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Introduction. Puumala virus (family Hantaviridae, genus Orthohantavirus) is distributed in most regions of the
European part of Russia. However, information about its genetic variants circulating on the territory of the Central
Federal District is extremely scarce.

Materials and methods. Rodents’ tissue samples were tested after reverse transcription by PCR for the presence
of hantaviral RNA. The amplified fragments of the L segment were sequenced by the Sanger method. For two
samples, sequences of all three segments were obtained using the NGS method. Phylogenetic trees were built in
the MEGA-X software.

Results. Puumala virus was found in six samples. Based on the phylogenetic analysis of sequences of three
segments, the obtained genetic variants belong to the sublineage previously designated as W-RUS.

Conclusion. A genetic variant of the Puumala virus, belonging to the subline W-RUS, circulates on the territory of
the Volokolamsk district of Moscow region.
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FeHeTn4yeckne ocobeHHocTu BMpYyca lNyymana (Hantaviridae:

Orthohantavirus), obHapyxeHHoro B MockoBckon obnactu

BnuHoea E.A."?, MakeHoB M.T.!, Moposkun E.C.", Xonoannoe U.C.2, degopoea M.B.",
XKypenkosa O.B.", Poes I"'B."3, Xacmsos K.®.", KapaHb J1.C.

'®BYH LHUN Snuaemuonorumn PocnoTtpeGHaasopa, 111123, . Mockea, Poccus;

20FAHY «OHUWPUM um. M.M. Yymakosa PAH» (MHCcTUTYT nonvomuenuta), 108819, r. Mockea, Poccus;
3MOCKOBCKMI (OU3NKO-TEXHUYECKUI UHCTUTYT (HaLMOHaNbHbIN UccrefoBaTensckuin yHusepcutet), 141701, r. Mocksa,
Poccus

BeepneHue. Bupyc lMNyymana (cemeiictBo Hantaviridae, pon Orthohantavirus) pacnpocTpaHeH B GOMbLUMHCTBE
pernoHos EBponeinckon yactn Poccun. OgHako cBegeHUst O ero reHeTUYeCcKUX BapuaHTax, LMPKYNMpYoLWnX Ha
TeppuTopum LieHTpanbHoro deaepanbHOro okpyra, KpamHe CKYAHbI.

Llenb paboTbl — n3yvyeHue reHeTM4ecknx BapmaHToB Bupyca lyymana, umpKynupyoLwwmx B rpbi3yHax Ha TeppuTto-
pun Bonokonamckoro parioHa MockoBckor obracTu.

Martepuanbl n MeToAabl. TkaHu rpbl3yHOB nccnegosanu metogom MNLUP Ha Hannune PHK xaHTaBmpycos. AMnnu-
duLmMpoBaHHbIe parmeHTbl cermeHTa L cekBeHnpoBany metogoM CaHrepa. [nsa aByx 06pas3uoB Obinu nonyyeHsbl
nocnegoBaTenbHOCTY BCeX Tpex cerMeHToB MeTtogoM NGS. dunoreHeTuyeckue gepeBbs CTPOUIM B Nporpamve
MEGA X.

Pesynbrathl. B 6 nccnegyembix obpasuax 6ein obHapyxeH Bupyc lNyymana. ®dunoreHeTnyeckmin aHanms, 0CHo-
BaHHbIA Ha NOCMNeaoBaTeNbHOCTSIX TPEX CErMEHTOB, NoKas3ar, YTo 0bHapyXXeHHbIe reHETUYECKUE BapuaHTbl Npu-
Hagnexar k cyonuHmum, o6o3HadeHHon paHee kak W-RUS.

3akntoyeHue. Ha Tepputopun Bonokonamckoro paoHa MockoBckon 06nacTu LMpKynmMpyeT reHeTUYeCkuii Bapu-
aHT Bupyca Nyymana, oTHocswwmiics kK cyonmium W-RUS.

