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Abstract

Introduction. Bats are recognized as primary natural reservoirs for alpha- and betacoronaviruses. The interspecies
transmission of bat coronaviruses to other mammalian hosts, including livestock and humans, can lead to
epidemics, epizootics, and global pandemics.

Objective. This study aims to describe coronaviruses associated with horseshoe bats (Rhinolophus spp.) in the
southern regions of the European part of Russia.

Materials and methods. Fecal samples were collected from bats inhabiting caves on the southern macroslope
of the Greater Caucasus (Sochi-Adler region) during 2020, 2021, and 2024. Viral genomes were detected and
analyzed using high-throughput sequencing (NGS) and RT-PCR.

Results. A novel alphacoronavirus, designated Kudep virus (GenBank acc. # PQ649435), was identified in
R. ferrumequinum. Presumably the Kudep virus represents a novel species within the subgenus Decacovirus of
the genus Alphacoronavirus. The virus Showed 72% nucleotide identity to a Cardioderma bat coronavirus from
Kenya and up to 67% nucleotide identity to the YN2012 virus group found in horseshoe bats in China. RT-PCR
screening revealed active circulation of both Kudep virus and the previously described SARS-like betacoronavirus
Khosta-1 in the study area. Infection rates in a single R. ferrumequinum colony during autumn 2021 reached
59.2% and 70.5% for Kudep and Khosta-1, respectively. Frequent co-infections with both viruses were observed
in individual bats.

Conclusion. Our findings expand the understanding of the distribution of bat alphacoronaviruses and their genetic
diversity. We demonstrate the presence of a persistent natural foci of two potentially zoonotic bat coronaviruses,
ecologically associated with R. ferrumequinum in the southern European part of Russia.
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Pestome

BBepeHue. JleTyune mbilin paccMaTpmBaloTCa Kak OCHOBHOW NPUPOAHBIN pesepByap Ans anbda- n 6etakopo-
HaBupycoB. B pesynerate npeogoneHus MexsugoBoro 6apbepa KOpOHaBMPYChl NETYYMX Mblllei nepegarTcst
OpYruMm Braam MIeKonuTatoLLmX, BKNOYas CenbCKOXO3AMCTBEHHbIX XXUMBOTHBIX U YeroBeka, YTO YacTo NPMBOAUT K
BO3HUKHOBEHMIO 3NUAEMUYECKUX UINN SNN300TUYECKNX BCMbILLIEK U NAHAEMUNA.

Lenb pabotbl. VigeHTUdUuMpoBaTe 300HO3HbIE KOPOHABMPYChI, LMPKYNMPYIOLWME B NOMNYNSLMU NOAKOBOHOCHIX
netyunx moiwewn (Rhinolophus spp.) B I0XHbIX permoHax esponenckon Yactn Poccun. OnpenenvTb Mx reHeTnye-
CKMEe N 3KOMOrnyeckne XapakTepucTUKK.

MaTepuanbl u metoabl. Matepuan ans nccnegoBaHns (dekanuu neTyumx Mbllen) 6uin cobpaH B newepax Ha
KOxHOM MakpocknoHe 6onbloro Kaekasa (panoH Coun-Aanep) B 2020, 2021 n 2024 rr. Vicnonb3oBaHbl METOAbI
MeTareHOMHOro aHanuaa Ha ocHoe NGS n OT-MNLP.

