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I ntroduction. Over the past two years, there has been an increase in measles morbidity in Russia and other countries. In order to assess the heterogeneity of 

clinically significant strains of Measles morbillivirus to reveal the sources of infection and transmission routes strains, a molecular genetic study thus becomes 

an urgent task. In this paper, a genetic identification of clinical strains of measles virus detected in 2023–2024 is compared with global variants as well as 

Russian strains detected in previous years.

Materials and methods. Forty measles virus genome sequences isolated from nasopharyngeal swab samples obtained in Moscow and Novosibirsk in 

2023–2024 were included in the study. The data were then compared with strains collected in Russia in May 2023 and deposited at the Central Research 

Institute of Epidemiology, as well as strains collected in 2020 and 2021 in Moscow.

Results. The nucleotide sequences of studied Measles morbillivirus strains were categorized into different phylogenetic groups within genotype D8. For 

samples of genotype B3 collected in 2020 and 2023, a comparative analysis was performed to identify the region of origin. Phylogenetic analysis of Russian 

and foreign variants of measles virus suggests that strains currently circulating in Russia may be a variety of strains that had previously circulated in other 

countries and independently spread to Russia in 2023. After analyzing the most frequent nucleotide substitutions in various measles virus genes, the most 

variable genes were identified to provide a basis for the extension of phylogenetic analysis.

Conclusions. The proposed approach to molecular genetic testing of complete and partial genome sequences of clinical isolate of measles virus detected in 

2023–2024 in Moscow and Novosibirsk made it possible to identify strain subgroups that differ in origin. The comparison of the Measles morbillivirus strains 

sequenced in the present research with global sequences allowed us to detect similar sequences identified both in 2023 and in previous years in various 

countries of the world. The analysis of epidemiologically significant strains of Measles morbillivirus shows that N gene can be used to reliably determine the 

main genotype; however, this approach is not sufficient for studying the transmission pathways of the virus.
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РОССИЙСКИХ И ЗАРУБЕЖНЫХ ВАРИАНТОВ ВИРУСА КОРИ 2020–2024 гг.
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Введение. Молекулярно-генетическое исследование штаммов Measles morbillivirus, позволяющее оценивать гетерогенность клинически значи-

мых штаммов, определять источники заражения и пути передачи инфекции, в настоящее время является актуальной задачей. В последние два 

года наблюдается рост заболеваемости корью в России и других странах. В данной работе мы даем генетическую характеристику клинических 

штаммов вируса кори, выявленных в 2023–2024 гг., и сравниваем их с глобальными вариантами, а также с российскими штаммами, выявленными 

в предыдущие годы.

Цель. Молекулярно-генетическая характеристика штаммов вируса кори, выявленных в России в период повышенной заболеваемости в 2023–

2024 гг. в двух крупных городах — Москве и Новосибирске, и их дальнейший филогенетический анализ.

Материалы и методы. В исследование включены 40 полученных в Москве и Новосибирске в 2023–2024 гг. последовательностей генома вируса 

кори, выделенного из образцов назофарингеального мазка. Данные сравнивали со штаммами, собранными в России в мае 2023 г., депонирован-

ными ЦНИИ эпидемиологии Роспотребнадзора, и штаммами, собранными в 2020 и 2021 гг. в Москве.

Результаты. Изученные нуклеотидные последовательности Measles morbillivirus разделены на разные филогенетические группы в пределах гено-

типа D8. Для образцов генотипа B3, собранных в 2020 и 2023 гг., проведен сравнительный анализ с целью определения региона происхождения. 

