence can be added to the sample information field.
Technical information also includes data on the orga-
nizations involved in the collection, laboratory sample
preparation, the date the sample was sent and received,
the date the information was entered, and the date the
current record was generated in the system [17-20].

Molecular genetic monitoring during the
COVID-19 pandemic

The national VGARus database, which contains a
large set of SARS-CoV-2 sequences, is an invaluable
resource for tracking and deciphering the evolution of
the COVID-19 pandemic (Fig. 1).

During the first year of SARS-CoV-2 presence in
the human population, no nucleotide substitutions in
its genome that could significantly alter the pathogen's
properties were detected. However, since preservation
of the pathogen as a biological species is impossible
without evolutionary development, the heterogeneity
of the coronavirus population began to increase due
to circulation of different variants with subsequent se-
lection and formation of the epidemic variant of the
pathogen. Dynamic monitoring of mutational variabil-
ity of circulating coronaviruses started in Russia in
December 2020. During this period, a genetic variant
initially known as British was discovered, which was
later renamed Alpha (B.1.1.7) in accordance with the
WHO decision to abandon the use of country names
to designate strains. Among the mutations found in
the S-protein gene, the most significant were N5017,
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P681H, and A69-70, which affect the transmissibility of
the virus and its ability to infect cells and evade the im-
mune response. The discovery of the Alpha variant in
Russia coincided with an increase in the number of cas-
es in late 2020 and early 2021. Later, the Beta variant
(B.1.351), first detected in the Republic of South Afri-
ca, and Gamma (P.1), identified in Brazil, were identi-
fied, but they were not widespread in Russia, account-
ing for only a small percentage of the total number of
new cases. The Alpha variant spread across Russia in
winter 2021, and in summer 2021, a new variant, Del-
ta (B.1.617.2), emerged, which was accompanied by
a significant increase in the number of cases and hos-
pitalizations, a severe course of coronavirus infection
and high mortality rates. The Delta genetic variant pre-
vailed in Russia from May to December 2021, with its
share among the identified variants approaching 100%.
The dominant variant in all months of observation since
the start of registration of genetic variant Delta was the
variant, which was named AY.122 by the Pangolin clas-
sifier from 26.11.2021 (83.3%). In total, more than 400
sublineages of the Delta genetic variant were isolated
in Russia.

The process of change of biological properties of
SARS-CoV-2 virus with the subsequent change of pre-
vailing genetic variants is associated with the evolution
of the virus and the formation of its epidemic variant
with a natural change in the immunological structure
of the human population in the chain of circulation of
the pathogen. As a result of changes in the population
of SARS-CoV-2 virus during circulation of the Delta
genetic variant (increased virulence, increased abun-
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Fig. 1. Dynamics of SARS-CoV-2 genetic variants in Russia in 2020-2024.
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dance), a new rise in morbidity among the population
was observed. Going by the theory of self-regulation of
parasitic systems, the process went from the phase of
reservation to the phase of epidemic transformation and
then epidemic spread. Changes in the genetic properties
of the virus led to changes in its pathogenicity and, as
a result, influenced the severity of the clinical course
of the disease and the characteristics (indicators) of the
manifestations of the epidemic process.

As a result of the interaction between the patho-
gen and human populations, taking into account their
heterogeneity, a new variant of SARS-CoV-2 coronavi-
rus, first identified in Botswana and South Africa, was
identified in late 2021 and named Omicron (B.1.1.529
according to the PANGO classification) by WHO. The
Omicron variant started to spread rapidly from Decem-
ber 2021 and is now completely dominant in Russia
(100% of samples tested). Analysis of VGARus data
revealed dissociation of the Omicron genetic lineage
in Russia with the highest frequency of circulation of
subvariants BA.1 (54.5%), BA.1.1.1 (21.6%) and BA.2
(23.8%).

Spring 2022 was a period of epidemiologi-
cal well-being characterized by a low incidence of
COVID-19. However, the emergence of Omicron sub-
variants BA.4 and especially BA.5 led to an increase
in incidence that lasted until the end of October 2022.
In late 2022 and early 2023, highly transmissible vari-
ants such as BQ.1* (subvariant BA.5) emerged, indicat-
ing the dynamic and complex nature of SARS-CoV-2
evolution. The early months of 2023 saw a resurgence
of new forms of old strains, including Omicron BA.2,
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which returned as recombinant forms of XBB*, being
prevalent for most of 2023. Within the XBB lineage, its
own prevalent forms emerged, such as XBB.1.5 (Kra-
ken), XBB.1.16 (Arcturus), and XBB.1.9.2.1 (EG.5,
Eris). The emergence of the latter coincided with the
beginning of the increase in the incidence of the disease
in the country in September 2023.

