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Abstract

Introduction. Human metapneumovirus (hMPV) holds significant epidemiological importance, being a dominant
cause of lower respiratory tract infections in children under two years of age and individuals over 65. Multiple
infections with hMPV throughout a person’s life are possible due to the antigenic and genetic variability of the virus.
However, the genetic variability of hMPV circulating in Russia remains unexplored.

Aim of the study. The aim of this study was to test a protocol for whole-genome sequencing of hMPV to assess
the genetic diversity of metapneumoviruses circulating in certain regions of Russia.

Materials and methods. Nasopharyngeal swabs were collected from patients of different ages with acute
respiratory viral infections (ARVI) tested positive for hMPV using polymerase chain reaction (PCR). From some of
the samples, viral isolates were obtained in cell culture. Whole-genome sequencing was performed on both swabs
and isolates using the MiSeq lllumina platform, followed by phylogenetic analysis.

Results. For the first time in Russia, whole-genome sequencing of 44 hMPV strains circulating from 2017 to 2024
was conducted. Their genetic group affiliation was described, with the A2b2 clade shown to dominate. It was
confirmed that the greatest variability among genes encoding viral surface proteins was observed in the G gene,
while changes in the F gene were minimal during the studied period.

Conclusion. The study provides insights into the genetic diversity of hMPV strains circulating in various regions of
the Russian Federation. Understanding the genetic variability of hMPV is crucial for comprehending viral evolution,
transmission dynamics, and mechanisms of immune evasion, which influence the development of vaccines and
antiviral drugs.
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tions
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MeHeTU4Yeckoe pa3HoOOpa3ne MeTanHeBMOBUpPYCa YernoBeka

(Pneumoviridae: Metapneumovirus) B Poccuu: pesynsraThbl
MONEeKynspHoOro aHanu3a
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Pestome

AkTyanbHocTb. MeTtanHeBmoBupyc Yenoseka (Human metapneumovirus, hMPV) umeet 6onbLuoe annaemmono-
rmyeckoe 3HayeHue, ABNSASACb JOMUHUPYOLLEN MPUYMHON MHMPEKLMIA HUXKHUX OblXaTenbHbIX NyTen y AeTen mnag-
we 2 neT u nuy crapwwe 65 net. BoamoxxHO MHorokpaTHoe nHduumposaHne hMPV B TeyeHue Xn3HM YenoBeka
BBMAY aHTUrEHHON U reHETUYECKOW N3MEHUYMBOCTU BO3OyamTens. [Npu aTom reHeTndeckas uameHunBoctb hMPYV,
umMpKynupytoLmx B Poccum, octaetca Hensy4yeHHON.

Llenb pa6oTbl. AnpobaLusi npoTokona NoNMHOreHOMHOro cekBeHMpoBaHus hMPV ans oueHKy reHeTu4eckoro pas-
Hoobpa3nsa MeTanHeBMOBMPYCOB, LIMPKYNUPYIOLLMX B OTAENbHbIX cybbekTax Poccun.

