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CTpYKTYpHblIe MOTUBbI U TPEXMEpPHbIe moaenu xenukasbl (NS3)
n PHK-3aBucumon PHK-nonumepasbi (NS5) dbhnaBunogo6Horo
Kindia tick virus (unclassified Flaviviridae)
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20MAQY BO «HoBocMBUpCKMii HaLMOHarnbHbIN UCCreaoBaTeNbLCKUA rocyAapCTBEHHbIN yHMBEpCUTET» MHncTepcTBa obpasoBaHus
1 Hayku P®, 630090, r. HoBocubupck, Poccust

Beepgenue. Kindia tick virus (KITV) — HenaBHO 0BHapYXEHHbIN CErMEHTUPOBaHHBIA HEKNAcCUULIMPOBaHHbIN hnasu-
nogobHbI BUPYC cemencTaa Flaviviridae, nepeHocMbiv Knelamm 1 NpeanonoXuTenbHO NaToreHHbIN Ana YenoBeka.
Llenb paboTbl — NOMCK CTPYKTYPHbIX MOTUBOB BUPYCHBLIX MOMMMNENTUAOB Y MOAENVMPOBaHNE NMPOCTPAHCTBEHHOMN
CTPYKTYpbl BUPYCHbIX 6enkoB NS3 n NS5 MHorokomnoHeHTHoro donasmnogobHoro KITV.

MaTepuanbl U meTtoabl. Vcnonb3oBaHbl NonHoreHoMmHble nocregoatensHocTn KITV, Bupycos 3uka, aeHre,
SAINOHCKOro 3HUedanuTta, 3anagHoro Huna n xénton nuxopaaku m3 6asebl AaHHbIXx GenBank. BuonHdopmaTnye-
CKWUIA aHanu3 BbINOMHEH C NoMoLLblo naketa nporpamm AlphaFold2, RCSB PDB, UCSF Chimera, NCBI BLAST,
MOTIF Search, Protomenal, Unipro UGENE, ESPript.

Pe3ynbraTtbl. YCTaHOBMNEHO, YTO CTPYKTYpHble 6enkn VP 1-VP3 KITV He nmetoT aHanoroB ¢ 3BECTHbIMY B HACTO-
suiee BpemMs BUpYCHbIMK 6enkamu. MonydeHbl NPOCTpaHCTBEHHbIE MOAENM HeCTPYKTYpHbIX 6enkoB NS3 1 NS5
KITV, obnagatoLine BbICOKMM YPOBHEM TOMONOrMYECKOro CXoAcTBa ¢ 6enkaMm BUpYCOB KNELLEeBOro aHuedanuTa n
neHre. Y NS5 KITV obHapyxeHbl xapakTepHble ans hnaBnBupycoB JOMeEHbI MeTUnTpaHcdgepasbl n PHK-3aBucu-
mowi PHK-nonumepasbl. MNocnegHuii npeacraBneH cy6goMeHamu nanbLUeB, NagoHn 1 60onbLIoro nanbLa, a Takke
TUNUYHBIMK CTPYKTYpHbIMU MoTMBamu A, B, C, D, E, F. UgeHTnduumpoBaHbl xenmkasHbli JOMEH U OCHOBHbIE
CTPYKTypHble MoTuBbI |, Ia, 11, 111, IV, IVa, V, VI B NS3 KITV. loMmeHa npoTteasbl, TunmyHoro aAnst NS3 conaBmBmpycos,
0o6HapyXeHo He Obino. B ammnHokmcnoTHeIx nocnegoBaTtenbHocTsx NS3 n NS5 KITV o6HapyXeHbl BbICOKOKOHCEpP-
BaTMBHbIE NOCNEA0BaTENbHOCTN NPOTAXKEHHOCTLIO 3—7 aMUHOKMCHOT, XapakTtepHble aAna KITV n dnasmeunpycos.
KapTupoBaHo BoCEMb aMUHOKUCINOTHBIX 3aMeH, xapakTtepHbix ansa KITV/2018/1 n KITV/2018/2, nate u3 HUX noka-
nn3oBaHbl B anbda-cnupansix, Tpu — B CBOGOAHbBIX NETNAX HECTPYKTYPHbIX OEMKOB.

3akntoyeHue. [NonyyeHHble pedynbTaTbl CBUAETENbCTBYIOT O CTPYKTYPHOM M (DyHKLMOHANBLHOM cxoacTee 6enkos
NS3 n NS5 cermeHTupoBaHHoro dgnasmnogobHoro KITV ¢ dnasuBupycamu, YTo NogTBEPXKAAET UX BO3MOXHYHO
3BOMIOLMOHHYI0 B3aMMOCBS3b U TAKCOHOMUYECKOE eANHCTBO.

KntoueBble cnoBa: Flaviviridae; ceameHmupoeaHHble ¢hriagunodobHbie supychl; Jingmen tick viruses; Kindia tick
virus;, mpéxmepHbie modenu; supycHble benku; AlphaFold2
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Structural Motifs and Spatial Structures of Helicase (NS3)
and RNA-dependent RNA-polymerase (NS5)
of a Flavi-like Kindia tick virus (unclassified Flaviviridae)

Anastasia A. Gladysheva'?, Anastasia V. Gladysheva', Vladimir A. Ternovoi’, Valery B. Loktev'?

'State Scientific Center of Virology and Biotechnology «Vector», 630559, Novosibirsk region, Koltsovo, Russian Federation;
2Novosibirsk National Research State University, 630090, Novosibirsk, Russian Federation

Introduction. Kindia tick virus (KITV) is a novel segmented unclassified flavi-like virus of the Flaviviridae family.
This virus is associated with ixodes ticks and is potentially pathogenic to humans.

The main goal of this work was to search for structural motifs of viral polypeptides and to develop a 3D-structure
for viral proteins of the flavi-like KITV.

Materials and methods. The complete genome sequences for KITV, Zika, dengue, Japanese encephalitis, West
Nile and yellow fever viruses were retrieved from GenBank. Bioinformatics analysis was performed using the dif-
ferent software packages.

Results. Analysis of the KITV structural proteins showed that they have no analogues among currently known viral
proteins. Spatial models of NS3 and NS5 KITV proteins have been obtained. These models had a high level of topo-
logical similarity to the tick-borne encephalitis and dengue viral proteins. The methyltransferase and RNA-dependent
RNA-polymerase domains were found in the NS5 KITV. The latter was represented by fingers, palm and thumb
subdomains, and motifs A-F. The helicase domain and its main structural motifs |-VI were identified in NS3 KITV.
However, the protease domain typical of NS3 flaviviruses was not detected. The highly conserved amino acid mo-
tives were detected in the NS3 and NS5 KITV. Also, eight amino acid substitutions characteristic of KITV/2018/1 and
KITV/2018/2 were detected, five of them being localized in alpha-helix and three in loops of nonstructural proteins.
Conclusion. Nonstructural proteins of KITV have structural and functional similarities with unsegmented flavivirus-
es. This confirms their possible evolutionary and taxonomic relationships.

Keywords: Flaviviridae; segmented flavi-like viruses; Jingmen tick viruses; Kindia tick virus; spatial models; viral
proteins; AlphaFold2
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BBenenue

Kindia tick virus (KITV) — HenaBHO OOHapy KCHHBIM
CEerMCHTUPOBAHHBIH (MHOTOKOMITOHCHTHBIN) (haBuIo-
NOOHBIN HekIacCH(UIMPOBAHHBIM BHPYC, OOHApy>KeH-
w1t B 2017 1. Ha TeppuTopuu [ BuHeiickoi Pecrnybnuku
B MIKCOJIOBBIX Kiemax Rhipicephalus geigyi [1]. Cxoxuit
¢ KITV MHOrOKOMIOHEHTHBIN (DIaBUITONOOHEIA BUPYC
Obl1 paHee oOHapy)XeH B Kiemax Bujaa Rhipicephalus
microplus B peruone Jingmen (LI3MHBMAHB) KuTaii-
CKOU TIpoBUHIMHN XyOel u ObUT Ha3BaH B COOTBETCTBUHU
¢ reorpaduueckuM MecCTOM OTKpbITHS Jingmen tick
virus (JMTV) [2]. Apyroit MEOTOKOMIIOHEHTHBIH Guaico
Culex virus (GCXV) ObuT HECKONBKO TO3/1HEE OOHApY-
»keH B komapax poaa Culex B Ilepy, [Taname u Ha ocTpoBe
Tpunnaan B Kapuoekom mope [3].

[IpuHIMIIMATEPHOE OTIMYUE JTUX HEKIACCUDUIIPO-
BaHHBIX BHUPYCOB OT (DJIABUBHPYCOB COCTOUT B HAJUYUU
cerMeHTupoBaHHOro oxHonenodeynoro PHK-renoma
(ouPHK) momoxwurensHOU monsipaoctu [4]. ['eHOM BH-
pycoB rpynnsl JMTV cOCTOUT U3 UETHIPEX CETMEHTOB,
pacmoiaralonuxcsi B OTACIBHBIX BHPYCHBIX YaCTHUIAX
[3]. Pasmep Bupnonos g Bupycos JMTV Bapeupyer
ot 30 mo 100 um [4]. Obmas nnuHa reHoMa (IIaBHIIO-
JNOOHBIX CETMEHTHPOBAHHBIX BHPYCOB COCTaBJISIET OKO-
g0 11 Teic. HykneoTuaoB [l], YTO Takke XapaKTEpPHO
u s guaBuBupycoB [5]. CermenTsl 1-3 HecyT 1o o-
HOW TIPOTSDKEHHOM OTKpBITOH pamke cunthiBaHus (ORF)
n xomupytoT 6enkxu NS5, VP1 u NS3 cooTBeTcTBEHHO.
Cermenr 4 oonanaer nsyms ORF u xonupyet 6enku VP2,
VP3 [1]. B 1o xe Bpemss GCXV, nepeHocuMbIi KoMapa-
MH, MOKET UMETh T€HOM M3 TIATH cermMeHToB. st IMTV
u Bupyca Alongshan GbIJI0 MOKa3aHO HATMYHKE TOCIEHO-
BarenpHOCTH polyA B 3° UTR [5].

Ha ceromusimramii 1eHs cerMEHTHPOBAHHbIE (hIaBUIIO-
JIOOHBIE BUPYCHI OOHAPYKEHBI IOYTH HAa BCEX KOHTHHEH-
tax 3emuu [6]. HekoTophlie W3 HUX CIIOCOOHBI BEI3HIBATH
3aboneBanue y yenoBeka [7]. Kimmangeckue mposBieHus
y manueHToB, uHGuimpoBaHHeix JMTYV, BKIIOUAIOT JIH-
XOpaJIKy, TOJIOBHYIO 0OJIb, MHAJITHIO, ITOBBIIIEHHE TEM-
Ieparypsl, TOUTHOTY, PBOTY, 3yA W JTuUM(aJCHOIATHIO.
B Ouoxummuueckux MOKa3aTeiasiX KpOBH OTMEUAOTCS
MTOBBIINICHUE KOHIICHTPAIIMKA TMEYEHOYHOW aMHUHOTPaHC-
(hepas3sl U HE3HAYUTEITHHOE CHIDKCHHE KOJMUECTBA JINM-
(horutoB. [TpoaOMKUTENHPHOCTh TOCTIMTAIU3AIIUN O0BIY-
HO coctasiseT oT 14 no 28 aueit [7]. UHTepecHo, uTO
reaomHass PHK muoroxommonentaeix JMTV 0Opita 00-
HapyXeHa B KpoBH maiueHToB ¢ KpsiMckoii-Konro re-
Mopparundeckoi nuxopaakoi B Kocoso u Ha rore Poccun
[8, 9]. BepositHo, IMTV mupKy/IupyeT B HOMyISLUH AAB-
HO, MPUOOPEN CIIOCOOHOCTh K afamnTalii K ITHPOKOMY
CIEKTPY X03s€B, BKJIIOYas KJella W 4elIoBeKa, U CIIOCOo-
OCH BBI3BIBATh BUPYCHYIO MUKCT-MH(EKIINIO Yy YEIIOBEKa
C KIMHUYECKUMH MPOSBICHUSMHU, XapaKTEPHBIMU IS
KpriMckoii-KoHro remopparuueckoil JIMXOpaaku, HU3-3a
Yero JOITOE BpeMsi ocTaBajcs 0e3 BHUMaHUS.

O 1IpOCTPaHCTBEHHOW CTPYKType OENKOB CErMEHTHPO-
BaHHBIX (IIaBUIIONOOHBIX BUPYCOB U3BECTHO KpaifHe MaJio.
Tak, B 6aze PDB (Protein Data Bank) mpexncrapiena wH-
(hopmalivs TOJILKO O CTPYKTYpE XSITUKa3HOTO JOMeHa Oelka

OPUTUHAJbHbBIE NCCNEAOBAHUA

NS3 Bupyca Alongshan [10]. Hactosiiast paboTa mocssiiie-
Ha TTOWCKY ¥ MOAEIHPOBAHHIO MPUHIIUITHAIGHO 3HATUMBIX
paitoHoB BupycHbIX 6enkoB KITV, oOycrnopnuBarommx ux
CTPYKTYpHO-(PYHKITHOHATIBHBIC OCOOCHHOCTH. DTa HHPOP-
Malys SBISETC NPHHIWIHAIBGHO BAKHOW IS CO3AHMSA
BAaKLMH ¥ TIPOTHBOBHPYCHBIX NPENapaToB, a TAKKe pa3BH-
THSI TUATHOCTUKY HH(EKIHH, aCCOIMUPOBAHHBIX C HOBBIMU
CeTMEHTHPOBAHHBIMH (HIaBUITOIOOHBIMI BUPYCAMH.