At the end of August 2022, a new SARS-CoV-2
variant, BA.2.86 (Pirola), which had many additional
mutations compared to previous Omicron variants, was
first detected in Denmark and Israel. However, it was
not the cause of the increase in incidence in many coun-
tries, because the growth itself began earlier than the
active spread of this genetic variant. The first cases of
BA.2.86 infection were first detected in Russia in early
November 2023, and further spread of BA.2.86 could
slightly prolong the stage of the rise, including in Janu-
ary-February 2024, when the BA.2.86 JN.1 subvariant
began to spread actively, becoming prevalent both in
Russia and practically in all other countries. In total,
more than 600 different Omicron sublineages have been
registered in Russia, although this number may vary de-
pending on the definition of the sublineage (Fig. 2).

SARS-CoV-2 has evolved and genomic changes
have led to the emergence of such characteristics as
more intense transmission, changes in clinical symp-
toms, evasion of the immune response, and drug resis-
tance. The phase self-reorganization of the pathogen
population during the emergence of the Omicron gene-
tic variant led to a decrease in its virulence, which was
accompanied by a decrease in the severity of diseas-
es, the number of hospitalized and deceased patients,

Fig. 2. Dynamics of Omicron genetic variant in Russia in 2022-2024.
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which may indicate a phase of reserve transformation
in accordance with the theory of self-regulation of
parasitic systems. Preservation of the pathogen as a
biological species is impossible without evolutionary
development, which is facilitated by genome instabil-
ity and mutations, as well as expansion of the range of
heterogeneity of the SARS-CoV-2 virus population due
to circulation of both low- and high-virulence variants
with subsequent stabilizing selection and formation of
the epidemic variant of the pathogen. Therefore, the
phase of reservation always balances on the border with
the phase of epidemic transformation, when new strains
capable of bypassing the protection previously formed
by the human population, eluding protection from vac-
cines and post-infection immunity, emerge and gain ad-
vantage in natural selection.

The importance of genomic epidemiologic
surveillance

Molecular genetic monitoring makes it possible
to anticipate changes in phenotypic properties affecting
the epidemic process manifestation indicators and so-
cio-economic consequences of such changes based on
a more detailed study of the genetic characteristics of
pathogens.

It is important to note that at the end of 2023, the
volume of genomic sequencing has decreased world-
wide, and this could possibly lead to the emergence of
new variants without their detection for an extended pe-
riod of time. A significant amount of data has been ac-
cumulated on evolutionary changes in the SARS-CoV-2
genome, taking into account new epidemiologic proper-
ties. Monitoring and genomic sequencing of the virus are
important for the identification of new genetic variants
and the development of public health strategies.

Genomic sequencing is increasingly being used
to collect data on other pathogens, to investigate out-
breaks of severe infectious diseases (cholera, Ebola,
Dengue, bacterial meningitis, poliomyelitis, etc.) that
may lead to public health emergencies, and to provide
emergency medical care for critical epidemiologic situ-
ations. For example, the Global Influenza Surveillance
and Response System (GISRS) routinely uses genomic
sequencing as an integral part of the zoonotic influenza
outbreak response and pandemic preparedness pack-
age, and for seasonal influenza surveillance to develop
seasonal vaccine recommendations and monitor antivi-
ral susceptibility. GISRS has been used to incorporate
SARS-CoV-2 virus into sentinel surveillance systems
for influenza-like illnesses, acute respiratory infections,
and severe acute respiratory infections to collect data to
inform countries' national COVID-19 pandemic poli-
cies and responses'.

' WHO. Global Influenza Surveillance and Response System
(GISRS). URL: https://who.int/initiatives/global-influenza-
surveillance-and-response-system (date of access: 31.01.2024).

