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Abstract

Introduction. Bats are natural reservoirs of coronaviruses (Coronaviridae), which have caused three outbreaks
of human disease SARS, MERS and COVID-19 or SARS-2 over the past decade. The purpose of the work is to
study the diversity of coronaviruses among bats inhabiting the foothills and mountainous areas of the Republics of
Dagestan, Altai and the Kemerovo region.

Materials and methods. Samples of bat oral swabs and feces were tested for the presence of coronavirus RNA
by reverse transcription-polymerase chain reaction (RT-PCR).

Results. It has been shown that the greater horseshoe bats (Rhinolophus ferrumequinum), inhabiting the
Republic of Dagestan, are carriers of two different coronaviruses. One of the two coronaviruses is a member
of the Sarbecovius subgenus of the Betacoronavirus genus, which includes the causative agents of SARS and
COVID-19. The second coronavirus is assigned to the Decacovirus subgenus of the Alphacoronavirus genus
and is most similar to viruses identified among Rhinolophus spp. from European and Middle Eastern countries.
In the Altai Republic and Kemerovo region, coronaviruses belonging to the genus Alphacoronavirus, subgenus
Pedacovirus, were found in the smooth-nosed bats: Ikonnikov's bat (Myotis ikonnikovi) and the eastern bat (Myotis
petax). The virus from the Altai Republic from M. ikonnikovi is close to viruses from Japan and Korea, as well as
viruses from Myotis spp. from European countries. The virus from the Kemerovo region from M. petax groups with
coronaviruses from Myotis spp. from Asian countries and is significantly different from coronaviruses previously
discovered in the same natural host.
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Pestome

BBeneHue. PyKkokpbinble SABNSIOTCA NPUPOOHBIM pe3epByapoM kopoHaBupycoB (Coronaviridae), Bbi3BaBLUMX 3a
nocneaHee gecsatunetne Tpu Benbllwkn 3abonesanusa nogen: SARS, MERS n COVID-19, nnn SARS-2.

Llenb paboTbl — uccnegoBaHne MHOroob6pasusi KOPOHaBUPYCOB CPEAUN PYKOKPbISIbIX, HACEMSAOLWMUX NPeAropHbie
ropHble panoHbl pecnybnuk OarectaH, Antan n Kemeposckon obnacrtu.

Matepuansi n metoabl. O6pasLbl POTOBbLIX CMbIBOB U hekanvu pyKoKpbInbix uccnegosany Ha npucytcreme PHK
KOPOHaBMPYCOB C NOMOLLbIO NONMMepasHow LienHon peakummn ¢ obpaTtHon TpaHckpunumen (OT-MLP).
PesynbTathl. [okasaHo, 4to G6onbluve nogkoBoHockl (Rhinolophus ferrumequinum), obutatowme B Pecnybnvke
[arecTaH, ABNSOTCA HOCUTENAMW ABYX pasHbIX KOpoHaBupycoB. OauH 13 ABYX KOPOHABMPYCOB BXOAUT B COCTaB
nogpoaa Sarbecovius poga Betacoronavirus, Bkntovatowlero Bo3byautenen SARS n COVID-19. Btopoli kopoHa-
BMpPYC OTHeceH kK noapoay Decacovirus poaa Alphacoronavirus v Hanbonee 6rmM3ok Bupycam, BbiSIBIIEHHbIM cpeam
Rhinolophus spp. n3 eBponenckmx n 6nmxHEBOCTOYHbIX cTpaH. B Pecnybnuke Antaii n KemepoBsckoi obnactu y
rMagKoHOChIX NETYyYnx Mbien, HouHuubl MkoHHukoBa (Myotis ikonnikovi) n BocTouHoM HouHMLbl (Myotis petax),
06HapyXeHbl KOpOHaBMpYcChl, BxoasLume B pog Alphacoronavirus, nogpog Pedacovirus. Bupyc oT M. ikonnikovi n3
Pecny6nukn Antan 6nunsok Bupycam us AnoHunm n Kopewu, a Takke Bupycam oT Myotis spp. 3 eBponenckux cTpaH.
Bupyc 13 KemepoBckoii obrnactu ot M. petax rpynnupyertcsl ¢ KopoHaBupycamu ot Myotis spp. U3 asumaTckmx cTpaH
1 3HAYUTENbHO OTNNYAETCA OT KOPOHABMPYCOB, paHee 0OHapyXEeHHbLIX B TOM e NPUPOAHOM HocuTerne.

