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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 
(VGARus) 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-
�L�G�V���D�Q�G���L�G�H�Q�W�L�¿�H�G���P�X�W�D�W�L�R�Q�V�����7�K�H���Y�L�U�D�O���Y�D�U�L�D�E�L�O�L�W�\���R�Y�H�U���W�L�P�H���Z�D�V���D�Q�D�O�\�]�H�G���E�\���F�R�X�Q�W�L�Q�J���W�K�H���Q�X�P�E�H�U���R�I���D�P�L�Q�R���D�F�L�G��
changes compared to the reference sequence.
Results. �7�K�H�� �D�Q�D�O�\�V�L�V�� �R�I�� �G�D�W�D�� �Z�L�W�K�L�Q�� �9�*�$�5�X�V�� �H�Q�D�E�O�H�G�� �W�K�H�� �L�G�H�Q�W�L�¿�F�D�W�L�R�Q�� �R�I�� �Q�H�Z�� �Y�L�U�X�V�� �Y�D�U�L�D�Q�W�V���� �F�R�Q�W�U�L�E�X�W�L�Q�J�� �W�R��
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 
�H�[�D�P�S�O�H�����Z�H���F�D�Q���F�O�H�D�U�O�\���V�H�H���W�K�H���G�\�Q�D�P�L�F�V���R�I���W�K�H���F�K�D�Q�J�H���R�I���G�L�‡�H�U�H�Q�W���Y�L�U�X�V���Y�D�U�L�D�Q�W�V�����V�H�T�X�H�Q�F�H�V���E�H�O�R�Q�J�L�Q�J���W�R���W�K�H��
Alpha, Beta, Delta, Omicron lineages and many less common ones, clearly form the upsurges of morbidity, the 
�L�Q�W�H�U�D�F�W�L�R�Q���R�I���Z�K�L�F�K���L�V���U�H�À�H�F�W�H�G���L�Q���W�K�H���H�S�L�G�H�P�L�R�O�R�J�L�F�D�O���S�L�F�W�X�U�H�����,�W���L�V���D�O�V�R���F�X�U�U�H�Q�W�O�\���E�H�L�Q�J���H�[�S�D�Q�G�H�G���W�R���P�R�Q�L�W�R�U���R�W�K�H�U��
pathogens, increasing its public health relevance.
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�:�g�g�h�l�Z�p�b�y
�<�\�_�^�_�g�b�_�����<�� �h�l�\�_�l�� �g�Z�� �i�Z�g�^�_�f�b�x�� �&�2�9�,�'�������� �\�� �J�h�k�k�b�b�� �[�u�e�b�� �i�j�b�g�y�l�u�� �d�h�f�i�e�_�d�k�g�u�_�� �f�_�j�u�� �j�_�Z�]�b�j�h�\�Z�g�b�y����
�H�^�g�h�c���b�a���g�b�o���k�l�Z�e�Z���j�Z�a�j�Z�[�h�l�d�Z���i�e�Z�l�n�h�j�f�u���Z�]�j�_�]�Z�p�b�b���\�b�j�m�k�g�u�o���]�_�g�h�f�h�\�����9�*�$�5�X�V�����^�e�y���f�h�g�b�l�h�j�b�g�]�Z���b�a-
�f�_�g�q�b�\�h�k�l�b���\�b�j�m�k�Z��
�P�_�e�v���j�Z�[�h�l�u���²���h�i�b�k�Z�l�v���j�h�e�v���9�*�$�5�X�V���\���h�l�k�e�_�`�b�\�Z�g�b�b���]�_�g�_�l�b�q�_�k�d�b�o���b�a�f�_�g�_�g�b�c���6�$�5�6���&�R�9��������
�F�Z�l�_�j�b�Z�e�u���b���f�_�l�h�^�u�����<�u�j�Z�\�g�b�\�Z�g�b�_���\�b�j�m�k�g�u�o���]�_�g�h�f�h�\���� �i�h�k�e�_�^�m�x�s�m�x���l�j�Z�g�k�e�y�p�b�x���\�� �Z�f�b�g�h�d�b�k�e�h�l�u���b��
�i�h�b�k�d���f�m�l�Z�p�b�c���i�j�h�b�a�\�h�^�b�e�b���k���i�h�f�h�s�v�x���i�j�h�]�j�Z�f�f�u���1�H�[�W�&�O�D�G�H�����K���p�_�e�v�x���Z�g�Z�e�b�a�Z���]�_�g�h�f�g�h�c���b�a�f�_�g�q�b�\�h�k�l�b��
�i�h�^�k�q�b�l�u�\�Z�e�b���q�b�k�e�h���Z�f�b�g�h�d�b�k�e�h�l�g�u�o���b�a�f�_�g�_�g�b�c���h�l�g�h�k�b�l�_�e�v�g�h���j�_�n�_�j�_�g�k�g�h�c���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b��
�J�_�a�m�e�v�l�Z�l�u�����:�g�Z�e�b�a���^�Z�g�g�u�o���9�*�$�5�X�V���i�h�a�\�h�e�b�e���b�^�_�g�l�b�n�b�p�b�j�h�\�Z�l�v���g�h�\�u�_���\�Z�j�b�Z�g�l�u���\�b�j�m�k�Z�����q�l�h���k�i�h�k�h�[-
�k�l�\�h�\�Z�e�h�� �m�e�m�q�r�_�g�b�x�� �^�b�Z�]�g�h�k�l�b�q�_�k�d�b�o�� �l�_�k�l�h�\�� �b�� �f�h�`�_�l�� �i�h�f�h�q�v�� �\�� �j�Z�a�j�Z�[�h�l�d�_�� �\�Z�d�p�b�g���� �I�e�Z�l�n�h�j�f�Z�� �i�j�_�^�h-
�k�l�Z�\�b�e�Z�� �\�h�a�f�h�`�g�h�k�l�v�� �i�j�h�]�g�h�a�b�j�h�\�Z�l�v�� �w�i�b�^�_�f�b�h�e�h�]�b�q�_�k�d�b�_�� �l�_�g�^�_�g�p�b�b�� �b�� �h�i�_�j�Z�l�b�\�g�h�� �j�_�Z�]�b�j�h�\�Z�l�v�� �g�Z�� �b�a-