Ilesab padoThI — MOUCK CTPYKTYPHBIX MOTHBOB BHpPYC-
HBIX TTOJTUMETITHIOB U MOJEITUPOBAHUE TPOCTPAHCTBEH-
HOU CTPYKTYpbI BuUpycHBIX O0enxoB NS3 u NS5 mHoro-
KOMIOHEeHTHoro (asurnogoonoro KITV.

MarepuaJjibl 1 METOIBI

BMpyCHble 2eHOMHbLE NOCAE008AMEbHOCTIU

[MomHOTEHOMHBIE MOCIICI0BATEIILHOCTH, COOT-
BeTcTBytomme cermeHTam 1-4  mrammoB  KITV:
KITV/2017/1, KITV/2018/1, KITV/2018/2, Oblau B3-
THI U3 0a3bl JanHbix GenBank (MK673133-MK673136,
MW341206-MW341209, MW341210-MW341213).
Jliis mpoBeneHnst aHanu3a ObUIM TakXKe JAOHOJHUTEIHHO
HCTIOIH30BAHEI TCHOMHBIE TTOCIICIOBATEIIEHOCTH BUPYCOB
3uka (KX262887), wéntorr mmuxopamku (MN9I58078),
3amagHoro Huma (KX394382), smoHckoro »sHIedanura
(EF623989) u nenre (MG599596).

Buipasnusanue u ananuz amMuHOKUCIOMHBIX
nocneoosamenvHocmell

Ilonck OMM3KOPOACTBEHHBIX OENKOB, MPOCTPAHCTBEH-
HBIE CTPYKTYPBI KOTOPBIX YK€ OBbUIM pEIleHBI YKCIICPH-
MEHTaILHO, ObLI BhIOIHEH ¢ momolisio NCBI BLAST
(National Center for Biotechnology Information Basic
Local Alignment Search Tool) mo 6a3e manubix PDB
C WCHONB30BaHHEM ajroputMma blastp (protein-protein
BLAST). MHoxecTBeHHOE BBIDABHUBAaHHE aMHHO-
KHCJIOTHBIX IOCJIEOBAaTeIbHOCTEH OBUIO BBIOJIHEHO
B nporpamme Unipro UGENE («YHUIIPOy», Poccus)
C WCIIONF30BAaHUEM HWTEPATHBHOTO METOJa BEIPABHHBA-
Husa Muscle. /lanHas mporpaMma Takxke Oblila IPUMEHE-
HAa JIJIS IOMCKA U KapTUPOBAaHUS AMUHOKHUCIIOTHBIX 3aMEH
U aHanm3a uX pacnoiokeHus. OyHKIMOHATBHAS aHHO-
Talus BUPYCHBIX OENKOB ObLIa MPOM3BEAEHA C IIOMO-
mipto nporpamMm Protomenal' 1 MOTIF Search?. TTouck
MOTHBOB TIpoBonwiIcs 1o 0azaM maHHBIX Pfam m NCBI
CDD (Conserved Domains Database) (All). BeipaBHnBa-
HUE aMUHOKHCIIOTHBIX TIOCJIEI0BATEIbHOCTEH BUPYCHBIX
oenmkoB KITV ¢ mocnemoBarenbHOCTIMU BUPYCOB 3HWKa,
KENTOW JMXopanku, 3amagaHoro Huma, SMOHCKOTO 3H-
nedanuTa U JIeHre ObUTO BU3YaJM3UPOBAHO C ITOMOIIBIO
nporpammsr ESPript 3.0 [11].

Mooenuposanue u ananuz npocmpancmeenHvix
CMPYKMyp 8UPYCHbIX OEIK08

Jiss MonenupoBaHusi MPOCTPAHCTBEHHBIX CTPYKTYP
BUPYCHBIX O€NKOB ObUIAa HCIIONb30BaHA OONauyHas Bep-

'Protomenal: protein functional annotation by deep metric learning.
Available at: https://protomenal.com/

MOTIF Search. Available at: https://www.genome.jp/tools/motif/
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cus nporpammbel AlphaFold2 — AlphaFold2 advanced.
ipynb [12]. OT60op mNPOCTPaHCTBEHHBIX MOAETEH I
JAJIBHEHMIIIETO TEOPEeTHUECKOTO0 aHalln3a IPOU3BOIMIICS
Ha OCHOBE KO3(D(UIMEeHTa JOCTOBEPHOCTH IS KaKIOH
AMUHOKHUCIIOTBI C YYETOM MPOTHO3UPYEMOH JIOKAJIbHOMN
pasHoctH paccrosHuii (pLDDT) AlphaFold2.

[lomapHoe BBIpaBHMBAaHWE MPOCTPAHCTBEHHBIX CTPYK-
Typ Oenka NS5 u xemukazHoro aomena Oenka NS3 Bu-
pycoB JeHre, kieneBoro aHedanura u Alongshan, B3g-
ThIX U3 0a3el naHHbEIX RCSB (Research Collaboratory for
Structural Bioinformatics) PDB (6KR2, 70J4 u 6M40),
U TIOMYYEHHBIX MOJAEICH MPOCTPAHCTBEHHBIX CTPYKTYP
BUPYCHBIX OEJIKOB MCCIIENyeMBIX IITAMMOB ITPOU3BOIM-
JIOCH C TIOMOIIBI0 TIpOTpaMMHOTo obecrieueHus Pairwise
Structure Alignment, npegocTaBieHHOTO 6a30i AaHHBIX
RCSB PDB. J/lanHas nporpamma TakKe UCIOJb30Bajlach
JUIA TIOTIAPHOTO BBIPABHUBAHMWS TIOJyYEHHBIX MOJENeH
MPOCTPAHCTBEHHBIX CTPYKTYP HCCICAYyEMBIX IITAMMOB.
Beut BeIOpan Tun momapHoro BeipaBHUBaHHS jJFATCAT
(>x€cTKHUI) CO CIEAYIONIMMHA TTapaMeTPaMHU:

Tadauua 1. 3nayenus pLDDT AlphaFold2 npocTpancTBeHHBIX
moneJieit 6eaxkos KITV

Table 1. Values of pLDDT AlphaFold2 spatial models of KITV
proteins

Hazsanue mramma KITV
(BUpYCHBIH OeoK)
Name of strain KITV (viral protein)

3nauenne pLDDT AlphaFold2
The value of pLDDT AlphaFold2

KITV/2017/1 (NSS5) 83,89
KITV/2017/1 (VP1) 50,20
KITV/2017/1 (NS3) 59,86
KITV/2017/1

(xesruka3ubIii JoMeH NS3) 87,21
(helicase domain NS3)

KITV/2017/1 (VP2) 33,05
KITV/2017/1 (VP3) 40,99
KITV/2018/1 (NS5) 84,55
KITV/2018/1 (VP1) 45,62
KITV/2018/1 (NS3) 54,35
KITV/2018/1

(xeuka3ubIii 1oMmen NS3) 87,92
(helicase domain NS3)

KITV/2018/1 (VP2) 41,49
KITV/2018/1 (VP3) 41,04
KITV/2018/2 (NS5) 84,43
KITV/2018/2 (VP1) 47,28
KITV/2018/2 (NS3) 57,86
KITV/2018/2

(xesqmmka3HbIi foMeH NS3) 83,95
(helicase domain NS3)

KITV/2018/2 (VP2) 41,49
KITV/2018/2 (VP3) 40,39

Mpumeuanne. XupubiM mpudTOM OTMEUCHBI MOJEIH, OONamaroIIne
BBICOKUAM KO3((UIMEHTOM JI0CTOBEPHOCTH.

Note. Models with a high confidence coefficient are marked in bold.
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— OTCEUKa CpPEeNHEKBAJPATHYHOIO CTAHAAPTHOIO OT-
KJIOHEHUS — 3;

— TIpeleNIbHOE PACCTOSIHHE BBIPOBHEHHBIX Map (par-
MeHTOB (AFP) —5;

— nmHa pparmenra — 8.

OcHOBBIBasCh Ha KOI(Q(UIMEHTaX CpeTHEKBaapaTHU-
Horo otkioHeHus (RMSD) u oreHkH MojenupoBaHUS
mabnona (TM (template modeling) score), momy4eHHBIX
IIpY TIOTIAPHOM BBIPAaBHUBAHMH, OBLT yCTAHOBJIEH ypO-
BEHb TOIMOJIOTMYECKOTO CXOACTBA MEXIY CTPYKTYpPaMH.

Busyanusanusi npoCTpaHCTBEHHBIX MOJIENEH BUpYC-
HBIX OENIKOB ObUIa BBIIIOJIHEHA C ITOMOIIBIO MPOrPaMMBbI
UCSF Chimera [13].

Pe3syabTarhl

AMMHOKHCIIOTHBIE IOCJIEIOBAaTEIbHOCTU YETHIPEX
cermenToB KITV/2018/1 u KITV/2018/2 u3 6a3sl man-
HbIX PDB OBLIH HCTIOIB30BaHBI 7SI TOUCKA OIH3KOPO.I-
CTBEHHBIX OEJIKOB, YbH MPOCTPAHCTBEHHBIE CTPYKTYPHI
yxke u3BecTHB. s 6enka NS5 KITV 6puto oOHapy-
JKEHO CXOACTBO € 31 aMHHOKHCIOTHOH MOCIEeNI0BaTENb-
HOCTBIO Pa3JIMYHBIX BUPYCHBIX OeikoB. bemok NS5 Bu-
pyca aenre Broporo ceporumna (PDB ID: 6KR2) umen
HaWIydlIyl0 UACHTHYHOCTh B 26% mus KITV/2018/1
nu KITV/2018/2. [dna ©Oenxka NS3 KITV/2018/1
u KITV/2018/2 6p110 00HApYKEHO CXOACTBO ¢ 27-i
u 19-f aMUHOKHCIOTHBIMH TIOCJIEIOBATEIBbHOCTIMU
BHUPYCHBIX OEJIKOB COOTBETCTBEHHO, BKiroYas NS3 xe-
nuka3y Bupyca Alongshan (PDB ID: 6M40) ¢ ko3¢ du-
LIUEHTOM HAEeHTHYHOCTH 47%. Koadpduunent nnentuy-
HOCTH C OCTQJIbHBIMU BUPYCHBIMM aMUHOKHCIOTHBIMHU
[IOCJIEI0BATENIBHOCTAMM He mpeBblian 16%, Hanpu-
Mep, ¢ NS3 xenuka3oil BUpyca KJIELIEBOTO dHIE(anu-
ta (PDB ID: 70J4). UuTEepecHO, 4TO NIl CTPYKTYPHBIX
6enxoB VP1-VP3 He 6bu10 00HApYKEHO CXOXKHX OEIIKOB
BO BCEX MCCIIEIOBAaHHBIX 0a3ax JAaHHBIX.

[Ipn MonmenupoBaHMM NPOCTPAHCTBEHHBIX CTPYKTYD
BUpycHBIX OenkoB KITV 0butn momydens! ko3ddunmen-
T6I focToBepHOCTH pLDDT AlphaFold2 mns xaxmoit mo-
Jenu (Tadua. 1). YcTaHOBIIGHO, YTO pacCUUTAHHBIE MPO-
CTpaHCTBEHHBIE MOJIENN CTPYKTYpHBIX OenkoB VP1-VP3
0051a1al0T HU3KUMHU K03((UIeHTaMH JOCTOBEPHOCTH,
YTO HE MO3BOJMJIO MPOBOAUTH UX NaJbHEUIINI aHaIu3.
3navueHrne KOA(GUITMCHTOB TOCTOBEPHOCTH ISl OCITKOB
NS3 u NS5 cocraBuiio 6onbiie 80, 4To CBUACTEILCTBO-
BajJO O BBICOKOM YpPOBHE JOCTOBEPHOCTU IONYyUEHHBIX
MoOJIeTIell ¥ BO3MOYKHOCTH WX HCIOJNB30BaHMS IS 1ajb-
HEWILero aHaau3a.

YCTaHOBNEHO, YTO MOJEIH MPOCTPAHCTBEHHBIX CTPYK-
Typ 6enxoB NS3 u NS5 005masatoT BEICOKAM YPOBHEM TO-
MIOJIOTUYECKOTO CXOACTBa (3HaueHus: TM-score As Bcex
CPaBHMBAaEMBIX Hap CTPYKTyp mpersimaior 0,5) ¢ mpo-
CTPAaHCTBEHHBIMH CTPYKTYpaMH OIHOWMEHHBIX OEJIKOB
BHPYCOB KJICIIEBOTO SHIIE(aInTa U IeHTe, HECMOTPS Ha
TO YTO MPOLIEHT UACHTUYHOCTU MEXYy AaMUHOKHCIIOTHBI-
MU TIoCIIeIoBaTeIbHOCTAMH ObLT MeHee 30% (Tadur. 2).

