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ABSTRACT

Coronaviruses (family Coronaviridae, genera Alphacoronavirus, Betacoronavirus)
are dangerous viral pathogens that have caused three outbreaks of severe respiratory
diseases SARS, MERS, COVID-19. In Russia, data on coronaviruses in natural reservoirs
are limited, as investigations began only during the COVID-19 pandemic.

The aim of the work. To study the diversity of coronaviruses among rodents and in-
sectivores in the Altai Republic.

Materials and methods. Rodents (n = 67) and shrews (n = 52) were captured
in 2022. Samples were analyzed by reverse transcription-polymerase chain reaction
followed by sequencing.

Results and conclusions. Foursamples from rodents (Myodes rutilus, M. glareolus,
Apodemus peninsulae, A. agrarius) and two samples from an insectivore (Crocidura
sibirica) were positive for coronaviruses, among which three different coronaviruses
were detected. Rodent-borne coronaviruses are classified in the genus Betacorona-
virus, subgenera Embecovirus, and have shown host associated clustering. The nu-
cleotide sequences of Siberian coronaviruses from rodents were identical for closely
related species (M. rutilus and M. glareolus, A. agrarius and A. peninsulae) and close
(> 94 % homology) to previously published sequences in each of the groups of car-
riers found in the territory Novosibirsk region, Europe and China. The coronavirus
identified from the insectivore, possibly belonging to a new subgenera of the family
Coronaviridae, has also been assigned to the genus Betacoronavirus.

Conclusion. Five species of natural carriers of three different coronaviruses were de-
tected in the Altai Republic. A high level of identity of coronaviruses genomes from
rodents has been revealed, indicating a relatively low rate of their evolution.
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PE3IOME

Koponasupycei (cemeticmso Coronaviridae, podsl Alphacoronavirus u Betacoro-
navirus) omHoOCAMCA K YUCJly ONACHbIX BUPYCHbIX NAMO2EH08, 8bI38ABWUX MpPU
8CNLILIKU MAXENbIX pecnupamopHbix 3abonesaruti SARS, MERS, COVID-19. B Poc-
CUU OaHHble 0 KOPOHABUPYCAx, YUPKYIUPYIOWUX 8 NPUPOOHbIX pe3eps8yapax, 02pa-
HUYeHbl, MAaK Kak Ucc/1e008aHUs HAYaUCb MOJIbKO 80 8peMs naHoemuu COVID-19.
Lens pabomel. ViccnedosaHue MHO2006pa3us KOPOHABUPYCO8 CPEOU 2PbI3yHO8
U HaceKoMosOHbIX 8 Pecnybnuke Anmad.

Mamepuanel u memooel. [pei3yHsl (67 ocobeli) u HacekomosoHsle (52 ocobu)
6bl1u omiossieHbl 8 2022 2. 06pasybl NPOAHAIU3UPOBAHbI MEMOOOM 06pamHoU
MpAaHcKpunyuu — noaumepasHol yenHol peakyuu u NocedyouumM ceKgeHUpo-
8aHuem.

Pe3ynemameol u o6¢cyxoeHue. [10710XXumesibHbIMU Hd KOPOHABUPYCbl OKA3AIUCH
4 obpasya om zpwbizyHo8 (Myodes rutilus, M. glareolus, Apodemus peninsulae,
A. agrarius) u 2 obpaszya om Hacekomoa0dHozo (Crocidura sibirica), 8 komopsix
06HapyxeHbl 3 pas3IudHbIX KOPOHAsUpycd. ACCOUUUPOBAHHbIE C 2pbI3yHAMU
KOpOoHasupycbl omHeceHsl K pody Betacoronavirus, nodpody Embecovirus u 0emoH-
cmpuposainu ¢usozeHeMuUYeckoe 2pynnupo8aHue 8 cCoomesemcmauu ¢ 8UOOM
npupodHo20 Hocumensd. HykneomuodHele nocsiedo8amesbHOCMU CUbUPCKUX
U30/11MO08 KOPOHABUPYCO8 OM 2pbI3yHO8 bblau UOeHMUYHbIMU 0/1 Hocumesnel
651u3kopodcmaeeHHbix 8udos (M. rutilus u M. glareolus, A. agrarius u A. peninsulae)
u 6:1u3KU (> 94 % 20Mo102UU) K paHee ony6IUKOBAHHbEIM NOC/1IE008AMETbHOCMAM
8 Kaxxdoli uz 2pynn Hocumereu, 06HapyxeHHbIX Ha meppumopuu Hosocubupckoli
obnacmu, Esponsi u Kumas. K pody Betacoronavirus omHecéH u KopoHasupyc,
8b158/1€HHbIU OM HACEKOMOAOHO020, B03MOXHO, OMHOCAWULCA K HOBOMY NOOPOOY
cemeticmaa Coronaviridae.