Филогенетический анализ российских и зарубежных вариантов вируса кори позволяет предположить, что штаммы, циркулирующие в настоящее 

время в России, могут быть разновидностью штаммов, ранее циркулировавших в других странах и независимо распространившихся в России 

в 2023 г. Проведен анализ наиболее частых нуклеотидных замен в различных генах вируса кори. Определены наиболее вариабельные гены, на ос-

нове которых можно расширить филогенетический анализ.
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Выводы. Предложенный подход к молекулярно-генетическому исследованию полных и частичных последовательностей геномов клинических 

штаммов вируса кори, обнаруженных в 2023–2024 гг. в Москве и Новосибирске, дал возможность выделить подгруппы, отличающиеся по проис-

хождению. Сравнение секвенированных нами штаммов Measles morbillivirus с глобальными последовательностями позволило обнаружить близкие 

последовательности, выявленные как в 2023 г., так и в предыдущие годы на территории различных стран мира. Из анализа эпидемически значи-

мых штаммов Measles morbillivirus следует, что использование гена N позволяет с высокой достоверностью определять основной генотип, однако 

не является достаточным для изучения путей передачи вируса.
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INTRODUCTION

Measles is a highly infectious acute disease caused by an 

RNA virus belonging to the genus Morbillivirus in the family 

Paramyxoviridae. Despite the existence of a safe and effec-

tive vaccine, measles remains one of the leading causes of 

child mortality worldwide.

According to WHO, in 2022, after years of declining 

measles vaccination coverage, the number of measles 

cases increased by 18%, while the number of deaths due 

to measles infection increased by 43% (compared to data 

for 2021, when the number of deaths was 128,000) [1]. The 

incidence of measles in Russia in previous years ranged 

from 100 cases in 2010 to 4,500 cases in 2019, which were 

distributed in more than 60 regions of the country. Only 

one case was registered in 2021 and 100 cases in 2022 

[2]. During the SARS-CoV-2 pandemic, more than 61 mil-

lion doses of measles vaccine were delayed or missed in a 

number of countries around the world, including as part of 

routine childhood vaccination. For this reason, an increase 

in the vulnerable proportion of the population, and conse-

quently the risk of localized measles outbreaks was only to 

be expected [3, 4].

In early 2023, measles outbreaks were detected in 

almost all regions of the world. By the end of November 

2023, more than 42,200 cases of measles virus infection 

had been reported in the European Union, five of which 

were fatal [5, 6]. According to Russian Federal Service for 

Surveillance on Consumer Rights Protection and Human 

Wellbeing (Rospotrebnadzor), more than 13,000 people 

(8.9 per 100,000 population) contra cted measles in 44 

regions of Russia in 2023. Most cases (67.9%) of the to-

tal number of registered cases were detected in children 

aged 0 to 17 years inclusive, two of which were fatal. In 

2023, 2,244 cases of measles (17.18 per 100,000 popu-

lation) were registered in Moscow; in the same year, 266 

cases of measles (9.5 per 100,000 population) were reg-

istered in Novosibirsk [7]. The head of the Russian Federal 

Service for Surveillance on Consumer Rights Protection 

and Human Wellbeing (Rospotrebnadzor) noted that, since 

all outbreaks were local and quickly controlled, no global 

restrictive measures were required. [8].

In addition to local outbreaks, migrant and refugee 

flows can pose a great threat to Russia. According to 

the UN, as of July 2022, about 1.8 million Ukrainian refu-

gees had arrived in Russia [9]. According to WHO, in the 

European region Ukraine had the worst situation in terms of 

detected measles cases in recent years (more than 57,000 

cases were reported in 2019) [10]. In 2023, large measles 

outbreaks also occurred in Russia’s neighboring coun-

tries with which there is reduced migration control, such 

as Azerbaijan, Kazakhstan, Uzbekistan, Tajikistan and 

Armenia. Some of these countries had also experienced 

measles outbreaks in previous years, such as Uzbekistan 

in 2019 [11]. Since this situation may lead to a significantly 

increased incidence of measles in Russia in the near fu-

ture, is crucial to monitor the spread of different strains of 

measles virus and conduct timely phylogenetic analysis to 

determine the origin of each specific strain.