V¥ 6enka NS5 KITV, kak u y Bcex Apyrux npeacTaBu-
Tenel poaa (aBUBUPYCOB, OOHApYKEH HOMEH METHII-
TpaHc(epassl (capping 2-OMTase viral, NCBI-CDD
cl41719) B mo3unusax ¢ 65-if mo 267-10 aMHUHOKHUCIIOTY
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Tadauua 2. Koddduunentsl nogpodusi npocrpancTBeHHbIX Mojeei 6eskoB NS3 u NS5 mexkny mrammamu KITV, Bupycom kieniesoro
s3Hnedanuta (PDB ID: 70J4 nasa NS3), Bupycom Alongshan (PDB ID: 6M40 nust NS3) u Bupycom aenre (PDB ID: 6KR2 nust NS5)

Table 2. Similarity coefficients of spatial models of NS3 and NS5 proteins between KITYV strains, tick-borne encephalitis virus
(PDB ID: 70J4 for NS3), Alongshan virus (PDB ID: 6M40 for NS3) and dengue virus (PDB ID: 6KR2 for NS5)

Benox HasBanue Bupyca u (1K) BUPYyCHOTO IITaMMa RMSD ™
Protein Name of virus and/or viral strain -seore
KITV/2017/1 u KITV/2018/1 13.17 0.62
KITV/2017/1 and KITV/2018/1 ’ ’
KITV/2017/1 u KITV/2018/2 13.11 0.63
KITV/2017/1 and KITV/2018/2 ’ ’
KITV/2018/1 u KITV/2018/2 4.49 0.85
NS5 KITV/2018/1 and KITV/2018/2 ’ ’
Bupyc nenre u KITV/2017/1 47 0.65
Dengue virus and KITV/2017/1 > K
Bupyc aenre u KITV/2018/1
Dengue virus and KITV/2018/1 6,94 0,59
Bupyc nenre u KITV/2018/2 753 0.61
Dengue virus and KITV/2018/2 > K
KITV/2017/1 u KITV/2018/1 0.68 0.99
KITV/2017/1 and KITV/2018/1 ’ ’
KITV/2017/1 u KITV/2018/2 1.69 0.96
KITV/2017/1 and KITV/2018/2 ’ ’
KITV/2018/1 uKITV/2018/2 178 0.96
KITV/2018/1 and KITV/2018/2 ’ ’
Bupyc xnemesoro sunedamura u KITV/2017/1 3] 073
Tick-borne encephalitis virus and KITV/2017/1 > K
NS3 Bupyc kiemiesoro sHuedanuta u KITV/2018/1 31 0.73
Tick-borne encephalitis virus and KITV/2018/1 ’ ’
Bupyc knemesoro saiedamuta u KITV/2018/2 302 0.69
Tick-borne encephalitis virus and KITV/2018/2 > K
Bupyc Alongshan u KITV/2017/1 132 0.88
Virus Alongshan and KITV/2017/1 ’ ’
Bupyc Alongshan u KITV/2018/1 1.41 0.87
Virus Alongshan and KITV/2018/1 > K
Bupyc Alongshan u KITV/2018/2 218 0.85

Virus Alongshan and KITV/2018/2

u pomen PHK-3aBucumoii PHK-momumepaser (RARp)
(Pfam: pfam00972) B mozummsax 350-913. B RdRp 006-
Hapy>KeHbl CYOJOMEHBI NAalbLEeB, JAZOHU (IOJOXKE-
Hus 350-730, Pfam: PF00972) u 6omnbiroro masnsia (mmo-
noxennst 742842, Pfam: PF20483). Kpome storo, 6611
oOHapy>KEHBl XapakTepHbIe HJs (PIaBUBUPYCOB CTPYK-
TypHbIe MOTHBBEI A (575-582), B (641-655), C (691-—
700), D (725-728), E (746-751), F (497-524) (puc. 1, 2).

YCTaHOBIIEHO, YTO B CyOOMEHAX MAJBIEB U OOIBIIOTO
TajIbIla MPOUCXOIAT AMHHOKUCIIOTHBIE 3aMEHBI B TIOJIOXKE-
HusAX cBa3biBannsa RARp ¢ monamu mmaka. B mepBowm caii-
T€ 3aMEHBI IPUXOAATCS Ha mo3unmu 484, 488, 493 u 496:
F484 - E484’ H488 - L488’ C493 - P493 H C496 - A496' BTOpOﬁ
caut ces3biBaHusd y KITV npennonoxurenbHO COCTOUT
U3 TPEX aMUHOKHCIIOT BMECTO UYETHIPEX; BO BTOPOM caiiTe —
H, , — R, C765 — V., @ B IO3ULIUH 875 mpoucxoaut
JIENeIns, B TO BpeMs KaK y (hIIaBHBHPYCOB B 3TOM IIO-
JOKEeHUU pacronaraetcs nuctend. [lozumus 752 y ¢ma-
BUBUPYCOB BapHaOelbHa M0 aMHHOKHCIIOTHOMY COCTa-
By, a y KITV mnpencrasnena tpunrodanom. Ilpu stom

aHAJIOTHYHO TPOCTPAaHCTBEeHHOU cTpykType RARp dita-
BHBHPYCOB TIEPBBIC JIB€ aMHUHOKHCIIOTHI TIEPBOTO caiiTa
cBs3biBanms Haxomstes y KITV B anbda-cnupanu, a 1se
JIpyTHe — B CBOOOTHOM MeTie; BTOPOH CailT pacroiokeH
B OeTa-nmcrax.

IIpu aHanm3e aMHUHOKHCIIOTHOM IOCJEN0BaTENbHOCTH
nostHOpa3mepHoro Oeinka NS3 KITV ycraHOBICHO, UTO
OH HE COAEPKHUT JOMEHA CEPUHOBOU MPOTEa3bl, UTO HE-
tunuaHo a7 NS3 ¢rasuBupycos. Co cropons! C-koHIa
oenmka NS3 KITV pacnonaraercs goMeH xeiarkassl (NS3-
Hel), xotopsrii coctont u3 Tpéx cybmomenos (D1-D3)
U BOCBMH CTPYKTYPHBIX (praBUBHpPYCHBIX MOTHUBOB (I,
Ia, II, III, 1V, IVa, V u VI), naxonsmuxcs B8 D1 u D2.
Cy6momen D1 mmeer xapakTepHBIH A5 (DIaBUBHPYCOB
peruon DEXHc viral NS3 (DEXH-box helicase domain
of NS3 protease-helicase, NCBI-CDD ¢d17931), pac-
nonararomuiics ¢ 341-it no 493-10 no3unuoo. Xenukas-
HbIE MOTHBBI pacroyiararorcs B mosunusax [ — 348-353,
la—365-377,11-433-440, I1l - 464478, IV - 515-523,
IVa—544-552,V - 573-582 u VI - 610-623 (puc. 2, 3).
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ala o/b

6/c

Puc. 1. Mozgenu npocTpaHCTBEHHOH opranu3anuu NSS: a — Hano-
JKeHHe MoJiesielt MpoCcTpaHCTBEHHBIX cTpykTyp NS5: KITV/2018/1
(cunmit), KITV/2018/2 (3enéHblit) 1 Bupyca neHre (KpacHbIi); 6 —
npoctpancTBerHas Moaenb NS5 KITV/2018/1 ¢ koHCepBaTUBHBIME
motuBaMu A—F; ¢ — HalloXeHHe MPOCTPAHCTBEHHBIX CTPYKTYp NS5

KITV/2018/1 (6ensrit/cuamit) u KITV/2018/2 (cepsrit/3enéHbrii),
TJie LIBETOM BBIJIETIEHBI 00OHAPYKEHHbIE AMHHOKHCIIOTHBIE 3aMEHBIL.

Fig. 1. Models of spatial organization NS5: ¢ — imposition models
of spatial structures NS5: KITV/2018/1 (blue), KITV/2018/2
(green) and dengue virus (red); b — spatial model NS5 KITV/2018/1
with conservative motives A—F; ¢ — imposition of spatial structures
NS5 KITV/2018/1 (white/blue) and KITV/2018/2 (gray/green),
where detected amino acid substitutions are highlighted in color.

Kpome Toro, B NS3 u NS5 KITV 0butn 00HapyKeHBI
HENPOTSDKEHHBIE BBHICOKOKOHCEPBATHBHBIE aMHHOKHC-
JIOTHBIE TOCIIEAOBATEIFHOCTH, XapaKTepHbIE ATl BUPY-
coB 3uKa, XENTOU Nnuxopalku, 3amnagHoro Huma, simoH-
cKoro dHIe(danuTa U JeHre. BOIBIIMHCTBO BBICOKOKOH-
CePBaTHBHBIX AaMHUHOKHUCIIOT HAXOMSATCS B OOHAPYKEHHBIX
(YHKIIMOHAJIBHO BaXkHBIX MoTHBax OenkoB NS3 u NS5
KITV (puc. 2).

[Ipu MHOKECTBEHHOM BBIpAaBHUBAHUH AMUHOKHUCIIOT-
HBIX mocienoBarenbHOocTed KITV ObutH 0OHApY KEHBI
pa3IuYHbIe AMUHOKHUCJIOTHBIE 3aMEHBI, B TOM YHCIIC
U T€, KOTOPbIE MOTYT BIUSATH Ha TOMOJOTHIO BHUPYC-
HbIx OeakoB. Jms KITV/2018/1 u KITV/2018/2 0bI-
710 00HAPYXKEHO IO 1B 3aMeHH B Oenmkax VP1 u VP3,
nATh 3aMeH B Oenke NS5 u uyethipe — B NS3. B amu-
HOKHCIIOTHBIX IocienoBarenpHocTax KITV/2017/1
n KITV/2018/1 ob6napyxeno 24 3ameHsl, a It
KITV/2017/1 u KITV/2018/2 — 35 (ta6a. 3). OOHa-
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PYXCHHbIE aMHMHOKHCIOTHBIE 3aMeHBl B Oeike NS5
KITV/2018/1 u KITV/2018/2 noxann3oBaHBI B IOJIO-
xeHusx 135 — anpda-criupans 5 (a-5), 217 — nerns

Ta6auna 3. 3aMeHbI B AMHHOKHCJIOTHBIX MOCJI€10BATEILHOCTAX
oeaxoB KITV

Table 3. Substitutions in amino acid sequences of KITV proteins

Hasanue mramma KITV
Name of strain KITV

[Tonoxenune
B @aMUHOKHUCIIOT-
HOM TIocJie10Ba-
TEJIBHOCTH
Position in the
amino acid
sequence

135
217
233
277
610
674
747
908
76
89
103
160
247
VP1 368
380
435
465
604
622
236
247
291
379
459
474
476
604
625
673
VP2 140

Bbenok

Protein

KITV/2017/1 | KITV/2018/1 | KITV/2018/2

NS5

NS3

18
78
208
338
353

VP3

QR Z~ < ZO R A0 nZ <o n R P>~ QOCIDHY 0nO < P> R AP
m < R ZZ O wvwo RO XA —~< < »p < O0m0Hd ~< mOoID OO R A<
m < Wy T 0n 0% Oom» R << << << <comnAnl< <O ®ORID R ®E < ~
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ala

o/b

Puc. 2. BripaBHHBaHHE aMUHOKHCIIOTHBIX mocienoBarensHocTeit NS3 (a) u NS5 (6) KITV ¢ ¢pnaBuBupycamu. KpacHbIM 11BETOM BBIIEIICHEI

BBICOKOKOHCEPBATHUBHBIC AMHUHOKHCIIOTHI, 3€IEHBIMU CTPEIOYKAMHU — BHICOKOKOHCEPBATHBHBIC aMUHOKUCIIOTHI, ()YHKIIMH KOTOPBIX H3BECTHBI

Jutst prraBHBHPYCOB. YUacTKH aMHHOKHCIIOTHBIX ITOCIIEA0BATENFHOCTEH, COOTBETCTBYOIINE 00HAPYKEHHBIM MOTHBAM, BBIIEJICHBI IIBETHBIMH
JUHASME. DIEMEHTHI BTOPHYHOH CTPYKTYpBI BUPYCHBIX O€KOB yKa3aHsl s mramma KITV/2018/1.

Fig. 2. Alignment of amino acid sequences NS3 (a) and NS5 (b) KITV with flaviviruses. Highly conserved amino acids are highlighted in
red; highly conserved amino acids, whose functions are known for flaviviruses, are highlighted with green arrows. Sections of amino acid
sequences corresponding to detected motifs are highlighted with colored lines. Elements of secondary structure of viral proteins are indicated
for the KITV/2018/1 strain.
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ala

6/c

o/b

2/d

Puc. 3. Mozgenu npocrpaHcTBeHHOH opranu3anuu NS3: a — HaloxkeHHe Moziesiei mpocTpancTBeHHbIX cTpykTyp NS3-Hel: KITV/2018/1
(cunwmit), KITV/2018/2 (3enéHblit), BUpyca KIemeBoro sHuedanmuTa (KpacHblil); 6 — HaIO)KEHHE MOJIENIeil MPOCTPAaHCTBECHHBIX CTPYKTYp NS3:
KITV/2018/1 (cunnit), KITV/2018/2 (3enénstit), Bupyc Alongshan (opamxeBblit); 6 — mpocTpancTBeHHas Mozess NS3-Hel KITV/2018/1 ¢
KOHCEepBaTUBHBIMH MOoTHBaMH [-VI; 2 — HanoxxeHune npoctpancTBeHHBIX cTpyKTyp NS3-Hel KITV/2018/1 (6ensrit/cunnii) u KITV/2018/2
(cepblii/3enéHslit), T/ie IIBETOM BBIJICIICHB 00HAPY>KEHHBIE aMUHOKHCIIOTHBIE 3aMEHEL.

