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Momusayua u yenv. B psge 3apyOexHBIX WCCIENOBaHH ITOKa3aHO, YTO B €Xax,
oOuTaromx Ha Tepputopun EBpombl, HalIeHBl BUPYCHI, KOTOPbIE NOTCHLHAILHO
OmnacHbl I 4eJI0OBEKa U JPYrux MiekonuTaromux. MccienoBaHuil BUpoma exel Ha
JaHHBI MOMEHT HE IPOBOAMIOCH: OONBLUIMHCTBO pabOT OrpaHUYUBAIOTCS OIMCAHUEM
CIMHUYHBIX Ccly4aeB. I3BECTHO, YTO €XM SBIAIOTCS HOCHTEISIMHU KJICLIEBOIO
sanedanura (cem. Flavivirirdae) [1], Bupyca Gemencra (cem. Rhabdoviridae) [2],
repriecBupycoB (cem. Herpesviridae) u mapamukcoBupycoB (cem. Paramyxoviridae,
anri1. Belerina virus) [3]. B 2014 r. B 'epmanuu BriepBbie ObIT OOHAPYKEH OETAKOPOHA-
Bupyc y Erinaceus europaus [4]. BriociieicTBun 6eTakOpOHABUPYCHI €XKeil ObLIH TaKkKe
BesiBNieHbI BO @pannuu [5], Uramum [6], BemukoOpurtanuu [7], [lompme [8] u
BBIZIEJICHBI B OTHEbHYI0 Kiany EriCoV, durorenerndecku 6mmskyro k MERS-CoV.
Hpyroit 6erakoponasupyc HKU31 6but BeisiBiien y E. amurensis B Kutae [9]. Takxke
W3BECTHO, YTO €XKH SIBJISIFOTCS HOCHTENSIMH BHPYCOB, MPUHAUICKANIUX K CEMEUCTBY
Arenaviridae. B 2023 r. Bupyc Mecsek Mountains virus (aurin. MEMV), otHocsuiics
K poxy Mammarenaviruses, Obi1 OOHapy»XeH y €Xeil, OOMUTAIOINX Ha TEPPUTOPUH
Benrpun [10]. B EBpome pacnpocTpaHeHbl JHIIb JBa BUpyca H3 ceMeiicTBa
apenasupycoe — MEMV wu Bupyc numdonmrapHoro XOpHOMEHWHTUTa (aHTI.
Lymphocytic choriomeningitis, LCMV), mnocinemsuii U3 KOTOPHIX [E€PEHOCHTCS
rpeizyHaMu. CeKBEHMPOBAaHHE BUPOMa €Xel, 00uTaromux Ha Teppuropun Poccuiickoit
Oenepanny, He NPOBOAMWIOCE. OCHOBHOW LENBIO JAHHOTO HCCIIENOBAHUS SIBISIFOTCS
XapaKTepUCTHKa BHPYCHOro pasHooOpasus y E.roumanicus, mnoiimMaHHBIX Ha
tepputopun  Poccun, ¢ HCMONB30BaHMEM METOJOB BBICOKONPOM3BOIUTEIHHOTO
CEKBEHHPOBAHUS, a TAKXKE XapaKTePHCTHKA MMOTSHI[MATHHO 300HO3HBIX BUPYCOB.