MaTtepuansl n Metoabl. Viccnegosanu HasodapuHreanbHble Masku OT MaUMEHTOB pa3HOro Bo3pacTa C OCTPbl-
MU PecnMpaTtopHbIMKU BUPYCHBLIMU MHAEKUMSIMU, MONOXUTENbHbIE B MOMMMEPa3HON LienHown peakumm Ha hMPV.
M3 yactn 06pasuoB BMPYC BLIAENSANM Ha KNETOYHOW KynbType. Ha nnatdgopme lllumina MiSeq npoBegeHo nonHore-
HOMHOe cekBeHupoBaHue Bupycos hMPV 13 MaskoB 1 M30MATOB C NOCNEAYOLWMM (PUNOreHeTUYECKUM aHann3om.
Pe3ynkTrathbl. Bnepsble B Poccun npoBegeHO NONHOreHoMHoe cekBeHupoBaHue 44 hMPV, uupkynvpoBsaBsLUnX
B nepuog ¢ 2017 no 2024 r., onMcaHa nx NpMHaANEeXHOCTb K reHeTUYeCKMM rpynnam, NokasaHo 4OMUHUPOBaHUE
knanga A2b2. MoateepxaeHo, YTO Hambonbllee pasHoOOpasve B reHax, KoaMpYLKUX MOBEPXHOCTHble Genku
BMpYCa, OTMeYeHOo ANnd reHa G, B TO BpeMsi Kak B reHe F B n3y4yaemblil Nepuoa naMeHeHns 6binv MUHUManbHbI.
3aknioyeHue. [NpoBeaeHHOe uMccrnefoBaHWe OaeT NpeacTaBreHMe O reHeTUYecKoM pasHoobpasvn BUPYCOB
hMPV, umpkynupytowmx B oTaenbHbIX cyobekTax Poccunckon degepaumn. MydeHne reHeTUHECKOn N3MeHYnBO-
ctm hMPV nmeeT peliaroliee 3Ha4eHne A8 NOHMMaHUs BUPYCHOW 3BOMIOLMMW, AMHAMUKM Nepefayvn u MexaHus-
MOB MMMYHHOTO YCKOMb3aHUs, KOTOpble BAMAIT Ha pa3paboTky BakUMH U NPOTUBOBMPYCHLIX NpenapaTos.

KnioueBble cnoBa: MemarnHesMosUPYC Yeslo8eKa; MoTHO2EHOMHOE CEK8EeHUPOBaHUe; 2eHemuyeckasl U3MeHYu-
8ocmb; 2eH F; eeH G; dynnukauyuu
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WcTtouHnk dmHaHcMpoBaHus. PaboTa BbiMoMHeHa B pamMKkax peanu3auvMu 3agay rocyfapCTBEHHOrO  3afaHus
TVKQ-2025-0005 «leHeTu4eckne M aHTUreHHble AeTePMUHAHTbI M3MEHYMBOCTU COBPEMEHHbBIX MHEBMOBKPYCOB Yerno-
BeKa, LMpKynupytoLwmx Ha Tepputopun Poccuiickon ®epepaummn» MuHnctepcTBa 3gpaBooxpaHeHuns Poccuiickon depe-
paumu.

KoHdnukT nHTepecoB. ABTOpbI AeKNapupyOT OTCYTCTBUE SIBHBIX U MOTEHLManbHbIX KOHMIMKTOB MHTEPECoB, CBS3aH-
HbIX C Nybrmkaumen HacTosILLEeN CTaTby.

ATuyeckoe yTBepxaeHue. ViccnegosaHve npoBoanock npu 4o6poBonbHOM MHPOPMUPOBAHHOM COrnacum
nauneHToB. [poTokon nccnegosannsa ogobper Atnyeckum komutetom SrbyY «HUU rpunna um. A.A. CmopoamnHuesa»
(npotokonbl Ne 215 o1 31.01.2024, Ne 194 ot 12.12.2022, Ne 178 ot 10.01.2022, Ne 161 ot 14.12.2020, Ne 149 ot
18.12.2019, Ne 136 ot 21.12.2018, Ne 3120 ot 18.12.2017).

Introduction

Human metapneumovirus (Orthornavirae: Pneumo-
viridae: Metapneumovirus: Metapneumovirus hominis
(ICTV 2024), hMPV) was first identified in the Nether-
lands in 2001 [1]. The genome of the virus is represented
by single-stranded RNA with negative polarity. The clos-
est relative of human metapneumovirus is human respira-
tory syncytial virus (Orthopneumovirus hominis, hRSV),
which also belongs to the Pneumoviridae family [2]. Both