Fig. 3. Models of spatial organization NS3: a — Imposition models of spatial structures NS3-Hel: KITV/2018/1 (blue), KITV/2018/2 (green),
tick-borne encephalitis virus (red); b — imposition models of spatial structure NS3: KITV/2018/1 (blue), KITV/2018/2 (green), Alongshan
virus (orange); ¢ — spatial model NS3-Hel KITV/2018/1 with conservative motives I-VI; d — imposition of spatial structures NS3-Hel
KITV/2018/1 (white/blue) and KITV/2018/2 (gray/green), where detected amino acid substitutions are highlighted in color.

Mexay o-8 u 6era-nmucrtom 7 (B-7), 233 — a-9, 674 —
a-27, 908 — 0-37. 3amennt V.. — 1., A, — V,
K,,; = R,;; HE U3MEHAIOT OOILYIO TONOJIOTHIO, HO TIPH-
BOJIAT K MPOCTPAHCTBEHHOMY CHBUTY TpPEXMEPHBIX
cTtpykryp Oexka NS5 KITV/2018/1 u KITV/2018/2
OTHOCUTENBHO JpyT Apyra (puc. 1 6). AMUHOKHCIOT-
Hble 3aMeHbl B NS3 mia KITV/2018/1 u KITV/2018/2
JIOKaJIN30BaHbI B MOJOKEHUIX 476 — e Mexay -7
u B-8, 625 — metis mexay a-10 u B-16, 673 — a-13
(puc. 3 2).

O6cyxnenue

OguuM W3 CIOCOOOB  MONyYeHHsA HHGpOpMAIHU
0 MPOCTPAHCTBEHHOM YCTPOWCTBE F€HOMA, B YaCTHOCTH
0 TpexMEPHOU CTPYKType OENKOB, SBISETCS MOICIHPO-
Banue. [Iporpamma AlphaFold2 mo3BomsieT mpoBOIWTH
MpeCKa3aHus MPOCTPAHCTBEHHBIX CTPYKTYp Oeka. B eé
OCHOBE JIGKHUT HCIOJh30BAHUE [ITyOOKOTO MAIIMHHOTO
0o0OyueHHsT ¥ CBEPXTOUYHBIX HEWPOHHBIX CeTell s mpe-
CKa3aHMsl YIJIOB M PACCTOSHUI MEXKIy aTOMaMH B CO37a-

14

BaeMOM MPOTPAMMOii I1a0JIOHE CTPYKTYPBI, YTO MO3BOJIS-
€T TOJIy4aTh TPEXMEPHBIC MOJIECIIA UCCIICAYEMOTO OeKa
C BBICOKOM TOYHOCTBIO, JIaXK€ HECMOTPS Ha HU3KUHU ypo-
BEHb TOMOJIOTHH C MPOTOTHUIIOM, KOTOPBIH MOXET OBITh
menee 30% [14].

[lonmy4ennsle MosieNn CTPYKTYpHBIX OenkoB VP1, VP2,
VP3 KITV obnaganu HU3KUMH K03 GUITHEHTaMH TOCTO-
BEPHOCTH U OBUIN MCKITFOYCHBI U3 JaTbHEHIIICTO aHaH3a.
OTCyTCTBHE W3BECTHBIX MPOTOTUIOB IS ATHX OCIKOB
MOTYEPKUBAET HMX YHUKAIBHOCTh CPEIU CTPYKTYPHBIX
oenmxoB PHK-comepxkamux BUpYCOB. DTO HE MO3BOJSET
OTIPEIETNTh BO3MOXKHBIE (DYHKIIMOHAIBHO Ba)KHBIE MO-
TUBBI 3TUX OEJIKOB M OLIEHUTH DBOJIOIMOHHBIE B3aUMO-
OTHOIIICHUS C JPYTUMH U3BECTHBIMH BHUpycamMu. MOXXHO
TOIBKO TIPEATIONOXKUTH, YTO 3TU OENKM 00eCIeUnBaIOT
(hopMuUpOBaHHE BUPYCHBIX YAaCTHUII, PELICNITOPHBIC B3au-
MOJICHCTBHS C YYBCTBUTEIBHBIME KJICTKAMH OpTaHU3Ma
X0341Ha, 3amuTy reHoMHo PHK u npoHukHOBeHME re-
moMHOo#l PHK KITV B knerku OeCIO3BOHOYHBIX U I10-
3BOHOYHBIX X03s5ieB. DakThl MPeopoIeHHs] MEKBHUIOBBIX



BOMPOCHI BUPYCOJIOTUW. 2023; 68(1)
DOI: https://doi.org/10.36233/0507-4088-142

0apbepOoB MHOTOKOMIIOHEHTHBIMH  (hJIaBUTIOIOOHBIMU
BHApYyCaMHU TOATBEP)KIAIOT BBICKa3aHHBIC MPEIIIOIONKe-
Husd [15]. Bronmae odeBuano, uro VP1, VP2, VP3, sB-
JSCh CTPYKTYpHBIMU Oenkamu KITV, Takke MOKHBI
MPEAOIIPENEIATh B3aUMOICUCTBHE C UMMYHHOM CHCTe-
MOM opranusma xo3suHa. K coxkaneHuro, K HacTosIeMy
MOMEHTY OTCYTCTBYIOT NpsSMbIEe JTaHHbIE O (hopMHpOBa-
HAW UMMYHHOTO OTBETa OpPTaHM3Ma Ha CETMEHTHPOBAH-
Hble (DIaBUTIONOOHBIE BUPYCHI, HO (DAKTHUECKHU TI100aTb-
HBIA XapakTep pacHpOCTPAHEHUS 3TUX BUPYCOB MOXKET
CBHU/IETENILCTBOBATE 00 MX MOTEHINAIBHONW CIIOCOOHOCTH
K YKIIOHEHHIO OT KOHTPOJISI IMMYHHOU CHCTEMBI XO3SMHA.

BrlpaBHMBaHME aMUHOKHMCIOTHBIX IOCJIEIOBATEIb-
Hocreit 6enkoB NS3 u NS5 KITV ¢ nocnenoBarensHo-
CTAMHU BHPYCOB 3HKa, XKENTON IMXOpaakH, 3amagHoro
Hwuna, smoHckoro sHIedanuTa U AeHTe NoKaszajio Kpau-
HE HU3KWHA YPOBEHb TOMOJIOTHH MEXIy HUMH. YPOBEHB
uaeaTnaHoct osu1 Menee 30%, uto, 63 cOMHEHMSI, 3a-
TPYOHAET CTPYKTYpHO-(YHKIIMOHAIBHBIN aHaN3 3THX
OenxoB. TeMm He MeHee ¢ NCTIONIb30BaHNeM OnonH(popMa-
LIMOHHBIX METOMOB yAAJIOCh CO3/1aTh MPOCTPAHCTBEHHBIE
Mozenu OeaxoB NS3 u NS5 KITV u nokasars, 4To, He-
cMOTps Ha HU3Kui yposeHb romosioruu KITV ¢ Bupyca-
MU KIICIIEBOTO YHIIe(annuTa U ACHTe, OHU 00IaJaroT BBI-
COKHM YpPOBHEM TOMOJOTMYECKOTO CXOJICTBA C OelKaMu
(1aBUBHPYCOB.

Bbenox NS3 KITV umeer xapakrtepHsiii ans (naBu-
BUpYcOB C-KOHIIEBOH XEJNMKa3HbIM TOMEH, COCTOSAIIUN
n3 1péx cyomomenoB (D1-D3) n BocbMH CTPYKTYpHBIX
motuBoB (I, Ia, II, III, TV, IVa, V u VI), Haxonpsmmxcs
B D1 u D2, HO He uMeeT N-KOHIIEBOTO MPOTEa3HOTO J0-
meHa. [Ipunsto cunrars, aro MmotusH 1, 11, 111, VI dumaBu-
BHPYCOB IPUHUMAIOT HETIOCPEICTBEHHOE YYacTHE B CBAI-
3BIBAHMU W TUApOJH3e aaeHo3uHTpudocdara. MoTHBBI
Ia, IV, IVa, V orBeTcTBeHHEI 3a B3auMozpciicTteue ¢ PHK,
TPAHCJIOKALMIO M MEXJOMEHHYI0 KOMMYyHUKamuio. Cyo-
momen D3 KITV o6nmagaer orpaHHYESHHBIM CXOICTBOM
¢ cybomomenom D3 ¢maBuBHpYycOB, YTO OOBSACHSIET-
Csl BBICOKMM YPOBHEM BapuaOelbHOCTH 3TOH 00JacTé
y BupycoB cemeiictBa Flaviviridae [10]. [TomyueHHbIe
Ppe3yJIbTaThl XOPOUIO COMIACYIOTCA C €IUMHCTBEHHON JKC-
MIEPUMEHTAIBHO TONYy4YeHHOH CTpyKTypoi C-KOHIeBOit
yactu Oenka NS3 cerMeHTHpOBaHHOTO (h1aBUTIOOOHOTO
Bupyca Alongshan [10]. OTcyTcTBHE JOMEHa CEpPHHO-
BOi mpoteasbl NS3, aKTHBHOCTH KOTOPOTO aKTHBUPYETCS
y ¢maBuBHPYCOB Koakropom NS2B u koTOpEIi 0TBEUa-
€T 3a pacllelyieHue BUPYCHOIO MOJUIPOTENHA B ydacT-
Kax MeXIy HecTpyKTypHbIMH Oenxamu NS2A/NS2B,
NS2B/NS3, NS3/NS4A u NS4B/NS5 [16], MoxeT OBITH
00yCJIOBJICHO YHHKAIBHBIM CTPOCHHUEM YIIAKOBAHHO-
IO B OTAENBHBIC YACTHIIEI BUPYCHOTO I€HOMA, KOTOPHIH
9BOJFOIIMOHHO C(OPMHUPOBAJICS Y CETMEHTHPOBAHHBIX
(1aBUNIOOOHBIX BUPYCOB ITPH OTCYTCTBUN HEOOXOIUMO-
CTH paCIICIJICHHUS BHPYCHOTO MOJIUIIPOTEHHA, B OTIIMYUE
OT HECErMEHTHPOBaHHbBIX (IABUBHUPYCOB.

Taxxke B NS3 oOHapyXeHBI aMUHOKHCIOTHBIE ITOCIIe-
JIOBaTEIILHOCTH, KoHcepBartuBHble minst KITV m Hecer-
MEHTHPOBAaHHBIX (hIaBUBUpPYCOB. biaromapsi koHcepBa-
TuBHBIM amuHOKmcioTaMm G, K, T B motuse I, a Taxxke
anementy DEAD-6okca B motuse Il (puc. 2), mpoucxo-

OPUTUHAJbHbBIE NCCNEAOBAHUA

JAT KOOpOWHALMS MOHA MarHus BHYTPH KapMaHa CBf-
3pIBaHUS aneHo3uHTpudochara u cBazpiBanue NTPase
y ¢aBuBupycoB. B VI MoTHBe ueTbipe aMHHOKHUCIOTH R
(puc. 2) uMmeroT pelaroiee 3HaYeHHe ISl aKTUBHOCTH
NTPase u RTPase. IIpennonaraercs, 4To KOHCEpBaTHUB-
HbIE aMHHOKUCIOTH P 3 moTtuBOB Ia u IV (puc. 2) B3a-
UMOJICHCTBYIOT C pHOO3HON 2’ -THAPOKCHIBHOMN TPYyIITOi
ouPHK, B To Bpems kak R u3 motusa la, R u K u3 motusa
IVa u T u3 motuBa V B3auMMOAENUCTBYIOT ¢ (hocdaTHBIM
octatkoM orflPHK [16].

Co3nmanHass mozenb BupycHoro Oemka NS5 KITV
TaKkKe MOoKa3ana HaTUYME XapaKTepHbIX Ul (IiaBH-
BUPYCOB JOMEHOB MeTwiTpaHcdepassl 1 RARp u mre-
cTi cTpykTrypHBIX MoTHBOB RdARp: A, B, C, D, E, F,
a TaKkke BBICOKOKOHCEPBATHBHBIX aMHHOKHCIOTHBIX
HOCJIe0BATEIbHOCTEH, (YHKIMH KOTOPBIX OIHCAHBI
st ¢pmaBuBHpycoB (puc. 1, 2). Jlomen metuntpancde-
pa3bl y (GaBUBHPYCOB 00NafaeT AByMs pepMEHTAaTHB-
HBIMU aKTHBHOCTSIMHM — METUJIMPOBAHHEM TIyaHUHa-N7
1 Hykjieo3uaa-2’-O, yBeIHMYMBAIOMIMMH CTa0OMIBHOCTH
BHOBb cuHTe3upoBanHoii PHK. RdARp neobxomuma st
perutukaruu BupycHoit PHK. Motussr A u C RdRp ¢a-
BHBHPYCOB YYacTBYIOT B IIOJIMMEPHU3AINH HYKICOTHIOB
Onmarogaps HaJM4YWIO B HUX aclaparduHOBOM KHCIOTEHI.
MoruB B RdRp cmoco6cTByeT GecnpensiTCTBEHHOMY
JIBMKCHUIO TMOJMMEPA3HOTO KOMILIEKCa 10 BUPYCHOH
PHK 6narogaps Hanuuuio B HEM aMHHOKHCIIOT CEpHHA
u muiuHa [17]. Motussl E u C RdRp B3aumopeicTBy-
foT ¢ octoBom PHK-mponykra [18]. OcHOBHas QyHK-
nust MmotuBa F RARp, cocrosimero u3 tpéx Gera-nucTon
U COEIMHUTEIbHBIX NeTensb [17], 3aknroyaeTcs B CBA3BI-
BaHuM tpudocdara NTP [19]. AprunuH B JTaHHOM MO-
THBE HEMOCPEACTBEHHO Y4YacTBYeT B KaTaJIUTHYECKOH
AKTUBHOCTH IIOJIMMEPA3bl, YTO YK€ OBIJIO 3KCIEPUMEH-
TaJbHO TOKa3aHO I HECETMEHTHUPOBAHHBIX ()IIaBUBH-
pycos [20]. MotuB D RdRp BaskeH U1t oCyIIeCTBIEHUSA
CTPYKTYPHBIX IIEpeCTpoeK pepMEHTa, a UMEHHO 3aKphl-
THS aKTUBHOTO caiita RARp nmu3uHOM, KOTOpPEI pacmo-
naraetcs nepen MmotuBoM F RdRp [17].