In order to trace and determine the origin of a measles 

virus strain, genotyping by sequencing is most commonly 

carried out on the nucleoprotein gene, which is considered 

to be the most variable. The sequencing of 450 nucleo-

tides encoding 150 amino acids of the C-terminal domain 

of the nucleoprotein (N450) is the most common approach 

for genotyping measles virus strains. Over 11,000 nucleo-

tide sequence records for this domain have been upload-

ed to the MeaNS2 database from 2019–2022 alone [12]. 

However, the N450 sequence is often insufficient to sepa-

rate endemic strain lineages circulating in neighboring re-

gions of the country. The resolution of measles molecular 

epidemiologic analysis can be improved by using a larger 

measles virus genome fragment for nucleotide sequence 

analysis. Although full-genome sequencing may be most 

effective in this case, this method has the significant dis-

advantage of high cost. The feasibility of extended genome 
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fragment sequencing should be evaluated in comparison 

with full-genome sequencing data.

In this work, we aim to carry out a molecular genetic 

testing of measles virus strains detected in Russia during 

the period of increased morbidity in 2023–2024 in the ma-

jor cities of Moscow and Novosibirsk and conduct their fur-

ther phylogenetic analysis.

MATERIALS AND METHODS

40 clinical specimens were collected from Novosibirsk 

and Moscow patients diagnosed with measles during out-

breaks that occurred in 2023–2024. They were collected 

at the Federal Research Center for Basic and Translational 

Medicine (Novosibirsk) and the Center for Strategic Planning 

and Management of Biomedical Health Risks of the Federal 

Medical and Biomedical Agency (FMBA). Archival sam-

ples identified in Moscow in 2020 were also investigated. 

Genotyping was performed to identify the strain of measles 

virus for all samples included in the study. For genetic typing 

of measles virus, the data of comparative analysis of nucleo-

tide sequences of the C-terminal domain of the nucleopro-

tein N gene (450 nt (nucleotides), 1,126–1,575 nt) are used; 

in order to achieve a more detailed characterization, frag-

ments (850 nt) of the hemagglutinin H gene were additionally 

analyzed in some samples (n = 15). Since these genes are 

the most variable structural genes of the virus, they are best 

suited for determining the origin and pathways of individual 

measles virus strains. In addition, full genome sequencing 

was performed for three measles virus samples. The data 

obtained were compared with strains collected in Russia in 

May 2023 and deposited in the Central Research Institute 

of Epidemiology (see Table 1 for a complete list of measles 

virus samples from Russia used in this work).

 For the comparative phylogenetic analysis of measles 

virus, both N and H gene fragments and full-genome se-

quencing data strains prevalent in Russia in 2020–2024, as 

well as global genetic variants, were used. Measles virus 

samples obtained from 40 patients from Moscow (n = 11) 

and Novosibirsk (n  =  29) in 2023–2024, as well as two 

samples from Moscow detected in 2020 and 2021, were 

included in the analysis. All samples were obtained with full 

informed consent of the donors and in compliance with all 

necessary ethical standards.

Viral RNA isolated from clinical nasopharyngeal swab 

samples using the previously developed Ribo-prep pu-

rification kit was subjected to reverse transcription using 

AmpliTest Revert (AmpliTest, Russia) [13]. Fragments of 

the C-terminal domain of the N-gene as well as a fragment 

of the H-gene were amplified using LongAmp® Taq DNA 

polymerase (New England Biolabs, USA) and primers de-

scribed in Table 2. Sanger sequencing was performed us-

ing BigDye™ Terminator v3.1 cyclic sequencing kit (Thermo 

Fisher Scientific, USA) and Applied Biosystems 3500 

genetic analyzer (Thermo Fisher Scientific, USA). Three 

samples were sequenced by full-genome sequencing: to-

tal RNA was used for library preparation using NEBNext® 

Ultra™ II RNA Library Prep kit (NEB, USA); sequencing was 

performed using MiSeq platform and MiSeq Reagent Kit v2 

(500 cycles) (Illumina, USA). The primers were taken from 

Schulz et al. and further optimized for our task [14].