viruses share a number of common characteristics, such
as genome structure and transmission routes, but differ
in specific features of interaction with host cells and
pathogenetic mechanisms. The study of evolutionary re-
lationships and genetic features of hMPV is important for
understanding the mechanisms of pathogenicity and de-
veloping effective methods of prevention and treatment.
The hMPV genome, which is about 13,000 nucleotides
long, consists of 8 genes encoding 9 proteins: nucleopro-
tein (N), phosphoprotein (P), matrix protein (M), fusion
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protein (F), matrix proteins 2 (M2-1 and M2-2), small
hydrophobic (SH) protein, glycoprotein (G), and large
(L) polymerase protein [3, 4]. Among them, two surface
glycoproteins, fusion protein (F) and attachment protein
(G), play a key role [4, 5]. These molecules allow virus
entry into host cells and promote evasion of the immune
response [6]. G protein mediates virus attachment to the
cell surface and F protein is responsible for membrane
fusion processes, making these proteins important targets
for the study and development of therapeutic approach-
es [7]. The virus has tropism to airway epithelial cells,
where it induces pronounced cytopathic effects [8]. One
of the most characteristic manifestations of the pathomor-
phologic process is the formation of giant multinucleated
epithelial cells — syncytium, which promotes the spread
of the virus in tissues and enhances its pathogenicity [9].

Human metapneumovirus is classified into two major
genetic lineages, A and B, which are further subdivided
into the corresponding sublineages Al, A2, B1 and B2
[10, 11], given the genetic diversity of the virus [12]. Re-
peated infection with hMPV is associated with antigenic
variability of the virus surface proteins, which makes it
difficult to form persistent immunity [12, 13]. The most
genetically close pneumovirus to hMPV is avian metap-
neumovirus type C. According to calculations, the clos-
est common ancestor of these viruses could have exist-
ed 215-268 years ago [14, 15]. Currently, cases of zoo-
notic transmission of metapneumoviruses are unknown,
and experiments on infection of birds with hMPV have
not resulted in productive infection [16]. Presumably, the
separation of human metapneumovirus types may have
occurred less than 100 years ago [14].

There was no systematic surveillance of this virus in
most countries, and for a long time the molecular epide-
miology of hMPV remained poorly understood [6, 17].
However, in recent years, due to the increased interest
in the study of respiratory syncytial virus, the number of
studies on metapneumovirus has also increased'. In the
context of globalization and increasing population mobil-
ity, antigenic and molecular characterization of modern
hMPYV isolates has become critical for understanding its
global distribution and evolutionary dynamics [11, 13].

From an epidemiologic point of view, hMPV is one
of the leading causes of acute respiratory infections of
non-influenza etiology worldwide [9, 18]. It primarily af-
fects newborns and children under 2 years of age, people
over 65 years of age, and immunocompromised patients,
with seasonal peaks usually occurring in late winter and
spring [10, 19]. Transmission of the pathogen occurs pre-
dominantly by airborne droplet transmission, with con-
tact and household contact possible, and the incubation
period is estimated to be 4—6 days [4, 12, 20-22]. Clinical
manifestations range from mild upper respiratory tract
symptoms to severe lower respiratory tract infection, in-

'World Health Organization: Disease Outbreak News; Trends of
acute respiratory infection, including human metapneumovirus,
in the Northern Hemisphere 2025 [7 January 2025]. Available at
https://www.who.int/emergencies/disease-outbreak-news/
item/2025-DONS550
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cluding bronchiolitis and pneumonia [23, 24]. Epidemio-
logic studies show that seroprevalence in the population
exceeds 90% after the age of 5 years, suggesting almost
universal early infection (as for hRSV) [25].

Currently, the mass media are actively discussing the
increase in the incidence of metapneumovirus infection
in the northern provinces of the People’s Republic of Chi-
na and in a number of other countries'. At the same time,
given the pronounced seasonality of circulation, it should
be noted that the increase in the number of metapneu-
movirus infection cases is natural for this time of year
[4, 12, 20]. According to official information posted on
the website of the World Health Organization, «according
to the latest acute respiratory infection surveillance data
provided by the Center for Disease Control and Preven-
tion of China as of December 29, 2024, there is an upward
trend in the prevalence of acute respiratory infections, in-
cluding those caused by seasonal influenza viruses, RSV
and hMPV, as expected for this time of year (winter) in
the Northern Hemisphere»'.

Despite the fact that hMPV has been known for more
than 20 years, its genetic diversity has not been sufficient-
ly characterized both in the world and in Russia [1, 4, 24].
In addition, despite the important role of pneumoviruses in
the etiologic structure of respiratory infections, information
on the prevalence of hMPV in different regions is sketchy,
and the nature of its circulation is practically unstudied
[19, 26]. Thus, the study of the patterns of evolution of pneu-
moviruses, in particular hMPYV, is necessary and relevant,
given the continuing burden of pneumovirus infections, es-
pecially among children of younger age groups.