KntoueBble cnoBa: opmoxaHmasupyc Myymana; cybnuHus W-RUS; pbixasi noneska; ¢hunozeoepachusi

Ona untupoBaHua: bnvHosa E.A., MakeHoB M.T., Mopo3skuH E.C., Xonogunoe W.C., ®egoposa M.B., XKypeH-
koBa O.b., PoeB IB., XadhumsoB K.®., KapaHb J1.C. leHeTnyeckme ocobeHHocTn Bupyca Nyymana (Hantaviridae:
Orthohantavirus), obHapy>xeHHoro B MockoBckon obnactu. Bonpocs! supyconoauu. 2023; 68(4): 283—290. DOI:
https://doi.org/10.36233/0507-4088-177 EDN: https://elibrary.ru/nuunok
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®duHaHcupoBaHue. VccnegoBaHue BbINOMHEHO 3a CHET rocyAapCcTBEHHOrO GloaxeTa.

KoHdonukT nHTepecoB. ABTOpbI 3aABNSAOT 06 OTCYTCTBMM KOHAITUKTa MHTEPECOB.

OTuyeckoe yTBepxaeHWe. ABTOPbI MOATBEPXAAIOT COOMIOAEHNE UHCTUTYLIMOHANbHBIX M HaLMOHanbHbIX CTaHAApPTOB
Mo MCMonb30BaHNID NabopaTopHbIX XMBOTHBIX B cOOTBETCTBUM ¢ Consensus author guidelines for animal use (IAVES
23 July 2010). MpoTokon uccrnenoBaHus oaobpeH NokanbHbIM aTudeckum komuteTom (Mpotokon Ne 92 ot 20 mas 2019 r.).
Moctynuna 07.06.2023

MpuHsaTa B neyats 03.08.2023
Ony6nukosaHa 31.08.2023

Introduction

Representatives of the Orthohantavirus genus are
among the most important zoonotic pathogens. They are
found on all continents except Antarctica [1]. Generally,
each hantavirus species is associated with one species
of small mammals acting as their natural reservoir [1].
Human pathogenic hantaviruses are transmitted by
rodents [2], among which they circulate asymptomatically.
Transmission occurs by inhalation of aerosolized urine,
droppings, or other organic matter from infected rodents
and by rodent bites [3]. In humans, hantaviruses can
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cause hemorrhagic fever with renal syndrome (HFRS) or
hantavirus pulmonary syndrome (HPS) [2, 4].

Several pathogenic hantaviruses have been found in
Russia: Puumala, Hantaan, Seoul, and Dobrava-Belgrade
viruses (Kurkino and Sochi variants) [5]. The most
important hantavirus is the Puumala virus accounting
for almost 98% of the total HFRS cases in Russia [5]. It
causes a milder form of HFRS with low mortality rates
(less than 1%), which is often referred to as nephropatia
epidemica in Europe. The natural reservoir host of the
Puumala virus is the bank vole, Myodes glareolus [6].
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Rodent population dynamics depends on climatic
conditions affecting seed production and subnivean
reproduction capability; therefore, the HFRS incidence
varies from year to year [7]. The highest numbers of bank
voles live in broad-leaved and coniferous-broad-leaved
forests; therefore, in Russia, the most active epidemic foci
of Puumala virus-HFRS are in the Urals and the Middle
Volga region [5, 7].

The Puumala virus is an enveloped virus with a genome
consisting of three single-stranded negative-sense
RNA segments: small (S), medium (M), and large (L)
approximately 1828, 3650, and 6550 nucleotides long,
respectively [8].

The Puumala virus splits into 8 genetic lineages: Central
European (CE), Alpe-Adrian (ALAD), Danish (DAN),
South-Scandinavian ~ (S-SCAN),  North-Scandinavian
(N-SCAN), Finnish (FIN), Russian (RUS), and Latvian
(LAT) [9, 10]. The RUS, FIN, and LAT lineages have a
common ancestor and originate from the same refugium
[10]. The Puumala virus belonging to RUS and FIN lineages
was found in Russia [11, 12]; the virus belonging to the clade
known as W-RUS was detected in the Kursk Region [13].