Pe3ynbTathl. igeHTnduumposaH HoBbIV anbdakopoHasupyc (Bupyc Kyaen, GenBank Ne PQ649435), accoumnm-
poBaHHbI ¢ B6onblumMm nogkoBoHocoM (R. ferrumequinum). Bupyc Kyaen npeanonoxutenbHO NpeacTaBnseT Ho-
BbI BUA nogpoga Decacovirus poga Alphacoronavirus. MakcumanbHoe reHetudeckoe cxoncteo Bupyc Kyaen
MMeeT C KOPOHaBMPYCOM METY4MX Mblllen (0T noxHoro Bamnupa Cardioderma cor) ns Kennm (72% vaeHTUYHBIX
H.0.) 1 ¢ rpynnon BupycoB YN2012, HavfeHHbIX Y NOAKOBOHOCKIX NeTy4nx Mbiwen B Kutae (4o 67% H.0.). Pe-
synsratbl OT-NLP-ckprHuHra nokassiBatoT, 4To BUpyC Kyaen v paHee onucaHHbin Hamu SARS-nogo6HbIn Geta-
KopoHaBupyc XocTa-1 akTMBHO LIMPKYNMpYIOT Ha o6cnefoBaHHON TeppuTopun. 3apaXXeHHOCTb 3TUMK BUpYyCaMu B
OJHOW 13 KONMOHMI 60MbLLIOro nogkoBoHoca oceHbto 2021 . gocturana 59,2 n 70,5% cooTBeTCTBEHHO. BbisiBneHbI
YyacTble cnyyYau KOMHMEKLMM OTAeNbHbIX 0cobel OoAHOBPEMEHHO ABYMS KOPOHaBMPYyCcaMMu.

3akntouyeHue. MonyyeHHble OaHHblE PaCLUMPSAIOT NPeACTaBNEHUs O pacnpocTpaHeHUN anbdakopoHaBUypPyCcOB
NEeTY4YnX MbILLEN N UX reHeTUYECKoM pa3Hoobpasnu. NokasaHo HanM4me CTOMKOro NPUPOAHOIo oYara noTeHuuans-
HO 300HO3HbIX kKOpoHaBupycoB (XocTa-1 u Kygen), cBasaHHbix ¢ R. ferrumequinum, Ha tore eBponewnckon YacTm
Poccun.

Knroueenie crioea: nemyuyue Mbiwiu; KOpoHasuUpychl nemyqux Meiwed; eupyc Kyden, supyc Xocma-1; Hogble u
8o3spalyarowuecs uHgpekyuu, ansgaxkopoHasupycsl; SARS-CoV-2;, noOKo8OHOCkI

Onsa umtupoBaHus: JleHwuH C.B., BuwHesckasa T.B., PomawuH A.B., Bynbivesa HO.M., Beiwemunpckun O.U.,
ConosbeBa C.A., Tutenbman A.K., Masunux A.C., Nlbeos A.K., Xy B., LlLUn Y., Anbxosckuin C.B. NoeHTndmkaums
HoBoro anbgakopoHasupyca (Coronaviridae: Alphacoronavirus), accouMmpoBaHHOro ¢ 60MbLINMM NOAKOBOHOCOM
(Rhinolophus ferrumequinum), Ha tore eBponenckon yactn Poccun. Bornpocs! supyconoauu. 2024; 69(6): 546—
556. DOI: https://doi.org/10.36233/0507-4088-279 EDN: https://elibrary.rulyiclrv

®duHaHcuMpoBaHue. PaboTa BeinonHeHa npu uHaHcoBow noaaepxke Poccuiickoro HayyHoro coHaa (PH®), npoekt
Ne 24-44-00079, n locyaapcTBeHHOro hoHaa ectecTBeHHbIX Hayk Kutas, npoekt Ne 32361133556.

KOH(*)HVIKT UHTepecoB. ABTOpr OEeKnapupyoT OTCYTCTBUE ABHbIX N NOTEHUMalNbHbIX KOHd)J'IVIKTOB NHTEepecos,
CBA3AHHbIX C ny6nv||<au|/|e|7| HaCTOFlIJ.leVI CTaTbMu.

547



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2024; 69(6)
https://doi.org/10.36233/0507-4088-279

ORIGINAL RESEARCHES

Introduction

Bat coronaviruses of the genera Alphacoronavirus
and Betacoronavirus (Coronaviridae: Orthocoronavir-
inae) have significant zoonotic potential [1-4]. Numer-
ous studies have shown that most human coronavirus-
es, including the seasonal alphacoronaviruses (a-CoV)
HCoV-229E and HCoV-NL63, as well as the betacorona-
viruses (B-CoV) SARS-CoV, SARS-CoV-2, and MERS-
CoV, originated from viruses associated with bats [5—7].
Coronaviruses closely related to bat viruses have also
been identified in various wild and domestic animals
[8, 9]. This underscores the role of bats as primary natural
reservoirs of zoonotic coronaviruses, facilitating their
transmission among different mammalian species.