The aim of the study was to investigate the genetic di-
versity of human metapneumoviruses identified in Russia
by analyzing the genetic variations of fusion (F) and at-
tachment (G) proteins.

Materials and methods

Clinical samples. The study included nasopharyngeal
swab samples from hospitalized patients with respiratory
symptoms collected between 2016 and 2024, mainly in
St. Petersburg and the Leningrad Region as part of hos-
pital surveillance for acute respiratory viral infections
(ARVI). Total RNA extraction was performed using the
NAmagP 2000 RNA extraction kit (Biolabmix LLC, Rus-
sia). Metapneumovirus RNA detection in clinical materi-
al was performed using the AmpliSens ARVI-screen-FL
reagent kit (Central Research Institute of Epidemiology
of Rospotrebnadzor, Russia) by real-time reverse tran-
scription polymerase chain reaction (PCR) method.

Cell lines. The cell line LLC-MK?2 (Macaca mulatta
monkey kidney) obtained from ATCC (American Type
Culture Collection, USA) was used for hMPV isolation.
The cell monolayer was cultured using DMEM nutrient
medium (LLC Biolot, Russia) supplemented with 10% fe-
tal bovine serum (LLC Biolot, Russia), 1% mixture of
penicillin G and streptomycin antibiotics (50,000 units/
vial and 50 g/vial, respectively) (LLC Biolot, Russia).
Cell culture transfer was performed on the 7th day. Seed-
ing concentration was 2.5-5.0 x 10° cells/mL. Cells were
grown at 37 °C in an incubator with 5% CO.,.
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Media. Support medium for virological experiments
on LL.C-MK?2 cell culture. Per 100 mL of DMEM medi-
um, 2.6 mL of serum albumin V fraction (Sigma, Germa-
ny), 1.6 mL of HEPES buffer (Sigma, Germany), 100 pL
of gentamicin solution for cell cultures (Biolot LLC, Rus-
sia), 100 uL of TPCK-trypsin solution (2 ng/mL) (Sigma,
Germany) were added. Cell washing medium. 100 pL
of gentamicin solution for cell cultures, 100 pL of TP-
CK-trypsin solution (2 pg/mL) were added per 100 mL
of DMEM medium.

Cultivation of metapneumovirus. The daily monolayer
of LLC-MK2 cells in special plastic tubes with beveled
bottom (Nunc, Denmark) was washed twice with 2 mL
cell washing medium. PCR-positive materials from pa-
tients were added 0.2 mL each into 2 vials with cell cul-
ture and after incubation for 40-60 min at 36 °C, 1.8 mL
of maintenance medium was added. After that, the vials
were incubated at 36 °C, monitoring the monolayer con-
dition daily in an inverted microscope. In the absence of
pronounced cytopathic effect (CPE), the samples were in-
cubated at 36 °C for up to 14 days. In the absence of CPE
on the 14th day, cells were destroyed by freezing/thawing,
pooled pools of culture fluid were prepared (from 2 vials
from each sample) and the following passaging was per-
formed in 2 vials with a daily monolayer of LLC-MK?2
cells with registration of reproduction by CPE. Three
consecutive passages were performed for each sample. In
the presence of initial or pronounced CPE, the presence
of virus was further confirmed using a PCR test system
with real-time detection of results. The primer sets and re-
action conditions are described in a study by S. Sugimoto
etal. [27].

Whole genome amplification was performed accord-
ing to the protocol of K. Groen et al. [28] with modi-
fications. Sequencing of the full-length hMPV genome
was performed using the DNA Prep reagent kit from II-
lumina (USA). The complementary DNA was purified on
magnetic particles. Genomic libraries were sequenced on
the MiSeq Illumina platform using MiSeq Reagent Kit
v3 600-cycle. The BWA algorithm was used to align the
resulting reads to a reference sequence. Samtools and
Ivar software were used to obtain consensus sequences.