Memoowvl u ancopummei: B uccinenoBanue ObUIO BKIOYEHO 21 KMBOTHOE BHIA
Erinaceus roumanicus, moiiMaHHBIX Ha TEpPUTOPHH eBporlieiickoil yactu Poccuu, a
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Takke Ha Tepputopun Cubupu (Axagemropoaok, HoBocubOupck). bombimas dacTb
JKUBOTHBIX ObUTa molMaHa MpoQecCHOHATBHBIME 300JI0TaMHU, OCTaJbHbIE KHBOTHBIC
OBUTH TIPEIOCTABIEHBI COTPYTHUKAMHU PEaOMINTAIIIOHHOTO IIEHTPa 300JIOTHYECKOTO
Mmy3ed MI'Y. ¥V kaxzmoro >kuBOTHOrO OBIIM B3STHl WIHM TOJIBKO POTOIJIOTOYHBIE, WIIH
POTOTJIOTOUHBIE M pPEKTalbHbIE Ma3KHh. BBICOKOMPOM3BOIUTENBHOE CEKBEHHPOBAaHUE
toranpHoi PHK 0b110 Tponseeneno Ha matgopme BGl DNBSEQ-G400. [MonyueHHbIe
JlaHHBIE OBUIM JIOMOJIHUTEIBHO IOATBEPKICHBI CHKBEHCOM Ha matdopme Oxford
Nanopore Technologies. [lapabie mpouTeHns: 00padaThIBaIKCh C UCTIONb30BaHKEM fastp
v.0.23.4 u OGonee mo3nnux Bepcuii Kraken2 Bepcum 2.1.3 ¢ 6a3oii mannbix pluspf
(BKJIFOYasl TPOKAPUOTHI, 3YKapHOThI W BUPYChl) u mapamerpom -confidence 0.5.
PesynpTaThl aHa M3a NpeICTaBICHHOCTH BUPYCHBIX CEMEMCTB OBLIH HCIOIB30BAHBI IS
BU3yaJIM3allid COCTaBHBIX THUCTOTPaMM, HOPMAJIM30BAHHBIX IO CyMME MOJCUYETOB
NPOYTEHHH KaXJOro BHPYCHOTO CEMEHCTBa/pona, IMPUCYTCTBYIOIIETO B oOpasie.
C6opka TeHOMOB OCYIIECTBIsLIach ¢ momomnipio SPAdES B pexxume paboThl --meta,
TaKCOHOMMYECKasl KJIaCCU(HKAILKSI KOHTUTOB MPOBOMIIACK C ToMolbio Kraken2 u 6a3st
pluspf. Jleranu3upoBaHHas TaKCOHOMHYECKas KJIacCU(PUKAIMS OCYIICCTBISUIACH TPH
momomr  6asel  ICTV  (International Committee on Taxonomy of Viruses).
MHOKEeCTBCHHOE BBIpAaBHMBAHUE OBUIO CHENIAHO MpU Momolu mnporpammbl  Mafft
(Bepcust 7.505). dunoreHeTHYECKHE IEPEBhA MaKCHMaIbHOTrO mpasaornomoous (ML)
ObUTH TTOCTpOEHHI ¢ ucmonb3oBanueM 1Q-TREE (sepcus 2.0.7).