As well as the full-genome sequences of six Russian 

measles virus samples isolated in 2023 and studied at the 

Central Research Institute of Epidemiology obtained from 

the NCBI GeneBank database [15], the gene sequences of 

N and H strains detected in 2019–2024 in different coun-

tries were additionally selected, along with the full-genome 

sequences for the same period from the open GenBank 

database. To permit a deeper comparison, the genome 

sequences of vaccine strains available in the GenBank da-

tabase [15] were added to the study.

Metagenomic assembly of complete measles virus 

genome sequences was performed using Trimmomatic 

v0.39 software to remove adapter sequences and SPAdes 

Genome Assembler v3.15.5 to assemble the viral genome 

[16]. The sequences of N and H gene fragments obtained 

by Sanger sequencing were combined into one for further 

alignment and analysis.  

Multiple alignment was performed using the MAFFT 

v7.505 package [17]. Phylogenetic analysis was performed 

using the FastTree program version 2.1.11 SSE3 [18] us-

ing the GTR+CAT model (a general time reversible model 

with a fixed rate for each site (an approximation of the CAT 

model)) and 100 bootstrap replications. The dolphin mea-

sles virus genome sequence (AJ608288) was used as an 

outgroup for cladogram generation.

Phylogenetic trees were analyzed using the FigTree 

v.1.4.4 program. The results of comparative analysis were 

visualized using the Matplotlib 3.6.2 and Seaborn 0.13.2 

packages for the Python programming language.

RESULTS

According to the results of genotypic analysis, most 

of the samples (n = 44) collected in 2023–2024 turned 

out to belong to genotype D8 and only one to genetic 

variant B3 (Table 1). Phylogenetic analysis of partial 

sequencing of the N gene (Fig.1) showed that most of 

the samples from Russia formed a cluster within the 

D8 genotype, which also included some strains found 

abroad:

• PP056610 (2023) from China, which has the highest 

similarity to Mea12 from Moscow;

• OR733283 (2021) from Tajikistan, PP319645 (2023) 

from the USA and PP229487 (2023) from Switzerland, 

which are located phylogenetically closer on the tree to 

the Mea6 specimen from Novosibirsk;

• PP319658 (2023) from USA and PP274936 (2024) from 

Bosnia and Herzegovina are closest to Mea49 from 

Novosibirsk and a group of specimens from Moscow 

including Mea43 and Mea2.

This phylogenetic cluster includes two subclusters, 

one of which was formed by samples from Novosibirsk 

(A), while the second cluster includes three samples from 

Moscow and two from Novosibirsk (B). The strains se-

quenced formed a phylogenetic group with samples Mea2 

and Mea43 from Moscow.