Comparative phylogenetic analysis of nucleotide se-
quences was performed by the maximum likelihood
method using the RAXML algorithm and the GTRGA-
MMA nucleotide substitution model. Statistical support
of tree branches was determined by the rapid bootstrap
method with 1000 replications. The phylogenetic tree
was midpoint rooting. Ancestral sequences were recon-
structed using the PAML algorithm in Treesub?. Phylo-
genetic trees were visualized and annotated using Figtree
and Inkscape software [28]. The ggtree library in R was
used to visualize the whole-genome phylogenetic tree.
The global dataset of complete human metapneumovirus
genomes available on the Nextstrain platform (https://
nextstrain.org/hmpv) — 682 genomes deposited in the
GenBank database — was used for analysis. The dataset

*Treesub: annotating ancestral substitutions on a tree [1 Febru-
ary 2025]. Available at: https://github.com/tamuri/treesub.

OPUTUHAJbHbBIE NCCNEAOBAHUA

was filtered using the Nextclade tool [31]. The number
of unsequenced positions (totalMissing < 1500) and the
quality indicator for the presence of unique mutations (qc.
privateMutations.status not equal to «bad») were used as
criteria. Phylogenetic signal in hMPV whole-genome se-
quences was determined using the TempEst program. The
external domain of hMPV G protein was analyzed using
the Chi-Score application.

Ethical approval. The study was conducted with
voluntary informed consent of patients. The study
protocol was approved by the Ethical Committee of
the A.A. Smorodintsev Research Institute of Influenza
(protocols No. 215 0f 31.01.2024, No. 194 0f 12.12.2022,
No. 178 of 10.01.2022, No. 161 of 14.12.2020,
No. 149 of 18.12.2019, No. 136 of 21.12.2018,
No. 3120 of 18.12.2017).

Results

According to PCR diagnostic data, during the epidemic
seasons 20162024, the circulation of metapneumovirus
in St. Petersburg and the Leningrad Region was unstable
and low, averaging 9.7% of all cases positive for viral
pathogens, excluding influenza and COVID-19 pathogens
(Fig. 1). The proportion of positive metapneumovirus
cases was relatively high only in the 2020-2021
season at 21.4%. In the following season 2021-2022,
the contribution of hMPV was minimal (2.5%); in
comparison, the proportion of laboratory-confirmed
rhinovirus infection in this season was 49.2%.

Sequencing resulted in 44 whole-genome sequences
of metapneumoviruses isolated from patients from St.
Petersburg and Leningrad Region (43) and Yamalo-
Nenets Autonomous District (1) during 4 epidemic
seasons of 2018-2024. Of these, 11 circulated before the
pandemic (epidemic seasons 2017-2018 and 2018-2019),
and 33 circulated during the epidemic seasons 2022-2023
and 2023-2024. Despite the high proportion of hMPV
in circulation in the 2020-2021 season, whole-genome
sequences of the virus could not be obtained from primary
samples. Virus isolation was also unsuccessful, which
may be due to the sampling medium at the peak of the
pandemic being unsuitable for said process. According
to phylogenetic analysis, the majority of sequenced
metapneumoviruses belonged to the A2b2 genetic clade
(40 of 44), 1 virus was identified as belonging to the A2bl
clade, and 3 to the B2 clade (Fig. 2, Table 1). According to
the results of the global dataset analysis, the proportion of
the A2b2 clade ranged from 27 to 100% in different years.

The hMPV viruses of genetic lineage A2b2 from
individual subjects of Russia formed three phylogenetic
clusters close to the viruses from Switzerland, the USA,
and Australia 2021-2024 according to the data of whole
genome analysis. It is interesting to note that each of the
clusters included viruses collected in different epidemic
seasons. This may be explained by a weak temporal signal
[30] or by the low rate of evolution of this pathogen in
combination with global spread and numerous transfers
of the virus from one geographic region to another and
back. The TempEst program was used to check the level
of temporal signal in whole genome sequences of hMPV.
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Fig. 1. The percentage of samples positive for metapneumovirus
in the structure of acute respiratory viral infections by seasons
2016-2024.