Peszynvmamer: Beero ObII0 OTCEKBEHUPOBAHO 34 POTOTIOTOYHBIX U PEKTATHHBIX Ma3Ka,
MoJy4eHHBIX OT 21 exa. OOpasel] cunuTasics NON0KUTENbHBIM, ecau Oomnee 20 mpoure-
HUH OBUTH KJIaCCU(HIIPOBAHBI KaK MPHUHAICKAIINE K OTHOMY CEMEHCTBY BHPYCOB.
B pesynprare ObUIO MIESHTHPHUIMPOBAHO 26 CEMEHCTB BUPYCOB, KOTOPBIC BKIFOYATH
BUPYCHl pacTEHUil, HACEKOMBIX, TpUOOB M OakTeprodaroB. BeUIO BBIABICHO BCEro
6 ceMelCTB BHPYCOB, acCOLMHUPOBAHHBIX C BHUPYCAMH, NEPEHOCUHUKAMH KOTOPBIX
SBJISIOTCSI TIO3BOHOYHBIME. B cumity Toro, uto nmabopatopust paboTaeT ¢ KIMHHYECKUMA
obpazumamu SARS-CoV-2, 00pa3ubl JOMOTHUTEIEHO MPOBEPSUIUCH allbTePHATHBHBIMH
ouopuHpopMaTHuecKUMU MeTojaMu. B pesynbrate 9 u3 10 00pa3ioB ObUTH OIICHEHBI
KaK JIOXKHOMOJOXHUTeNbHbIe. Exx ¢ wuaentupukaropom 22 15(MOS) oxkazancs
NEPEeHOCYMKOM JIBYX pa3HbIX KOPOHAaBHPYCOB M JIByX pasHbIX apeHaBHpycoB. O0a
mTaMMa KOPOHaBHpyCa HMMEIOT OAMHAKOBBIM pazmep. PUIOrEeHETUYECKUM aHAIN3
MOJIHBIX TEHOMOB OETaKOPOHABHPYCOB IOKa3al, 4YTO 00a IOJyYeHHBIX MITaMMa
npUHAIeKaT K moapoay Merbecovirus u otHocsTes k Toii ke kiage EriCoV, uro u
OerakopoHaBUpYChl, 0OHapyxeHHble B EBpone. Opranuzanus reHoMa JIByX IITaMMOB
KOpOHaBHpyca ObUla aHAIOTWYHA OpraHM3allii TEeHOMa JIPYTUX MpeACTaBUTENIeH
OeTakopoHaBHpycoB. [lomapHoe BbIpaBHHBAHUE MOKA3bIBAET, YTO 00a reHOMA MMEIOT
98.87 % wmpeHTHYHOCTH M pasnuyaroTcs no 342 HykieorngaMm. B udetsipex oOpasmax
exeir (22 6(BEL), 22_7(MOS), 22_15(MOS), 23_1(MOW)) Obuin oOHapyXeHbI
HPOYTEeHUsI, KJIacCU(pHIMPOBAHHBIC KaK MPUHAUISKAIHE K cemeiicTBy Arenaviridae,
ponry Mammarenavirus. B o6pasie 22 15(MOS) o6HapykeHbI JBa MITaMMa
apeHaBupycoB. JlnnHa L-cerMeHTa TeHOMa MEepBOTO mTaMMa cocTaBiseT 7331 m. 0. u
umeeT 73.55 % UASHTUIHOCTH MTOCIIE0BATEILHOCTH € L-CerMeHTOM MaMMapeHaBUpyca
MEMV (nomep GenBank OP191655.1). Jlnuna L-cermeHTa BTOPOro ImTamma
cocrapnsieT 7515 m. 0. m umeer 74.3 % WASHTUYHOCTH TOcCenoBaTeNbHOCTH € L-
cerMeHTOM MamMapenaBupyca Alxa virus (Homep GenBank NC_078105.1).

Bwisoowvr: Oburarone Ha Tepputopun Poccum exu Bupa E. roumanicus sistorcs
HOCHTEJISIMH O€TaKOPOHABUPYCOB, KOTOPBIE OTHOCATCS K TOM ke kinaae EriCoV, uro n
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KOPOHABUPYCHI, 0OHAPYKCHHBIC pPaHee Ha TEPPUTOPHH CBPONCHCKUX cTpaH. [laHHBII
BUJ| CKCH SBJSICTCS HOCHTEJIEM apeHAaBUPYCOB, OJIM3KUX K HAWJCHHBIM paHee B €Kax
TOTO XK€ BU/Ia BUPYCOB B BeHrpun.

Qunancuposanue: Pabora BemonHeHa Ha 6aze HUM CBM Pocniorpebramzopa B paMkax
roc3amanus «Pa3pa0oTka anropuTMOB IS BBISBICHHUS HOBBIX, YHHUKAIBHBIX
nocinenoBatenpHocTelt JIHK mmm PHK B MertareHomax w mx (eHOTHIIMYECKAs
xXapakTepucThka in vitro», somep 12203090069-4.
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Motivation and Aim: Some foreign studies have shown that European hedgehogs contain
many viruses that are potentially dangerous to humans and other mammals. There is no
full research of hedgehogs™ virome: most studies of viral findings are limited to single
cases description. It is known that hedgehogs are carriers of tick-borne encephalitis
(family Flavivirirdae) [1], rabies virus (family Rhabdoviridae) [2], herpes viruses
(family Herpesviridae) [3] and paramyxoviruses (family Paramyxoviridae, en. Belerina
virus) [4]. In 2014, betacoronavirus was first discovered in Erinaceus europaus in
Germany [4]. Subsequently, betacoronaviruses were also discovered in France [5], Italy
[6], Great Britain [7], Poland [8] and were separated to an isolated clade EriCoV,
phylogenetically close to MERS-CoV. Another related betacoronavirus, HKU31, was
identified in E. amurensis in China [9]. Hedgehogs are also known as carries of viruses
belonging to the Arenaviridae family. In 2023, the Mecsek Mountains virus (MEMV),
belonging to the genus Mammarenaviruses, was identified in hedgehogs in Hungary
[10]. Only two viruses from this genus are known to be widespread in Europe — MEMV
and Lymphocytic choriomeningitis (LCMV), the last one is transmitted by rodents. At
the moment, little is known about the virome of hedgehogs. Currently, there is no
information on sequencing the viral genomes of hedgehogs living in the Russian
Federation. The main goal of this study is to characterize viral diversity in hedgehogs
collected in Russia using high-throughput sequencing methods and characterize
potentially zoonotic viruses.