3aknoyeHue. O6HApyxeHsbl 5 8U008 NPUPOOHBLIX Hocumeriell 3 pa3IUYHbIX
KopoHasupycos Ha meppumopuu Pecny6uku Anmad. BeiseneH 8bICOKUU yposeHb
UGeHMUYHOCMU 2eHOMO8 KOPOHABUPYCO8 OM 2pbi3yHO8, caudemesbcmayoujuli
06 omHocumMesbHO HU3KOU CKOpOCMU UX 380/104UU.

Knioyesolie cnoea: KopoHasupyc, makCOHOMUS, 2pbl3yHbl, HACEKOMOSOHbIE,
Cubupb

Ona untTupoBaHua: AwwnHa J1.H., Abpamos C.A., CmeTaHHMKoBa H.A., Manbiwes b.C.,
Kpnsonanos A.B., lynan T.A. KopoHaBupycbl, LNpKynumpytowme cpean rpbisyHoB
1 HacekomosAaHbIx B Pecniybnuke Antan. Acta biomedica scientifica. 2023; 8(6): 117-123.
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INTRODUCTION

Coronaviruses (family Coronaviridae, genera Alphacor-
onavirus and Betacoronavirus) are among the dangerous vi-
ral pathogens that have caused three outbreaks of severe
respiratory diseases SARS, MERS, COVID-19 in the last two
decades [1-3]. After the SARS outbreak in 2002-2003, epi-
demiological and etiological studies confirmed that SARS-
CoV entered humans via civets [4]. Subsequent field and ex-
perimental studies showed that civet was only an interme-
diate host of SARS-CoV and bats were its natural host [5].
MERS-CoV, which first appeared in the Middle East in 2012,
also originates from bats and infects humans via camels
[6]. After COVID-19 was first revealed in Wuhan, its etiolog-
ical agent, a novel coronavirus later named SARS-CoV-2,
was not only immediately identified based on genome
studies, but also the virus was found to have high homolo-
gy with a known bat coronavirus identified in 2018 [3, 7, 8].
Additionally, recent studies have revealed that human cor-
onaviruses such as OC43, 229E, HKU1 and NL63 also origi-
nate from bats or rodents [9, 10].

Coronaviruses are characterized by high genetic diver-
sity in wild small mammals. Over a long evolutionary his-
tory, viruses have not only co-evolved with their hosts, but
have also often crossed the interspecies barrier and spread
between species and evolved to adapt to new hosts [11].
Avery diverse range of coronaviruses has been consistent-
ly detected in rodents in recent years, some of which cir-
culate simultaneously in several rodent species or even
several subfamilies [12-15]. Recent studies have shown
that OC43 and HKU1 coronaviruses, which cause human
respiratory diseases, can also be originated from rodents
[9, 16]. Along with rodents, small mammals such as shrews,
which are also highly genetically diverse, can also be carri-
ers of various coronaviruses. Shrew coronaviruses have re-
cently been discovered to have important evolutionary sig-
nificance [17].

The problem of coronavirus research is relevant
for Russia, since no epidemiological studies were con-
ducted to reveal coronaviruses in natural reservoirs be-
fore the pandemic. Only in 2020, SARS-like coronaviru-
ses (Khosta-1 and Khosta-2) were identified in two species
of bats of the horseshoe bat genus in the Krasnodar region
of the Russian Federation and their full-length genomes
were studied [18]. Subsequent studies revealed that the re-
ceptor-binding domain of one of the novel coronaviruses
is capable of utilising the human ACE2 receptor and poses
a potential risk to humans [19]. Another coronavirus was re-
vealed among Pipistrellus bats in the central part of Euro-
pean Russia [20]. The evolutionary history of this novel
MERS-like coronavirus suggests recombination of the an-
cestral genomes from bat and hedgehog. Studies of coro-
naviruses among rodents and insectivores were first con-
ducted in Siberia (Novosibirsk Region) [21]. Circulation
of viral coronaviruses was found in three species of ro-
dents and one species of insectivores. The rodent-associ-
ated coronaviruses belonged to the Betacoronavirus genus,
evidenced phylogenetic grouping according to the natu-
ral host species, and showed similarity to related corona-
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viruses from China and European countries. A new corona-
virus species was revealed among insectivores, which be-
longed to the Alphacoronavirus genus.