At the 74" Session of the World Health Assembly
held on 30.05.2021, WHO Member States called for
strengthening the role of genomic epidemiological sur-
veillance in emergency preparedness and response, but
there are problems related to the lack of necessary ca-
pacity and appropriate infrastructure for laboratory re-
search. Only two-thirds of countries, including Russia,
have the capacity to conduct genomic sequencing and
ensure regular use of this powerful technology, while
the remaining countries are only establishing genomic
surveillance systems for pathogens with epidemic po-
tential [21].

The 2022-2032 Surveillance Strategy, developed
by WHO based on previous experience and lessons
learned from the COVID-19 pandemic, relies on the
special role of genomics in public health, which it plays
due to the ability to utilize the results of genomic re-
search in various fields of medicine. The strategy is not
limited to a single pathogen or a specific epidemiologic
threat. Rather, it aims to develop a unified vision for us-
ing genomics as a powerful complementary tool to ad-
dress the public health challenges of preparedness and
response to pandemics and epidemics across a broad
spectrum.

Conclusion

The new Global Strategy for Genomic Epidemi-
ological Surveillance of Pathogens with Pandemic and
Epidemic Potential notes that genomic epidemiolog-
ical surveillance is making a significant difference to
public health by providing a better understanding of
the nature, evolution and pathways of infectious patho-
gens. Genomic data on pathogens with pandemic and
epidemic potential, combined with clinical, epidemi-
ologic and other data, are being used for risk assess-
ment, development of vaccines, drugs and diagnostic
tests, and decision-making on epidemiologic and social
control measures. New technologies in sequencing and
bioinformatics that have emerged in recent years have
enabled a number of countries to make significant prog-
ress in building and strengthening their capabilities in
this area.

The goal of genomic epidemiologic surveillance
is to manage the epidemic process on the basis of sys-
temic data on changes in the genetic properties of infec-
tious pathogens with significant epidemic (pandemic)
potential.

Objectives of genomic epidemiologic surveil-
lance:

1. Operational and retrospective analysis of chang-
es in the genetic properties of circulating and emerging
pathogen variants, allowing dynamic tracking of the
change of dominant gene variants.

2. Assessment of the influence of the structure of
circulating pathogens taking into account the peculiar-
ities of territorial distribution on the characteristics of
the epidemic process.
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3. Identification of predictors of the unfavorable
epidemiological situation development on the basis of
molecular genetic monitoring.

4. Predicting the development of the epidemic
process of infectious diseases based on knowledge of
changes in the genetic properties of the pathogen using
innovative platform solutions and application of digital
technologies.

5. Searching for and predicting new human and
animal pathogens.

6. Developing rapid responses to emerging infec-
tions of epidemic and pandemic potential.

7. Management of the epidemic process through
the development of implementation and adjustment of
the system of preventive and anti-epidemic measures.

8. Creation of innovative vaccine and drug pro-
ducts.

Taking into account the above mentioned, Russia
has made a significant step forward in the development
of this scientific field. Genomic epidemiologic surveil-
lance is a qualitatively new level of epidemiologic sur-
veillance, taking into account the possibilities of study-
ing genetic properties of infectious pathogens.

Thus, genomic epidemiologic surveillance, based
on the knowledge of molecular genetic properties of in-
fectious pathogens, is an essential component of biose-
curity of the Russian Federation and a strategic area of
scientific and technological development?.

CIIMCOK UCTOUYHHUKOB | REFERENCES

1. Akmmxun B.IN, Ilomosa A.IO., IlmockmpeBa A.A. m mp.
COVID-19: »sBomtonust mangemun B Poccun. CooOrue-
Hue [: mposeieHus snuaemuueckoro mpouecca COVID-19.
JKypuan Mmuxpobuonoeuu, SnUOeMUorocuUu U UMMYHOOUO-
noeuu. 2022;99(3):269-86. Akimkin V.G., Popova A.Yu.,
Ploskireva A.A., et al. COVID-19: the evolution of the
pandemic in Russia. Report I: Manifestations of the COVID-19
epidemic process. Journal of Microbiology, Epidemiology and
Immunobiology. 2022;99(3):269-86.