Only two sequences of the N gene of measles virus sam-

ples detected in 2023 in Russia could be classified as rep-

resentatives of phylogenetic group B3 — Mea48 registered 

in Novosibirsk and OR290098 sequenced by the Central 

Research Institute of Epidemiology with an unknown region 



43

ORIGINAL ARTICLE | VIROLOGY 

EXTREME MEDICINE | 2024, VOLUME 26, No 3

Table 1. List of samples collected in different Russian cities

No.
Internal sam-
ple identifier

Year of 
sample taken

City of 
detection

Sequenced section 
of the genome

Genotype of 
measles virus strain

Data source

1 Mea01 2023 Moscow WGS D8 Centre for Strategic Planning of FMBA of Russia

2 Mea02 2023 Novosibirsk WGS D8 Centre for Strategic Planning of FMBA of Russia

3 Mea04 2020 Moscow WGS B3 Centre for Strategic Planning of FMBA of Russia

4 Mea05 2023 Moscow N D8 Centre for Strategic Planning of FMBA of Russia

5 Mea06 2023 Novosibirsk N,H D8 Centre for Strategic Planning of FMBA of Russia

6 Mea07 2023 Novosibirsk N,H D8 Centre for Strategic Planning of FMBA of Russia

7 Mea08 2023 Novosibirsk N,H D8 Centre for Strategic Planning of FMBA of Russia

8 Mea10 2021 Moscow N B3 Centre for Strategic Planning of FMBA of Russia

9 Mea11 2023 Мoscow region N,H D8 Centre for Strategic Planning of FMBA of Russia

10 Mea12 2023 Moscow N,H D8 Centre for Strategic Planning of FMBA of Russia

11 Mea13 2023 Moscow N,H D8 Centre for Strategic Planning of FMBA of Russia

12 Mea14 2023 Moscow N,H D8 Centre for Strategic Planning of FMBA of Russia

13 Mea15 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

14 Mea16 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

15 Mea17 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

16 Mea18 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

17 Mea20 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

18 Mea21 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

19 Mea22 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

20 Mea23 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

21 Mea24 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

22 Mea25 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

23 Mea26 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

24 Mea27 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

25 Mea28 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

26 Mea29 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

27 Mea30 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

28 Mea31 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

29 Mea32 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

30 Mea33 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

31 Mea34 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

32 Mea35 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

33 Mea36 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

34 Mea37 2023 Novosibirsk N D8 Centre for Strategic Planning of FMBA of Russia

35 Mea39 2023 Moscow N, H D8 Centre for Strategic Planning of FMBA of Russia

36 Mea43 2023 Moscow N, H D8 Centre for Strategic Planning of FMBA of Russia

37 Mea44 2023 Moscow N, H D8 Centre for Strategic Planning of FMBA of Russia

38 Mea45 2023 Moscow N, H D8 Centre for Strategic Planning of FMBA of Russia

39 Mea46 2023 Moscow N, H D8 Centre for Strategic Planning of FMBA of Russia

40 Mea47 2024 Novosibirsk N, H D8 Centre for Strategic Planning of FMBA of Russia

41 Mea48 2024 Novosibirsk N, H B3 Centre for Strategic Planning of FMBA of Russia

42 Mea49 2024 Novosibirsk N, H D8 Centre for Strategic Planning of FMBA of Russia

43 OR290097 2023 No data Full genome D8 Central Research Institute of Epidemiology

44 OR290098 2023 No data Full genome B3 Central Research Institute of Epidemiology

45 OR290099 2023 No data Full genome D8 Central Research Institute of Epidemiology

46 OR290100 2023 No data Full genome D8 Central Research Institute of Epidemiology

47 OR290101 2023 No data Full genome D8 Central Research Institute of Epidemiology

48 OR290102 2023 No data Full genome D8 Central Research Institute of Epidemiology

Table prepared by the authors using their own data
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of collection (Fig. 1, cluster B). These samples did not form 

a cluster with the gene sequences of viral strains detected 

in Russia in 2020 and 2021. In addition to the Russian sam-

ples, three more strains from Brazil, USA and Iran detected 

in 2023, as well as two strains from China and Switzerland 

detected in 2024, fell into phylogenetic cluster B3. Most 

Measles morbillivirus strains assigned to genotype B3 were 

detected before 2023.

According to phylogenetic analysis of N and H gene 

fragments, the Russian samples formed a subcluster within 

the D8 genotype. The results were used to clarify the phy-

logenetic structure of the population of the studied Russian 

strains. In particular, subcluster B within the D8 genetic 

group formed by samples Mea7, Mea8, Mea13, Mea44, 

and Mea45 was not confirmed (Figs. 2, 3) based on the 

analysis of the N gene alone.

The comparison of the results of phylogenetic analysis 

using only the N fragment and the sequence obtained by 

combining the sequences of the N and H gene fragments 

supports the conclusion that sequencing of the N gene is 

Table 2. List of primer sequences for the sequencing of the N and H genes

Sequenced gene Direct primer nucleotide sequence Nucleotide sequence of reverse primer

gene N TGGAGCTATGCCATGGGAGT TAACAATGATGGAGGGTAGG

gene H (region 1) CTGAAATTGTCTCYGGCTTC GACCCAGGATTGCATGTC

gene H (region 2) GATTTCAGCAACTGYATGGT CTGATGTCTGRGTGACATCATG

Table prepared by the authors using their own data

F igure prepared by the authors using their own data

Fig. 1. Phylogenetic relationships of Measles morbillivirus strains based on N-gene fragment sequencing data.