* — samples are positive only for respiratory viruses (rhino-, adeno-, boca-,
metapneumo-, coronavirus, parainfluenza viruses and human respiratory
syncytial virus) excluding influenza viruses and SARS-CoV-2.

Puc. 1. JIo71s1 MONOKUTENBHBIX HA METAITHEBMOBHPYC 00pa3oB
B cTpykType OPBU no ce3zonam 20162024 rr.

* — 00pasibl MOJOXKUTEIbHBI TOIBKO HA PECIHPATOPHBIC BUPYCHI (PHHO-,

aJIeHo-, 60Ka-, METalHEeBMO-, KOPOHABHPYCHI, BUPYCHI IApPATpUIIIa U PECIIH-

PaTOPHO-CUHIIUTHAIIBHBII BHpPYC dYeloBeKa) HCKIOYash BHPYChl IDHINA U
SARS-CoV-2.

Table 1. Genetic lineages of human metapneumoviruses in the epidemic
seasons of 2017-2024

Tabauna 1. [IpuHaaie)XHOCTh METATHEBMOBUPYCOB YeJI0OBEKa K TeHe-
THYECKUM JIMHUSM B dnuaeMudeckue ce30ubl 2017-2024 rr.

Srmmewmeonniceson | Beero | A1 | A2 | B2
2017-2018 8 0 6 2
2018-2019 3 0 3 0
2022-2023 10 0 10 0
2023-2024 23 1 21 1

The analysis demonstrated a significant correlation
(> 0.9, R? > 0.8) between genetic distance and sample
collection time, indicating the presence of temporal
signaling in hMPYV data from different subtypes (Fig. 3).
Thus, the clustering of the 2018-2024 hMPV genomes
may indicate that sufficient evolutionary changes do not
occur in the genome over a period of 5-6 years to reliably
differentiate viruses of different epidemic seasons.
However, at longer time intervals such differentiation
becomes possible (Fig. 2), which can be seen from the
way viruses of different years are grouped on the color
scale.

The results of the analysis of the F' and G genes show
minimal genetic changes in the F gene and significant
genetic variability in the G glycoprotein (Figs. 4-7).
Metapneumoviruses of the A2b2 clade collected in 2017—
2024, with the exception of two viruses, form a single
group on the phylogenetic tree (Fig. 4). Interestingly, the
A2b2 genetic lineage has no characteristic distinctive
amino acid substitutions in F.
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Most of the detected amino acid polymorphisms were
localized in the F1 subunit of the F fusion protein. No
amino acid substitutions leading to a change in the
N-glycosylation profile were detected in the F protein of
both hMPV subtypes (Figs. 4, 6).

The G gene is highly covariable and encodes a mu-
cin-like glycoprotein of disordered structure with a large
number of potential O-glycosylation sites. The coding se-
quence of the G gene can be divided into intravirion (1-30
aa), transmembrane (31-51 aa), and outer domains. The
intravirion and transmembrane domains of hMPV of dif-
ferent subtypes have a high degree of similarity: 36 ami-
no acid residues (a.a.r.) out of 51 (more than 70%) are
conserved in 99—100% of viruses of subtypes A2 and B2.
For the external domain, this figure drops to a noisy level
(less than 30%). It is interesting to note that hMPV sub-
type A2 is characterized by the occurrence of extended
duplications: thus, in the G gene of 36 out of 37 metap-
neumoviruses of subtype A2 from all three regions of
Russia, a region with a 111-nucleotide-long duplication
was detected. In the G gene of subtype B2, extended du-
plications were not detected.

It has been shown that disordered regions of proteins
can have non-random organization and can be divided
into modules using the > homogeneity test [31]. Using
the Chi-Score tool, we analyzed the external domain of
protein G of hMPV subtypes A2 and B2 (Fig. 8).

It was shown that the outer domain of the G protein
hMPYV subtype A2 can be divided into two modules —
module 1 (52-139 a.a.r.) and module 2 (140 a.ar. —
C-terminus of the protein), with module 2 characterized
by extended duplications (up to 37 a.a.r. in length).
The repeats consist of S7, L1, S2, L2 sites separated by
conserved RTSSA spacer sequences (Fig. 9). It should be
noted that the repeat sites are not 100% homologous and
may contain substitutions at different positions.