KnioueBble cnioBa: KOPOHagUPYC; PYKOKPbITbIE; (huriozeHemuyeckul aHanu3
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BnarogapHocTh. ABTOpbI BbipaxatoT 6narogapHOCTb KypaTopy Konnekumm pykokpbinbix MICu3K CO PAH A.A. Macnosy
3a MOMOLLb B YCTAaHOBINEHUN BUAOBOW NPUHAANEXHOCTU NETYYMX MbILLEN.

KoHdnukT nHTepecoB. ABTOpbI AEKNAPUPYIOT OTCYTCTBME SIBHBIX U NMOTEHUMaNbHbIX KOH(MUKTOB MHTEPECOB, CBA3aH-
HbIX C Ny6nvKaumen HacTosLLEen CTaTbu.

OTnyeckoe yTBepxaeHue. ABTOpbl NOATBEPXKAAIOT COOMIOAEHNE MHCTUTYLIMOHAMNBHBIX Y HALMOHAamNbHbIX CTaHAapToOB
Mo UCMOMb30BaHNIO NabopaTopHbIX XUBOTHLIX B cOOTBETCTBMM ¢ Consensus author guidelines for animal use

(IAVES 23 July 2010). AeTOpbl NoaTBEpXAAKT CObNoAEeHNE UHCTUTYLMOHANbHBLIX M HaUMOHanbHbIX CTaHAAPTOB MO
OTIOBY XMBOTHbIX B COOTBETCTBUM C MPOTOKOIOM U pekoMeHAaumamu no 6esonacHow pabote MY 3.1.0211-20 (yTs.
03.09.2020). MNpoTtokon uccnegoBaHus o4obpeH ATUYECKNUM KOMUTETOM VNHCTUTYTa CUCTEMATMKM U SKOMOMMN XXUBOTHbBIX
CO PAH (Mpotokon

Ne 2020-02 ot 14.05.2020) n farectaHckoro rocyaapcTBeHHoro yHuBepcuTeta (MpoTtokon Ne 2 ot 13.05.2021).

Introduction

Coronaviruses (Coronaviridae: Betacoronavirus) are
among the dangerous viral pathogens that have caused three
outbreaks of severe respiratory diseases SARS, MERS and
COVID-19 in the last 20 years [1-3]. The pathogens have
been named SARS-CoV, MERS-CoV and SARS-CoV-2,
respectively. Bats were shown to be the natural reservoir
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of these coronaviruses, although infection of humans with
SARS and MERS has occurred through an intermediate
host [4-7]. Coronaviruses closest to SARS-CoV and SARS-
CoV-2 have been found in Southeast Asia and Japan, and
those closest to MERS-CoV have been found in Eurasia, in
the regions where outbreaks have occurred [8—11].

Closely related viruses, which together with SARS-CoV
and SARS-CoV-2 belong to the Sarbecovirus subgenus of
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the Betacoronavirus genus, have been detected in various
species of horseshoe bats (Rhinolophidae) in Asian,
African and European countries [12, 13]. The closest
viruses to SARS-CoV-2 were found in China among
Rhinolopus affinis (strain RaTG13, 96% similarity on
the genome level) and in Laos among Rh. malayanus
(strain BANAL-52, 97% similarity) [13]. Numerous
SARS-CoV-2 isolates of similar coronaviruses found
in European, African and Middle Eastern countries
among Rhinolopus spp. differ from SARS-CoV-2 much
more strongly; genomic sequence similarity does not
exceed 79%; the receptor-binding domain of the surface
glycoprotein (S) responsible for binding to target cells also
differs significantly [14—17]. Coronaviruses belonging
to the Merbecovirus subgenus of the Betacoronavirus
genus, which includes the MERS pathogen, have been
identified in Eurasia, Africa and South America among
various species of bats [10, 12]. In European countries,
MERS-like coronaviruses have been found in smooth-
nosed bats (Vespertilionidae family) [18, 19]. More
importantly, many recently discovered coronaviruses
circulate in several bat species, and some of them are able
to bind to human cell surface receptors ACE2 (SARS-
CoV and SARS-CoV-2 receptors) or DPP4 (MERS-CoV
receptors) [10, 13, 19, 20].

