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Abstract

Hantaviridae (order Bunyavirales) is a family of negative-sense, single-stranded RNA viruses. To date,
several genetically distinct hantaviruses have been found in the same species of shrews and moles.
In this report, we describe Biya River virus (BIRV), a novel hantavirus detected in the Eurasian water
shrew (Neomys fodiens), the principal host of Boginia virus (BOGV). Genetic analysis of the complete
L-, M-, and partial S-genomic segments showed that BIRV shared a common evolutionary origin with
shrew-borne Altai (ALTV) and Lena (LENV) viruses, belonging to the Mobatvirus genus, and was
distantly related to BOGV and other shrew- and mole-borne orthohantaviruses. Ancient cross-species
transmission of hantaviruses, with subsequent diversification within the Soricinae subfamily in
Eurasia might have shaped the evolutionary history of BIRV, ALTV and LENV.

Keywords: Hantaviridae; hantavirus; mobatvirus; shrew; evolution; Russia

1. Introduction

Hantaviridae (order Bunyavirales), a family of negative-sense single-stranded RNA viruses, has a
genome comprising small (S), medium (M), and large (L) segments, which encode a nucleocapsid (N)
and occasionally nonstructural (NSs) protein, envelope glycoproteins (Gn and Gc), and an RNA-
dependent RNA polymerase (RARP), respectively. More than 47 distinct species of hantaviruses
identified in rodents, moles, shrews, and bats are classified into one of four genera (Loanvirus,
Mobatvirus, Orthohantavirus and Thottimvirus) [1].

The human pathogens are rodent-associated hantaviruses (genus Orthohantavirus) [2]. Initial
hypothesis of the co-evolution of rodent-borne hantaviruses and their hosts have been changed after
discovery of hantaviruses in shrews (family Soricidae), moles (family Talpidae) and bats (order
Chiroptera) [3,4]. The evolutionary history of hantaviruses in moles, shrews, and bats is much more
complex and includes cases of interspecies transitions and genome reassortment [5-9]. Serological
evidence of human infection has been obtained for several hantaviruses from insectivores. Thus,
specific antibodies have been identified in residents of Africa (Gabon and Coéte d’Ivoire) to the Bowe
virus (BOWYV) from Thereses's shrew (Crocidura theresae) and the Uluguru virus (ULUV) from Geata
mouse shrew (Myosorex geata) [10]. In Asia (Thailand, Sri Lanka), antibodies to hantaviruses from
insectivores, Altai virus (ALTV) and Thottapalayam virus (TPMV) have been detected in humans
[11].

Studies of soricid- and talpid-borne hantaviruses have identified several pairs of significantly
different hantaviruses that share a natural host. The pair of such viruses was discovered in the
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common shrews (Sorex araneus), natural carrier of the Seewis virus (SWSV), which is widespread in
the habitat of the species, from Western Europe to the Baikal region [12-14]. A new virus, named
Altai (ALTV), was found co-circulating with SWSV in the same host species in Western Siberia and
in European countries [6,15]. The other pair of hantaviruses was identified in European moles (Talpa
europaea), originally known as the natural hosts of Nova virus (NVAV) [16]. A second hantavirus,
named Bruges virus (BRGV), found in the same host and in the same habitats in European countries
[17]. And the Iberian mole (Talpa occidentalis) has been shown to harbor NVAV, BRGV and Asturias
virus (ASTV) in northwestern Spain [18]. The pair, Lena virus (LENV) and Artybash variant (ARTV)
of SWSV, was identified among Laxman’s shrews (S. caecutiens) in the Far Eastern and Siberian Russia
[19]. These findings highlight the complexity of hantavirus-reservoir relationships. ALTV and LENV
viruses are members of the genus Mobatvirus, which includes most of hantaviruses associated with
bats; their pairs, SWSV and ARTV, belong to the genus Orthohantavirus, which includes all other
hantaviruses carried by multiple species of shrews. Based on this data, a hypothesis that they
originate as a result of interspecies transfer has been proposed [6,19].

In Russia, studies of hantaviruses carried by insectivores have been conducted mainly in Siberia
and the Far East. Seven species of hantaviruses were identified, five of which were discovered for the
first time and were traditionally named after the place where they were discovered. This list includes
viruses Kenkeme (KKMV), ARTV, ALTV, LENV, Academ (ACDV) [6,15,19-21]. Hantaviruses SWSV
and Yakeshi (YKSV), circulating in Russia, were previously identified in neighboring countries
[13,22]. In the European part of the country one of the suspected new hantaviruses has been
discovered. Artesian virus (ATSV) was identified in the lesser shrew (C. suaveolens) and was most
closely related to viruses found in other Crocidura species from Africa [23].