About 57% of the subtype A2 metapneumovirus-
es analyzed contained only S/ and L2 regions (includ-
ing 1 virus of A2bl lineage (hMPV/Russia/SPE-RII-
7947S/2023), 41% additionally contained the L1 region
(including 36 Russian A2b2 lineage viruses), and only less
than 2% of the viruses contained all repeats (Table 2).

The external domain of the G protein hMPV subtype
B2 can be divided into four modules — module 1, mod-
ules 2 and 4, which are mucin-like domains, and mod-
ule 3 between them, which is a Glu-Lys-rich spacer
of 14-18 a.a.r.

Discussion

Human metapneumovirus is one of the respiratory
pathogens that have a significant impact on health, primarily
in children and the elderly. The study revealed important
aspects of hMPV circulation and genetic variability in
three regions of the Russian Federation, which contributes
to understanding the dynamics of viral evolution.

One of the key results of the work was the establishment
of the dominance of the A2b2 genetic clade in Russian
hMPYV isolates in the period from 2017 to 2024.

The phylogenetic analysis showed a high degree of
similarity between Russian hMPYV isolates and isolates
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Fig. 2. Global diversity of human metapneumoviruses based on whole-genome sequencing data.
Isolates from the Russian Federation are marked in red.
Puc. 2. ['mobansHOE pa3zHOOOpa3ne METAITHEBMOBUPYCOB YeJIOBEKa 110 JaHHBIM ITOJTHOT€HOMHOTO CEKBEHHPOBAHHSI.

KpacHbiM oTmMeueHsl u3onsaTsl U3 Poceuiickoit ®eneparyu.

Fig. 3. Temporal signal in whole genome sequences of hMPV.
Subtype A2 (left), subtype B2 (right). D — genetic distance of root-to-tip divergence.
Puc. 3. OnpenenieHre BpeMEHHOTO CHI'HaJIa B OJTHOTEHOMHBIX T10CIIEI0BATENbHOCTIX hMPV.
Cybtun A2 (cnesa), cyorun B2 (cnpasa). D — reHetideckas JUCTaHLUS OT KOPHS [0 JIUCThEB (QUIIOreHEeTHYECKOro aepesa (root-to-tip divergence).
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Fig. 4. F gene
phylogenetic tree
of subtype A2 human
metapneumovirus.

Viruses identified in three

regions of the Russian

Federation are marked in
red.

Puc. 4. ®unorenernye-
CKO€ JIEpEeBO 110 reHy F
METaIMHEBMOBHpYCa
yeJioBeKa nmoarumna A2.

KpacHblM 11BEeTOM OTMeYe-

HBI BHPYCBHI, BBISBICHHBIC

B Tpex peruoHax Poccwuii-
ckoit @eneparuu.

Fig. 5. G gene phylogenetic tree of subtype A2 human
metapneumovirus.

Viruses identified in three regions of the Russian Federation are
marked in red.
Puc. 5. dunorenernueckoe 1epeBo
no reny G MeTarmHEBMOBHpYCa uelloBeKka noaTumna A2.

KpacHbIM I[BeTOM OTMEUYEHBI BHPYChI, BBISBICHHBIC B TpEX
peruonax Poccuiickoit @enepanuu.
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Fig. 6. F gene phylogenetic tree
of subtype B2 human metapneu-
movirus.

Viruses identified in Saint Petersburg
are marked in red.
Puc. 6. dusnoreneruyeckoe aepe-
BO I10 TeHy F MeTalHeBMOBHpYyca
yesjoBeKa noaruna B2.
KpacHbIM 1IBETOM OTMEYEHbI BHUPYCHI,
BhIsiBIIeHHBIE B CaHKT-IleTepOypre.

Fig. 7. G gene phylogenetic tree of
subtype B2 human metapneumovi-

rus.

Viruses identified in Saint Petersburg are

marked in red.

Puc. 7. dunorenernueckoe 1epeBo
1o reHy G MeTalHeBMOBHpYcCa

yesioBeka nmoaruma B2.