Epidemiologic studies on the detection of coronaviruses
in natural reservoirs and their typing in Russia began
during the COVID-19 pandemic. In 2020, SARS-like
coronaviruses were discovered in two species of Horseshoe
bats (RNA isolates Khosta-1 from Rh. ferrumequinum and
Khosta-2 from Rh. hipposideros) in the Krasnodar region
of the Russian Federation and their full-length genomes
were studied [17]. The level of similarity of Russian
isolates was 76-78% with SARS-CoV and SARS-
CoV-2 strains from China and was highest (89%) with
the European strain BM48-31/BGR/2008 from Bulgaria
for Khosta-1 and with the African strain BtKY72 (80%)
for Khosta-2. A MERS-like coronavirus was detected
among smooth-nosed Pipistrellus nathusii (isolate
MOW-BatCoV/15-22) in the central part of European
Russia [21]. The level of similarity of the Russian isolate
with MERS pathogens was 81-82%. To date, no studies
of coronaviruses among bats in the North Caucasus
and the Asian part of the country have been conducted.
The study revealed circulation of two coronaviruses in
Dagestan, belonging to the Sarbecovirus subgenus of the
Betacoronavirus genus and the Decacovirus subgenus of
the Alphacoronavirus genus. Coronaviruses belonging to
the Pedacovirus subgenus of the Alphacoronavirus genus
were detected in the south of Western Siberia.

Materials and methods

Expeditionary work aimed at collecting biomaterial
was carried out in August 2020 in the Altai Republic, in
June 2023 in the Kemerovo region, in December 2022 and
April 2023 in the Dagestan Republic (Fig. 1). Catches
in the Altai Republic and Kemerovo region were carried
out in summer using specialized nets placed in the areas
where the animals were flying. In the Dagestan Republic,
the material was sampled during the period of hibernation
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of bats in the wintering grounds. To ensure the safety
of researchers when working with potentially infected
animals, the recommendations given in MG 3.1.0211-20
approved on 03.09.2020 were followed.

The authors confirm compliance with institutional
and national standards for the use of laboratory animals
in accordance with the Consensus author guidelines
for animal use (IAVES July 23, 2010), as well as
compliance with institutional and national standards for
the capture of animals in accordance with the protocol
and recommendations for safe work MG 3.1.0211-
20 approved on 03.09.2020. The study protocol was
approved by the Ethics Committee of the Institute of
Systematics and Ecology of Animals, Siberian Branch of
RAS (Protocol No. 2020-02 of 14.05.2020) and Dagestan
State University (Protocol No. 2 of 13.05.2021).

Selected oropharyngeal washes and feces were
placed in liquid nitrogen or in RNAlater stabilizing
solution (QIAGEN GmbH, Germany) for subsequent
RNA isolation and analysis by reverse transcription-
polymerase chain reaction (RT-PCR). The taxonomic
affiliation of the animals, determined on the basis of
morphological features, was confirmed by analyzing a
fragment of the COI gene encoding the first subunit of
mitochondrial DNA cytochrome oxidase with primers
described previously [22].

RNA isolation was performed using the RIBO-prep
kit (Central Research Institute of Epidemiology, Russia).
Samples were screened by RT-PCR using reverse
transcriptase M-MuLV-RH (Dia-M, Russia), Tag DNA
polymerase Hot Start (Dia-M, Russia) according to
the protocol and with primers for the conserved region
of the coronavirus RNA-dependent RNA polymerase
(RdRp) gene (397 bp fragment) described previously
[23]. The newly designed primer set was used to obtain
the full-length gene of spike surface glycoprotein (S)
as well as fragments of the nsp/6 gene. The nucleotide
sequences of each amplicon were determined on an
ABI Prism 310 automated analyzer using the BigDye
Terminator Cycle Sequencing kit (Applied Biosystems,
USA).

Nucleotide sequence alignment was performed using
the MUSCLE algorithm in the MEGA X program. The
Neighbor-joining method with the Kimura 2 evolution
model was used to construct phylogenetic trees.
Calculations were performed for 1000 iterations.