�f�_�g�_�g�b�y�� �w�i�b�^�_�f�b�h�e�h�]�b�q�_�k�d�h�c�� �k�b�l�m�Z�p�b�b���� �G�Z�i�j�b�f�_�j���� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �9�*�$�5�X�V�� �[�u�e�� �l�h�q�g�h�� �i�j�_�^�k�d�Z�a�Z�g��
�j�h�k�l���a�Z�[�h�e�_�\�Z�_�f�h�k�l�b���&�2�9�,�'���������e�_�l�h�f�������������]�����b���\���g�Z�q�Z�e�_�������������]�������k�\�y�a�Z�g�g�u�c���k���i�h�y�\�e�_�g�b�_�f���k�m�[�\�Z�j�b�Z�g�l�h�\��
�2�P�L�F�U�R�Q���%�$�������b���;�%�%�����>�Z�g�g�u�_���i�e�Z�l�n�h�j�f�u���i�h�f�h�]�Z�x�l���i�j�h�\�_�j�y�l�v���w�n�n�_�d�l�b�\�g�h�k�l�v���i�j�Z�c�f�_�j�h�\���b���>�G�D���a�h�g�^�h�\����
�q�l�h���h�[�_�k�i�_�q�b�\�Z�_�l���\�u�k�h�d�m�x���l�h�q�g�h�k�l�v���^�b�Z�]�g�h�k�l�b�d�b���b���k�g�b�`�Z�_�l���j�b�k�d���e�h�`�g�h�h�l�j�b�p�Z�l�_�e�v�g�u�o���j�_�a�m�e�v�l�Z�l�h�\��
�A�Z�d�e�x�q�_�g�b�_�����9�*�$�5�X�V���^�_�f�h�g�k�l�j�b�j�m�_�l���j�Z�k�l�m�s�m�x���j�h�e�v���]�_�g�h�f�g�h�]�h���w�i�b�^�g�Z�^�a�h�j�Z���\���[�h�j�v�[�_���k���&�2�9�,�'���������b���i�h-
�\�u�r�_�g�b�_�� �]�h�l�h�\�g�h�k�l�b�� �d�� �[�m�^�m�s�b�f�� �\�k�i�u�r�d�Z�f�� �b�g�n�_�d�p�b�h�g�g�u�o�� �a�Z�[�h�e�_�\�Z�g�b�c���� �I�e�Z�l�n�h�j�f�Z�� �y�\�e�y�_�l�k�y�� �f�h�s�g�u�f��
�b�g�k�l�j�m�f�_�g�l�h�f���^�e�y���n�h�j�f�b�j�h�\�Z�g�b�y���g�Z�m�q�g�h���h�[�h�k�g�h�\�Z�g�g�u�o���j�_�r�_�g�b�c���i�h���[�h�j�v�[�_���k���i�Z�g�^�_�f�b�_�c���b���k�f�y�]�q�_�g�b�x���_�z��
�i�h�k�e�_�^�k�l�\�b�c���^�e�y���a�^�h�j�h�\�v�y���g�Z�k�_�e�_�g�b�y�����w�d�h�g�h�f�b�d�b���b���h�[�s�_�k�l�\�Z�����H�g�Z���i�j�_�^�h�k�l�Z�\�e�y�_�l���\�h�a�f�h�`�g�h�k�l�v���h�i�_�j�Z�l�b�\-
�g�h���i�h�e�m�q�Z�l�v���b�g�n�h�j�f�Z�p�b�x���h�[���w�i�b�^�_�f�b�h�e�h�]�b�q�_�k�d�h�c���h�[�k�l�Z�g�h�\�d�_���\���d�h�g�d�j�_�l�g�h�f���j�_�]�b�h�g�_���J�h�k�k�b�b�����b�k�i�h�e�v�a�h�\�Z�l�v��
�]�_�g�h�f�g�u�_�� �^�Z�g�g�u�_�� �^�e�y�� �i�j�h�\�_�^�_�g�b�y�� �n�b�e�h�]�_�g�_�l�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z���� �k�j�Z�\�g�b�\�Z�l�v�� �f�m�l�Z�p�b�h�g�g�u�c�� �k�i�_�d�l�j�� �i�h�k�e�_-
�^�h�\�Z�l�_�e�v�g�h�k�l�_�c�� �6�$�5�6���&�R�9������ �k�� �a�Z�j�m�[�_�`�g�u�f�b�� �h�[�j�Z�a�p�Z�f�b���� �>�Z�g�g�u�_�� �9�*�$�5�X�V�� �i�h�a�\�h�e�y�x�l�� �i�j�h�\�h�^�b�l�v�� �j�_�l�j�h-
�k�i�_�d�l�b�\�g�u�c���Z�g�Z�e�b�a���b���\�u�^�\�b�]�Z�l�v���]�b�i�h�l�_�a�u���i�j�h�]�g�h�k�l�b�q�_�k�d�h�]�h���o�Z�j�Z�d�l�_�j�Z�����L�Z�d�����y�\�g�h���f�h�`�g�h���m�\�b�^�_�l�v���^�b�g�Z�f�b-
�d�m���k�f�_�g�u���j�Z�a�e�b�q�g�u�o���\�Z�j�b�Z�g�l�h�\���\�b�j�m�k�Z�����i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�����i�j�b�g�Z�^�e�_�`�Z�s�b�_���e�b�g�b�y�f���$�O�S�K�D�����%�H�W�D�����'�H�O�W�D����
�2�P�L�F�U�R�Q�� �b�� �f�g�h�]�b�f�� �f�_�g�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�f���� �h�l�q�z�l�e�b�\�h�� �n�h�j�f�b�j�m�x�l�� �i�h�^�t�z�f�u�� �a�Z�[�h�e�_�\�Z�_�f�h�k�l�b���� �d�h�l�h�j�u�_��
�h�l�j�Z�`�Z�x�l�k�y���g�Z���w�i�b�^�_�f�b�h�e�h�]�b�q�_�k�d�h�c���k�b�l�m�Z�p�b�b�����<���^�Z�g�g�u�c���f�h�f�_�g�l���i�e�Z�l�n�h�j�f�Z���j�Z�k�r�b�j�y�_�l�k�y���^�e�y���f�h�g�b�l�h�j�b�g-
�]�Z���b�a�f�_�g�q�b�\�h�k�l�b���^�j�m�]�b�o���i�Z�l�h�]�_�g�h�\�����q�l�h���m�\�_�e�b�q�b�\�Z�_�l���_�z���a�g�Z�q�b�f�h�k�l�v���^�e�y���h�[�s�_�k�l�\�_�g�g�h�]�h���a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�y��

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z���� �]�_�g�h�f�g�Z�y�� �w�i�b�^�_�f�b�h�e�h�]�b�y���� �f�h�e�_�d�m�e�y�j�g�Z�y�� �w�i�b�^�_�f�b�h�e�h�]�b�y���� �6�$�5�6���&�R�9�������� �k�_�d�\�_�g�b�j�h�\�Z-
�g�b�_���k�e�_�^�m�x�s�_�]�h���i�h�d�h�e�_�g�b�y�����i�e�Z�l�n�h�j�f�Z���9�*�$�5�X�V�����]�_�g�h�f�g�u�c���g�Z�^�a�h�j

�W�l�b�q�_�k�d�h�_�� �m�l�\�_�j�`�^�_�g�b�_�����B�k�k�e�_�^�h�\�Z�g�b�_�� �i�j�h�\�h�^�b�e�h�k�v�� �i�j�b�� �^�h�[�j�h�\�h�e�v�g�h�f�� �b�g�n�h�j�f�b�j�h�\�Z�g�g�h�f�� �k�h�]�e�Z�k�b�b�� �i�Z-
�p�b�_�g�l�h�\���� �I�j�h�l�h�d�h�e�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �h�^�h�[�j�_�g�� �W�l�b�q�_�k�d�b�f�� �d�h�f�b�l�_�l�h�f�� �P�G�B�B�� �W�i�b�^�_�f�b�h�e�h�]�b�b�� ���i�j�h�l�h�d�h�e�� �‹�� �������� 
�h�l��������������������������
�;�e�Z�]�h�^�Z�j�g�h�k�l�v�����F�u���\�u�j�Z�`�Z�_�f���b�k�d�j�_�g�g�x�x���[�e�Z�]�h�^�Z�j�g�h�k�l�v���\�k�_�f�����d�l�h���i�j�b�g�b�f�Z�e���m�q�Z�k�l�b�_���\���k�h�a�^�Z�g�b�b�����h�[�k�e�m�`�b�\�Z-
�g�b�b���b���g�Z�i�h�e�g�_�g�b�b���]�_�g�h�f�g�u�f�b���^�Z�g�g�u�f�b���[�Z�a�u���9�*�$�5�X�V��
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�>�m�[�h�^�_�e�h�\���>���<�������O�Z�n�b�a�h�\���D���N�������:�d�b�f�d�b�g���<���=��������������
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Introduction
The advent of high-throughput sequencing tech-