DOI: https://doi.org/10.36233/0372-9311-276
EDN: https://elibrary.ru/zxgtfd

2. Axumkul B.I, Ky3un C.H., Konocosckast E.H. u np. Xapaxk-
TEPUCTHKA dIHAeMHUoNoTHYeckoi curyamuun mo COVID-19
B Cankrt-IlerepOypre. JKypuan mukpobuonozuu, snudemuo-
snoeuu u ummyHnobuonoeuu. 2021;98(5):497-511. Akimkin V.G.,
Kuzin S.N., Kolosovskaya E.N., et al. Assessment of the
COVID-19 epidemiological situation in St. Petersburg.
Journal of Microbiology, Epidemiology and Immunobiology.
2021;98(5):497-511.

DOI: https://doi.org/10.36233/0372-9311-154
EDN: https://elibrary.ru/dtmnhz

3. Cemenenxo T.A. Ponb 6aHka CBIBOPOTOK KPOBH B CUCTEME OHO-
Joru4yeckoi 0€30MacHOCTU cTpaHbl. Becmuux Poc3opasnadso-
pa.2010;(3):55-8. Semenenko T.A. The role of the blood serum
bank in the biological safety system of the country. Bulletin of
Roszdravnadzor. 2010;(3):55-8.

EDN: https://elibrary.ru/muute;j

2 Decree of the President of the Russian Federation of 28.02.2024
No. 145 "On the Strategy of Scientific and Technological
Development of the Russian Federation".

10.

11.

13.

14.

. I'pomareBckuit  JL.B. Obwas

TOPICAL ISSUES IN SCIENCE

anudemuonozus. M.;1965.
Gromashevskii L.V. General Epidemiology. Moscow;1965.

. HaBnosckuit E.H. Ilpupoonas ouaecosocmv mpancmuccusHoix

6onesnell 8 Cés3u C IAHOUWADMHOU INUOEMUOTOSUE 300AHMPO-
nonosos. M.;1964. Pavlovskii E.N. Natural foci of Vector-Borne
Diseases in Connection with the Landscape Epidemiology of
Zooanthroponoses. Moscow;1964.

EDN: https://elibrary.ru/zgmugqp

. Uepkacckuit B.JI. Teopermueckoe 0OOCHOBaHHE CTPYKTYPHI

SMUAEMHUONIorn4eckoro Haa3opa. B kH.: [Tokposckuii B.1., pen.
Dnudemuonozsuueckutl HA030p 3a UHPEKYUOHHBIMU DONE3HAMU.
M.;1987. Cherkasskii B.L. Theoretical substantiation of the
structure of epidemiological surveillance. In: Pokrovskii V.I.,
ed. Epidemiological Surveillance of Infectious Diseases.
Moscow;1987.

. [loxposeckuit B.U. Ilytu ontummusauuy 3nuaeMHOIOIHYECKO-

ro Haa30pa 3a UHGEKIMOHHBIMH OONE3HSIMH B cTpaHe. JKyp-
Hal MUKpOOUOno2uY, 3SNUOEMUOLOSUU U  UMMYHOOUONO2UU.
1986;63(11):3—7. Pokrovskii V.I. Ways to optimize epide-
miological surveillance of infectious diseases in the country.
Journal of Microbiology, Epidemiology and Immunobiology.
1986;63(11):3—7. EDN: https://elibrary.ru/pioohv

. bensixoB B.JI. OO6mue 3akOHOMEPHOCTH (DyHKIIHOHHUPOBAHUS

MapasuTapHBIX CHCTEM (MEXaHH3MBI caMmoperymauun). [lla-
pasumonocus. 1986;20(4):249-55. Belyakov V.D. General
patterns of functioning of parasitic systems (mechanisms of
self-regulation). Parasitology. 1986;20(4):249-55.

. bensxos B.Jl. Dnuaemuonornyeckuii HaI30p — OCHOBA CO-

BPEMEHHOI OpraHW3aIllH IIPOTHBOIIHIEMUYECKOH pPabOTHI.
JKypran mukpobuonozuu, snu0eMuonocuu U UMMyHOOUOTOSUU.
1985;62(5):53-8. Belyakov V.D. Epidemiological surveillance
is the basis of modern organization of anti-epidemic work.
Journal of Microbiology, Epidemiology and Immunobiology.
1985;62(5):53—8. EDN: https://elibrary.ru/zfxutr

WHO. Strengthening Population Health Surveillance: A Tool
for Selecting Indicators to Signal and Monitor the Wider Effects
of the COVID-19 Pandemic. Copenhagen; 2021.