Results

In the period 2020-2023, 101 specimens
of 11 species of bats belonging to the families of horseshoe
(Rhinolophidae) and smooth-nosed (Vespertilionidae)
were captured in the northeastern part of the Altai
Republic near Lake Teletskoye, foothill areas of the
western macro-slope of the Kuznetsk Alatau, and caves
and adits of the northeastern part of the Greater Caucasus.
All samples were tested by RT-PCR using primers to
the RdRp gene of the coronavirus genome. Viral RNA
was detected in samples from 11 greater horseshoe bats
(Rh. ferrumequinum (Schreber, 1774)) from the Dagestan
Republic and 2 samples from smooth-nosed bats, Oriental
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Fig. 1. Map showing the locations of bat trapping sites in Russia.

A — capture points in the North Caucasus: 4 — Bolshaya Glinyanaya cave, 3 — Karabudakhkentskaya cave, 5 — adits near the village Khantskarkamahi, 6 — cave
near the village of Kug; B — capture points in the south of Western Siberia: 1 — Artybash, 2 — Azhendarovo tract.
Puc. 1. PacmionoxeHre MeCT 0TJIOBa PyKOKPBUIBIX Ha Tepputopuu Poccun.

A — Touku oT10Ba Ha Tepputopuu CeBepHoro Kaskasa: 4 — nemepa «bonbmrast muHsHAsY, 3 — nemepa «KapabynaxkeHTcKas», 5 — IITOIBHA y cena XaHIKapKa-
Maxu, 6 — nemtepa y cena Kyr; b — Touku oTioBa Ha Tepputopuu rora 3anagHoit Cubupu: 1 — ApTei6a, 2 — ypouuiie A>KeHIapoBo.

noctuid (Myotis petax (Hollister, 1912)) from the foothills
of the Kuznetsk Alatau and Ikonnikov’s noctuid (Myotis
ikonnikovi (Ognev, 1912)) from the Altai Republic
(Table). Three RNA-positive samples from the Dagestan
Republic were additionally analyzed using primers to
the nspl6 gene fragment, and a full-length gene of the
envelope S protein was obtained for one of the samples.
The new nucleotide sequences of the viruses were
deposited in GenBank under the numbers PP265313—
PP265325.

Phylogenetic analysis based on RdRp gene fragments
revealed 3 coronavirus species among the new RNA
isolates (Fig. 2 a). Two coronavirus species were
detected in greater horseshoe bats (Rh. ferrumequinum).
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The first coronavirus, detected in three specimens from
one abandoned adit, is a member of the Sarbecovirus
subgenus of the Betacoronavirus genus and is closest
(99.5% similarity) to sequences available from GenBank
of a virus recently discovered in smooth-nosed bats, the
sharp-eared noctuid (M. blythii), from Georgia bordering
Dagestan (GE_CoV146 _Myo bly). Other coronaviruses
forming a common cluster on the phylogenetic tree
have been previously identified from different species
of horseshoe bats (Rhinolophus spp.) from neighboring
regions: Georgia (GE CoV93 Rhi eur), Bulgaria
(BB99-04/BGR/2009, BM48-31/BGR/2008), Lebanon
(LBN/LB20-CO-BAT-19A), Krasnodar Krai of the
Russian Federation (BtCoV/Khosta-1/Rh/Russia/2020),
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Table. Detection of coronavirus infection in bats by RT-PCR and viruses identified in bats in Republics of Dagestan, Altai and Kemerovo region

Tadauna. Bersasinenne nHGUIMPOBaHHBIX KOpOHaBHpYycaMu pyKOKpbuUIbIX MeTogoM OT-IILIP u nneHTHdUIpOBaHHEIE BUPYCHI B peCIyOInKax
Jarecran, Antaii 1 KemepoBckoit odnactu