Boginia virus (BOGV) has been identified among Eurasian water shrews (N. fodiens) in Poland
and Finland [5,24]. N. fodiens inhabits the forest zone from Western Europe to the Pacific coast. The
presence of hantaviral antigens in the Eurasian water shrew was reported in the European part of
Russia [25]. In this study we screened N. fodiens captured in Western Siberia for hantaviruses. We
present the genetic and phylogenetic analyses of of highly distinct hantaviruses harbored by the same
host, suggesting both co-evolution and species-shift in their evolution history.

2. Materials and Methods

2.1. Trapping and Sample Collection

During August 2019-2020 and September 2022, shrews were trapped in the Altai Republic, and
during June to August 2021-2025 in the Kemerovo Oblast of Western Siberia, Russia. The study was
conducted in accordance with the Declaration of Helsinki and met the guideline requirements of the
order of the Russian High and Middle Education Ministry (No. 742 issued on 13 November, 1984)
and by the Federal Law of the Russian Federation (No. 498-FZ issued on 19 December, 2018). Field
procedures and protocols were approved by the Institutional Animal Care and Use Committee of the
Institute of Systematics and Ecology of Animals (Protocols 2020-02, 2021-01). The study did not
involve endangered or protected species.

Collection sites (Figure 1) in the Altai Republic were located near Teletskoye Lake (51.79424
N/87.30447 E), and around the settlement Azhendarovo (54.76237 N/87.03094 E and 54.74537
N/87.02093 E) in the Kemerovo Oblast. Lung samples were collected aseptically and stored in
RNAprotect® (Qiagen, Hilden, Germany) before analysis.
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Figure 1. Map, showing the locations of the collection sites in Western Siberia, where hantavirus--infected
Neomys fodiens were captured. (1) Azhendarovo, (2) Teletskoye. Detected hantaviruses were Biya River virus
(BIRV) (red) and Boginia virus (BOGV) (blue). The inset shows the location of trapping area in Eurasia (yellow
box).

2.2. RNA Extraction and RT-PCR Analysis

Total RNA was extracted from lung tissues, using the RNeasy MiniKit (Qiagen, Hilden,
Germany), then reverse transcribed, using the Expand reverse transcriptase (Roche, Basel,
Switzerland) with universal oligonucleotide primer (OSM55, 5’~-TAGTAGTAGACTCC-3"), designed
from the conserved 3" end of the S-, M-, and L-segments of hantaviruses. For initial screening by
nested RT-PCR, previously described genus-specific oligonucleotide primers targeting the partial L-
segment sequence were used [26]. Oligonucleotide primer sequences for PCR, specific for BIRV were
designed from consensus regions of ALTV, LENV and other hantaviruses. Partial S-segment was
amplified using nested PCR with primers SAF20: 5’-TCNGGNGCHCHNGCAAANAHCCA-3" and
S974R: 5'-TCNGGNGCHCHNGCAAANAHCCA-3’; then SAFI: 5'-
GGAGCAYAAAGGRAATAGGA -3" and S5974R. Short-size amplicons were separated by
electrophoresis on 1.2% agarose gels and purified using the QIAQuick Gel Extraction Kit (Qiagen,
Hilden, Germany). DNA was sequenced directly using an ABI Prism 310 Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA).

Primers used for PCR amplification of the complete M-segment were MI1F: 5'-
TAGTAGTAGACTCCGCAARAA-3"; L-segment was amplified as two overlapping amplicons, L5-
1: 5’-TTCTGCAGTAGTAGTAGACTCCG-3" and LR1: 5-AACADTCWGTYCCRTCATC-3"; LF2:
5'-TGCWGATGCHACIAARTGGTC-3"and LBR3: 5'-CTGCAGTAGTAGTAKRCTCCGG-3". Long-
size amplicons were purified using the Mini Elute PCR Purification Kit (Qiagen, Hilden, Germany)
and were used for libraries preparation with a NEBNext® Ultra™ II FS DNA Library Prep with
Sample Purification Beads (NEB, Hitchin, Great Britain). Deep sequencing of libraries covering
complete M- and L-segments of genome was performed on an Illumina MiSeq using the MiSeq
reagent kit v3 (Illumina, San Diego, CA, USA). The full-length genomes were assembled de novo using
MIRA assembly (version 4.9.6) and by the alignment of reads to known references with bwa-0.7.15
[27].
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2.3. Genetic and Phylogenetic Analysis