HFRS cases are reported in 52 regions in European
Russia [5]. The Volga Federal District (VFD) is the most
endemic region for HFRS [14-18]. The Central Federal
District (CFD) accounts for nearly 13% of the total HFRS
cases in Russia. The number of HFRS cases in CFD, most
of which were caused by the Puumala virus, increased
approximately by 1/3 compared to the previous decade
[19]. Despite the relatively high incidence rates, there are
very scarce data on nucleotide sequences of hantaviruses
circulating in the above region. In the GenBank (NCBI)
database, except for the data from our previous study, we
were not able to find complete coding sequences for the S
segment, which were isolated in CFD [13]. In this study,
we examined viruses, which were isolated from bank voles
caught in the Volokolamsk District of the Moscow Region.

Materials and methods

Biological sample collection

Rodents were captured in the Volokolamsk District of the
Moscow Region in 2019-2020 using Schipanov traps [20].
Thetrapping was conducted in three stages: 42 voles were cap-
tured from June 17 through June 18, 2019 (Novopavlovskoe
village, 55.935984°N, 36.169937°E, 200 trap-days), 26 voles
fromSeptember18throughSeptember19,2019(Novopavlovskoe
village, 90 trap-days), and 41 voles from July 28 through Au-
gust 4, 2020 (Suvorovo village, 56.127875°N, 35.871444°E,
and Alferyevo village, 450 trap-days). Species of small mam-
mals were identified morphologically. Then, liver, spleen,
kidney, and lung tissue samples were collected aseptically
from the euthanized animals. The study was performed in
compliance with the standard practices for safe handling and
sample collection from small mammals that were potentially
infected with pathogens [21].

ABTOpPBI TIOATBEPIKAAIOT COOFOICHUE WHCTHTYIIMOHAIb-
HbIX W HAIMOHAJIbHBIX CTAHAAPTOB II0 HCIIOJIb30BAHUIO
7a00paTOpHBIX JKMBOTHBIX B cooTBercTBHH ¢ Consensus
author guidelines for animal use ( IAVES 23 July 2010).

OPUTUHAJbHbBIE NCCNEAOBAHUA

[Iporoxon uccienoBanus ono0peH JIokaabHBIM THUECKUM
xomuretroM (IIpotokon Ne 92 ot 20 mas 2019 1).

RNA extraction

For RNA extraction, we used 10% lung tissue suspen-
sion in PBS buffer and the RIBO-prep reagent kit (Central
Research Institute of Epidemiology of Rospotrebnadzor,
Moscow) according to the manufacturer’s instruction.

Amplification and sequencing

For cDNA synthesis, we used the Reverta L kit from
the Central Research Institute of Epidemiology of Rospo-
trebnadzor according to the manufacturer’s instruction.
All samples were further tested by the nested polymerase
chain reaction (PCR) method using genus-specific prim-
ers amplifying the L-segment region [22]. The resulting
amplicons were sequenced using Sanger sequencing with
internal nested PCR primers.

To obtain long sequences of three segments using the
previously published primers [13], we generated ampli-
cons approximately 1200 nucleotides long with overlap-
ping regions of about 500 nucleotides.

For each sample, the amplicons were pooled in equi-
molar ratios. To prepare indexed libraries, we used the
Nextera XT Library Prep Kit (Illumina) according to
the manufacturer’s instruction. DNA fragments ranging
from 200 bp to 400 bp were removed using Agencourt
AMPure XP magnetic beads (Beckman Coulter, United
States). The length range of fragments was measured with
the Agilent High Sensitivity DNA Kit (Agilent Technolo-
gies, Germany) using the Agilent 2100 bioanalyzer. Con-
centrations of the libraries were measured by quantitative
PCR (NEBNext Library Quant Kit for Illumina, New En-
gland Biolabs, United Kingdom). The normalized librar-
ies were sequenced using a MiSeq instrument and MiSeq
Reagent Kit v3.