B RdRp KITV wu ¢naBuBupycoB ObutH 0OHapyxe-
Hbl aMHUHOKHCJIOTHBIE 3aMEHBI B IOJIOKEHUAX, COOT-
BETCTBYIOIINX caiiTaM cBsA3biBaHMA RARp ¢ nonamm
[IUHKa, KOTOpBIE XapakTepHBl A (QIaBUBUPYCHON
RdRp m HeoOxomumbl miisi ee cTabWian3anuu Ha MO-
nexyne BupycHoi PHK [17]. AMMHOKHMCIOTHBIN cO-
CTaB HEKOTOPBIX CAlTOB OBIJ NOJHOCTBHIO IPYTHM, YTO
CBHJICTEIBCTBYET 00 OTCYTCTBHH CAaHTOB CBSI3bIBAHUS
¢ nonamu nuHka y RdRp KITV: nmu6o pacnonoxxenue
CaliTOB HE COBNAJAET C TAKOBBIMU y IpEACTaBUTENEH
pona drnaBuBupycoB, aubo xe y KITV cymecrtByer
CBOM COOCTBEHHBIN MEXaHHU3M cTabuan3anuu
PEIUIMKAIIMOHHOTO KOMIIIEKCa. DTO MOXKET yKa3bIBaTh
Ha pa3Jinyue B MEXaHU3Max pa0dOoThl PEIUITMKAIIMOHHOTO
KOMIIJIEKCa CErMEHTHPOBAHHBIX (DIaBUIIOJOOHBIX BHU-
pycoB U Kkiaccuueckux ¢uiaBuBupycoB. He mckmode-
HO, 4TO OOJIBIIYIO POJIb B 3TOM IpOIecce UrparoT 5’-
U 3’-HeTpaHCIUpyeMble pETHOHBI, KOTOPBIMHU 00JaaeT
Kax b1l cermeHT reaomuoi PHK KITV.

Takum o0pazom, it NS3 u NS5 KITV ynmanocs 06-
HapyXHUTb JOMEHBI, MOTHBBI M KOHCEPBaTHBHBIE aMH-
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ORIGINAL RESEARCHES

HOKHCJIOTHBIE TOCJIENOBAaTE€NbHOCTH, XapaKTEepHbIE I
HECETMEHTHPOBAHHBIX BHPYCcOB cemelicTBa Flaviviridae.
IIpu aTOM OOHapyXeHbl OTIUYHUSA: B YaCTHOCTH, OTCYT-
cTByeT MHGOpPMamus O CTPYKType IpPEAIoIaraeMbIx
6enxoB kancuga VP1-VP3 KITV, ve ynamoce oOHapy-
JKUTH JIOMEH CepHHOBOH mpoTeasbl B Oenke NS3 KITV
u caiitoB cBsa3eiBanus RARp KITV ¢ nonamu nuaka. O0-
Hapy>XEHHBIE OTIINYMS YKa3bIBalOT KaK Ha CXOJCTBO, TaK
1 BBIPa)X€HHbIE Pa3INYMs MEXIYy CETMEHTHPOBAHHBIMHU
¢bnaBUnoKOOHBIMI BUPYCaMH M HECETMCHTUPOBAaHHBIMU
(maBUBHpYyCaMH.

3akirouenue

B pesynbrare mpoBeAEHHOTO MCCIIENOBAaHHS TOTyYESHBI
JTAaHHBIE O POCTPAHCTBEHHOM YCTPOUCTBE BUPYCHBIX O€JI-
KOB HOBOTO CETMEHTHPOBAHHOTO (PI1aBUIIOJOOHOTO BUpyCa
KITV. O6napyxeHo, 4TO Tpe/roiaraéMbie CTPyKTYpHBIE
6enxu VP1-VP3 KITV He uMeIoT aHAIOTrOB ¢ W3BECTHRIMU
B HacToOsIIIIee BpeMsi BUPYCHBIMH Oenkamu. JlaHHbIe Moje-
JTUPOBaHUS BUPYCHBIX OeTkoB NS3 1 NS5 mo3BomiTH ¢ BEI-
COKOHM CTEIeHBIO TOCTOBEPHOCTH YCTaHOBHUTD, YTO OEJIOK
NS5 KITV sensiercs PHK-3aBucumoit PHK-nonnmepasoit
1 JIOTIOJTHUTENIFHO 00J1a/laeT METHITpaHC(epasHON aKTHB-
Hocthio. beok NS3 KITV, o Bceii BeposiTHOCTH, 0011a1a-
€T TOJIBKO XEJIMKa3HON aKTUBHOCTBIO. YIaJlOCh MOIYyYUTh
MepBEIC MOJENN TPOCTPAHCTBEHHBIX CTPYKTYp OEIKOB
NS3 u NS5 KITV. Onu nmenu BBICOKHI ypOBEHB TOIONIO-
THYECKOTo cxoncTBa ¢ 6emkamu NS3 1 NS5 BupycoB neHre
1 KJIEIIEeBOro HIe]aInTa IpH HA3KOM YPOBHE CXOXKECTH
AMHHOKHUCIIOTHBIX TIOCIEAOBATEIbHOCTEH ¢ 3TUMH HECer-
MEHTHpPOBaHHBIMH (raBuBUpycamu (MeHee 30%). VY NS5
KITV obnapy>keHbI THITIYHBIE IOMEHBI, XapaKTEePHBIE IS
¢naBuBHpycHO MeTHiTpaHcdepassl 1 PHK-3aBucumoit
PHK-nonumepaspl, a Takxe TUIUYHBIE CTPYKTYPHBIE MO-
tuBel A, B, C, D, E, F. UneatndummpoBaHbl XeIUKa3HINA
JIOMEH ¥ €T0 OCHOBHBIE CTPYKTYPHBIE MOTHUBEI, XapaKkTep-
Hele Uit NS3 KITV. OnHako n1oMeHa ceprHOBON MPOTe-
a3pl, THMIHON st NS3 ¢rmaBUBHPYCOB, 00HAPYXKEHO
He Ob110. B aMUHOKHCIIOTHOW TOCIENOBaTeNbHOCTH Oel-
koB NS3 1 NS5 KITV o6Hapy>keHBI BHICOKOKOHCEPBATHB-
HbIE MOCJIEA0BATENILHOCTU MPOTHKEHHOCTHIO 3—7 aMUHO-
kucnort, xapakrepublie 111 KITV u HecermeHTHpOBaHHBIX
¢naBuBHpycoB. OOHapykeHO BOCEMb aMUHOKHCIIOTHBIX
3aMeH, TATh W3 HUX MPEIIONIOKUTEIHHO JIOKATH30BaHbI
B anb(a-Crupasix ¥ TPU — B CBOOOAHBIX METIIAX HECTPYK-
TYPHBIX OEJIKOB MOJHOTEHOMHBIX TOCIIEN0BaTEIFHOCTEH
KITV/2018/1 u KITV/2018/2. Ilpuuém momHOTeHOMHAs
nocaenoBarenbHocTh KITV 2017 . umena 24-35 3ameHw,
YTO TOBOPHT O CyIIECTBEHHON n3MeHunBocTH KITV.

[TomyueHHBIE pe3yIBTATHI TOKA3BIBAIOT HATMYUE CTPYK-
TypHOro cxozacTBa 6emkoB NS3 1 NS5 cerMeHTHpOBaHHbIX
(aBUMOIOOHBIX BUPYCOB M HECEIrMEHTHPOBAHHBIX (Jia-
BHUBHPYCOB IPH (DAKTUIECKHU TTOJTHOM OTCYTCTBHH CXOXKE-
CTHU CTPYKTYPHBIX OEIKOB BUPHOHOB.
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Introduction. Currently, low molecular-weight compounds are being developed as potential inhibitors of CoVs
replication, targeting various stages of the replication cycle, such as major protease inhibitors and nucleoside
analogs. Viroporins can be alternative protein targets.

The aim of this study is to identify antiviral properties of histidine derivatives with cage substituents in relation to
pandemic strain SARS-CoV-2 in vitro.

Materials and methods. Combination of histidine with aminoadamantane and boron cluster anion [B,H, I*
(compounds I-IV) was carried out by classical peptide synthesis. Compound were identified by modern
physicochemical methods. Antiviral properties were studied in vitro on a monolayer of Vero E6 cells infected with
SARS-CoV-2 (alpha strain) with simultaneous administration of compounds and virus.

Results. Derivatives of amino acid histidine with carbocycles and boron cluster were synthesized and their antiviral
activity against SARS-CoV-2 was studied in vitro. Histidine derivatives with carbocycles and [B, H, > have the
ability to suppress virus replication. The solubility of substances in agueous media can be increased due to
formation of hydrochloride or sodium salt.

Discussion. 2HCI*H-His-Rim (I) showed some effect of suppressing replication of SARS-CoV-2 at a viral load of
100 doses and concentration 31.2 ug/ml. This is explained by the weakly basic properties of compound 1.
Conclusion. The presented synthetic compounds showed moderate antiviral activity against SARS-CoV-2. The
obtained compounds can be used as model structures for creating new direct-acting drugs against modern strains
of coronaviruses.
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MpoTBOBUpPYCHLIE CBOMCTBA CUHTETUYECKUX
NPOU3BOAHLIX TMCTUAMNHA, CoAepXKalMX B CBOEN MOneKyne
MeMOpPaHOTPOMNHbIE 00 BEMHbLIE KapOOLMKNbI, B OTHOLIEHUHN
Bupyca SARS-CoV-2 in vitro

Mapaes T.M.", [pebeHHnkoBa T.B.', ABoeeBa B.B.?2, Jlebenesa B.B.", Jlapnuer B.®.!

'depepanbHbIfi Hay4YHO-MUCCNEQOBATENBCKUI LEHTP ANMAEMMUONOMMU U MUKPOBMOMOrMN UMEHUN NOYETHOIO akageMuKa
H.®. Mamanen, 123098, r. Mockea, Poccus;

2MHCTUTYT 06LUeit u HeopraHuyecko xummmn umenn H.C. KypHakoBa Poccuiickon akagemun Hayk, 119991, r. Mockea,
Poccus

BBepeHue. B HacTosilee BpeMs pa3pabaTbiBaeTcst LENbIA pSg HU3KOMOMNEKYNSIPHbIX COEAUHEHWI B KayecTBe
noTeHumanbHbIX MHIMBUTOpoB pennukauum CoVs, HanpaeneHHbIX Ha pasnuyHble aTanbl PennKaLuMoHHOro Lukna,
TaKne Kak MHMMOMTOPblI OCHOBHOW NpoTeasbl U aHanoru Hykneo3maos. AnNsTepHaTUBHOM 6ENKOBOV MULLEHbBIO MOTYT
BbICTYNaTb BUPOMOPUHbI.

Llenb nccnepoBaHus — BbISIBNEHWE NPOTMBOBMPYCHBIX CBOWCTB NMPOM3BOAHbLIX MCTUAMHA C KapKacHbIMK 3ame-
CTUTENAMU B OTHOLLEHMM NaH4EeMUYECKoro Wwtamma kopoHasmpyca SARS-CoV-2 in vitro.

MaTepuanb! n metoabl. [MonyyeHne coeguHeHNs rmcTuanHa ¢ ammHoagamaHTaHoOM U AeKarnapo-Ki030-aekabo-
paTHbIM aHnoHoMm [B, H, ] npoBeneHo MeToAamm Knaccuyeckoro nentuaHoro cuHTesa. CTpykTypa coeamHeHus
noaTBepXaeHa COBPEMEHHbIMU (DU3MKO-XMMUYECKMMIN MeToAamMu. MNpOTUBOBUPYCHbIE CBOMCTBA CUHTETUYECKMX
COeOUHEHUI n3yyeHsl in vitro Ha MoHocroe kneTtok Vero E6, nHdunumnpoBaHHbix SARS-CoV-2 (wtamm anbda), npu
OOHOMOMEHTHOM BHECEHUW COEAMHEHUI N BUpYCa.