Coronavirus Coronavirus
Region Collection Site Species Year RNA Positive/Tested Genus/Subgenus
Pernon MecTo otnosa Bun Ton Koponasupyc Poxn/moapon
PHK+/uccnenoBansl KOpOHaBHpYyca
Dagestan Republic Cave Big Clay Mpyotis blythii 2022 0/9
Pecny6nuka Iemepa «bonpmas rmuHAHAD
Aarecran Cave near the village Kug Myotis blythii 2022 0/4
ITemepa y c. Kyr
Adits near the village of Khants- Rhinolophus 2022 3/11 Beta/Sarbecovirus
karkamahi ferrumequinum
Ilrombrn y cena Xanuxapiamaxn Rhinolophus 2023 2/4 Alpha/Decacovirus
ferrumequinum
Rhinolophus 2023 0/1
hipposideros
Cave Karabudakhkent Rhinolophus mehelyi 2023 0/9
[emepa «KapabynaxkeHTCKas»
Cave Big Clay Rhinolophus 2023 8/25 Alpha/Decacovirus
[Temepa «bonbiuas NIUHIHASDY ferrumequinum
Altai Republic Artybash Myotis ikonnikovi 2020 1/4 Alpha/Pedacovirus
PecnyOnuka Anrait Iocenok Aprteibart Myotis dasycneme 2020 02
Plecotus ognevi 2020 0/4
Eptesicus nilssonii 2020 0/4
Myotis petax 2020 02
Myotis sibiricus 2020 0/5
Kemerovo region Azhendarovo tract Myotis petax 2023 1/3 Alpha/Pedacovirus
K Vi A
Og;{;gimmﬂ PORHIIE AUKCHAAPOBO Myotis dasycneme 2023 0/2
Vespertilio murinus 2023 0/3
Mpyotis ikonnikovi 2023 0/1
Eptesicus nilssonii 2023 0/1

Italy (Rfer4675 IT 2016) with a similarity level of 95.2—
97.3% for nucleotide and 99.2-100% for amino acid
sequences. The second coronavirus, detected in 2 out
of 4 Rh. ferrumequinum specimens in a nearby adit, as
well as in 6 out of 25 specimens from a cave 45 km away,
was assigned to the Alphacoronavirus genus, Decacovirus
subgenus, according to the results of phylogenetic
analysis. The closest viruses (similarity of 98.3-99.0%
of nucleotide and 100% of amino acid sequences) were
found among RA. euryale from neighboring Georgia
(GE_CoV153 Rhi_eur). Other close variants of
coronaviruses were previously identified from
Rhinolophus spp. from European and African countries:
Italy (Bat Rfer4015 IT 16), France (FRA EPI6
Rhfer999 5C P23), Rwanda (PREDICT CoV-42). Their
level of similarity with the new isolates was 86.7-88.4%
for nucleotide and 96.9-99.2% for amino acid sequences.
Alphacoronavirus sequences from the same host from
China were less similar to the new isolates (< 77.3%
nucleotide and < 93.2% amino acid). The nucleotide
sequence difference between the new RNA sequences of
Alphacoronavirus isolates from the two caves was 1.0%.

Sequence analysis of a viral genome fragment from
specimens captured in the same adit or cave showed them
to be identical to each other at each of the three capture
sites where infected RhA. ferrumequinum were found.
Since the analysis was performed using the conserved
RdRp gene, a fragment of the more variable nspl6 gene
was analyzed for RNA from SARS-like Betacoronavirus
isolates (BtCoV/Rf-6/RUS/2022, BtCoV/Rf-14/
RUS/2022, BtCoV/Rf-15/RUS/2022) to confirm the
findings. The sequences of the analyzed coronavirus
genome fragment from three infected specimens from the
same adit were also shown to be identical. These data,
as well as a relatively low level of difference (<4.0%)
between geographically distant Befacoronavirus isolates
from Dagestan, Bulgaria, Lebanon, Italy, and Krasnodar
Krai, indicate high genome stability in natural carriers.

Since one of the identified virus variants from the
Dagestan Republic is a member of the Sarbecovirus sub-
genus of the Betacoronavirus genus, which includes both
SARS epidemic and COVID-19 pandemic pathogens, a
phylogenetic analysis of the full-length spike surface gly-
coprotein (S) gene for the BtCoV/Rf-6/RUS/2022 isolate
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b/6

Fig. 2. Phylogenetic tree showing relationships of new coronavirus strains, associated with bats in North Caucasus and Altai-Sayan regions,
with strains from other regions.

The trees were generated based on the partial RdRp gene (a), S gene (b), using a neighbor-joining method (NJ) with 1000 bootstrap replicates; bootstrap values

(> 70%) are shown at relevant nodes. The scale bar depicts the number of nucleotide substitutions per site. Detected coronaviruses are labeled in bold font and

by asterisk, coronaviruses which caused SARS and COVID-19 are also labeled in bold font (b). Two or three identical sequences of strains from the Republic
of Dagestan were used for analysis (a).