THE AIM OF THE STUDY

To study the diversity of coronaviruses among rodents
and insectivores in the Altai Republic.

MATERIALS AND METHODS

Small mammals were captured on the northern coasts
of Lake Teletskoye in the Altai Republic (51°47°N, 87° 18"E).
Animals were captured in accordance with the proto-
col and recommendations for safe work in compliance
with methodological guidelines MU 3.1.1029-01, approved
on April 6,2001; cotton swabs were used to collect bat oral
swabs; rectum pieces were placed in a solution with RNA
Later (QIAGEN, Germany).

RNA isolation was performed using the RIBO-prep kit
(Central Research Institute of Epidemiology, Russia) from
lavages or rectal slices. 0.2 ml of sterile 0.9% NaCl solu-
tion was added to the tubes with lavages before isola-
tion. Samples were screened by two-round reverse tran-
scriptase-polymerase chain reaction (RT-PCR) using Rever-
tAid Premium RNA polymerase (Thermo Fisher Scientific,
USA), Hot Start Taq DNA polymerase (Sibenzyme, Russia)
according to the protocol and with primers for the con-
served region of the coronavirus RNA-dependent RNA pol-
ymerase (RdRp) gene (fragment 397 nucleotides) that have
previously been described [12]. The nucleotide se-
quences of each amplicon chain were determined using
the BigDye Terminator Cycle Sequencing kit (Applied Bio-
systems, USA) on an ABI Prism 310 automatic analyser. A tax-
onomical identification of coronaviruses and their natu-
ral hosts was based on the determination and comparison
with the GenBank database of the nucleotide sequenc-
es of viral genome fragments and the cytochrome b gene
of the hosts’ mitochondrial DNA.

Nucleotide sequence alignment was performed us-
ing the MUSCLE algorithm in MEGA X software (Mega
Software, USA). The maximum likelihood (ML) method
with the GRT + G + | evolutionary model was used to con-
struct the phylogenetic tree. Calculations were performed
for 500 repeats.

RESULTS AND DISCUSSION

In September 2022, 119 specimens of 10 species of small
mammals were captured within the forest area located
in the vicinity of the village of Artybash in the Altai Repub-
lic (Table 1). All captured animals were tested for the pres-
ence of coronavirus RNA.

3.8 % (2/52) of insectivores and 5.9 % (4/67) of rodents
were positive for coronaviruses (Table 1). Viral RNA was re-
vealed in 2 out of 11 Siberian shrew (Crocidura sibirica),



1 out of 5 bank voles (Myodes glareolus), 1 out of 15 red-
backed voles (Myodes rutilus), 1 out of 20 field mice (Ap-
odemus agrarius) and 1 out of 15 Korean field mice (Apode-
mus peninsulae).

Based on the results of phylogenetic analysis, the ro-
dent-borne coronaviruses (M. rutilus, M. glareolus, A. penin-
sulaeand A. agrarius) were classified in the subgenus Embe-
covirus of the genus Betacoronavirus. The shrew-borne virus
detected in C. sibirica, was classified in the genus Betacor-
onavirus and is probably a representative of a new subge-
nus, as it differs significantly from other known coronavi-
ruses (Fig. 1).

The nucleotide sequences of the RdRp gene frag-
ment of new RNA isolates of coronaviruses identified
in rodents, have a homology level of 86.7 % between iso-
lates from animals of the genus Myodes and Apodemus,
are identical for closely related species M. rutilus/M. glare-
olus and A. peninsulae/A. agrarius and demonstrate close
similarity with previously published sequences of coro-
naviruses found in each of the host groups. Specifically,
for the new coronavirus isolates from M. glareolus/M. ru-
tilus (RtCoV/Mg-724/RUS/2022 and RtCoV/Mrut-816/
RUS/2022), a similarity level of 95.8 % and 93.8-94.9 %
was found with the RtCoV/Mrut-288/RUS/2021 RNA
isolate identified from M. rutilus in the Novosibirsk re-
gion and in Germany (D_RMU10_1974/Myo_gla/GER
and D_RMU10_1919/Myo_gla/GER), respectively. For Si-
berian isolates of coronavirus from the Altai Republic
from A. agrarius/A. peninsulae (RtCoV/Ap-709/RUS/2022
and RtCoV/Aa-818/RUS/2022), a high level of homology
was revealed (97.2 % and 98.3-98.6 %, respectively) both
with RtCoV / Aa-528/RUS/2021 isolate from A. agrarius

TABLE 1

from the nearby Novosibirsk Region, and with geographi-
cally remote strains from China (RtAa/5X2014) and Germa-
ny (KS11_0997/Apo_agr/GER/2011), respectively.