Bats belong to the order Chiroptera, which comprises
over 1,400 species, classified into 21 families and 234 ge-
nera. In terms of species diversity, Chiroptera ranks second
after rodents among all mammals. In Russia, at least 45
bat species have been recorded, including three species
ofhorseshoebats (Rhinolophidae: Rhinolophus): the great-
er horseshoe bat (R. ferrumequinum (Schreber, 1774)),
the lesser horseshoe bat (R. hipposideros (Bech-
stein, 1800)), and the Mediterranean horseshoe bat
(R. euryale (Blasius, 1853)) [10]. Horseshoe bats are
considered natural reservoirs of SARS-like coronavirus-
es, two of which, SARS-CoV and SARS-CoV-2, caused
the SARS epidemic in 2002-2004 and the COVID-19
pandemic in 2019, respectively. In China and South-
east Asia, several groups of highly diverse alphacoro-
naviruses have been identified in horseshoe bats, such
as Rhinolophus bat coronavirus HKU32 (subgenus
Decacovirus) or HKU2 group (subgenus Rhinacovi-
rus), which includes the swine acute diarrhea syndrome
coronavirus (SADS-CoV) responsible for major out-
breaks in China between 2016 and 2019 [9, 11-13].
R. ferrumequinum is of particular interest due to its exten-
sive range, spanning North Africa, southern and western
Europe, Central Asia, China and South-East Asia. This
raises the potential for associated viruses to spread across
vast and distant regions. In Russia, horseshoe bats are
found only in areas south of 44°N latitude, including the
North Caucasus and the northern coast of the Black Sea.
However, research on coronaviruses in Russian bat pop-
ulations remains limited [14—17]. In a previous study we
described here two novel SARS-like betacoronaviruses
(Khosta-1 and Khosta-2), which are evolutionarily relat-
ed to SARS-CoV, SARS-CoV-2, and other sarbecovirus-
es from Europe, Africa, and Asia [14]. Related viruses,
closely resembling Khosta-1, have also been found in
other areas of the Caucasus, including colonies of R. fer-
rumequinum in Dagestan [17] and R. euryale in Georgia
[18]. These studies also detected a bat alphacoronavirus,
tentatively classified within the Decacovirus subgenus
based on its conserved RdRp domain (397 nt) [17]. In this
study, we identified and sequenced the complete genome
of a novel species of bat alphacoronavirus (designated
«Kudep virusy, after the Kudepsta River), associated
with the species R. ferrumequinum. PCR screening re-
vealed the co-circulation of alpha- and betacoronaviruses
in the bat population in this region.
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Material and methods

Material for research. Sampling was conducted in
caves located on the southern macro-slope of the Great-
er Caucasus along the northern coast of the Black Sea
(Sochi-Adler region, Krasnodar Krai) during 2020-2024
(Table). Sampling took place either in late autumn, when
bat colonies gather for hibernation (2020, 2021), or in ear-
ly spring during their first flights after hibernation (2024).
Bats were captured by hand from cave ceilings. Species
identification was performed based on morphological
features by an experienced zoologist. Additionally, the
species identity of R. hipposideros and R. ferrumequi-
num was confirmed for selected samples by sequencing
the mitochondrial cytochrome b gene. To collect fecal
samples, individual bats were placed in clean cotton bags
for 10—15 minutes, after which the animals were released,
and fecal material from the bag walls was transferred to
cryotubes. Samples were transported on ice and stored at
—70 °C. No animals were harmed or sacrificed during the
collection process. Sample collection was approved by
the Scientific Council and Ethics Committee of the Sochi
National Park.