Oenpnomrom W.B. DnupeMHONOTHYECKU HAA30p 332 Bak-
nuHonpodunaktukoit. JKypran MeouAdns. 2014;(3):37-55.
Fel'dblyum LV. Epidemiologic surveillance over preventive
vaccination. Medial Journal. 2014;(3):37-55.

EDN: https://elibrary.ru/sxhknx

. [lonosa A.1O., Akumkun B.I'., pen. Mamepuanvt XII Cvezoa

Bcepoccuiickozo HayuHo-npakmuyecko2o oduecmea snuoemiuo-
710208, MUKpobuonozoe u napazumonozos. M.;2022. Popo-
va A.Yu., Akimkin V.G., eds. Proceedings of the XII Congress
of the All-Russian Scientific and Practical Society of Epide-
miologists, Microbiologists and Parasitologists. Moscow;2022.
DOI: https://doi.org/10.36233/978-5-6048873-1-8

EDN: https://elibrary.ru/nrlneo

Craponybos B.U., Beperoeix B.B., Axumkun B.I. u nap.
COVID-19 B Poccum: sBomronus B3IVISJ0OB Ha MaHAEMHIO
(gactb 1). Becmnux Poccuiickoui akademuu MeOUYyuHCKUx Ha-
yk. 2022;77(3):199-207. Starodubov V.I., Beregovykh V.V,
Akimkin V.G., et al. COVID-19 in Russia: evolution of views
on the pandemic. Report 1. Annals of the Russian Academy
of Medical Sciences. 2022;77(3):199-207. DOI: https://doi.
org/10.15690/vramn2118 EDN: https://elibrary.ru/sqglyh
Axuvikun  B.I., [lomoBa A.IO., Xadpuszos K.d. u np.
COVID-19: spomonus nmangemun B Poccun. Coobmenne 1I:
JTUHAMHKa LUPKYIALIUY reHoBapuaHToB Bupyca SARS-CoV-2.
JKypuan muxpobuonoeuu, 3SnuoemMuonocuu U UMMYHOOUO-
noeuu. 2022;99(4):381-96. Akimkin V.G., Popova A.Yu.,
Khafizov K.F., et al. COVID-19: the evolution of the pandemic



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJOIMNI. 2024; 101(2)

DOI: https://doi.org/10.36233/0372-9311-507

171

AKTYAJIbHbIE MPOBJIEMbl HAYKW

15.

16.

17.

in Russia. Report II: dynamics of the circulation of SARS-
CoV-2 genetic variants. Journal of Microbiology, Epidemiology
and Immunobiology. 2022;99(4):381-96.

DOTI: https://doi.org/10.36233/0372-9311-295

EDN: https://elibrary.ru/kvulas

JlatpimoBa M.@., Ilubun A.H., Komapo A.I. u mp. Opra-
Hu3anus reHoMHoro Hamzopa 3a SARS-CoV-2 B crpykType
JenapramenTa 31paBooXpaHeHUs: ropona Mocksbl. [Ipobrne-
Mbl COYUANBLHOU 2u2UeHbl, 30PABOOXPAHENUs U UCIMOPUU Me-
ouyunvi. 2022;30(S):1061-6. Latypova M.F., Tsibin A.N.,
Komarov A.G., et al. Organization of genomic surveillance
for SARS-CoV-2 within the Moscow City Health Department.
Problems of Social Hygiene, Public Health and History of
Medicine, Russian Journal. 2022;30(S):1061-6. DOI: https:/
doi.org/10.32687/0869-866X-2022-30-s1-1061-1066 ~ EDN:
https://elibrary.ru/mshhnn

AxumkuH B.I, Cemenenxo T.A., Yrnesa C.B. u np. COVID-19
B Poccuu: smnupemuonoruss M MOJEKYISIPHO-T€HETHYECKUI
MOHUTOPUHT. Becmuux Poccutickoii axademuu mMeOUyuHCKUX
nayk. 2022;77(4):254-60. Akimkin V.G., Semenenko T.A.,
Ugleva S.V,, et al. COVID-19 in Russia: epidemiology and
molecular genetic monitoring. Annals of the Russian Academy
of Medical Sciences. 2022;77(4):254-60.