Phylogenetic group D8 is shown in blue, phylogenetic group B3 in green, and the group of vaccine strains in red. Genomes from Russia included in the analysis 

and sequenced in 2020, 2021 and 2023–2024 are highlighted in pink. Subcluster A consists of samples from Novosibirsk; subcluster B consists of samples from 

Moscow and Novosibirsk, which belong to the D8 genotype. Subcluster C of phylogenetic group B3 includes two samples — Mea48, discovered in Novosibirsk 

in 2023, and OR290098, sequenced by the Central Research Institute of Epidemiology with an unknown collection region.
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sufficient to determine the genetic group of measles virus 

strains; however, in order to study the virus transmission 

routes, an extended analysis involving additional genome 

regions is necessary. An additional study of the H gene 

allows a more precise determination of genetic similarity 

between measles virus samples.

Complete genome sequencing was performed for two 

samples of genotype D8, which belong to two phyloge-

netically distant and identified in different cities strains: 

Mea1 (Moscow, 2023) and Mea2 (Novosibirsk, 2023). Full-

genome sequencing was also performed for the Mea4 

sample obtained in 2020 and belonging to genotype B3. 

Figure prepared by the authors using their own data

Fig. 2. Position of the investigated Russian samples in cluster D8 obtained as a result of the phylogenetic analysis carried out using a fragment of the N gene 

sequence. The cluster formed by the studied Russian samples is highlighted with a rectangular frame; the samples are colored in blue and purple test colors. 

Samples Mea7, Mea8, Mea13, Mea44 and Mea45, which form subcluster B, are highlighted in blue.

Figure prepared by the authors using their own data

Fig. 3. Position of the investigated Russian samples in cluster D8 obtained as a result of the phylogenetic analysis carried out using the combined sequence of the 

N and H genes. The cluster formed by the studied Russian samples is highlighted with a rectangular frame; the samples are colored in blue and purple test colors. 

Samples Mea7, Mea8, Mea13, Mea44 and Mea45, which form subcluster B, are highlighted in blue
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Comparative analysis of the genomes revealed 145 nu-

cleotide differences between Mea1 and Mea2, of which 

39 fall in the intergenic space and 106 substitutions in 

various protein-coding fragments of the genes. The high-

est number of these are in the L (52 substitutions), N (17 

substitutions), and H (15 substitutions) genes. This result 

suggests that these measles virus strains may have dif-

ferent origins.

For phylogenetic analysis of full-genome sequences, 

all available genomes from the GenBank database identi-

fied in the last 5 years and belonging to groups B3, D8, as 

well as sequences of vaccine strains, were included in the 

study. Phylogenetic analysis of full genome sequences of 

Russian strains with sequences found in other regions of 

the world showed that Russian strains are closest to the 

samples isolated in the USA and India in 2019, as well as 

to those collected in Japan and New Zealand in 2023; the 

corresponding data are presented in Figure 4.

The differences in the formed subgroups within mea-

sles virus genotypes obtained from phylogenetic analysis 

of virus strains raise the question of the efficiency of analy-

sis based on the N gene alone. To further investigate this 

issue, a comparative analysis of phylogenetic trees gen-

erated based on the N gene, N and H genes, along with 

full-genome sequences, was performed by estimating the 

Hamming distance between pairs of strains within and be-

tween the B3 and D8 genotypes. The results of the analy-

sis (Fig. 5) reflect the discriminatory power of phylogenetic 

analysis based on different numbers of genes.