Pairwise alignment and comparison of full-length coding regions of the M-, L-, and partial S-,
and L-segment nucleotide and amino acid sequences of hantaviruses from N. fodiens, captured in
Russia, with representative shrew-, mole-, rodent-, and bat-borne hantaviruses were performed,
using the MUSCLE in MEGA version 11 [28]. Phylogenetic trees were generated using the Maximum
Likelihood approach with the MEGA, under the best-fit general time-reversible model of nucleotide
evolution with gamma-distributed rate heterogeneity and invariable sites (GTR + I+ I').

3. Results

3.1. Genetic Analysis

During 2019-2025, 64 Eurasian water shrews (Neomys fodiens), were captured at two localities in
Western Siberia (Figure 1). N. fodiens were absent among shrews captured in locality Teletskoye in
2020 and 2022. RNAprotect®-preserved lung specimens were initially analyzed for hantavirus RNA
by nested RT-PCR using oligonucleotide primers directed at the RdRp gene. Hantaviral RNA was
detected in lung tissues from four of 64 Eurasian water shrews (Table 1).

Table 1. Prevalence of hantavirus RNA and hantavirus sequences in Neomys fodiens from Western Siberia,

Russia.
Positive/tested GenBank no.
Capture site Year shrews Virus strain S M L
Altai — Republic, 1/2 BIRV_Biya-Nf215  PQ355537 PQ355538 PQ355539
Teletskoye
2021 1/13 BOGV_Azhen-Nf315 - - PQ355534
Kemerovo Oblast, 2022 217 BOGV_Azhen-Nf46 - - PQ355535
Azhendarovo BOGV_Azhen-Nf{797 - - PQ355536
2023 0/1 - - - -
2024 0/6 - - - -
2025 0/25 - - - -

“-“ sequences unavailable.

Genetic analysis of the partial L-segment sequences showed that two significantly different
hantaviruses were detected in N. fodiens (3 and 1 positive/64 tested). One of these viruses, detected in
three Eurasian water shrews captured at the locality Azhendarovo in Kemerovo Oblast, was BOGV
virus, previously found in the same species in Poland and Finland [5,24]. The 346-nucleotide
fragments of the L-segment of BOGV showed 82.7-85.0% nucleotide (98.3% amino acid) similarity
with BOGV strain 2074 from Poland. The genetic divergence between Siberian BOGV strains was 3.4—
8.1% for nucleotide, while amino acid sequences were identical.

A separate genetically distinct hantavirus was identified in one of two Neomys fodiens, captured
near the source of the Biya River, locality Teletskoye Lake, Altai Republic. This new hantavirus was
designated Biya River (BIRV) according to the capture site. The difference of the partial L-segment
nucleotide and amino acid sequences from other known hantaviruses exceeded 21.8% and 11.0%,
divergence between BIRV and the new BOGYV strains from Siberia was 28.9-33.3% and 33.1%,
respectively. The BIRV-positive Eurasian water shrew sample was subjected to full-genome
sequencing. The full-length M- and L-segments of the genome were obtained; for the S segment, only
a 485-nucleotide fragment of the N protein gene was obtained.

The partial S-segment of BIRV (prototype strain Biya-Nf215/Russia/2019) displayed considerable
divergence (>45.6% nucleotide and >23.9% amino acid) to other hantaviruses and was most closely
related to strain HV/SC/C7-49.2/2022, recently discovered from the De Winton’s shrew (Chodsigoa
hypsibia) in China [29].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The complete 3712-nucleotide M segment of BIRV contained a single ORF (positions 101-3523)
encoding the 1140-amino acid glycoprotein precursor of the Gn and Gc glycoproteins, separated by
a WAATA pentapeptide at position 649-653. The same motif was found in hantavirus HV/SC/C7-
49.2/2022. Analysis of the complete M-coding sequence revealed more than 26.9% nucleotide and
22.6% amino acid sequence differences between BIRV and the most closely related HV/SC/C7-
49.2/2022 and considerable divergence from other representative hantaviruses both at the nucleotide
(>32.4%) and amino acid (>35.4%) levels. The M-segment sequence of BIRV showed 59.6% amino acid
divergence from the partial 795-nucleotide M-segment sequence of BOGV (strain 2074), available in
GenBank.