Puc. 2. Ouorenernueckue qepeBbsi, 0ToOpaxkaroniee B3anMocBs3u HoBEIX PHK-130111T0B KOpOHABHPYCOB, aCCOLIMUPOBAHHBIX
¢ pykokpsuibiMu Ha CeBepHoM KaBkase u tore 3anagnoit Cubupu, 1 U30JI1TOB KOPOHABUPYCOB U3 APYTHX PETHOHOB MHPA.

JlepeBbs moctpoeHsl Ha ocHoBe (parmenrta rena RARp (@), rena Genka S (6) ¢ ucnonb3oBaHueM metona Omwkaiimmx cocezneit (NJ). Muagekcsl nomaepx-

k1 paccunrtansl 111 1000 moBTOPOB, MHAEKCH HOAEpKKH (> 70%) 0TOOpakeHBI B COOTBETCTBYIOIIMX y31axX. MacmraOHas IMHEeHKa yKa3bIBaeT KOJIUYECTBO

HYKJICOTHIHBIX 3aM€H Ha caiT. HoBble M30MIATHI BBIICICHBI )KUPHBIM MIPU(GTOM U 3BE3JOUKOHU, )KUPHBIM MIpU(TOM BBLIEICHBI Takxke Bo3Oymurenn SARS u
COVID-19 (6). B ananu3 BkiIto4eHs! 0 BE/TPH HACHTHYHBIX nocnenosarenbHocT PHK-m30m10B M3 Pecnyonuku larecran (a).

was obtained and performed (Fig. 2 b). The closest of the
nucleotide sequences published in GenBank, with a sim-
ilarity level of 96.9%, was found in the Khosta-1 isolate
from the Krasnodar region, identified in the same natural
host. The similarity of the encoded amino acid sequenc-
es of S proteins amounted to 99.1%. Other virus isolates
from Georgia, European countries, and Libya, which
were closer in RARp RNA gene analysis, had only short
fragments of the RARp gene and no S protein genes avail-
able in GenBank. The exception was the full-length ge-
nome of an isolate from Bulgaria (BM48-31/BGR/2008).
While the level of difference in the RdRp gene fragment
of isolates from the Republic of Dagestan, Bulgaria, and
Krasnodar Krai was comparable (3.3-3.5%), the level of
difference in the more variable S protein genes was com-
parable for the Dagestan-Krasnodar Krai pair (3.1%) and
significantly higher (22.7%) for isolates from Dagestan
and Bulgaria, indicating the formation of a distinct Sar-
becovirus variant on the territory of the southern part of
the Russian Federation (Dagestan Republic and Krasno-
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dar Krai) and possibly Georgia. Analysis of the coding
sequence of the surface S protein showed (Fig. 3) that the
new RNA isolate BtCoV/Rf-6/RUS/2022 lacks 4 amino
acid insertion (PRRA) in the N-terminal region of the re-
ceptor site, located at the junction of the S1 and S2 sub-
units of the spike and forming the site of furin protease
hydrolysis, which is characteristic of pathogens of the
pandemic variant SARS-CoV-2 [3, 5]. Of the six posi-
tions 442(L), 472(F), 479(Q), 480(S), 487(N), 491(Y) in
the receptor-binding domain that significantly affect bind-
ing to the ACE2 receptor, three positions (442, 480, 491)
matched the corresponding S positions of the COVID-19
pathogen protein [24] (Fig. 3 a). The overall similarity of
the nucleotide and amino acid sequences of the surface S
proteins was 78.6 and 71.8%, respectively.

In the Altai Republic and Kemerovo region,
coronaviruses belonging to the Pedacovirus subgenus
of the Alphacoronavirus genus were detected in smooth-
nosed bats, the eastern noctuid (M. petax) from the foothills
of the Kuznetsk Alatau and the Ikonnikov’s noctuid (M.
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Fig. 3. Amino acid sequence alignment of the receptor-binding motif of the receptor-binding domain (RBD) of the S protein of BtCoV/
Rh.fer-6 from the North Caucasus and certain coronaviruses of subgenus Sarbecovirus.