RNA Extraction and RT-PCR. Samples were suspend-
ed in 0.2 mL of phosphate-buffered saline (PBS). To-
tal RNA was extracted from 0.1 mL of the suspension
using the RNA-Extran kit (Synthol, Russia) following
the manufacturer’s instructions. Screening for Khos-
ta-1 and Khosta-2 viral RNA was performed as previ-
ously described [14] using specific primers and probes
(Khl pr FAM-ACCTGTGCCTGTGAGTCCATT-BQI,
Khl F CACTGTTGGTGTAGGTTAC, and Khl R CT-
GGAATGACTGAAATCTCTTA for Khosta-1; Kh2 pr
HEX-AAGCACACCAACGACACCAGCATCTC-BQ2,
Kh2 F  CGCCAAGCACTATTAAAGACAG, and
Kh2 R CGAAGTCGTACCAGTTTCCA for Khosta-2)
and TaqPath 1-Step Multiplex Master Mix (Thermo Fish-
er Scientific, USA). Briefly, 5 pL of RNA was added
to 15 pL of reaction mix containing 1x TagPath 1-Step
Multiplex Master Mix, 400 nM of forward and reverse
primers, and 200 nM of the corresponding probe. Ther-
mal cycling conditions included a reverse transcription
step at 50 °C for 30 minutes, initial denaturation at 95 °C
for 30 seconds, followed by 45 PCR cycles of denatur-
ation at 95 °C for 10 seconds and annealing/extension
at 55 °C for 30 seconds with signal acquisition. RNA of
the novel Kudep alphacoronavirus was detected using
custom primers and probes (Alph pr ROX-TGCCA-
CAAGTTGCCACCGTCA-BQ2, Alph F GCTTGCT-
GCTGAAGATCC, Alph_ R CCACATCATTAACAGTG-
CGAATA) under equivalent conditions.

NGS Sequencing and Data Analysis. Sequencing of
samples was performed as previously described [14].
Selected samples were pooled by species and location
(10-12 samples per pool). PCR-positive samples were
sequenced individually. Ribosomal RNA was depleted
using the NEBNext rRNA Depletion kit (NEB, USA).
cDNA libraries were prepared using the NEBNext Ultra
II RNA Library Kit for Illumina (NEB, USA) according
to the manufacturer’s instructions. Library molarity was
quantified by qPCR following the Sequencing Library
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Table. Results of RT-PCR screening of horseshoe bats (Rhinolophus spp.) on coronaviruses Khosta-1, Khosta-2 (Betacoronavirus), and Kudep
(Alphacoronavirus), collected in 2020, 2021 (autumn), and 2024 (spring), Northern coast of the Black Sea

Taoauna. Pesynsraret OT-TT1[P-ckprHuHTa MOAKOBOHOCKIX JieTyurx Mbiiiei (Rhinolophus spp.) Ha Hanmuune kopoHaBupycoB Xocra-1, Xocra-2
(Betacoronavirus) n Kynen (Alphacoronavirus) B 2020, 2021 (ocens) u 2024 (BecHa) IT., ceBepHOE 1odepexbe YepHoro Mopst

2020 (autumn) 2021 (autumn) 2024 (spring)
2020 (ocenn) 2021 (ocenn) 2024 (BecHa)
Location Bat species
Jlokarust Bux Khosta-1 | Khosta-2 | Kudep | Khosta-1 | Khosta-2 | Kudep | Khosta-1 | Khosta-2 | Kudep
Xocra-1 | Xocra-2 Kyznen Xocra-1 Xocra-2 Kyznen Xocra-1 Xocra-2 Kynen
(B-CoV) | (B-CoV) | (a-CoV) | (B-CoV) | (B-CoV) | (a-CoV) | (B-CoV) | (B-CoV) | (a-CoV)
Institute of Medical . . 2/24 1/13
Primatology R. hipposideros 0/24 (8.3%) 0/24 0/13 (1.7%) 0/13 - - -
TTonsan HUU men.
MIPUMATOJIOT U
(43°26°06.3” N R. euryale 0/1 0/1 0/1 - - - - - -
39°59°26.4” E)
Museinaya cave R. ferrumequinum 0/2 0/2 0/2 - - - - - -
(Khosta 2 cave)
ITemepa My3elinas
(Xocruuckas 2) . . B B B B B B
(43033343 N R. hipposideros 0/2 0/2 0/2
39°53°46.2” E)
Khosta 1 cave
ITemepa Xocrunckas 1 . 1/13 2/13
(43°33°49.5” N R. ferrumequinum (7.7%) 0/13 (15,3%) 172 0/2 172 - - -
39°53°57.2” E)
Kolokolnaya cave 15/24 2/24 36/51 27/51 322 3/22
[emepa Konokonsuast  R. ferrumequinum  (62.5%) 0/24 (8.3%) (70.5%) 0/51 (52.9%) (13.6%) 0/22 (13.6%)
(43°33°08.3” N, 1* 1* 21%* 21* 070 A
39°56°024”E) R. euryale 0/2 0/2 0/2 - - - - - -
R. hipposideros - - - - - - 0/2 02 0/2
Partizanskaya cave R. ferrumequinum 0/1 0/1 0/1 - - - - - -
Ilemepa Ilapruzanckas
(43°37°38.86” N, . . 1/3 B B B B B B
39°54°46.06” E) R. hipposideros (33%) 0/3 0/3
Bcero 17/70 2/70 4/70 37/66 1/66 28/66 324 0/24 3/24
Total (14.9%) (1.75%) (3.5%) (56.0%) (1.5%) (42.4%) (12.5%) (12.5%)