Pe3synbratbl. CMHTE3MPOBaHbl NPOVN3BOAHbLIE aMUHOKUCIIOTHI TMCTUAMHA C kKapbounknaMmm n KnacTepHbIMU aHWO-
Hamu 6opa, 1 uccnegoBaHa Ux NPOTUBOBMPYCHAsA aKTUBHOCTb B OTHOLLEHMU kopoHaBupyca SARS-CoV-2 in vitro.
Ha KneTo4HbIX KynbTypax nokasaHo, 4To NMpoun3BOAHbIE TMCTUANHA C KapboLuuknamm n KnacTepHbIM aHMoOHOM 6opa
[B,,H,,J* 0bnapatoT cnocobHOCTLI0 NOAaBNATL pennnkaumio Bupyca. Takke Gbina nokasaHa BO3MOXHOCTb yBenu-
YeHWs pacTBOPMMOCTU CybCTaHLMKN B BOAHBLIX Ccpefax 3a CHET obpa3oBaHuns xnopruapara unu HaTpreson Conu.
O6cyxpeHue. CoegnHerune | 2HCI*H-His-Rim nposiBnsno HekoTopki addekT nogaBneHns pennukauum Bupyca
SARS-CoV-2 npu BupycHown Harpyske 100 fo3 u koHUeHTpauun 31,2 mkr/mn. Hanbonee ovyeBuaHbIM OOBSCHEHW-
€M NPOTUBOBUPYCHOIO AENCTBUS coeauHeHns | Ha yrHeTeHne pennukauumn SARS-CoV-2 B akcnepumeHTe in vitro
MOTyT SBNATbCSA CrlaboOCHOBHLIE CBOWCTBA, KOTOPbIE NPOSIBMSIET 3TO COeAMHEHNE.

3akntouyeHue. peacraBneHHble CUHTETUYECKME COEQUHEHUS MPOSIBUNM YMEPEHHYH NMPOTUBOBUPYCHYIO aKTUB-
HOCTb B OTHOLLEHMMN BapuaHTa kopoHaBupyca SARS-CoV-2. MNMonyyeHHble coeguHeHns MOryT ObITb MCMNOMb30BaHbI
B KayecTBe MOAEMbHbIX CTPYKTYp AN CO34aHUsA HOBOrO npenapara npsiMoro AenCTBUS NMPOTUB COBPEMEHHbIX
LUITaMMOB KOPOHaBUPYCOB.

KnioueBble croBa: rpou3eodHbie adamMaHmaHa;, aMuHOKUCioma 2ucmuduH; MpomueosupycHasl akmueHOCMb;
SARS-CoV-2; knacmepHble aHUOHbI 6opa

Onsa umtupoBanusn: lNapaes T.M., pebeHHukoBa T.B., Asgeesa B.B., llebenesa B.B., Jlapnyes B.®. NpoTtneoBK-
pyCHble CBONCTBA CUHTETUYECKUX MPOU3BOAHbBIX MMCTUAMHA, CoaepXKallnx B CBOEN MONeKyne MeMbpaHoTponHbIe
06bEMHbIEe Kapbouuknbl, B 0THoweHun Bupyca SARS-CoV-2 in vitro. Bonpocsi supyconoauu. 2023; 68(1): 18-25.
DOI: https://doi.org/10.36233/0507-4088-147

Ons koppecnoHaeHuuu: Mapaes Tumyp MaHcypoBuY, kaHA. 6ron. Hayk, BeAyLUMIA Hay4YHbI COTPYAHWK nabopa-
TOPUN MOMEKYNAPHOW AMarHOCTMKM, HaumoHanbHbIN nccnenoBaTenbCKuii LEeHTP aNMaeMmMonorum 1 MMkpobnono-
rMnM UMeHM No4YETHoro akagemuka H.®. Mamaneun, 123098, Mockea, Poccusi. E-mail: tmgaraev@gmail.com

YuacTtue aBTOpoOB: Mapaes T.M. — nges Mcnonb3oBaHWA NPOM3BOAHBIX KMACTEPOB aHWOHA Gopa ¢ aMUHOKWUCNOTHBIMU
ocTaTkaMu B Ka4yecTBe MPOTMBOBUPYCHbIX CPEACTB, MOMEKYNSPHbIA An3aiH CTPYKTypbl Byayliero uHrnbmutopa, aHanma
W npefckasaHvne CBOWCTB MOMeKyn kapbouuknoB 1M GOPHOro knacrepa, 3aMeLleHHbIX aMUHOKUCNOTHBIMK OcTaTkamu,
MEeToA4aMM MOMEKYNAPHOro MOAENUPOoBaHus in Silico, CMHTE3 COeAMHEHUIN OocTaTKa rMCTMAMHA C KapOouMKIMYecKMMm
dparmeHTamu, BBEAEHNE TMCTUAMHOBOIO oparmMeHTa B BOPHbIV KnacTep 3a CYET NPOBEeAEHUS peakuun C 3aMeLLeHHbIM
npoussoaHbiM [2-B, H,OC,H,COOHJ*-, HanucaHne TekcTa ctatby; MpebeHHukosa T.B. — obuiee pykoBoACTBO M paspa-
60Tka KOHLIeNLumn NCCneaoBaHns HOBOMO Knacca COeANHEHWI, NOCTaHOBKa 3aA4a4u U KOHTPOIb Hag BbINOTHEHWEM JKCTe-
pYMeHTa, CornacoBaHne yCcrnoBuii NOCTaHOBKM 3KCNepUMeEHTa 1 aHanu3 pe3ynsraTtoB; ABgeesa B.B. — cuHTes ncexogHbix
conew Aekarnapo-Kino3o-gekabopaTtHoro aHnoHa, NpoBeaeHe MHOrocTaAunHoN yHKLMoHan3aummn 6opHoro knacrepa:
BBE[EHME B KrnacTep OKCOHMEBOro 3amectutens ¢ obpasosaHuem [B, H,OC,H ", ero HykneodunbHoe packpbitue, rv-
APOnun3 nomny4eHHoro samelleHHoro nponssogHoro [B, H,OC,H,CNJ*" c obpasoBaHnem k/1030-aekabopaTHOro aHnoHa ¢
COOH rpynnoi [B, H,0C,H,COOHI*, peaaktuposaHue TekcTa CTaTby, NEPeBof Ha aHruiicknin asbik; Nlebenesa B.B. —
KOHTPOIb 3a BbINOIHEHNEM 3KCNEePUMEHTa, CormacoBaHWe YCNoBMiA NOCTAHOBKW U Pe3yNnbTaToB 3KCNEepUMEHTa No CUHTE3Y
LieneBoro CoefiMHeHs1, onpeaeneHne cTpaTternm NpoBeAEHNUs IKCNepUMeEHTa in vitro, aHanna peaynsTaToB aKCNepUMEHTa,

penakTUpoBaHwue TekcTa cTaTbm; Jlapuues B.®. — pazpaboTka KOHLEeNUMM 1 NpoBeaeHWe 3KCNepUMeHTa in Vitro: nsyyeHve

19


mailto:tmgaraev@gmail.com

PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2023; 68(1)
DOI: https://doi.org/10.36233/0507-4088-147

ORIGINAL RESEARCHES

crneundunyeckon akTMBHOCTN NPON3BOAHBIX B OTHOLLEHUW NaHAEMUYECKOro LWTaMMma KOpOHaBupyca SARS-CoV-2 Ha kneT-

Kax KynsTypbl TkaHu Vero E6.

®duHaHcupoBaHue. VccneaoBaHve BbINOMHEHO 3a CYET rocyAapCTBEHHOro GrogxeTa.
KoHdnuKkT nHTepecoB. ABTOpPbI 3asiBMSIOT 06 OTCYTCTBMM NOTEHLMATBbHBLIX KOH(PIIMKTOB NHTEPECOB.

Moctynuna 02.11.2022
MpuHaTa B nevats 13.12.2022
Ony6nukoeaHa 30.01.2023

Introduction

Coronaviruses are zooanthroponotic viruses capable
of infecting humans and animals. Modern strains of
coronaviruses (CoVs) are capable of causing severe and
fatal illness in humans. The emergence of Severe Acute
Respiratory Syndrome (SARS) in 2002 and Middle East
Respiratory Syndrome (MERS) in 2012 highlighted the
ability of CoVs to cause fatal diseases in humans [1-4].

During the current COVID-19 pandemic [5, 6] caused
by the novel coronavirus SARS-CoV-2, containment
measures and vaccination have slowed the spread of the
infection, but have not been able to completely prevent
the disease among healthcare workers, patients and the
entire population of the planet.

In connection with the outbreak of new infectious
diseases caused by various pathogenic viruses and the
development of resistance to classical antiviral drugs,
pharmaceutical companies and numerous research
groups are looking for new antiviral agents with unique
chemical and physical properties [7, 8]. To date, there
is no approved therapeutic agent against any human
coronavirus, but a number of antiviral compounds under
investigation are currently undergoing clinical trials [9-
14]. Creating new antiviral drugs against COVID-19 is
challenging and requires significant time and effort to
develop and validate.

Currently, a number of low molecular weight
compounds are being developed as potential inhibitors of
CoVsreplication aimed at various stages of the replication
cycle [15]. Some compounds, in particular inhibitors of
the main CoVs protease, are currently undergoing the
final stages of clinical trials and are awaiting approval
from the pharmaceutical committee. This class of
compounds are peptidomimetics capable of inhibiting the
enzyme 3-chymotrypsin-like protease (3CLpro). 3CLpro
cleaves the precursor peptide at 11 sites into individual
viral proteins of the new CoVs virion [16]. Another class
of antiviral compounds is represented by nucleoside
analogues that mimic naturally occurring nucleosides to
suppress viral RNA-dependent DNA polymerase [17].

An alternative protein target can be small viral proteins
capable of forming pores in cell membranes and virus
envelopes, viroporins. Viroporin inhibitors can form a
new class of antiviral drugs that can act as an independent
drug, as in the case of Remantadine against influenza A
virus, and possibly as part of complex therapy. SARS-
CoV-2 E proteins have a polypeptide length of 76 amino
acids and have one oa-helical transmembrane domain
[18, 19]. Proteins E are capable of forming pentameric
structures with the function of ionic conduction [20].
Protein E from CoV appears to be the most likely target

20

for inhibitor molecules based on adamantyl amino acids.
The adamantane carbocyclic cage as a lipophilic agent
in this case plays the role of a carrier for an amino acid
residue or another physiologically important compound.
The adamantane cage is a highly hydrophilic residue,
therefore, in some cases, it can be replaced by other
carbocycles, such as norbornene or cyclohexane [21].

We have previously shown that dichloride L-histidyl-
aminoethyladamantane (2HCI*H-His-Rim) exhibits
an antiviral effect against influenza A virus strains
resistant to Amantadine and Remantadine. Moreover,
this compound was an inhibitor of the function of the
M2 ion channel of the influenza A virus [22]. Viroporin
M2 is vital for the influenza A virus to infect the cell.
This is an ion channel built into the viral envelope
that selectively conducts hydrogen ions through itself
from the cell into the virus. The virus enters the host
cell enclosed in endosomes (membrane structures) as a
kind of bubbles. At a certain value of the acidity of the
environment, the M2 protein is activated and begins to
pump hydrogen ions, lowering the pH inside the viral
particle and thereby causing its disintegration to release
the genetic material of the virus into the cytoplasm of
the host cell.

The influenza A virus M2 protein and the CoV E protein
have a similar secondary structure, a comparable amino
acid sequence length, and also play an important role
in the virus assembly step. This suggests that these two
viroporins should be sensitive to homologous synthetic
compounds. Thus, there are all prerequisites for achieving
the effect of suppressing the function of the channel
formed by the E protein of the coronavirus, carbocyclic
derivatives of the histidine amino acid residue.

The aim of the study is to identify the antiviral properties
of histidine derivatives with cage substituents in relation
to the pandemic strain of SARS-CoV-2 coronavirus in
vitro.

Materials and methods

Synthetic compounds

The compounds under consideration were obtained
by the methods of organic and peptide synthesis
described by us earlier [21, 23, 24]. Fig. 1 shows the
structures of compounds that exhibited antiviral activity
against modern strains of influenza A virus. L-histidyl-
aminoethyladamanantane dihydrochloride (compound
I, 2HCI*H-His-Rem) [25]; a derivative of the closo-
decaborate anion with a histidine methyl ester residue as
a pendant substituent, separated from the boron cluster
by a spacer -O(CH,),CO- (compound II, Na[B H,-
O(CH,),CO-His-OMe]) [26, 27]; histidyl-dicyclohexyl
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Fig. 1. Synthetic compounds of histidine residue with bulky cage substituents.
Puc. 1. CuaTeTHYECKHE COCIMHEHHUS OCTaTKa TUCTUANHA ¢ 00BEMHBIMU KapKAaCHBIMU 3aMECTHTEISIMH.

amide dihydrochloride (compound III, 2HCI*H-His-
DCHA); histidyl-3-hydroxy-aminoethyladamantane
dihydrochloride (compound IV, 2HCI*H-His-HyRim).
Compounds III and IV are new, but were obtained in a
manner similar to that of compound I.

Virus

The studies used a strain of human coronavirus
SARS-CoV-2, passage 4, with an infectious activity
of 106 TCID50/ml for Vero E6 cells deposited and the
State Collection of Viruses of the Russian Federation
of the Federal State Budgetary Institution ‘“National
Research Center for Epidemiology and Microbiology
named after N.F. Gamaleya” of the Ministry of Health of
Russian Federation under the number No. 1301/2 GKV.