DOIL: https://doi.org/10.15690/vramn2121

EDN: https://elibrary.ru/dozijs

Akimkin V.G., Semenenko T.A., Ugleva S.V., et al. COVID-19
epidemic process and evolution of SARS-CoV-2 genetic variants
in the Russian Federation. Microbiol. Res. 2024;15(1):213-24.
DOTI: https://doi.org/10.3390/microbiolres 15010015

18.

19.

20.

21.

Crapony6os B.M., Beperoseix B.B., Axumkun B.I. u np.
COVID-19 B Poccun: sBomonus B3msAoB Ha nanaemuto. Co-
obmenne 2. Becmuux Poccutickoil akademuu MeOUYUHCKUX
nayk. 2022;77(4):291-306. Starodubov V.I., Beregovykh V.V,
Akimkin V.G, et al. COVID-19 in Russia: evolution of views
on the pandemic. Report II. Annals of the Russian Academy
of Medical Sciences. 2022;77(4):291-306. DOI: https://doi.
org/10.15690/vramn2122 EDN: https://elibrary.ru/ojjdra
Axumkna B.I. Onmpemuosnioruss u auargoctuka COVID-19.
MOHUTOPHHT SBOMIOIHOHHBIX HM3MeHeHmi Bupyca SARS-
CoV-2. Becmmuux Poccuiickoti axademuu Hayk. 2022;92(7):
647-53. Akimkin V.G. COVID-19 epidemiology and diagnosis:
monitoring evolutionary changes in the SARS-COV-2 virus.
Herald of the Russian Academy of Sciences. 2022;92(7):647—
53. DOLI: https://doi.org/10.31857/S0869587322070027

EDN: https://elibrary.ru/nrfrlg

Xaduzor K.@., ITerpos B.B., KpacosuroB K.B. u ap. Dkc-
Ipecc-INarHoCTHKa HOBOM KOPOHABHPYCHOM MH(EKIHU C MOo-
MOII[BIO PEAKIMH METICBO H30TEPMUYECKOH aMILTH(HKALIH.
Bonpocwr  supyconoeuu. 2021;66(1):17-28. Khafizov K.F.,
Petrov V.V., Krasovitov K.V., et al. Rapid diagnostics of novel
coronavirus infection by loop-mediated isothermal amplifica-
tion. Problems of Virology. 2021;66(1):17-28.

DOIL: https://doi.org/10.36233/0507-4088-42

EDN: https://elibrary.ru/uklaki

Carter L.L., Yu M.A., Sacks J.A., et al. Global genomic
surveillance strategy for pathogens with pandemic and
epidemic potential, 2022-2032. Bull. World Health Organ.
2022;100(4):239-A. DOI: https://doi.org/10.2471/b1t.22.288220



172

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2024; 101(2)

DOI: https://doi.org/10.36233/0372-9311-507

Information about the authors

Vasily G. Akimkin — D. Sci. (Med.), Prof., Full Member of RAS, Di-
rector, Central Research Institute for Epidemiology, Moscow, Russia,
https://orcid.org/0000-0003-4228-9044

Tatyana A. Semenenko — D. Sci. (Med.), Professor, Head, Depart-
ment of epidemiology, N.F. Gamaleya National Research Centre of
Epidemiology and Microbiology, Moscow, Russia,
https://orcid.org/0000-0002-6686-9011

Kamil F. Khafizov — Cand. Sci. (Biol.), Head, Genomic research
laboratory, Central Research Institute for Epidemiology, Moscow,
Russia, https://orcid.org/0000-0001-5524-0296

Svetlana V. Ugleva® — D. Sci. (Med.), Assoc. Prof., Head, Scien-
tific and analytical department. Central Research Institute for Epide-
miology, Moscow, Russia, uglevas@bk.ru,
https://orcid.org/0000-0002-1322-0155

Dmitry V. Dubodelov — Cand. Sci. (Med.), senior researcher, Labo-
ratory of viral hepatitis, Department of molecular diagnostics and
epidemiology, Central Research Institute for Epidemiology, Moscow,
Russia, https://orcid.org/0000-0003-3093-5731

Elena N. Kolosovskaya — D. Sci. (Med.), Professor, Department of
epidemiology, parasitology and disinfectology, I.I. Mechnikov North-
Western State Medical University, St. Petersburg, Russia,
https://orcid.org/0000-0001-6667-2377