The 6537-nucleotide L segment of BIRV encoded an RdRp protein of 2146 amino acids in length.
Pairwise alignment and comparison of the BIRV L segment with representative hantaviruses
belonging to the four genera of the Mammantavirinae subfamily showed considerable divergence,
ranging between 23.7-30.7% and 12.6-36% at the nucleotide and amino acid level, respectively.

The level of difference of the amino acid sequences of the partial N protein and GP, encoded by
the S and M segments from other hantavirus species was more than 23.9%, and 22.6%, respectively,
which meets the criteria for a new species and confirms the novelty of BIRV.

3.2. Phylogenetic Analysis

Phylogenetic trees, based on the coding regions of the full-length M-, L-, and partial S- and L-
segments, were constructed using maximume-likelihood methods. In the tree, based on the partial L-
segment, the viral sequences recovered from Eurasian water shrews were placed into two genera
(Figure 2A). BOGV strains from Siberia and Europe occupied a separate branch within the genus
Orthohantavirus, and were grouped according to the geographical principle. The BIRV sequence was
most closely related to strain HV/SC/C7-49.2/2022 from China and grouped with ALTV and LENV,
previously identified in Sorex shrews sampled in northern Eurasia. The strain Biya-Nf215/Russia/2019
was most closely related to members of the Mobatvirus genus in the S, M, and L phylogenetic trees

(Figure 2).
L wig BOGV Azhen-Nf46/Russia S 7 ASAVN10 T
BOGV Azhen-Nf797/Russia CBNV 3
BOGV Azhen-Nf315/Russia BOWV VN1512
BOGYV Laihia/Finland JJUV 10-11
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SWSV mp70 KKMV Fuyuan-Sr-326
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CBNV 3 SWSV mp70
BOWV VN1512 ACDV Academ-Ta450/Russia
JJUV 10-11 . BRGV BE/Vieux-Genappe/TE .
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SNV NMH10 TULV M5302 ]
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BIRV Biya-Nf215/Russia
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Figure 2. Phylogenetic trees, generated by maximum-likelihood methods, were based on the alignment of the
353-nucleotide (L) L-segment sequences, and 485-nucleotide (S) S-segment (A); the complete coding regions of
the M- and L-segment sequences (B) of newfound BIRV and other representative hantaviruses. Bootstrap values
(> 70%) are shown at relevant nodes. The scale bar indicates the nucleotide substitutions per site. Colors (red,
and blue bold lettering) highlight newfound hantaviruses. Phylogenetic positions of BIRV are shown in relation
to shrew-borne hantaviruses: Altai mobatvirus (ALTV ALT302, S: MK340902; M: MK340903; L: MT648514, ALTV
R SO5, S: ON720815; M: ON720819; L: ON720823, ALTV Uurainen, L: KJ136623 and ALTV Parabel-Sa44, S:
MT560057; L: MN815789) from Sorex araneus, Lena mobatvirus (LENV Khekhtsir-Sc67, S: MH499470; M:
MH499471; L: MH499472, LENV MSB146482, S: KM361043, and LENV Parnaya-Sc1217, S: MW505551; L:
MW505552) from Sorex caecutiens, Seewis orthohantavirus (SWSV mp70, S: EF636024; L: EF636026 and SWSV
Telet-Sa300, S: MN815797) from Sorex araneus, Seewis orthohantavirus (ARTV/Galkino-S5t2714, M: MG913806; L.
MH499473) from Sorex tundrensis, Asikkala orthohantavirus (ASIV CZ/Beskydy/412, S: NC_043070; M:
NC_043069; L: NC_043068) from Sorex minutus, Kenkeme orthohantavirus (KKMV MSB148794, S: GQ306148 and
KKMV Fuyuan Sr326, S: NC_034559; M: NC_034565; L: NC_034560) from Sorex roboratus, Boginia virus (BOGV
2074, L: JX990965 and BOGV Laihia, L: KJ136642) from Neomys fodiens, Hantaviridae sp. (HV/SC/C7-49.2, S:
0Q451885; M: 0OQ451886; L: OQ451887) from Chodsigoa hypsibia, Asama orthohantavirus (ASAV N10, S:
EU929072; M: EU929075; L: EU929078) from Urotrichus talpoides, Nova mobatvirus (NVAV Te34, S: NC_034464,
M: NC_034470, L: NC_034465) and Bruges orthohantavirus (BRGV BE/VieuxGenappeTE2013, S: MK340905; M:
OL871119; L: NC_034402) from Talpa europaea, Academ orthohantavirus (ACDV Academ-Ta450/Russia, S:
MK340905; M: OL871119; L: PX270319) from Talpa altaica, Thottapalayam thottimvirus (TPMV VRC66412, S:
NC_010704, M: NC_010708, L: NC_010707) from Suncus murinus, Imjin thottimvirus (MJNV Cixi, S: NC_034558;
M: NC_034557; L: NC_034564) from Crocidura lasiura, Jeju orthohantavirus (JJUV 10-11, S: NC_034398; M:
NC_034404; L: NC_034399) from Crocidura shantungensis, Cao B?Ang orthohantavirus (CBNV TC-3, S: NC_034484;
M: EF543526; L: NC_034485) from Anourosorex squamipes, Bowé orthohantavirus (BOWV VN1512, S: NC_034405;
M: KC631783; L: NC_034407) from Crocidura douceti. Also shown are representative rodent-borne hantaviruses,
including Sin Nombre orthohantavirus (SNV NMH10, S: NC_005216; M: NC_005215; L: NC_005217), Prospect
Hill orthohantavirus (PHV PH-1, S: M34011; M: X55129; L: EF646763), Tula orthohantavirus (TULV M5302v, S:
NC_005227; M: NC_005228; L: NC_005226), Puumala orthohantavirus (PUUV Sotkamo, S: NC_005224; M:
NC_005223; L: NC_005225), Dobrava/Belgrade orthohantavirus (DOBV/BGDV Ano-Poroia, S: NC_005233; M:
NC_005234; L: NC_005235), Hantaan orthohantavirus (HTNV 76-118, S: NC_005218;, M: NC_005219; L:
NC_005222), and Seoul orthohantavirus (SEOV 80-39, S: NC_005236; M: NC_005237; L: NC_005238). Bat-borne
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hantaviruses include Brno loanvirus (BRNV 7/2012/CZE, S: KX845678; M: KX845679; L: KX845680) from Nyctalus
noctula, Laibin mobatvirus (LAIV BT20, S: KM102247; M: KM102248; L: KM102249) from Taphozous melanopogon,
Xuan Son mobatvirus (XSV PR15, S: KC688335; M: NC_078261; L: NC_078262) from Hipposideros pomona, Quezon
mobatvirus (QZNV MT1720/1657, S: NC_034400; M: NC_034393; L: NC_034401) from Rousettus amplexicaudatus,
Longquan loanvirus (LQUV Rs-32, S: NC_043126; M: NC_043127 and L: NC_043125) from Rhinolophus sinicus,
Robina mobatvirus (ROBV P17-14855, S: NC_055633; M: NC_055634; L: NC_055632) from Pteropus alecto,
respectively.