The results of the analysis clearly demonstrate the suf-

ficient discriminatory power of the N gene fragment analy-

sis in determining D8 and B3 genotypes, but insufficient 

efficiency in separating phylogenetic groups within geno-

types. The simultaneous analysis of N and H genes allows 

strains to be separated both within and between phyloge-

netic groups with higher accuracy, thus increasing the sta-

tistical significance and reliability of the study. Analysis of 

all protein-coding fragments and full-genome sequences 

significantly increases the accuracy of the study of virus 

transmission pathways within the same phylogenetic group 

(Fig. 5).

To assess the variability of Measles morbillivirus genes, 

we performed a comparative analysis of gene sequences 

in the study sample consisting of full-length genomes of 

measles virus strains from different countries belonging to 

the D8 and B3 genetic groups. The results of the compara-

tive analysis were used to determine the total number of 

single-nucleotide variants in the genes of proteins N, L, M, 

F, PVC and H. The number and proportion of synonymous 

and nonsynonymous nucleotide variants were estimated 

(Fig. 6). The highest number of nucleotide substitutions was 

found in the L gene, which is the largest and encodes a viral 

RNA polymerase protein of 2183 amino acids. The distribu-

tion profile of mutations in the M gene encoding the virus 

matrix protein of 335 amino acids differed most markedly 

from the other genes. In particular, this gene had more non-

synonymous substitutions (n = 114) than synonymous sub-

stitutions (n = 71). The PVC gene, which encodes several 

Figure prepared by the authors using their own data

Fig. 4. Phylogenetic relationships of full-genome sequences of 1 virus strains detected in Russia and other countries. The D8 genotype phylogenetic group is 

shown in blue, the B3 genotype group in green, and the vaccine strain group in red. Genomes from Russia included in the analysis, which were sequenced in 2020 

and 2023, are highlighted in pink text
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Figure prepared by the authors using their own data

Fig. 5. Pairwise Hamming distance bet ween sequences of 1 virus strains belonging to genetic groups D8 and B3. The vertical axis shows the Hamming distance 

values for pairwise comparison of sequences, while the horizontal axis shows the fragments of the 1 virus genome analyzed — the N gene fragment, the union of 

the N and H gene fragments, and the union of all protein-coding sequences and the complete genome. The color indicates the values for the pairwise comparison 

of sequences within the B3 and D8 groups and between the strain groups: blue — B3-D8, green — D8-D8, orange — B3-B3
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Figure prepared by the authors using their own data

Fig. 6. Distribution of number and type of nucleotide substitutions in the genes 

of 1 virus strains associated with genetic variants D8 and B3. The horizontal 

axis shows the gene under study; the vertical axis shows the allele frequencies 

of the most common substitutions relative to the consensus sequence in 

the genomes studied. A point represents a unique position in the gene. 

Grey — synonymous substitutions; red — non-synonymous substitutions
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viral proteins (phosphoprotein (P), nonstructural protein V, 

and protein C), was also found to contain more nonsynony-

mous substitutions (n = 88) than synonymous substitutions 

(n = 69). 

As well as demonstrating that the N gene is not the 

most variable, the analysis of nucleotide substitution fre-

quencies in Measles morbillivirus genes (Fig. 6) shows that 

the M and H genes are also important targets for clarifying 

phylogenetic relationships between pathogen strains.

DISCUS SION 

The results of comparative analysis of the examined mea-

sles virus samples suggest genetic similarity between 

Russian circulating variants and strains that have been 

found in other regions of the world, such as Central Europe 

or Asia. The published data for 2019–2022 are consistent 

with our results. Thus, the D8 and B3 genotypes are domi-

nant in the global pattern of measles virus genetic diversity. 

However, their ratio is shown to vary in different regions of 

the world. In particular, the B3 genotype was dominant in 

the African, American, and Eastern Mediterranean regions, 

while the D8 genotype was dominant in the European, 

Northeast Asian, and Western Pacific regions [19]. The in-

formation presented on the website of the Nextstrain da-

tabase [20] also indicates the dominant distribution of B3 

and D8 genotypes in different regions of the world from 

2020 (Fig. 7).