Note. The number of positive samples/number of samples is shown for each species and location. The percentage value (%) is indicative and is not
confirmed by statistical methods. * — number of samples simultaneously positive for Khosta-1 virus and Kudep virus.

HpnMeqaﬂue. VYKa3aHO YHUCIIO TOJOXKUTCIBHBIX HpO6/O6I]_I€C YHUCIIO 06CHC)10BaHHI>IX Hp06 JJI KaXXKI0ro BHJa M JIOKAITUH. VYKa3zaHHOE 3HAUCHUE
I[OJ'[Cﬁ (%) SABJISACTCS UHAUKATUBHBIM U HE MOATBEPKACHO CTATUCTUICCKUMU METOJaMU. * — qHCIIO0 Hp06, OZHOBPEMCHHO ITOJIOXKHUTEJIBHBIX 110 BUPYCY

Xocra-1 u Bupycy Kyznern.

gPCR Quantification Guide (Illumina, USA). Sequencing
was conducted in 2 x 100 format on a NovaSeq 6000 plat-
form (Illumina, USA) at the Genetico Center (Moscow).
Pooled samples yielded 80-110 million paired-end
reads on average, while individual samples generated
25-40 million paired-end reads. Reads were quality-fil-
tered, adapters were removed, and assemblies were gen-
erated de novo using CLC Genomics Workbench 7.0
(Qiagen, Germany). Contigs were analyzed using the
blastx algorithm with DIAMOND software against the
Coronaviridae protein database retrieved from GenBank
using a custom Python script (BioPython module).
Genetic and Phylogenetic Analysis. Nucleotide and
amino acid sequences of alphacoronaviruses were aligned
using the ClustalW algorithm implemented in MEGAX
(https://www.megasoftware.net/). A total of 50 genomes
of alphacoronaviruses representing nine of the 16 known
subgenera were included in the analysis. Amino acid
alignments for individual proteins (ORF1la, ORF1b, S,
ORF3, E, M, and N) were used to calculate sequence

identity percentages between viruses. Phylogenetic anal-
yses were conducted by selecting the best substitution
model using the «Model Selection» module in MEGAX.
Phylogenetic trees were constructed based on amino ac-
id sequences of RdRp, spike protein S, and nucleocapsid
protein N using the selected models (LG + G + 1+ F for
RdRp, LG + G + F for S and N) with bootstrap testing
(1000 replicates) in MEGAX. For taxonomic analysis,
the criteria established by the International Committee on
Taxonomy of Viruses (ICTV) [19] were used. Specifical-
ly, amino acid sequences of conserved domains within the
ORFlab gene (nsp5 (3CLpro), NiRAN, nspl12 (RdRp),
ZBD, and nsp13 (Hell)) from each virus analyzed were
concatenated into a single sequence, aligned using the
ClustalW algorithm, and analyzed to calculate the per-
centage of amino acid differences. According to ICTV
(https://ictv.global/report/chapter/coronaviridae/corona-
viridae) viruses classified as different species must share
no more than 92% amino acid identity in these conserved
domain sequences.
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Results