Data preprocessing

The fastq files were preprocessed using Trimmo-
matic v0.39 [23] and cutadapt v3.4 software [24]. The
reads were aligned with references using the bow-
tie2 v2.4.4 tool [25]. Puumala virus NC _005224.1,
NC 005223.1, NC_005225.1 sequences were used as
reference sequences for S, M, and L segments, respec-
tively. Consensus sequences were generated consec-
utively 2 times — first, using Lofreq v2.1.5 [26] and
beftools consensus v1.13 [27]; then, the generated con-
sensus sequences were used as reference sequences in
bowtie2. The second stage of consensus assembly was
performed using GATK HaplotypeCaller v4.2.0.0 [28]
and bcftools consensus.

Phylogenetic analysis
The MEGA X software was used for building phy-
logenetic trees and calculating genetic distances [29].
Phylogenetic trees were constructed using the maximum
likelihood method with the general time-reversible (G+I)
model. Other Puumala virus sequences from the Gen-
Bank database were added to the new sequences.
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Results

A total of 109 rodents were captured at trapping
locations (Table 1). Among the small mammals captured
in mixed woodlands, bank voles M. glareolus prevailed,
while rodents trapped in meadows and brushwood were
mostly represented by pygmy wood mice (4. uralensis)
and yellow-necked mice (4. flavicollis).

Among samples from the captured animals, the PCR
test detected 6 samples from M. glareolus containing
hantavirus RNA. Three positive voles were captured near
Novopavlovskoye village, two voles were captured in
the surroundings of Suvorovo village, and one vole was
captured in Alferevo village. The infected bank voles
accounted for 7.3%.

The positive samples were sequenced with primers
flanking a 347 bp fragment of the L gene. Table 2 shows
identifiers of the generated sequences in the GenBank
database. All sequences belonged to Puumala virus.

Long sequences of all segments were generated for
samples No. 57 and 79 from the Novopavlovskoye vil-
lage and Suvorovo village area (Table 2). For further con-
struction of dendrograms, representatives of the Puumala
virus, which belonged to the RUS genetic lineage, were
added to the generated sequences. Representatives of
other lineages comprised an outgroup. The phylogenetic
trees were based on alignments of S segment (Figure a),
M segment (Figure b), and L segment (Figure c¢). Each se-
quence was labeled with the name of the isolation region
and the genetic lineage.

The phylogenetic trees demonstrate that for all three
segments, the genetic variants from the Volokolamsk district
group with the sequences from the Kursk Region, which
were earlier presented as the W-RUS sublineage [13].

Differences in nucleotides among the sequences from
the Volokolamsk district did not exceed 4% for each
segment, and they were less than 10% different from the
genetic variants from the Kursk Region. Table 3 shows
genetic distances between the generated sequences
and genetic variants of the Puumala virus from other
locations. The AF284343 isolate was excluded from the
analysis due to its insufficient length.

Discussion

Based on the statistics from Rospotrebnadzor, HFRS
cases are reported in CFD every year. The largest number
of cases are reported in Yaroslavl, Ryazan, Kostroma, and
Tula regions. The Puumala virus is responsible for most
of the cases, while the Dobrava-Belgrade virus accounts
for 3-5% of the total cases [19]. In the meantime, the
genetic variants circulating within CFD are poorly
studied: In addition to the sequences from the Kursk
Region, which had been generated in our previous study
[13], the GenBank database had only two sequences:
AF284343 [30] and EU652421 [31] at the time we wrote
this article [31].

The AF284343 sequence was obtained from the bank
voles captured in the Yegorievsky district of the Moscow
Region during the Puumala-HFRS outbreak in 1995. The
isolate was identified as a new genotype of the Puumala
virus [30]. It was a fragment of the S segment,
about 700 nucleotides long; on the dendrogram (Fig. a),
it clusters with sequences from the Kursk Region and
Volokolamsk district. Therefore, apparently, this isolate
can be assigned to the W-RUS sublineage.

EU652421 is a short (fewer than 300 nucleotides)
fragment of the M segment of the viral RNA, which
was isolated from bank voles in the Lipetsk Region. It
does not have the length sufficient to construct a well-
grounded dendrogram; therefore, it is impossible to
identify whether it belongs to the W-RUS sublineage.