4. Discussion

Here, we describe a new hantavirus, named BIRV, in the Eurasian water shrew, previously
recognized as the reservoir host of BOGV, captured in locality Teletskoye Lake, Altai Republic. A
new pair of highly divergent hantaviruses that have a common host was identified in Western Siberia.
These hantaviruses were found at two different localities, 350 km apart. BOGV sequences were
detected in N. fodiens, captured at a second locality, Azhendarovo in Kemerovo Oblast. Both capture
sites represent the foothill areas of Altai and Kuznetsk Alatau, respectively. Previously published
data demonstrate significant level of divergence in the genomes of hantaviruses detected in these
foothill regions. Thus, a high level of partial L-segment divergence (up to 14.9% nucleotide) in each
of the sites was established for the ACDV virus circulating among Siberian moles [30]. Similar, high
divergence (up to 7.7% nucleotide) was shown for SWSV L-sequences from Teletskoye Lake [13]. The
exact trapping sites of BOGV in Azhendarovo were within 2 km, but partial L-segment sequences
also demonstrated high divergences (up to 8.1%). Our data of L-segment phylogeny suggest that
there are two sub-lineages of BOGV in N. fodiens from Azhendarovo. This finding supports our
previous suggestion that foothill areas were colonized by several different routes of shrews from
separate refugia [13].

The present-day distribution of mammals in northern Eurasia is largely the result of
recolonization and dispersal of species in the period after the last glaciation [31]. In response to
climate change, some mammal species have shifted their ranges in search of suitable conditions,
persisting in large or small refugia [32,33]. The foothill regions of Altai and Kuznetsk Alatau are zones
of secondary contacts of separately evolving lineages of moles and shrews and associated
hantaviruses from different refugia [13,30].