Identification and Genetic Characterization of a Nov-
el Bat Alphacoronavirus. The genome of the novel al-
phacoronavirus was initially identified as a 28,142-nu-
cleotide (nt) contig in the de novo assembly of sample
F2, collected from R. ferrumequinum in Kolokolnaya
Cave in 2020. Subsequent PCR screening, using spe-
cific primers and probes, enabled the sequencing of
individual positive samples with high viral RNA ti-
ters (Ct < 25). This analysis yielded nearly complete
genomic sequences for seven Kudep virus strains, in-
cluding one strain from 2020 (Kudep/F2/2020) and
six from 2021 (Kudep/2021/59, Kudep/2021/71,
Kudep/2021/80, Kudep/2021/86, Kudep/2021/100, and
Kudep/2021/107). All strains were obtained from R. fer-
rumequinum collected in Kolokolnaya cave.

Genomic analysis revealed 100% nucleotide identity
among strains 59, 71, and 86 (2021), as well as between
strains 80 and 107 (2021). Comparisons between these
groups showed 27 nucleotide substitutions. Strain 100 ex-
hibited seven substitutions compared to group 59/71/86
and 34 substitutions compared to group 80/107. The pro-
totype strain F3/2020 differed by 8, 19, and 32 substitu-
tions from groups 80/107, 59/71/86, and strain 100, re-
spectively. Notably, strains F3, 80, and 107 contained a
unique 9-nt insertion in the N gene, resulting in the in-
sertion of amino acids 164QNN166 in the nucleocapsid
protein, absent in strains 59, 71, and 86.

The Kudep virus genome exhibits the typical structure
of alphacoronaviruses. Approximately two-thirds of the
genome comprises the ORFlab region, which encodes
a large polyprotein that is first processed into polypro-
teins ORF1la and ORF1b, and then into 16 nonstructural
proteins (nspl-nsp16). The RNA-dependent RNA poly-
merase (RdRp, nspl12), used for coronavirus classifica-
tion, is located within the ORF1b polyprotein at amino
acid positions 1-927. The remaining part of the genome
includes structural protein genes (S, E, M, and N) and
several nonstructural accessory proteins genes. A total of
eight genes (open reading frames, ORFs) were identified:
ORF1ab-S-ORF3a-ORF3b-E-M-N-ORFx. Kudep virus
displays the division of ORF3 into two genes, ORF3a
(encoding a 120-aa protein with no viral homologs in
BLASTp) and ORF3b, encoding a nonstructural protein
with 55-78% amino acid identity to those of other bat
alphacoronaviruses. Kudep virus lacks genes of accesso-
ry proteins commonly found in bat coronaviruses (e.g.,
ORF4, ORF7, ORFS, and ORF9) but includes ORFx gene
encoding a 107-aa protein of unknown function.

Comparative analysis revealed that the Kudep virus
genome is most closely related to Cardioderma bat
coronavirus/Kenya/KY43/2006 (BtKY43) isolated from
Cardioderma corin Kenyain 2006, sharing 72% ntidentity
[20]. The genome also showed up to 67% nt identity
to some Rhinolophus-associated viruses from China,
such as YN2012 [10]. RdRp amino acid (aa) identity
was 92% with BtKY43 and 87-90% with viruses from
China and Southeast Asia. Among structural proteins,
E, M, and N showed the highest similarity to BtKY43,
with 85%, 92%, and 81% amino acid identity, respectively.
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When compared to viruses from the Asian region, the
highest aa identity values are 83% for the E protein (strain
HuB2013, R. ferrumequinum, 2013, China), 90% for the
M protein (strain PH20, R. shameli, 2010, Cambodia),
and 69.7% for the N protein (strain RfLN20,
R. ferrumequinum, 2020, China), respectively.

The spike (S) protein of Kudep virus shows 58-73%
amino acid identity with known alphacoronaviruses,
with the closest matches being the BtCoV/Rh/YN2012
Rs4125 and BtCoV/Rh/YN2012 Rs4259 viruses, isolated
from horseshoe bats in China in 2012-2013. In contrast, it
shares only 62% amino acid identity with BtK'Y43, which
is the closest match to Kudep virus in terms of RdRp.
Two non-structural accessory proteins, ORF3b and the
putative ORFX, exhibit 77 and 55% amino acid identity,
respectively, with BtK'Y43.