Six positions (442, 472,479, 480, 487, and 491; SARS-CoV #AY278741 numbering) that are thought to be important for adaptation of SARS-CoV-like viruses
to the human ACE2 receptor [24] are shown in bold (a). Amino acid sequence alignment of the region around the S1/S2 cleavage site in SARS-CoV-2, SARS-
CoV, BtCoV/Rh.fer-6 and certain bat SARS-CoV-like viruses. Four amino acid insertion (PRRA) that forms polybasic furin cleavage site in SARS-CoV-2 is
highlighted in bold (b).
Puc. 3. CpaBHEHHE aMUHOKHUCIIOTHBIX TOCIIEA0BATENFHOCTEH PEIIETITOP-CBI3BIBAIOIIETO YIaCTKa PELENTOp-CBA3bIBatomiero qomena (RBD)
kopoHaBupyca BtCoV/Rh.fer-6 u3 Pecriyonuku Jlarectan u Ipyrux KOpOHABUPYCOB moaponaa Sarbecovirus.

Iects no3unmii (442, 472, 479, 480, 487, 491; nymepanus no mwrammy AY278741), Baxusix i agantauuu SARS-CoV-11o100HBIX BUPYCOB K PELIETITOPY
yenoseka ACE2 [24], BoigeneHs! xupHEIM mpHGTOM (a). CpaBHEHIE aMIHOKHUCIOTHBIX OCIEI0BAaTeIbHOCTEH, OKpYXaromux caiit rugponmsa SARS-CoV-2,
SARS-CoV, BtCoV/Rh.fer-6, u npyrux SARS-CoV-nono0HbIx BUPYCOB (6).

ikonnikovi) from the Altai Republic. The level of similarity
between geographically close isolates from two species
of noctuids belonging to the same subgenus is relatively
low and amounted to 80.6% for nucleotide and 96.9% for
amino acid sequences. On the phylogenetic tree (Fig. 2),
the virus from the Altai Republic (BtCoV/631/RUS/2020)
is grouped with an isolate from Japan (Mi_CoV-1), also
detected in Ikonnikov’s noctuid, an isolate from South
Korea (17BF060) from an unidentified species of bats,
and with isolates from Myotis spp. (BtCoV/012_16/M.
daw/FIN/2016, M.das/VM34/2006/NLD, M.daubentonii/
UK/Wyt/971Co, M.das/Germany/D3.38/2007, FRA
EPI4 Mydau4 E7 P6, Bat-CoV/M.daubentonii/Russia/
MOW15-31/1) from Europe and European Russia.
The closest virus from Japan had 93.9% similarity for
nucleotide and 99.0% similarity for amino acid sequences.
In contrast to isolates from the Dagestan Republic,
the new Siberian isolate from the Altai Republic had a
relatively low level of similarity with all other sequences
from other host species published in GenBank, which did
not exceed 89.7% for nucleotide and 97.0% for amino
acid sequences.

The virus from the Kemerovo region from M. petax
(BtCoV/Mp-8/RUS/2023) on the phylogenetic tree
(Fig. 2) belongs to the group of isolates from Myotis spp.
from Asian countries: Korea, China and Kazakhstan (Bat-
Cov/KZ-N40/Myotis_blythii/26-07-2022). The Siberian
RNA isolate from M. petax has a higher level of similarity

than the virus from M. ikonnikovi with coronaviruses
detected among Myotis spp. in South Korea (B15-8) and
China (Bt-AlfaCoV/JX2020-Q111, HD131583B, BtMr-
AlfaCoV/GD2017-P294); it is 86.4-92.6% for nucleotide
and 97.7-100% for amino acid sequences. At the same
time, its similarity with isolates from a similar host, M.
petax, found in South Korea (73.3—79.3 and 81.8-87.5%,
respectively) is much lower.

Discussion

In the course of this study, the circulation
of 3 coronavirus species among bats was established in
three administrative regions of the Russian Federation.
Coronaviruses and their natural reservoirs have not been
previously studied in the regions selected for the study;
however, they differ significantly in the degree of study
of the surrounding areas. In Georgia, the European part
of Russia bordering the Dagestan Republic, as well as in
European and Middle Eastern countries, a great diversity
of coronaviruses associated with bats has been identified
[12, 14-17]. The area surrounding the south of Western
Siberia is practically unexplored, with the exception of
a few sequences available in GenBank from bats from
Kazakhstan (NNo. 0Q909823, 0Q909824).