Our study has confirmed that the Puumala circulates
in the Moscow Region [30]. New sequences from
Volokolamsk cluster with the genetic variants from the
Kursk Region, which were previously designated as the
W-RUS clade [30], for each of the three genomic segments
(Fig. 1), thus showing that they belong to the same clade.
This statement is supported by the fact that there are
fewer genetic differences between the sequences from the
Volokolamsk district and the sequences from the Kursk
Region than differences between the sequences from the
Volokolamsk district and those of other representatives of
the RUS lineage (Table 3).

Apparently, studies on systematization of the Puumala

Table 1. Results of trapping of rodents and researching samples for the presence of hantaviral RNA

Tabauna 1. Pe3yasTaThl 0TJI0Ba TPHI3YHOB U Hcc/le0BaHusi 00pa3uoB Ha Hajauune PHK xantaBupycos

KonunuectBo [MTIP-1moa0XUTEIBHBIX 0CO0€i/TOHMaHHbBIX 0CO0ei
Location Biotope ;gr;—iisﬁ PCR-positive specimens/Trapped specimens
Jlokaums Buoron all Myodes Microtus ) Apodemus | Apodemus | Apodemus
CYTOK Microtus sp
Bcero | glareolus | oeconomus S Alavieollis uralensis agrarius
Novopavlovskoe Mixed forf:st 290 3/68 3/59 0/l B 0/6 02 B
HoBomnasnosckoe CMemaHHbIN Jiec
Suvorovo Mixed forest 200 221 2116 - - 02 02 o1
CyBOpoBO CMemanHebli Jec
Alferevo Meadow, shrubs 250 120 17 - 012 o1 0/6 0/4
ndepreBo Jlyr, KycrapHUKH
gll 740 6/109 6/82 0/1 0/2 0/9 0/10 0/5
cero

Note. «—» — were absent in the trapping.

IMpumevanue. «—» — OTCYTCTBOBAJIH B OTIIOBAX.
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Table 2. Data on the Puumala virus sequencing results
Taoauna 2. /lannble 0 pe3yJbTaTax cekBeHnpoBanusi Bupyca Ilyymana

3oosoruyeckui Isolation point Isolate name Segment Length, bp 1D
Homep ID Mecto u30asAIUN HasBanue m3omnsara CerMeHT JlniHa, 1.H. GenBank
45 I;I{OVOPaVIOVSk"ye Volokolamsk/Mg45 L 347 0Q503846
OBOIABJIOBCKOE
Novopavlovskoye L 5972 0Q606916
57 HoBomnasnosckoe Volokolamsk/Mg57 M 3058 0Q606917
S 1779 0Q606918
59 T{OVOPaVlOVSk"Ye Volokolamsk/Mg59 L 347 0Q503847
OBOIIABJIOBCKOE
Suvorovo L 6052 0Q606919
79 CyBopoBo Volokolamsk/Mg79 M 3543 0Q606920
S 1763 0Q606921
93 (S:“V"m"" Volokolamsk/Mg93 L 347 0Q503849
'YBOPOBO
123 Alferevo Volokolamsk/Mg123 L 347 0Q503850
AndepbeBo
ala b/6
c/s

Figure. Phylogenetic trees constructed on the basis of alignments: @ — 1302 nucleotides of the S segment corresponding to the complete
reading frame of the nucleocapsid protein; b — 3050 nucleotides of the M segment (partial open reading frame, ORF); ¢ — 5960 nucleotides
of the L segment (partial ORF). The sequences obtained in this study are marked. Phylogenetic trees were constructed using the Maximum

Likelihood method using the General Time Reversible (G+]) model using the MEGA X program [29].