KpacHBIM IBETOM OTMEUCHBI BHPYCHI,
BosiBIeHHbIe B CaHkT-IleTepOypre.
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Fig. 8. Heat map of G protein external domains of hMPV subtypes A2 (left) and B2 (right) based on Chi-Score data (Brendan S, et al., 2023 [31]).

Red arrows indicate regions of extended duplications.

Puc. 8. TerutoBast kapTa BHEIIHUX AoMeHOB Oenka G BupycoB hMPV nontumnos A2 (cnesa) u B2 (cnpasa) no nanusiv uactpymenrta Chi-

Score (Brendan S. u coasr., 2023 [31]).

KpaCHBIMI/I CTpEIIKaMH OTMEYEHBI YIaCTKH IPOTAKECHHBIX HyHHHKaHHﬁ.

Fig. 9. Structure of the duplication sequences in the G protein external domain of the hMPV subtype A2.
Puc. 9. CTpykTypa nocieoBaTeIbHOCTH ¢ IIOBTOPaMHU BHEIIHETo foMeHa 6enka G hMPV nonrtuma A2.

Table 2. Different combinations of duplications in the G protein external domain of the studied h(MPV subtype A2

Ta6muna 2. Pa3mmynble KOMOWHAINY TOBTOPOB IOCIIEA0BATENILHOCTEH BHENIHETO JoMeHa Oenka G noaruna A2 y HccineoBaHHBIX BHpycoB hMPV

Duplications
Hanuune nosropos

Number of isolates containing this combination/

S1 L1 52 L2
S1 Ll - L2
S1 - L2

Number of sequenced isolates Note
KonunuecTBo n30/4T0B, COIEpKAILUX JaHHYIO IMpumeuanune
koMOuHaIHI0/N CeKBEHUPOBAHHBIX
6/338 No isolates from Russia
Hert poccuiickux n3oistos

140/338 36 subtype A2b2 isolates from Russia
36 poccuiickux U30JATOB JTHHUU A2b2

192/338 1 subtype A2bl isolate from Russia

1 poccuiickuii u3onst auHuM A2b1

circulating in Europe and Asia, which emphasizes the  viruses, which suggests a low probability of recombina-
importance of cross-border epidemiological monitoring. tion between different hMPV strains.

Comparison of the results of phylogenetic analysis of Duplications of 54 and 111 nucleotides were detected
complete genomes and surface antigen coding sequenc-  in the G gene of 84% of Russian isolates belonging
es shows the same clade separation for all the studied  to the A2b lineage A study by P. Parida et al. detected
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a 180-nucleotide duplication in the G gene of hMPV
A2c lineage [32]. Similar results were obtained in earlier
studies in Spain between 2014 and 2016 [33], in Croatia
between 2014 and 2017 [34] and in Japan in 2014 [35].
Also in the same time period, more than 50% of hMPV
isolates had 111 nucleotide duplications (Japan, 2014—
2016 [36], Croatia, 2014-2016 [34], China, 2017. [37]).
In a study conducted by M. Pinana et al. in Spain, it was
hypothesized that A2c sublineage may replace A2a and
A2Db sublineages, and A2c¢ strains with duplications may
soon replace wild type A2c due to a better mechanism to
evade the immune response resulting from duplications
[33]. The presence of duplications in the G gene in
most Russian isolates indicates the possible formation
of new antigenic variants that may be of epidemiologic
significance. These changes require further study, as they
could potentially affect the efficacy of vaccines.

Conclusion

The molecular structure of human metapneumovirus
circulating in 2017-2024 in selected subjects of Russia
was studied in this work, which allowed us to obtain
unique data on its genetic diversity. The results of the study
emphasize the significance of an integrated approach to
the study of the virus, including monitoring of circulation,
determination of genetic variability and assessment of
virus evolution. This study lays the foundation for further
analysis of hMPYV evolutionary processes and assessment
of its impact on public health, which is of practical and
scientific importance for the improvement of molecular
diagnostic methods, risk assessment of the spread of new
genotypes, epidemiological monitoring, control strategies
for acute respiratory infections and vaccine development.
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