The coronavirus identified in two specimens of the Si-
berian white-toothed shrew (ShrewCov/Cs-711/RUS/2022
and ShrewCov/Cs-764/RUS/2022) differs by more
than 28.0 % in nucleotide sequence from other repre-
sentatives of the genera Alfacoronavirus and Betacorona-
virus. The highest level of difference (45.0 %) was found
with coronavirus from another insectivore species,
the common shrew (Sorex araneus) (ShrewCoV/Sa-314/
RUS/2021), circulating in the nearby Novosibirsk region.
In contrast to rodent-associated coronaviruses, corona-
viruses from insectivores revealed higher genome varia-
bility. Specifically, the level of sequence differences ob-
tained from two Siberian white-toothed shrew captured at
the same site was 2.0 %. Considering the high level of var-
iation in the conserved RdRp gene with representatives
of other genera and species, it can be assumed that the RNA
isolate from C. sibirica is a representative of a new subge-
nus of the Betacoronavirus genus. This requires sequen-
cing the full-length genome and analysing it according
to the criteria of the international committee of viral taxo-
nomy [22].

We have studied the diversity of coronaviruses circu-
lating among rodents and insectivores in a natural focus
located in the Altai Republic. Co-circulation of several cor-
onavirus species has been shown for the same location,
as was previously reported [21]. All the studied animals
were captured in the vicinity of the Teletskiy scientific sta-
tion of the Institute of Systematics and Ecology of Animals
SB RAS (Siberian Branch of the Russian Academy of Sci-

SPECIES COMPOSITION OF INSECTIVORES AND RODENTS TESTED FOR CORONAVIRUS RNAs

Carriers Type
Common shrew (Sorex araneus)
Taiga shrew (Sorex isodon)
Insectivores
Laxmann's shrew (Sorex caecutiens)
Siberian shrew (Crocidura sibirica)
Korean field mouse (Apodemus peninsulae)
Striped field mouse (Apodemus agrarius)
Root vole (Alexandromys oeconomus)
Rodents
Grey-red-backed vole (Myodes rufocanus)

Red-backed vole (Myodes rutilus)

Bank vole (Myodes glareolus)

Coronavirus RNA+/studied

0/39

0/1

0/1

2/11

1/15

1/20

0/3

0/9

1/15

1/5
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92 BtCoV/012_16/M.dau/FIN/2016(MG923573)
BtCoV/21164-6/M.dau/DK/2015(MN482243)
BtCoV/631/RUS/2020
BtCoV/512/2005(NC_009657)
PEDV/USA/Minnesota125/2015(KU982980)
991 PEDV/MEX/JAL/01/2017(MH004416)
Human_coronavirus_NL63_2093A_2010(KM055631)
Human_coronavirus_HCoV-229E/BN1/GER/2015(KU291448)
BatCoV/HKU10/YN2727(MN477915)
GE_CoV152_Rhi_euryale
RtMrut-CoV/JL2014(KY370059)
RtRn/Lucheng-19(NC_032730)

99| I RtAcCoV-JC34(NC_034972)

98L RtAc/Lijang-170(MT820625)
Shrew-CoV/Tibet2014(NC_046955)
4|—[ ShrewCoV/Sa-314/RUS/2021(ON533862) @

100L ShrewCoV/Sa-579/RUS/2022 @

Shrew_Sm/Wencheng-58(KF294385)
BatCoV/HKU9-1/BF_005I(NC_009021)
9g BatCoV/RaTG13(MN996532)
SARS_coronavirus_2/2019-nCoV/WHUO01(MN908947)
SARS_coronavirus/Tor2(NC_004718)
BatCoV/Khosta-2(MZ190138)

9 BatCoV/Khosta-1(MZ190137)
BtCoV/BM48-31/BGR/2008(NC_014470)
Bat/Hp-betacoronavirus/Zhejiang2013(NC_025217)
BatCoV/HKU5-1/LMHO3f(NC_009020)
BatCoV/HKU4-1/B04f(NC_009019)
MERS/KFU-HKU/13(KJ650295)

100 ShrewCoV/Cs-711/RUS/2022 Y

1 shrewcovics 764iRUS2022 F
RtMruf-CoV/HLJ2015(KY370066)

RCoV/D_RMU10_1989/Myo_gla/GER/2010(KM888138)
HCoV/HKU1(NC_006577)

RtRI/Longquan-370(KF294371)

08— MHV-JHMgp01(AC_000192)

RtNn-CoV/HuB2014(KY370062)