Pucynok. ®unoreserudeckue 1epeBbsl, IOCTPOCHHBIE HA OCHOBaHUHY BbIpaBHUBAHUN: a — 1302 HyKJI€OTHIOB S-CEIMEHTa, COOTBETCTBY-
IOLIME TTOJTHOM paMKe CYMTHIBaHMA Oenka Hykieokarncuaa; 6 — 3050 HykieotnioB M-cermeHTa (4acTHYHAs OTKPHITAs paMKa CUUTHIBAHUS,
OPC); 6 — 5960 nykneornnoB L-cermenta (vactrunast OPC). ITocnenoBarenbHOCTH, TTOTyYEHHBIE B 3TOM HUCCIIEIOBAaHNY, BBIIEIICHBI MapKH-
poBKkoii. KoHCcTpyrpoBaHHs GputoreHeTHUeCKHUX AepeBbeB MpoBoamin MetonoM Maximum Likelihood ¢ mpumenenuem mopenu General Time
Reversible (G+]) ¢ momomsto mporpammser MEGA X [29].
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Table 3. P-distance between nucleotide/amino acid sequences from Volokolamsk region and sequences from other locations (%)

Tadmuua 3. leHeTHYecKkast AMCTAHIMSA MeKIY HYKJICOTHIHBIMH/AMHHOKHCIOTHBIMY OCJIe10BaTeIbHOCTAMHU U3 BoJsloko1amckoro paiiona

M N0CJIeI0BATETbHOCTAMH U3 APYrux Joxamuii (%)

Volokolamsk region
Parameter Bonokonamckwuii paiton
[Mapamerp S segment, 1302 bp M segment, 3050 bp L segment, 5960 bp
S-cerment, 1302 m.H. M-cerment, 3050 r.H. L-cerment, 5960 m.H.

Volokolamsk region 3,31 3,49 3,26
Bonokonamckuit paiton 0,69 1,19 0,45
Kursk region 8,3-9,38 9,04-9,54 9,47-9,66
Kypckas obmacts 1,15-1,62 1,28-1,58 1,41-1,61
Other RUS lineage representatives 10,91-13,91 12,69-13,94 13,01-14,14
pyrue npencraBuTeny reneruaeckoi muauu RUS 1,62-3,93 1,87-3,46 1,06-1,56

Note. The calculation was performed according to the complete ORF for the S segment, and partial ORF for the M and L segments.

Ipumeuanne. Pacuer ocymectrisuu o nonHoit OPC mis S-cermenra u no yactuusbiM OPC s M- u L-cermeHTOB.

virus diversity focused on sequences of the S segment
[11] due to its better representation in GenBank and its
higher conservation.

Sironenetal. (2001)[12] mention thatthe RUS genetic
lineage comprises two sublineages formed by strains
from Baltic countries and European Russia. Our study
shows that on the phylogenetic tree, the RUS genetic
sublineage is divided into three monophyletic groups
based on the S segment. The third clade, W-RUS, was
described in our previous work and was supplemented
with the sequences from the Volokolamsk district in
this study.

The variability within the RUS genetic lineage is high
compared to other genetic lineages [8]. The recent study
addressed systematization and division of the RUS genetic
lineage — most represented in GenBank and associated
with VFD — into several sublineages [15]. The W-RUS
clade is an outgroup in relation to all the described virus
clades in VFD, according to the phylogenetic study based
on S and L segments (Fig. a, c).

Note that on the dendrogram, the topology of clades
for the M segment differs significantly from those for S
and L segments (Fig.). This is typical of different types of
hantaviruses, as their genomic M segment is characterized
by the highest variability and the highest participation in
reassortment [8, 9, 32, 33]. The aforesaid supports the
previous conclusion [ 13] that the exchange of M segments
had been part of the RUS lineage evolution.

Thus, representatives of the W-RUS clade were found
in two regions: Kursk and Moscow Regions. Therefore,
it can be assumed that they can also be found in adjacent
areas: in Orlov, Bryansk, Kaluga, and Tula Regions.
For the complete picture of the genetic diversity of the
Puumala virus circulating in European Russia, further
studies are required, covering a wider geographic area
and using larger sizes of field-collected and clinically
tested samples for assessment of the genetic landscape of
the Puumala virus found in this area.

Conclusion

Puumala virus RNA of the W-RUS sublineage was
detected in rodents in the Volokolamsk district of the
Moscow Region.
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