Phylogenetic Analysis. Phylogenetic analyses based
on the RdRp (Figure a), spike protein S (Fig. ), and
nucleoprotein N (Fig. ¢) place the Kudep virus lineage
within the Decacovirus subgenus. In the RdRp and N
protein trees, the Kudep virus formed a sister clade to
BtKY43. In the S protein tree, the Kudep virus was more
closely related to strains associated with horseshoe bats
from China.

Taxonomic Analysis. Pairwise comparison of the
conserved domains concatomer 3CLpro-NiRAN-
RdRp-ZBD-Hell of the Kudep virus with other
alphacoronaviruses showed the highest similarity (91%
amino acid identity) with BtKY43. When compared to
the closest strains identified in Chinese horseshoe bats,
the similarity was 88%.

RT-PCR Screening Results. Table summarizes RT-PCR
screening results for Rhinolophus bats, including detection
of Kudep virus, and the betacoronaviruses Khosta-1 and
Khosta-2, that were recently described [13]. Khosta-1
was predominantly associated with R. ferrumequinum
and the only positive sample was from R. hipposideros,
collected in Partizanskaya cave. Khosta-1 showed high
prevalence in the Kolokolnaya cave colony — 62,5
and 70% in autumn 2020 and autumn 2021, respectively.
In the autumn of 2024, the infection rate in the colony was
found to be 13%. The overall infection rate of horseshoe
bats in the region for Khosta-1 ranged from 12.5% (2024)
to 56% (2021). The Khosta-2 was detected only in the
R. hipposideros, and at a single location throughout the
entire observation period.

The novel alphacoronavirus Kudep was detected
only in R. ferrumequinum at two relatively closely
located Khostinskaya-1 and Kolokolnaya caves. The
infection rate in Kolokolnaya Cave reached 52.9% in
autumn 2021. In the spring of 2024, this rate was 13.6%.
The overall infection rate of horseshoe bats with the
Kudep virus ranged from 3.5% (2020) to 42.4% (2021).
Notably, 21 samples from Kolokolnaya Cave were
simultaneously positive for both Khosta-1 virus and
Kudep alphacoronavirus in 2021. In 2020, only one such
sample was found in this cave (out of two positives for
Kudep virus). At the second site, Khostinskaya-1 Cave,
where the Kudep alphacoronavirus was also detected, co-
infection with Khosta-1 virus was found in one sample
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in 2020 (out of two positive samples) and in one sample
in 2021.

Discussion

Bats are recognized as primary natural reservoirs for
both alpha- and betacoronaviruses. Through interspecies
transmission, bat coronaviruses can cross species barriers,
infecting other mammals, including domestic animals
and humans, often leading to outbreaks, epidemics,
or pandemics. Numerous studies have shown that bat
coronaviruses are widely distributed across their habitats,
including Europe, Africa, China, Southeast Asia, and the
Americas [21-24]. In this study, we identified a novel
alphacoronavirus, Kudep virus, circulating in the greater
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horseshoe bat (R. ferrumequinum) in the southern regions
of the European part of Russia (the subtropical region
of Krasnodar Krai, Sochi-Adler). We characterized
seven complete genome sequences of Kudep virus: one
from 2020 and six from 2021. Although all sequenced
strains were obtained from a single location within a
one-year period, they exhibited some genetic diversity,
including single nucleotide substitutions and insertions/
deletions in the genes, reflecting ongoing evolution.
Continued surveillance will be crucial for determining
the mutation rate in this viral population.

The genome of Kudep virus exhibits the size and
structural features typical of alphacoronaviruses. Its
closest genomic similarity is to the Cardioderma bat
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The Kudep virus is marked with a black circle. Human
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YEJIOBEKA — MPO3PAaUHbIM TPEYTOIBHUKOM.