The Eurasian water shrew, like many species of shrews, is widespread, but the animals prefer
near-water biotopes. This is the reason for the noticeable difference in the number of animals caught
in the two localities. In the Teletskoye Lake area, a relatively high number of water shrews was
observed along the shoreline, while in the meadow clearings among the forest, where the trapping
site is located, the number of N. fodiens was comparatively low. In the community of eight species of
shrews, S. araneus, S. tundrensis, S. isodon, S. caecutiens, S. minutus, S. minutissimus, N. fodiens, C. sibirica,
inhabiting this area, the predominant species is S. araneus (70.4%), while the proportion of the
Eurasian water shrews is only 3.5% [34]. In 2019, 48 shrews including two N. fodiens (4.2%) were
captured at this site, and those were absent among shrews captured in 2020 and 2022.

In Azhendarovo, the capture sites were located at the junction of the forest-steppe and taiga
zones of the foothills of the Kuznetsk Alatau. The animals were caught in a floodplain meadow, an
overgrown clearing in place of black taiga, and in an ecotone area between the floodplain meadow
and the overgrown clearing. In addition to the above-mentioned species from Lake Teletskoye, the
flat-skulled shrew (S. roboratus) is added to the shrew community of Azhendarovo. The dominant
species is also the common shrew (40.1%). The proportion of the Eurasian water shrews varies from
3.6% to 6.7% of the community [35]. The location of the sites and the longer period of capture
determined the higher number of N. fodiens captured in this locality during 2021-2025.

The Eurasian water shrew, the host of BIRV and BOGYV, is widespread in the forest zone of
Eurasia from the British Isles to the Pacific Ocean [36]. The geographic range includes most of Europe,
Siberian and far-eastern Russia, Sakhalin Island, north Korea, northwestern Mongolia and China.
BIRV was found in one locality of Western Siberia, while BOGV was detected in distant localities of
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its host geographic range, in Western Siberia and European countries, Poland and Finland [5,24].
Based on broad geographic range of other hantavirus pairs, ALTV and SWSV, LENV and ARTYV,
throughout the distribution of their hosts, we can suggest that BIRV also might be widespread in the
forest zone of Eurasia and co-circulate with BOGV among N. fodiens. Co-circulation of hantaviruses
in the same host species also raises the distinct possibility of co-infection and reassortment or
recombination as a mechanism for rapid evolutionary change.

Analysis of nearly the whole genome of BIRV demonstrated that it represents a new hantavirus
species, which belong to the Mobatvirus genus. Comparison of BIRV with available partial Siberian
and European BOGV L- and M-segment sequences showed significant difference between the two
viruses. However, we found inconsistency during comparative sequence analysis of BIRV and BOGV
(strain 2074) from Poland based on available 783 nucleotides fragment of L-segment. Two parts of
this fragment demonstrated different level of divergence with BIRV. Sequence, corresponding to 356
nucleotides fragment, positions (2980-3331) exhibited high nucleotide and amino acid sequences
divergence (31.4% and 32.5%), while adjacent fragment 427 (2541-2968) nucleotides in length was
much closer to BIRV (17.1% and 2.1%). Whether this means there might be evidence of recombination
between BIRV and BOGV during co-infection, warrants further investigation. Undoubtedly, analysis
based on the partial L- and M-segment sequences is inadequate, and full-genome of BOGV strains
are needed to acquire a better understanding of the phylogenetic relationships and possible
recombination events in the evolutionary history of BOGV.

Based on the complete M-, L- and partial S-segment phylogeny (Figure 2), BIRV and strain
HV/SC/C7-49.2 from China shared a common ancestry with ALTV and LENV, forming together a
sub-clade within the Mobatvirus genus. The natural host of HV/SC/C7-49.2, the De Winton’s shrew
(Chodsigoa hypsibius), is endemic and widely distributed in central and southwestern China. The
habitats of the natural hosts of ALTV (S. araneus), BIRV (Neomys fodiens) and LENV (S. caecutiens)
overlap with each other and with Chodsigoa hypsibius in the Hengduan Mountains region, which
ensures the possibility of contacts between species and interspecies transmission of associated
viruses.

5. Conclusions

BIRV and BOGV represent genetically distinct hantaviruses that share the same host species.
The finding of BIRV in N. fodiens supports the hypothesis that BIRV, ALTV and LENV arose from
ancient host-switching events from another reservoir host with subsequent diversification within the
Soricinae subfamily in Eurasia.
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