The detection of closely related viruses from different
species of natural hosts, as well as the circulation of
significantly different coronaviruses in a single host
species, has been described previously [10, 20] and was

237



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2024; 69(3)
https://doi.org/10.36233/0507-4088-233

ORIGINAL RESEARCHES

detected by us among RNA isolates from the Dagestan
Republic. Close variants of the SARS-like virus (<0.5%
differences) were found in representatives of two
families, RA. ferrumequinum in Dagestan and M. blythii
in bordering Georgia. At the same time, coronaviruses
belonging to different genera and differing by 41.1-
41.5% in nucleotide and 58.3% in amino acid sequences
were detected among RA. ferrumequinum caught in two
neighboring galleries located at a distance of no more
than 300 m from each other.

During breeding and hibernation, bats form large
aggregations in shelters such as caves and adits. The same
shelters are used by different species that do not interact
with each other outside them. Sharing shelters facilitates
circulation and maintenance of viruses in different species
of bats and facilitates virus host switching, and infection
can occur through direct contact between specimens, such
as by biting or mating. The data show that a single genetic
variant of the coronavirus circulates in each local group
of Rh. ferrumequinum, with virtually identical genome
sequences in different specimens.

It is known from tagging results that bats are capable
of migrating considerable distances [25, 26]. Such long-
distance flights may facilitate the transmission of viruses
or their variants between local populations of bats [27],
and infection of large horseshoe bats with different
viruses could occur when specimens from different local
groups jointly inhabit shelters.

The association of new coronavirus isolates from
Dagestan on the phylogenetic tree into common clusters
with RNA isolates from European countries indicates
their common evolutionary origin. It can be assumed
that the evolutionary history of Alphacoronavirus
isolates in Dagestan-Georgia is much longer than that of
Betacoronavirus isolates, since the levels of difference
between nucleotide sequences from Dagestan-Georgia
and the closest southern European variants are 11.4-14.2
and 2.3-3.3%, respectively.

The infection rate of animals (> 24%) living in
each of the capture sites in the Dagestan Republic is
comparable to published data on the infection rate of
greater horseshoe crabs in Krasnodar Krai [17]. It is not
possible to directly compare the infection rate of bats
in Dagestan and Siberian regions, since the number of
animals studied, the timing and methods of material
collection differ significantly. In the Dagestan Republic,
sampling was conducted in winter in caves and adits,
in places where large colonies of bats live together and
where they have intensive contacts. In the Altai Republic
and the foothill areas of the Kuznetsk Alatau, animals
were captured in summer by nets in hunting grounds in
low-mountainous areas. No large caves were observed
in these areas, and bats do not form large colonies, using
tree hollows or small-sized other shelters such as small
rock crevices as shelter. Outside mass aggregations, the
intensity of contacts between animals is sharply reduced,
limiting their interactions to brief contacts during the
mating period and contacts between mother and cubs
during the nesting period. It is probably the absence of
large colonies in these areas that has caused not only

238

relatively low numbers of bats in general, but also their
overall low infection rates.

This study is the first work on the detection of
coronaviruses among bats in the Asian part of Russia,
and one of the new Alphacoronavirus RNA isolates was
detected in a poorly studied natural host, the Ikonnikov’s
noctuid. RNA isolates from Western Siberia were found
to differ more significantly from previously known
European and Asian coronaviruses, which is most likely
due to the greater remoteness of their habitats. The
territories of southeastern China, South Korea, Japan and
European countries, which are significantly more studied
with respect to coronaviruses associated with bats, are
separated from the capture sites by more than 2800 km.

The fauna of bats in the south of Western Siberia
includes species with both exclusively Asian distribution
(Oriental noctuid, Ikonnikov’s noctuid, Ognev’s ear
(Plecotus ognevi)) and species with a significant part of
their range in the European part of the continent (pond
noctuid (Myotis dasycneme), northern leatherback
(Eptesicus nilssonii)) [28]. The consequence of this may
be the association of viral sequences found on the territory
of both European and East Asian countries into common
clusters. Only data on new coronavirus isolates, which
will undoubtedly be discovered in the course of further
studies in Siberia and the Russian Far East, can provide
a clearer picture of the origin of Siberian coronavirus
isolates.
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