GISAID: 421275 EPI ISL

Russia/Moscow PMVL-1/2020 GISAID Clade GR

Clade 20B

The SARS-CoV-2 virus was passaged and titrated
on a Vero E6 monolayer culture. Infectious titer was
determined by the standard titration method and
calculated according to the method of Reed and Mench.
The culture fluid lysate was poured into aliquots and kept
at —70 = 10 °C until the study.

Cell culture

In the experimental work, we used a continuous cell
line of African green monkey (Chlorocebus aethiops)
kidney cells Vero E6 of the All-Russian Collection of
Cell Cultures at the Federal State Budgetary Institution
“National Research Center for Epidemiology and
Microbiology named after N.F. Gamaleya” of the Ministry
of Health of Russian Federation.

Cell cultivation was carried out on DMEM medium.
Vero E6 cells were placed at 12,000 cells/well in 96-well
culture flat-bottomed plates in a volume of 100 pl of
freshly prepared DMEM medium. Cultivated for 24 hours
at a temperature of 37 °C in an atmosphere of 5% CO,.

Evaluation of the cytotoxic effect of compounds

An experiment to evaluate the cytotoxic effect on cell
culture was carried out in the range of 12 concentrations
of the drug from 2500.0 to 0.5 pg/ml in steps of two
by triturating the initial concentration in the wells of
a 96-well plate. After cells were incubated with drugs
for 96 h at 37 °C in an atmosphere of 5% CO,, the
state of the cell monolayer was visually assessed by
comparing it with cell control (without compounds)
according to a four-cross scheme, where four crosses
correspond to 100% cell death, two crosses correspond
to 50% cytotoxic concentration (CC,)). Thus, based on
the comparison of the state of the cell monolayer without
preparations with cells containing the compounds at the
appropriate concentration, the cytotoxic effect of the
compounds on the cell monolayer was determined.

Evaluation of the antiviral activity of compounds

The assessment of viral production by cytopathic
effect (CPE) was carried out on the basis of cell viability
analysis using microscopy in order to visually determine
the boundaries of viral cell damage, as well as to control
the toxicity of substance doses.

An experiment to assess cell viability in the test for
antiviral efficacy was carried out in the concentration
range of the drug 2500.0 to 0.5 pg/ml by titrating the
initial concentration in the wells of a 96-well plate. The
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antiviral activity of the compounds was assessed visually
under a microscope 96 h after infection by inhibition of
the CPE of the virus in a Vero E6 cell culture.

Results

Compound I showed a stable effect of suppressing
the replication of the SARS-CoV-2 virus at a very nar-
row range of non-toxic concentrations of 75.0-30.0—ug/
ml and a viral load of 100 doses. The 50% cytotoxic
dose was about 70 pg/ml, the concentration to achieve
a stable antiviral effect was about 31 pg/ml (Table). To
reduce toxicity and improve the antiviral properties of
compound I, the adamantane carbocycle was replaced
by two cyclohexane residues in the form of dicyclo-
hexylamine (2HCI*H-His-DCHA, compound III). The
toxicity of compound I, indeed, was reduced several
times, CC,, was 312 pug/ml. However, the antiviral ac-
tivity of compound III is significantly lower than for
compound I and is about 156 pg/ml. At the same time,
the antiviral effect of the compound was observed only
at the border between toxic and non-toxic concentrations.
When the concentration was lowered below 156 pg/ml,
the antiviral effect of compound III disappeared. More-
over, it should be noted that the solubility of compound
III deteriorated compared to completely water-soluble
compound I. To dissolve compound III, a composition
of 10% acetonitrile, 30% of 4% PEG 1150 solution in
water, and 60% DMEM medium was used. Another way
to increase the affinity of a substance for the target protein
to form additional hydrogen bonds with the amino acid
residues of the inner pore of the protein E channel was to
add a hydroxyl group to the para position in the adaman-
tane carbocycle (compound IV).

The antiviral properties of compound IV, like com-
pound III, were manifested at higher concentrations com-
pared to compound I. Moreover, compound IV was much
less soluble in the aqueous medium than compound I.
This modification did not lead to an improvement in the
antiviral properties of compound I. At high active con-

Table. Biological properties of histidine derivatives with cage
substituents

Ta6anua. Buosiornueckne cBOMCTBA COeTMHEHHI THCTHANHA
€ KApPKaCHBbIMH 3aMeCTHTeJsIMH

CCsn’ ICso’
Ne Compound mkg/ml | mkg/ml SI
- Coenunenue CC,,, IC,,,
MKI/MJI | MKD/MJT
1 Compound I 78,1 31,2 2,5

Coenunenue 1
2HCI*H-His-Rem

2 Compound I1 19,5 9,8 2
Coenunenune 11
Na,[B, H,-O(CH,),CO-His-OMe]

3 Compound IIT 312,5 156,3 2
Coennnenue 111
2HCI*H-His-DCHA,
4 Compound IV 312,5 156,3 2

Coenunenue [V
2HCI*H-His-HyRim
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centration of the compound, there are no prospects for
obtaining a high chemotherapeutic index (at least in in
vitro experiments), which is an important factor for a
candidate compound. From previous studies comparing
the histidine compound with a boron cluster anion (com-
pound II) and compound I in relation to influenza A virus,
it was shown that compound II was slightly superior in
antiviral properties to compound I [23], the 50% inhibito-
ry dose was 3.2 pg/ml versus 7.5 pg/ml for compound I.
It is important that compound II has a high aqueous sol-
ubility, like compound I, since it is a disodium salt. Tests
of the antiviral properties of compound II against SARS-
CoV-2 showed their presence in the concentration range
0f 19.5-4.9 pg/ml.

Discussion

Compound I 2HCI*H-His-Rem showed an antivi-
ral effect against influenza A virus strains resistant to
Amantadine and Remantadine. This compound was an
inhibitor of the function of the M2 ion channel of the in-
fluenza A virus [22]. There were some prerequisites that
it would be possible to achieve the effect of suppressing
the function of the channel formed by the E protein of
the coronavirus. Protein E is poorly represented on the
surface of the virion, but it is present in large quantities
in infected cells. Protein E is mainly distributed in in-
tracellular membranes between the endoplasmic reticu-
lum (ER) and the cisterns of the Golgi complex. In these
places, it is involved in the assembly of the virus and
intracellular transport. Compound I showed some effect
of suppressing SARS-CoV-2 virus replication at a viral
load of 100 doses and a concentration of 31.2 pg/ml.
J.S. Kim et al. [28] in their in silico studies with the
well-known ion channel blocker amantadine (1-amino-
adamantane) hypothesized that amantadine blocks the
SARS-CoV-2 ion channel, preventing the release of the
viral nucleus into the cell cytoplasm. The BIO-HPC
Achilles Blind Docking Server online service was used
to perform molecular computer simulation of the dock-
ing of compound I and the crystallographic structure of
the protein channel E. This tool performs an exhaustive
series of docking calculations over the entire surface of
a protein to find sites with the best affinity for the tar-
get protein. After calculating the similarity, this service
groups the results according to the spatial overlap of the
received positions. The structural model of the ligand
(drug) was generated in HyperChem 8.0.8 software (Hy-
percube). Molecular modeling of the docking of the pro-
tein and ligand surfaces on the model of the transmem-
brane region of viroporin E (PBD: 5X29) resulted in a
positive solution, namely, the detection of compound I
at the channel constriction site surrounded by Phe26 and
Ala22 residues (Fig. 2). Compound I sterically blocks
the channel pore, which is composed of five subunits of
protein E, forming a non-covalent interaction with the
conjugation ring of phenyl radicals from Phe26 residues.
The inhibitor compound is also found between the heli-
ces of individual strands. Figure 2 shows five positions
of the molecules of compound I in the intercoil space,
and these solutions are not equivalent for each strand.
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Fig. 2. Complex of compound I with the transmembrane domain of the E protein pentamer (viroporin) of the SARS-CoV-2 coronavirus
(PDB: 5x29). Top and side views are shown. The figure shows the positions of the ligand in the channel pore and in the intercoil space of
individual subunits. The conjugation of phenyl rings from the Phe26 residues of each chain is shown, which closes and opens the channel for
directed transport of monovalent ions.

Puc. 2. Kommiekce coenunenus | ¢ TpaHcMeMOpaHHBIM ToMeHOM neHTaMepa 6enka E (Buponopunom) koponaeupyca SARS-CoV-2 (PDB:
5%29). IlpencraBineHs! BUABI CBEPXY U COOKY, TOKa3aHbI ITOJIOKEHUS JINTAH A B ITOpe KaHalla ¥ MEKCITMPAIBHOM IIPOCTPAHCTBE OTACIBHBIX
cyObeiMHuUIL, conpshkeHne GeHMITBHBIX KoJel] OT 0cTaTkoB Phe26 kax0ii 1iery, KOTOpoe 3aKphIBAaeT U OTKPHIBACT KaHAJI ISl HAIIPABIEHHOTO
TPAHCIIOPTa OJJHOBAJICHTHBIX HOHOB.

Another explanation for the antiviral effect of com-
pound I on the inhibition of SARS-CoV-2 replication in
an in vitro experiment may be the weakly basic properties
that compound I exhibits. It is known that an increase
in the pH of the endosomal content prevents the unpack-
ing of viral particles. The open amino group and the im-
idazole group act as a weak base, while the carbocycle
is able to migrate across membranes as a hydrophobic
agent. In this case, the mechanism of action of compound
I is rather similar to the action of the drug hydroxychlo-
roquine sulfate, which was used to treat patients in the
first months of the COVID-19 pandemic [29]. It is im-
portant to note that as a result of molecular modeling for
compound III on the same viroporin E model, a positive
solution was obtained, namely, the detection of the mol-
ecule at the constriction site of the pumping mechanism
(Phe26). However, the experiments carried out in vitro
for compounds I and III do not confirm the equivalent
effect of these compounds on virus replication. Most like-
ly, the antiviral effect is achieved only due to the weakly
basic properties of the histidine residue and, therefore, is
manifested only in high concentrations of compounds in
the well of the plate.

The cytotoxic effect of compound II was higher than
for compound I; on the other hand, the effective concen-
tration was lower. Complete suppression of CPE of the
virus by compound II was observed at a concentration
of 9.8 ug/ml versus 31.2 ug/ml for compound I. The
mechanism of action of compound II has not been es-
tablished. It can be assumed that the detected antiviral
properties of compound II are probably associated with
the steric features of the molecule, which make it possible
to block the function of viroporin. SARS-CoV viroporin
E is known to have ion channel activity for monovalent
cations with a 10-fold preference for sodium ions com-

pared to potassium ions [30]. Being inside the pore of the
channel, the anion of compound II has the ability to cap-
ture positively charged ions into the coordination sphere,
which disrupts the function of viroporin aimed at creat-
ing favorable homeostasis, maturation, and intracellular
transport of viral proteins.

Conclusions

The presented synthetic compounds showed moderate
antiviral activity against the SARS-CoV-2 variant of
the coronavirus. The resulting compounds can be used
as model structures for creating a new direct-acting
drug against modern coronavirus strains. Protein E
of the coronavirus appears to be the most likely target
for inhibitor molecules based on adamantyl amino
acids. Potentially, these results can be applied to other
viroporins of RNA viruses, such as Vpu from human
immunodeficiency virus type 1, p7 from hepatitis C virus,
ES5 from human papillomavirus and bovine diarrhea virus
(BVDYV), NSP-4 from rotavirus and other viruses. ion
channels.
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AKTUBHOCTb UHTepdepoHa raMmMa 4yenoBe4yecKkoro
peKoMOUHaHTHOrO in vitro B oTHoweHun Bupyca SARS-CoV-2
Hukonaea KO.B.", ManoykuHa A.B.!, LUtpo A.A.", BepHc C.A.2
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BBepneHue. Pa3paboTka nekapcTBeHHbIx npenapatoB npotne SARS-CoV-2 no-npexHemy nMeeT peluatoLee 3Ha-
YeHne ANs CHMxXeHus 3abonesaemMocT 1 CMEPTHOCTY.

Llenb HacTosiLLero nccneaoBaHns — U3yyeHue HenTpanusaumm supyca SARS-CoV-2 npenapatamu nHtepdepoHa
ramma in vitro.

MaTepuanbl u metoabl. ViccnegoBaHa akTMBHOCTb PEKOMOMHAHTHOMO MHTEpepoHa raMma 4ernoBeveckoro Ans
BHYTPUMBbILLEYHOIO U nogkoxkHoro BeegeHus 500 000 ME v ansa nHtpaHasansHoro BeegeHunst 100 000 ME B oT-
HoweHumn Bupyca SARS-CoV-2 in vitro. MeTogonormyecknin Nogxo4 4aHHOrO UCCNeAoBaHMSA OCHOBaH Ha siBNeHUn
CHWXeHWs KonnyecTBa obpa3oBaHHbIX BrsLek nod AencTBreM NoTeHLUManbHOro NpoTUBOBUPYCHOIO Npenapara.
PesynkTaTthbl. BeisiBneHa npoTMBOBMPYCHAast akTUBHOCTb PEKOMOMHAHTHOIO MHTEpdepoHa raMma Kak npy npodu-
NaKTU4eCcKon, Tak U TepaneBTUYECKON CxemMe NpUMeHeHus. HaumeHbluee konmyecTBo BnsLlek Habnoganock npu
nNpoMNakTUYECKon Cxeme BHECEHMS TecTupyemoro obbekTa B koHueHTpauusx 1000 n 333 ME/mn. MNonymakcu-
ManbHas agpdekTBHasa koHueHTpauma (EC, ) npy npodmnaktmyeckomn cxeme coctasuna 24 ME/mn.
O6cyxpaeHue. MNMpodunakTmyeckas cxema NpUMEHEHUst TECTUPYEMOro 06bekTa okasanacbh 6onee aeKTUBHOWN,
YeM TepaneBTU4ecKas, YTo, BEPOATHO, OBBACHSAETCA 3anyCKOM 3KCMPECCUMN PasfnYHbIX MHTEPdEepOH-CTUMYNUPY-
€eMbIX reHOB, BO34ENCTBYOLMX B OOMbLUEN CTENEHN HA 3Tan BXoAa BUPYCa B KMNETKY 1 €ro penpoayKuuio.
3akntoyeHue. [lansHeliee nsyvyeHve BNUSHUA nNpenapaToB Ha OCHOBE PeKOMBWHAHTHOrO MHTepdepoHa ramma
Ha penpogykuuto Bupyca SARS-CoV-2 ¢ Lenbio KNMMHUYECKOro NPUMEHEHMUS AN NPOUNaKTUKN U NeYeHUs ABNs-
€TCA KparHe akTyarbHbIM.