nologies, also known as next-generation sequencing 
���1�*�6������ �K�D�V�� �O�H�G�� �W�R�� �D�� �V�L�J�Q�L�¿�F�D�Q�W�� �U�H�G�X�F�W�L�R�Q�� �L�Q�� �W�K�H�� �F�R�V�W��
of genomic sequencing experiments over the past 15 
years. NGS is increasingly utilized across various bi-
�R�O�R�J�L�F�D�O���D�Q�G���P�H�G�L�F�D�O���¿�H�O�G�V���� �L�Q�F�O�X�G�L�Q�J���Y�L�U�R�O�R�J�\���� �Z�K�H�U�H��
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 
�J�H�Q�R�P�H�V�� �R�I�� �S�D�W�K�R�J�H�Q�V���� �W�K�H�� �L�G�H�Q�W�L�¿�F�D�W�L�R�Q�� �D�Q�G�� �F�O�D�V�V�L�¿-
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 
�G�L�D�J�Q�R�V�W�L�F�� �N�L�W�V���� �W�K�H�� �F�U�H�D�W�L�R�Q�� �R�I�� �P�R�G�H�U�Q�� �D�Q�G�� �H
u�H�F�W�L�Y�H��
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-
�W�L�R�Q�V���Z�H�U�H���H�V�W�D�E�O�L�V�K�H�G���E�H�W�Z�H�H�Q���G�L
u�H�U�H�Q�W���Y�L�U�X�V���Y�D�U�L�D�Q�W�V��
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 
platform1���� �Z�K�L�F�K�� �D�O�O�R�Z�H�G�� �W�K�H�� �L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �V�F�L�H�Q�W�L�¿�F��
community to begin taking immediate action to count-
er the spread of the pathogen, among which were the 

1	 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 
�J�H�Q�R�P�H���V�H�T�X�H�Q�F�L�Q�J���O�H�G���W�R���D���V�L�J�Q�L�¿�F�D�Q�W���L�Q�F�U�H�D�V�H���L�Q���W�K�H��
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. 
�7�K�H�� �V�D�P�S�O�H�V�� �Z�H�U�H�� �F�R�O�O�H�F�W�H�G�� �I�U�R�P�� �G�L
u�H�U�H�Q�W�� �U�H�J�L�R�Q�V�� �R�I��
Russia, with most of them coming from Moscow and 
the Moscow region. The presence of SARS-CoV-2 
�5�1�$���Z�D�V���F�R�Q�¿�U�P�H�G���E�\���U�H�D�O���W�L�P�H���U�H�Y�H�U�V�H���W�U�D�Q�V�F�U�L�S�W�L�R�Q��
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 Illumina 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), MinION 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