BOMPOCHI BUPYCOJIOTUW. 2024; 69(6)
https://doi.org/10.36233/0507-4088-279

coronavirus (strains BtKY43, 2A/Kenya/BAT2621/2015,
and 2B/Kenya/BAT2618/2015), identified in the heart-
nosed bat (Cardioderma cor) in Kenya [20]. Both Kudep
virus and BtK'Y43 lack genes for non-structural accessory
proteins, such as ORF4, ORF7, ORFS, and ORF9, which
are typically found in Asian bat alphacoronaviruses [25].
Whole-genome comparisons show similar levels
of identity (~ 67-72%) between Kudep virus and
BtKY43, as well as several alphacoronaviruses found
in Chinese horseshoe bats (Rhinolophus spp.). Amino
acid sequence analysis of structural and non-structural
proteins places Kudep virus almost equidistant from both
African and Asian viruses, with RdRp identities ranging
from 87 to 92%.

Phylogenetic analysis places Kudep virus within the
Decacovirus subgenus, which includes viral lineages
associated with the various Rhinolophus species (e.g.,
Rhinolophus bat coronavirus HKU32 and YN2012),
as well as HKU10 viruses found in Hipposideros bats
and Rousettus fruit bats in China. Additionally, this
subgenus includes viruses from false vampire bats (e.g.,
BtKY43 from Kenya and Megaderma bat coronavirus
from Bangladesh). These findings suggest considerable
ecological plasticity within the Decacovirus subgenus,
facilitating cross-species transmission among diverse
bat families and even across chiropteran suborders [26].
Kudep virus consistently forms a distinct lineage within
Decacovirus in phylogenetic trees based on RdRp
and nucleocapsid (N) proteins, clustering closely with
BtKY43. Phylogenetic analysis based on the spike (S)
protein places Kudep virus closer to the Chinese horseshoe
bat lineage YN2012 [11].

To determine the taxonomic position of the Kudep
virus, we analyzed the similarity of the concatomer of
its conserved domains within the ORFlab gene (nsp5
(3CLpro), NiRAN, nsp12 (RdRp), ZBD, nspl13 (Hell))
to those of other known alphacoronaviruses. The highest
observed similarity was 91% amino acid identity (with
BtKY43), which meets the ICTV demarcation criteria
(92% amino acid identity) for defining distinct coronavirus
species (https://ictv.global/report/chapter/coronaviridae/
coronaviridae) [19]. Based on these findings, we propose
that the Kudep virus represents a novel species within the
Decacovirus subgenus of the genus Alphacoronavirus.

RT-PCR screening results demonstrate the active
circulation of both the previously described sarbecovirus
Khosta-1 and the newly identified Kudep alphacoronavirus
in the surveyed region. In the greater horseshoe bat colony
at Kolokolnaya Cave, infection rates reached 70.5% for
Khosta-1 and 59.2% for Kudep virus during the autumn
of 2021. These rates are consistent with reported bat
coronavirus prevalence, which can range from 0% to 60—
70%, depending on the location and season [27-30].
Notably, spring 2024 sampling revealed lower infection
rates (13%), but the presence of both viruses suggests
persistent infections exist within the host population.

Co-infections of individual bats with Khosta-1 and
Kudep viruses were identified in both surveyed colonies
(Khostinskaya-1 and Kolokolnaya). In 2021, such
cases accounted for over half of the positive samples.

OPUTUHAJbHbBIE NCCNEAOBAHUA

The detection of these coronaviruses in both autumn and
spring over a four-year period (2020-2024) supports the
presence of a stable natural foci for both betacoronavirus
Khosta-1 and alphacoronavirus Kudep, associated with
the greater horseshoe bat.

Evidence of human and animal activity in the caves,
including spelunkers, domestic goats seeking cool
shelter in summer, jackals, and wild cats, highlights
potential exposure and transmission risks for these bat
coronaviruses to humans or other animals. These findings
underscore the need for continuous surveillance and
ecological studies to monitor zoonotic transmission risks.
The identification of viral diversity in natural biomes
and the study of the evolutionary processes that lead to
the emergence of new viral infections is a key task in
modern virology. These studies have significant practical
implications for controlling the emergence of new and re-
emerging infections. Epidemic outbreaks will continue to
occur in the future, underscoring the need for international
collaboration to conduct continuous monitoring of the
gene pool of potentially zoonotic viruses [31, 32].
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