Methods and Algorithms: The study included 21 animals of the species Erinaceus
roumanicus, caught in the European part of Russia, as well as in Siberia
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(Akademgorodok, Novosibirsk). Most of the animals were caught by professional
zoologists, the rest of the animals were provided by employees of the rehabilitation
center of the Zoological Museum of Moscow State University. Only oropharyngeal or
oropharyngeal and rectal swabs were collected from each animal. High-throughput total
RNA sequencing was performed on the BGI DNBSEQ-G400 platform. The data
obtained were further confirmed by sequencing on the Oxford Nanopore Technologies
platform. Paired-end reads were processed using fastp v.0.23.4 and later versions of
Kraken2 v.2.1.3 with pluspf database (including prokaryotes, eukaryotes and viruses)
and -confidence parameter 0.5. Viral abundance results were used to visualize composite
histograms normalized by the sum of read counts for each viral family/genus present in
the sample. Genome assembly was carried out using SPAdes in the --meta operating
mode, taxonomic classification of contigs was carried out using kraken2 and the pluspf
database. Detailed taxonomic classification was carried out using the ICTV
(International Committee on Taxonomy of Viruses) database. The complete genomes
including newly discovered coronaviruses were aligned using Mafft v7.505
(2022/Apr/10). The Maximum likelihood (ML) phylogenetic trees were constructed
using 1Q-TREE (version 2.0.7).

Results: A total of 34 oropharyngeal and rectal swabs obtained from 21 hedgehogs were
sequenced. A sample was considered positive if more than 20 reads were classified as
belonging to the same virus family. As a result, 26 families of viruses were identified,
which included viruses of plants, insects, oomycetes, fungi and bacteriophages.
6 families of viruses associated with viruses transmitted by vertebrates were identified.
Due to the fact that the laboratory works with clinical samples of SARS-CoV-2, the
samples were additionally tested using alternative bioinformatics methods. As a result,
9 out of 10 samples were considered false positive. The hedgehog with identification
number 22_15 (MOS) turned out to be a carrier of two different coronaviruses and two
different arenaviruses. Both coronaviruses have the same size. Phylogenetic analysis of
complete betacoronavirus genomes showed that both strains belong to the subgenus
Merbecovirus and belong to the same EriCoV clade as betacoronaviruses found in
Europe. The genome organization of the two coronavirus strains was similar to other
betacoronaviruses. Pairwise alignment shows that both genomes have 98.87 % identity
and differ by 342 nucleotides. In four hedgehog samples (22_6(BEL), 22_7(MOS),
22 _15(M0S), 23 1(MOW) reads were classified as belonging to the family
Arenaviridae, genus Mammarenavirus. Two strains of arenaviruses were detected in
sample 22_15(MOS). The length of the L-segment of the genome of the first strain is
7331 b.p. and has 73.55 % sequence identity with the L segment of Mecsek Mountains
mammarenavirus (GenBank number OP191655.1). The length of the L-segment of the
second strain is 7515 b.p. and has 74.3 % sequence identity with the L-segment of the
Alxa virus mammarenavirus (GenBank number NC_078105.1).

Conclusion: The results of this study prove that Erinaceus roumanicus Russia are
carriers of betacoronaviruses, which are included in the same EriCoV clade as
coronaviruses previously discovered in European countries. This species of hedgehog is
a carrier of arenaviruses close to viruses previously found in hedgehogs of the same type
in Hungary.

Funding: This study was financially supported by the Research Institute of SBM of
Rospotrebnadzor within the framework of the state task “Algorithm development for
identifying new, unique DNA or RNA sequences in metagenomes and their phenotypic
characteristics in vitro”, number 12203090069-4.
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