Most of the studied variants identified by us in 2023–

2024 belong to the D8 genotype, which includes a wide-

spread group of strains [12, 19]. In total, the open GenBank 

database contains more than 6 thousand gene sequences 

or genomes of strains belonging to this group.

Among Russian strains, in addition to the D8 genotype, 

strains belonging to the B3 genotype were also detected. 

Although the B3 genotype variant was detected in only 

two Russian samples in 2023, both samples obtained in 

Moscow in 2020 and 2021 belong to this group, which is 

currently prevalent in Africa, Europe and North America. 

Among the Measles morbillivirus genomes or genome 

Figure prepared by the authors

Fig. 7. Global distribution of known 1 virus genotypes. Graphs based on A–N gene fragment sequencing data, B — whole genome sequencing data from January 

2020 to September 2024. The figure was generated using the internet resource https://nextstrain.org/1/
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fragments obtained from patient samples in 2023 and 

available in public databases such as the National Center 

for Biotechnology Information (NCBI) database, only 60 be-

longed to this group; these were found predominantly in the 

United States and Iran. The phylogenetic analysis of this 

group of strains shows that the variants detected in Russia 

in 2020 and 2023 do not form a common cluster, which 

suggests a different origin. The work by Erokhov et al. [12] 

demonstrated in the outbreaks of 2018–2020 the presence 

of genetic lines and variants of measles virus that prob-

ably did not circulate in Russia, but were imported from 

neighboring countries. A similar conclusion was reached 

in the retrospective analysis of measles outbreaks in the 

Astrakhan Oblast carried out by Kuzmenkov et al. [21], who 

identified the process of migration of virus variants from 

neighboring countries as a key factor in the formation of 

new outbreaks.

Based on the above, we can assume that the majority 

of measles outbreaks in Russia in 2023–2024 are caused 

by D8 variants, which were also identified in various regions 

of the world during this period. This is supported by statisti-

cal data on the distribution of genotypes among measles 

cases for the period from 2020 to 2024 in the European 

region [6].

Most of the studied Measles morbillivirus nucleotide 

sequences associated with recent measles outbreaks in 

Russia can be divided into phylogenetic subgroups accord-

ing to the place of origin or pathway of spread within the D8 

genotype. The distance dependence between subgroups 

(Fig. 5) confirms that the resolution of phylogenetic analysis 

depends on the size of the fragment of the nucleotide se-

quence of the virus genome used in the analysis. The com-

parative analysis of phylogenetic tree structures obtained 

by analyzing the sequence of the N gene, along with the 

combination of the N and H genes, showed that the use of 

the N gene alone is sufficient to determine the main geno-

type with high reliability, but does not allow for the study 

of virus transmission routes. The comparison of Measles 
morbillivirus gene variability also showed that the N gene 

is not the most variable gene; thus, additional genes, such 

as M and H, are required to investigate transmission path-

ways. To achieve an optimal ratio of labor and resolution 

in the future, at least the three most variable genes for a 

selected genotype, such as N, H, and M, should be used 

to analyze measles virus transmission pathways.

CONCLUSIONS

The described approach to the molecular genetic study of 

complete and partial genome sequences of clinical mea-

sles virus strains detected in 2023–2024 in Moscow and 

Novosibirsk was used to identify subgroups differing in 

terms of their origin. Among the sequencing data of strains 

detected in 2023, we also identified two samples belonging 

to genotype B3, which do not form a common origin group 

with sequences of the same genotype detected in Moscow 

in 2020–2021.

The comparison of Measles morbillivirus strains se-

quenced by us with global sequences provides a basis 

for detecting both those close sequences detected both 

in 2023 and those identified in previous years in different 

countries of the world.

The study of the N gene in the analysis of epidemically 

significant strains of Measles morbillivirus is sufficient for 

determining the main genotype with high reliability, but not 

to study the pathways of virus transmission. For this pur-

pose, it is recommended to use the other most variable 

genes, such as M and H.
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