�B�k�l�h�q�g�b�d�� �n�b�g�Z�g�k�b�j�h�\�Z�g�b�y���� �J�Z�[�h�l�u�� �i�h�� �k�_�d�\�_�g�b�j�h�\�Z�g�b�x�� �b�� �Z�g�Z�e�b�a�m�� �^�Z�g�g�u�o�� �\�� �P�G�B�B�� �W�i�b�^�_�f�b�h�e�h�]�b�b�� �J�h�k�i�h-
�l�j�_�[�g�Z�^�a�h�j�Z�� �i�j�h�\�h�^�b�e�b�k�v�� �i�j�b�� �n�b�g�Z�g�k�h�\�h�c�� �i�h�^�^�_�j�`�d�_�� �n�_�^�_�j�Z�e�v�g�h�]�h�� �i�j�h�_�d�l�Z�� �©�K�Z�g�b�l�Z�j�g�u�c�� �s�b�l�ª���� �k�m�[�k�b�^�b�c����
�\�u�^�_�e�_�g�g�u�o�� �i�h�� �j�Z�k�i�h�j�y�`�_�g�b�x�� �I�j�Z�\�b�l�_�e�v�k�l�\�Z�� �J�N���� �Z�� �l�Z�d�`�_�� �a�Z�� �k�q�z�l�� �\�g�m�l�j�_�g�g�b�o�� �n�b�g�Z�g�k�h�\�u�o�� �j�_�k�m�j�k�h�\�� �P�G�B�B��
�W�i�b�^�_�f�b�h�e�h�]�b�b��

�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\�����:�\�l�h�j�u���^�_�d�e�Z�j�b�j�m�x�l���h�l�k�m�l�k�l�\�b�_���y�\�g�u�o���b���i�h�l�_�g�p�b�Z�e�v�g�u�o���d�h�g�n�e�b�d�l�h�\���b�g�l�_�j�_�k�h�\�����k�\�y-
�a�Z�g�g�u�o���k���i�m�[�e�b�d�Z�p�b�_�c���g�Z�k�l�h�y�s�_�c���k�l�Z�l�v�b����

�>�e�y�� �p�b�l�b�j�h�\�Z�g�b�y�����D�h�l�h�\�� �B���:������ �:�]�e�_�l�^�b�g�h�\�� �F���J������ �J�h�_�\�� �=���<������ �I�b�f�d�b�g�Z�� �?���<������ �G�Z�^�l�h�d�Z�� �F���B������ �I�_�j�_�k�Z�^�b�g�Z�� �:���<������ 
�;�m�o�Z�j�b�g�Z���:���X�������K�\�_�l�e�b�q�g�u�c���>���<�������=�h�g�q�Z�j�h�\���K���?�������<�u�o�h�^�p�_�\�Z���:���<�������;�h�j�b�k�h�\�Z���G���B�������E�u�k�_�g�d�h�\���<���=�������Q�Z�g�u�r�_�\���F���>������
�:�]�Z�[�Z�e�Z�_�\�� �>���G������ �K�Z�_�g�d�h�� �<���<������ �Q�_�j�d�Z�r�b�g�Z�� �:���K������ �K�_�f�_�g�_�g�d�h�� �L���:������ �>�m�[�h�^�_�e�h�\�� �>���<������ �O�Z�n�b�a�h�\�� �D���N������ �:�d�b�f�d�b�g�� �<���=����
�=�_�g�h�f�g�u�c���g�Z�^�a�h�j���a�Z���6�$�5�6���&�R�9�������\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�����\�h�a�f�h�`�g�h�k�l�b���i�e�Z�l�n�h�j�f�u���9�*�$�5�X�V�����@�m�j�g�Z�e���f�b�d�j�h-
�[�b�h�e�h�]�b�b�����w�i�b�^�_�f�b�h�e�h�]�b�b���b���b�f�f�m�g�h�[�b�h�e�h�]�b�b�����������������������������������±��������
�'�2�,�����K�W�W�S�V�������G�R�L���R�U�J����������������������������������������������
�(�'�1�����K�W�W�S�V�������Z�Z�Z���H�O�L�E�U�D�U�\���U�X���L�U�M�[�F�[
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�F�D�O���D
v�O�L�D�W�L�R�Q���W�R���5�X�V�V�L�D�����7�K�H���S�U�R�J�U�D�P���³�3�D�Q�J�R�O�L�Q�´���>�����@����
as well as internal tools and scripts, were used to classi-
�I�\���G�L
u�H�U�H�Q�W���Y�D�U�L�D�Q�W�V���R�I���6�$�5�6���&�R�9������

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 
�V�H�T�X�H�Q�F�H�V�� �W�K�D�W�� �P�H�W�� �W�K�H�� �V�S�H�F�L�¿�H�G�� �T�X�D�O�L�W�\�� �F�U�L�W�H�U�L�D�� �Z�H�U�H��
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 
�G�\�Q�D�P�L�F�V���R�I���L�G�H�Q�W�L�¿�H�G���6�$�5�6���&�R�9�������Y�D�U�L�D�Q�W�V���L�Q���5�X�V�V�L�D����
�$���V�F�L�H�Q�W�L�¿�F���F�R�Q�V�R�U�W�L�X�P���Z�D�V���H�V�W�D�E�O�L�V�K�H�G�����F�R�P�S�U�L�V�L�Q�J���L�Q-
stitutions from Rospotrebnadzor, the Ministry of Health 
�R�I���W�K�H���5�X�V�V�L�D�Q���)�H�G�H�U�D�W�L�R�Q�����Y�D�U�L�R�X�V���V�F�L�H�Q�W�L�¿�F���L�Q�V�W�L�W�X�W�H�V����
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 
�W�K�R�V�H�� �D
v�O�L�D�W�H�G�� �Z�L�W�K�� �K�R�V�S�L�W�D�O�V���� �7�K�H�� �T�X�D�O�L�W�\��
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;

•	 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 
�S�U�R�F�H�V�V�H�G�� �D�X�W�R�P�D�W�L�F�D�O�O�\�� �X�V�L�Q�J�� �W�K�H�� �³�3�D�Q�J�R�O�L�Q�´��
program for complete genomes [19, 20] and 
�W�K�H���³�9���7�5�$�&�(�´���S�U�R�J�U�D�P�����G�H�Y�H�O�R�S�H�G���E�\���&�5�,�(����
for fragment sequencing results. Samples with 
genomes that fail quality control are marked as 
invalid on the platform, and a corresponding 
�Q�R�W�L�¿�F�D�W�L�R�Q���L�V���V�H�Q�W���W�R���W�K�H���R�U�L�J�L�Q�D�W�L�Q�J���O�D�E�R�U�D�W�R�U�\��

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 
�V�D�P�S�O�H���L�V���D�X�W�R�P�D�W�L�F�D�O�O�\���D�V�V�L�J�Q�H�G���D�Q���L�Q�W�H�U�Q�D�O���L�G�H�Q�W�L�¿�H�U����
and the SARS-CoV-2 genome sequence is appended to 
�W�K�H�� �V�D�P�S�O�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �¿�H�O�G���� �7�K�H�� �W�H�F�K�Q�L�F�D�O�� �L�Q�I�R�U�P�D-
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 
�Y�L�U�X�V���Y�D�U�L�D�Q�W���L�G�H�Q�W�L�¿�F�D�W�L�R�Q�����7�K�L�V���L�V���G�X�H���W�R���L�W�V���U�R�O�H���L�Q���Y�L-

Fig. 1. The stages of the process of monitoring the variability 
of viral genomes.
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�E�L�R�L�Q�I�R�U�P�D�W�L�F�V

�D�Q�D�O�\�V�L�V��
�J�H�Q�R�P�H

�D�V�V�H�P�E�O�\��
�L�Q�L�W�L�D�O

�Y�D�O�L�G�D�W�L�R�Q

�J�D�W�L�H�Q�W���E�L�R�O�R�J�L�F�D�O��
�P�D�W�H�U�L�D�O
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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 
�H�Y�R�O�X�W�L�R�Q�����L�Q���Z�K�L�F�K���L�Q�G�L�Y�L�G�X�D�O���P�X�W�D�W�L�R�Q�V���P�D�\���D
u�H�F�W���Y�L-
�U�X�V���I�X�Q�F�W�L�R�Q�V���G�L
u�H�U�H�Q�W�O�\���D�Q�G���L�Q�W�H�U�D�F�W���L�Q���Z�D�\�V���W�K�D�W���P�D�\��
�D�O�W�H�U���W�K�H���R�Y�H�U�D�O�O���H
u�H�F�W�����E�L�R�L�Q�I�R�U�P�D�W�L�F�L�D�Q�V���D�W���W�K�H���&�H�Q�W�U�D�O��
Research Institute for Virus Evolution have developed 
the V-TRACE algorithm to address this problem. The 
�D�O�J�R�U�L�W�K�P�� �L�G�H�Q�W�L�¿�H�V�� �P�X�W�D�W�L�R�Q�V�� �L�Q�� �W�K�H�� �6���S�U�R�W�H�L�Q�� �J�H�Q�H��
of SARS-CoV-2, after which a plausibility measure of 
�Z�K�H�W�K�H�U���W�K�H���V�H�T�X�H�Q�F�H���X�Q�G�H�U���V�W�X�G�\���E�H�O�R�Q�J�V���W�R���G�L
u�H�U�H�Q�W��
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-
�K�L�E�L�W���V�L�J�Q�L�¿�F�D�Q�W���D�G�Y�D�Q�W�D�J�H�V���R�Y�H�U���R�Q�H���D�Q�R�W�K�H�U�����U�H�V�X�O�W�L�Q�J��
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 
�Q�D�P�H�G�� �³�%�U�L�W�L�V�K�´�� �E�X�W�� �Z�D�V�� �O�D�W�H�U�� �U�H�Q�D�P�H�G���$�O�S�K�D�� �W�R�� �D�Y�R�L�G��
naming variants by country. Among the mutations found 
in the S-protein gene, the most important were N501Y, 
�3�������+�� �D�Q�G���û������������ �>�������� �����@���� �7�K�H�V�H�� �P�X�W�D�W�L�R�Q�V�� �D
u�H�F�W�H�G��
the ability of the virus to infect cells and evade the host 
immune response and, as a consequence, allowed it to 
�V�S�U�H�D�G�� �P�R�U�H�� �H
v�F�L�H�Q�W�O�\���� �7�K�L�V�� �Y�D�U�L�D�Q�W�� �Z�D�V�� �G�H�W�H�F�W�H�G�� �L�Q��
Russia in late 2020 and persisted into early 2021, coin-
ciding with a sharp increase in the number of cases.