Author contribution: Akimkin V.G. — development of the
concept of genomic epidemiological surveillance, development of
the VGARus concept, development of the concept of the article;
Semenenko T.A. — developing the concept of the article, writing
the article; Khafizov K.F. — development of VGARus, bioinformatics
analysis; Dubodelov D.V. — development of VGARus, development
of an analytical platform for epidemiological analysis; Ugleva S.V. —
developing the concept of the article, writing and editing the article,
working with the editors of the journal; Kolosovskaya E.N. —
developing the concept of the article, writing the article. All authors
confirm that they meet the International Committee of Medical Journal
Editors criteria for authorship, made a substantial contribution to the
conception of the article, acquisition, analysis, interpretation of data
for the article, drafting and revising the article, final approval of the
version to be published.
The article was submitted 04.03.2024;
accepted for publication 18.04.2024;
published 29.04.2024

TOPICAL ISSUES IN SCIENCE

UHpopmayusi 06 aesmopax

AKuUMKUH Bacunutli NeHHadbegu4Y — [.M.H., Npodeccop, akagemuk
PAH, aupextop UHWWM 3nngemunonorumn, Mocksa, Poccus,
https://orcid.org/0000-0003-4228-9044

CemeHeHKko TambsiHa AHamosnbesHa — A.M.H., Tpodeccop, pyK. OT-
nena anugemuonorum HALIGM um. H.®. Mamanen, Mocksa, Poccus,
https://orcid.org/0000-0002-6686-9011

Xagpuzoe Kamunb @apudosud — K.6.H., 3aB. nab. reHOMHbIX
ncenegosaHun LLHAW 3nugemmonorun, Mockea, Poccus,
https://orcid.org/0000-0001-5524-0296

Yaneea Ceemmnana BukmopogHa™ — f1.M.H., [OLEHT, pyKoBOAUTENb
Hay4yHo-aHanutuveckoro otgena LUHWW 3nugemuwonornm, Mockea,
Poccus, uglevas@bk.ru,

https://orcid.org/0000-0002-1322-0155

Hy6odenos [mumputi Bacunbesud — K.M.H., C.H.C. Nab. BUPYCHbIX
renaTUToB OTAEena MOMEKYyNAPHOW AMarHOCTUKU WU 3NUAeMMonorumn
LIHWW 3nngemuonorun, Mocksa, Poccus,
https://orcid.org/0000-0003-3093-5731

Konocoseckass EneHa HukonaesHa — f[.M.H., npodeccop kad. anu-
aemuonorun, napasuTtonormm u - gesuHdgektornornn C3IMY  um.
M.N. MeuHukoBa, CaHkT-INeTepbypr, Poccus,
https://orcid.org/0000-0001-6667-2377

Y4yacmue aemopoe: AkumkuH B.. — pa3paboTka KoHuenuuu re-
HOMHOIO 3MNMAEMUONONMYECKOro Hagsopa, paspaboTka KoHuenuum
VGARus, paspaboTka koHuenuuu ctatbu; CemeHeHko T.A. — pas-
paboTka KOHUeNnuuu cratby, HanucaHue crtatbu; Xagusoe K.O. —
paspabotka VGARus, 6uonHdpopmaTudeckuin avanus; [Lybode-
nos [.B. — pa3pabotka VGARus, paspaboTka aHanmMTuyeckomn
nnargopmbl 4ns anugemuonormyeckoro aHanusa; Yenesa C.B. —
paspaboTka KOHUenuuu cTaTbu, HanWcaHue W peaakTUpoBaHWE
ctatbn, pabota ¢ pegakumen xypHana; Konocosckast E.H. — pas-
paboTka KOHUenuuu crtatbW, HanucaHuwe ctatbu. Bce aBTOpbl Noa-
TBepXX4alT COOTBETCTBME CBOEro aBTOPCTBa KputepusMm MexayHa-
POOHOIO KOMMUTETA PEedakTOpOB MEOWLIMHCKMX >KYpPHaroB, BHECNU
CyLLEeCTBEHHbIN BKNag B NpoBedeHne NoMCKOBO-aHanMTUYeckon pa-
00TbI M NOAFOTOBKY CTaTbW, MPOYSIN U 000PUNM hMHambHYO BEPCULD
o nybnukauum.
CraTbsa noctynuna B pegakumio 04.03.2024;
npuHsATa K nyénukaumm 18.04.2024;
onybnukosaHa 29.04.2024