98 RtCOV/Ap-T09/RUS/2022 Yy
RtCoV/Aa-774/RUS/2022 *
RCoV/KS11_0997/Apo_agr/GER/2011(KM888160)
RtAa/Longquan-338(KF294345)

70} RtAa-CoV/SX2014(KY370061)
RtCoV/Aa-528/RUS/2021(ON533861) @
RtAp-CoV/Tibet2014(KYH370047)

Apodemus_peninsulae_coronavirus(MT430884)

97y RtCoV/Mrut-816/RUS/2022 *

RtCoV/Mg-724/RUS/2022 W

RtCoV/Mrut-355/RUS/2022 @

91 RtCoV/Mrut-288/RUS/2021(ON533859) @

RtMruf-CoV-2/JL2014(NC_046954)

RCoV/D_RMU10_1974/Myo_gla/GER/2010(KM888127)

RCoV/D_RMU10_1919/Myo_gla/GER/2010(KM888128)

HCoV-OC43/UK/London/2011(KU131570)

RtMm-CoV-2/IM2014(KY370065)

RtMg-CoV/XJ2015(KY370068)

RCoV/NL_69/Mic_arv/NED/2007(KM888142)

RtCoV/Mo-356/RUS/2021(ON533860) @

RCoV/KS11_0514/Mic_arv/GER/2011(KM888143)

RbCoV/HKU14-1(NC_017083)

Hare_CoV_La06_377/Lep_gra/ESP/2006(KM888175)

95|

99

0,20

region are highlighted in bold and circle
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Sarbecovirus
| Hibecovirus
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Phylogenetic analysis of the nucleotide sequences of the RdRp gene fragment of coronaviruses corresponding to positions 15429-15825

of the HKU-1 isolate (Genbank NC_006577). New coronaviruses obtained from Myodes glareolus (RtCoV/Mg-724/RUS/2022), Myodes rutilus
(Rt CoV/Mrut-816/RUS/2022), Apodemus peninsulae (RtCoV/Ap-709/RUS/2022), Apodemus agrarius (RtCoV/Aa-818/RUS/2022) and Croci-
dura sibirica (ShrewCoV/Cs-711/RUS/2022, ShrewCoV/Cs-764/RUS/2022), were compared with known CoVs belonging to the genera
Alphacoronavirus and Betacoronavirus. The tree is constructed using the maximum likelihood method and the GRT + G + | evolution

model. Support indices were calculated for 500 repetitions, and support indices (> 70 %) are represented at the respective nodes. The scale
bar indicates the number of nucleotide substitutions per site. New isolates are highlighted in bold and asterisk, isolates from the Novosibirsk



ences) within a forest area of no more than 0.2 km2. Co-
circulation of two rodent-borne coronaviruses and one
coronavirus carried by an insectivorous host, the Siberian
shrew, has been demonstrated in a limited area.

Coronaviruses associated with natural carriers belon-
ging to genus Myodes and Apodemus have previously been
reported to be classified into two genera - Alfacoronavi-
rus and Betacoronavirus [15]. New Siberian isolates from
rodents classified in the Embecovirus subgenus of the ge-
nus Betacoronavirus were characterised by high (93.8-
95.8 % and 97.2-98.3 %) homology with previously known
isolates in each group, found over a wide area including
Europe (Germany), Siberia (Novosibirsk region) and Chi-
na, with sequences from a single capture site in the Al-
tai Republic being identical. These findings indicate rel-
atively high stability of coronavirus genomes compared
to other RNA-containing viruses associated with rodents.
Accordingly, the difference in RdRp gene sequences in han-
taviruses (family Hantaviridae, genus Orthohantavirus)
found in the same host species from geographically dis-
tant regions of Siberia and Europe was more than 20 % [23].
A higher level of variation in partial nucleotide sequences
of the RdRp gene was found among coronaviruses fromin-
sectivores. The level of sequence difference from two speci-
mens of Siberian shrews was 2.0 %, which is comparable
to the level of difference between Seewis hantavirus iso-
lates from the same location [24].

CONCLUSION

Three different coronaviruses were detected among
4 species of rodents and one species of insectivores
living together in the natural biotope in the Altai Repub-
lic. Coronaviruses from rodents (M. glareolus/M. rutilus
and A. agrarius/A. peninsulae) are classified in the genus Beta-
coronavirus subgenus Embecovirus, coronavirus from an in-
sectivore (C. sibirica) is classified in the genus Betacorona-
virus and is assumed to belong to a new subgenus. The ge-
nomes of rodent-associated coronaviruses were revealed
to be highly stable.
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