�7�K�H���%�H�W�D���Y�D�U�L�D�Q�W���Z�D�V���L�G�H�Q�W�L�¿�H�G���V�K�R�U�W�O�\���W�K�H�U�H�D�I�W�H�U����
but it had a much lower prevalence than Alpha. In the 
spring of 2021, the Delta variant appeared and quickly 
�E�H�F�D�P�H�� �G�R�P�L�Q�D�Q�W���� �O�H�D�G�L�Q�J�� �W�R�� �D�� �V�L�J�Q�L�¿�F�D�Q�W�� �L�Q�F�U�H�D�V�H�� �L�Q��
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, 
�P�R�G�L�¿�H�G�� �Y�H�U�V�L�R�Q�V�� �R�I�� �S�U�H���H�[�L�V�W�L�Q�J�� �O�L�Q�H�D�J�H�V�� �U�H�W�X�U�Q�H�G�� �W�R��
the virus population, notably Omicron BA.2, present-
ed as recombinant forms of XBB*. In November 2023, 
�D�� �Y�D�U�L�D�Q�W�� �R�I�� �F�R�U�R�Q�D�Y�L�U�X�V�� �%�$�������������� �X�Q�R
v�F�L�D�O�O�\�� �Q�D�P�H�G��
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 
�V�W�U�X�F�W�X�U�H�����5�D�S�L�G���L�G�H�Q�W�L�¿�F�D�W�L�R�Q���R�I���V�X�F�K���F�K�D�Q�J�H�V���F�D�Q���K�H�O�S��
in the development of public health strategies and in 
controlling the spread of these variants.

Comparative analysis of Figure 2 and Figure 3 re-
�Y�H�D�O�V���D���W�U�H�Q�G���Z�K�H�U�H�L�Q���H�D�F�K���Q�H�Z���V�L�J�Q�L�¿�F�D�Q�W���Y�L�U�X�V���O�L�Q�H�D�J�H��
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 
�G�D�W�D�����2�X�U���P�D�L�Q���K�\�S�R�W�K�H�V�L�V���L�V���W�K�D�W���V�S�H�F�L�¿�F���P�X�W�D�W�L�R�Q�V���L�Q��
�W�K�H���Y�L�U�X�V���J�H�Q�R�P�H���V�L�J�Q�L�¿�F�D�Q�W�O�\���D
u�H�F�W���W�K�H���L�Q�F�L�G�H�Q�F�H���U�D�W�H����
However, the reported incidence rate undoubtedly de-
pends on other critical factors such as population im-
munization rates, PCR testing coverage, and seasonal 
�I�D�F�W�R�U�V�����Z�K�R�V�H���H�[�D�F�W���F�R�Q�W�U�L�E�X�W�L�R�Q���L�V���G�L
v�F�X�O�W���W�R���H�V�W�L�P�D�W�H����
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 
�W�K�D�W���S�U�H�G�L�F�W�L�Q�J���I�X�W�X�U�H���W�U�H�Q�G�V���F�D�Q���E�H���H�[�W�U�H�P�H�O�\���G�L
v�F�X�O�W����
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 
�L�W���L�V���W�K�D�W���V�R�P�H���V�X�E�V�H�W���R�I���D�F�T�X�L�U�H�G���P�X�W�D�W�L�R�Q�V���F�D�Q���D
u�H�F�W���W�K�H��
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 
�P�X�W�D�W�L�R�Q�V���W�K�D�W���V�L�J�Q�L�¿�F�D�Q�W�O�\���D
u�H�F�W���W�K�H���D�G�D�S�W�D�E�L�O�L�W�\���R�I���D��
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 
�D�E�R�Y�H���L�V���W�K�D�W���L�W���F�D�Q�Q�R�W���H
u�H�F�W�L�Y�H�O�\���U�H�À�H�F�W���W�K�H���G�\�Q�D�P�L�F�V��
of change when new and old dominant lineages have 
�G�L
u�H�U�H�Q�W�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�� �P�X�W�D�W�L�R�Q�V���� �E�X�W�� �W�K�H�L�U�� �D�E�V�R�O�X�W�H��
�Q�X�P�E�H�U���G�L
u�H�U�V���R�Q�O�\���V�O�L�J�K�W�O�\�����$���V�L�P�S�O�H���F�R�X�Q�W�L�Q�J���R�I���P�X-
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 
�H�D�F�K���W�L�P�H���L�Q�W�H�U�Y�D�O���� �'�L
u�H�U�H�Q�F�H�V���E�H�W�Z�H�H�Q���W�K�H�P���I�R�U���D�G-
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 
�%�$���������$�W�� �W�K�H�� �V�D�P�H�� �W�L�P�H���� �À�X�F�W�X�D�W�L�R�Q�V�� �L�Q�� �W�K�H�� �D�E�V�R�O�X�W�H��
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 
�E�\���V�L�J�Q�L�¿�F�D�Q�W���F�K�D�Q�J�H�V���L�Q���W�K�H���S�D�W�K�R�J�H�Q���J�H�Q�R�P�H�����D�V���Z�D�V��
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-
uated 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 

Fig. 4. Changes in amino acid sequences compared to the reference sequence from May 2020 to December 2023. 
1���²���Q�X�P�E�H�U���R�I���D�P�L�Q�R���D�F�L�G���V�X�E�V�W�L�W�X�W�L�R�Q�V���U�H�O�D�W�L�Y�H���W�R���W�K�H���U�H�I�H�U�H�Q�F�H���Y�D�U�L�D�Q�W�����1�&�B���������������������Z�L�W�K���D���I�U�H�T�X�H�Q�F�\���R�I�����������R�U���K�L�J�K�H�U���� 

2���²���Q�X�P�E�H�U���R�I���F�K�D�Q�J�H�V���L�Q���W�K�H���V�H�W���R�I���P�X�W�D�W�L�R�Q�V���Z�L�W�K���D���I�U�H�T�X�H�Q�F�\���R�I���D�W���O�H�D�V�W�����������F�R�P�S�D�U�H�G���W�R���W�K�H���S�U�H�Y�L�R�X�V���S�H�U�L�R�G���� 
3���²���W�H�P�S�R�U�D�O���G�\�Q�D�P�L�F�V���R�I���&�2�9�,�'���������F�D�V�H�V���L�Q���5�X�V�V�L�D���D�F�F�R�U�G�L�Q�J���W�R���:�+�2���G�D�W�D��
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pid emergence of new lineages subsequently becoming 
�G�R�P�L�Q�D�Q�W�����U�H�S�U�H�V�H�Q�W���D���V�L�J�Q�L�¿�F�D�Q�W���F�K�D�O�O�H�Q�J�H���I�R�U���H�[�L�V�W�L�Q�J��
prediction tools [30, 31]. Nevertheless, we remain op-
�W�L�P�L�V�W�L�F���W�K�D�W���I�X�W�X�U�H���D�S�S�U�R�D�F�K�H�V���Z�L�O�O���H
u�H�F�W�L�Y�H�O�\���D�G�G�U�H�V�V��
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].

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 
�K�H�S�D�W�L�W�L�V�����L�Q�À�X�H�Q�]�D�����Y�D�U�L�F�H�O�O�D�����P�H�D�V�O�H�V�����D�Q�G���R�W�K�H�U�V�����7�K�L�V��
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.

�2�Y�H�U�D�O�O���� �9�*�$�5�X�V�� �L�V�� �D�� �V�L�J�Q�L�¿�F�D�Q�W�� �D�F�K�L�H�Y�H�P�H�Q�W��
�R�I�� �W�K�H�� �M�R�L�Q�W�� �H
u�R�U�W�V�� �R�I�� �Q�X�P�H�U�R�X�V�� �V�F�L�H�Q�W�L�¿�F�� �L�Q�V�W�L�W�X�W�H�V�� �R�I��
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 
�L�Q�I�H�F�W�L�R�X�V���G�L�V�H�D�V�H���R�X�W�E�U�H�D�N�V���D�Q�G���W�K�H���V�L�J�Q�L�¿�F�D�Q�F�H���R�I���F�R�O-
�O�D�E�R�U�D�W�L�Y�H���H
u�R�U�W�V���L�Q���D�G�G�U�H�V�V�L�Q�J���J�O�R�E�D�O���K�H�D�O�W�K���F�U�L�V�H�V��
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