KntoueBble cnoBa: uHmepgepoH camma; COVID-19; kopoHasupycHas uHebekyusi; supyc SARS-CoV-2; in vitro;
npoghunakmuyeckasi cxema, mepariesmuyeckas cxema
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In vitro activity of human recombinant interferon gamma against

SARS-CoV-2 virus
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St. Petersburg, Russia;

2National Medical Research Center for Therapy and Preventive Medicine of the Ministry of Health of the Russian
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Introduction. The development of drugs against SARS-CoV-2 continues to be crucial for reducing the spread of
infection and associated mortality.

The aim of the work is to study the neutralization of the SARS-CoV-2 virus with interferon gamma preparations in
vitro.

Materials and methods. The activity of recombinant human interferon gamma for intramuscular and subcutaneous
administration of 500,000 |U and for intranasal administration of 100,000 U against the SARS-CoV-2 virus in vitro
was studied. The methodological approach of this study is based on the phenomenon of a decrease in the number
of plaques formed under the action of a potential antiviral drug.

Results. The antiviral activity of recombinant interferon gamma has been experimentally confirmed, both in
preventive and therapeutic application schemes. The smallest number of plagques was observed with the preventive
scheme of application of the tested object at concentrations of 1000 and 333 IU/ml. The semi-maximal effective
concentration (EC) with the prophylactic regimen was 24 [U/ml.

Discussion. The preventive scheme of application of the tested object turned out to be more effective than
therapeutic one, which is probably explained by the launch of the expression of various interferon-stimulated genes
that affect to a greater extent the steps of virus entry into the cell and its reproduction.

Conclusion. Further study of the effect of drugs based on recombinant interferon gamma on the reproduction of
the SARS-CoV-2 virus for clinical use for prevention and treatment is highly relevant.

Keywords: interferon gamma; COVID-19; coronavirus infection; SARS-CoV-2 virus; in vitro, preventive scheme;
therapeutic scheme
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BBenenune

PacnipocTpanenne HOBOH KOpPOHAaBHPYCHOW WH(DEK-
uuu (COVID-19), mocturiiee, COrIacHO OMpPEACICHUIO
BcemupHoli opraHuzanuy 3ApaBOOXpPAaHEHUS, YPOBHS
MaH/IEMHH, BOIITO B UCTOPHIO KaK Ype3BbIYaiiHAs CUTYa-
LIMS] MUPOBOTO MaciuTaba 1 MpUBIEKIIO K ce0e BHUMaHUE
CHEIMATUCTOB 3APAaBOOXPAHECHUS U HACEJICHUS BO BCEX
crpanax [1, 2].

[Touck HOBBIX JIEKAPCTBEHHBIX CPEICTB IS TPOBE-
JIEHUsl TEpauyu HOBOTO 3a00JIeBaHUS SIBISICTCS TOITUM
1 JIOPOTOCTOAIIUM MPOIECCOM C BHICOKOM YaCTOTOM BBbI-
OBIBaHUS NMOTEHIMANBHBIX NpenapaTtoB [3—5]. [Toatomy
B TEKyIlleHd CUTyalllH, KOT/a MO0 OObEKTUBHBIM MPUYU-
HaM MPaKTHYCCKU HET BO3MOXKHOCTH 32 KOPOTKOE BPEeMsI
paszpaborats 3h(OEeKTHUBHBI B 0€30MMaCHBIN ITHOTPOII-
HBII TPOTHUBOBUPYCHBIH Mpenapar, MUIIEHbIO KOTOPOTO
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SIBIISUTHCH ObI KOMITOHEHTHI aKTYyaJIbHOTO IITAMMa BHPY-
ca SARS-CoV-2, HeoOXonuMo UCIIONIB30BaTh IIpemapa-
ThbI, BO3ACHCTBYIONIME HA KJIETOUYHBIE MUIIEHH M OIO-
CpPEeIOBaHHO, Yepe3 BHYTPUKIETOYHBbIE 3(P(PeKTOpHBIE
MOJIEKYJIBI BPOXKICHHOTO MMMYHHUTETA, HHTHONPYTOIIne
pa3ianyHbIEe 3Tanbl KU3HEHHOTO IMKJIAa BHpYyCa, 3allH-
HIEHHBIE OT Pa3BUTHsSI BUPYCHOH YCTOMUMBOCTU M YK€
MHOTOKPAaTHO JO0Ka3aBIIHE CBOIO 0E30MacHOCTh U 3(-
(heKTHUBHOCTH Ha IITaMMaX OCTPHIX PECIUPATOPHBIX BU-
pycubix nndekuii (OPBU), B ToM yncie Ha mTaMmax
KOpPOHaBUPYCOB [6].

Oco6oe BHUMaHNe JOKHO OBITh YaeleHO HHTephepo-
HaM (IFN) u ux unnykropam [7, 8]. [lokazano, uto aru-
NUYHAas MHeBMOHUS, BeI3BaHHast SARS-CoV-2, cocoOHa
Hapymats IFN-onocpenoBaHHbIH CUTHANBHBIN Ty Th [9].

Ha ceroassiiinuii neHb, 1O AAHHBIM BCEMUPHOIO pee-
crpa kimHIIeckux uccienosanuii ClinicalTrials.gov, 3a-
perucTpupoBaHo 357 KIMHUYECKUX MCCIEIOBaHUM, IIPO-
BonuMbIX B CIIIA u npyrux ctpaHax npu rocylapcTBEH-
HOHM M 4acCTHOW MOJAEpIKKe, M0 u3ydyeHuto BiusHus [FN
Ha 3aboneBaemocTh u TeueHne nHpekunu COVID-19,
BbI3BaHHOM SARS-CoV-2 [10], mpruém Gosiee MoTOBHHBI
W3 HUX TOCBAIICHBI IPUMEHEHUIO NPU JaHHONH HO30J10-
T'MH 9K30T€HHBIX PeKOMOMHAHTHBIX JIEKAPCTBEHHBIX Ipe-
naparoB Ha ocHoBe IFN. Takum oOpa3oM, HHTEpeC K ITOH
rpyrmne ¢papMaKoJIOTHYeCKUX MPETapaToB B KOHTEKCTE HX
ucnonezoBanus npu COVID-19 e ocnabGeBaert, mosBis-
I0TCSL HOBBIE JJOKA3aTeNbCTBA BO3MOXKHOCTH UCIONb30Ba-
aus IFN, B Tom uncne IFN ramma (IFN-y) mans monmas-
neHus penpoaykiuu Bupyca SARS-CoV-2 u nedenus
COVID-19 [11-13].

IFN-y, ABISSICHh BaKHEWIIMM PETYISATOPHBIM OEIKOM
MMMYHHOH CHCTEMBI, B aKTUBHOHN (hOpMe MpPEACTaBISET
co0oll TOMOAMMEp C aHTUMAPAIUIETIbHON OpHEHTaIHeH
cyobenuant [14]. YV genoseka ren [FN-y HaxoauTes Ha
xpomocome 12q15 [15]. O6GbIYHO B OpraHu3Me 4enoBe-
Ka MPOAYIHUPYETCsS aKTUBUPOBAHHBIMU T-ITUMQOIUTaAMU
Y HaTypaJbHBIMU KHIIJIEPaMH.

OmvH U3 OCHOBHBIX MEXaHU3MOB aKTHBAIIUM BHYTPH-
KJIETOYHOT'O MPOTHUBOBUPYCHOTO HMMMYHHUTETa MOX HEH-
ctBueM IFN-y cBszan ¢ curHanbHbiM 1yTéM JAK-STAT
(Janus Kinases — Signal Transducer and Activator of
Transcription), KOTOpBIH, HapsAy C aKTHBAIMEH BHYTPH-
KJIETOYHOTO IIPOTHBOBUPYCHOTO HIMMYHHTETA, PETryIupyeT
neiicTBue MHOXKECTBAa HUTOKUHOB, IFN, ¢akropoB pocra
[16]. He cBszanHbIif ¢ uranaom, perentop [FN-y cocto-
UT U3 IBYX CyOBETUHUII, TPEACTABIIIONINX COO0i Heacco-
nuMpoBaHHbIe ApyT ¢ Apyrom nernu — IFNGR1 (Interferon
Gamma Receptor) u IFNGR2, koTtopbie uepe3 cBou BHY-
TPUKJIETOYHBIE JOMEHBI KOHCTUTYTHBHO CBSI3aHBI CO CBOH-
MU HEaKTHBHPOBAHHBIMHU SAHYC-TUPO3UHKHHA3aMH — JAK 1
u JAK2 coorBerctBeHHO [16]. Ilpu B3ammopeiicTBun
¢ IFN-y npoucxonut aumepuszanus ueneit [FNGRI, BbI-
3pIBalOIasl 0Opa30BaHHE IIOJHOTO PELENTOPHOIO KOM-
miekca [FNGR, B kotopom 1ienu IFNGR1 u IFNGR?2 ka-
KON U3 ABYX CyOBETMHHUI] TECHO aCCOLMHPOBAHBI IPYT
C IpyroM TakuM obpaszoM, 4uto ux kuHaszel JAK1 u JAK2
B3aUMOJICHCTBYIOT B MPOCTPAaHCTBE MEXKAY COOOH W ak-
TUBHPYIOT ApYT Apyra myTtéM QocdoprmmpoBanus. Ak-
TUBUpOBaHHBIE THpo3uHKuHa3el JAK1 dochopummpyror
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nenb IFNGR1 B kaxmoil CyObeOUHHUIIE PEIECHTOPHOTO
KOMITJIEKCa ¢ 00pa30BaHMEM JIBYX PSJIOM PACIOJIOKEHHBIX
yuacTkoB cBA3bIBaHMS STAT1 (CUrHaNBHBIX TPaHCIYKTO-
pOB W akTuBaTtopoB TpaHckpunimu) [17]. B pesynbrare
9TOTO K PEIENTOPHOMY KOMITIEKCY MPHUCOEIUHSIOTCS /1B
¢axropa STAT1, obpazyerca MX TOMOXUMEp, KOTOPHIH,
hochopunmpysich THpo3uHKHUHA30M JAK?2, oTcoemunser-
cs1 ot peuenropHoro komiuiekca IFNGR u tpancnonupy-
ercs B saapo kietku [16, 18]. Monexynst STAT1 B sape
cssbiBatoTcs ¢ [FN-y aktuBupyembim caiitom (GAS) mpo-
MoTOpHBIX oOnacteit [IFN-ctumymupyembix reHos [19, 20],
CTUMYIHPYSI X KCIIPECCHIO, HEOOXOAUMYIO ISl HHIMOHU-
pOBaHUs LKA PEMPOLYKIMHU BUpYCa.

Kpome npotusoBupycHoro aeiictsust, IFN-y Taxoke sBis-
€TCsl IMTOKIMHOM C TIPOTUBOBOCIAUTEIFHBIMA CBOMCTBA-
MU [21-23], OMOKUPYIONMM CHHTE3 TPaHC(HOPMHUPYIOIIETO
(haxtopa pocra 6era (TGF-f), oTBETCTBEHHOTO 3a pa3BUTHE
(pubpo3za NETKKX, 4TO SBIAETCS KpaiHe aKTyaJIbHbIM CBOM-
CTBOM IpH IIUTOKUHOBOM IITOPME U IbIXaTENbHON HEA0CTa-
touHocTH Berencteue napekmu COVID-19.

Takum oOpa3om, u3ydenue BiusHus npemnaparos IFN-y
Ha penpoaykiuto Bupyca SARS-CoV-2, BBI3bIBAIOIIETO
uapeknuto COVID-19, sBnseTcs kpaliHe aKTyaJIbHBIM.

B HacrosmeMm wuccnenoBaHWu OBIIO NPOBENEHO 3KC-
NEPUMEHTANbHOE H3yUYEHUE NMPOTHBOBUPYCHOU in vitro
AKTHUBHOCTH MPENapaTroB YeIOBEYECKOTO PEeKOMOWHAHT-
Horo IFN-y B otHomennu xoponaBupyca SARS-CoV-2.
JleficTByIOIIICE BEIIECTBO MPEICTABISICT COOOW PEKOM-
ounantHe [FN-y yenoBeka, cocrosumii n3 144 amMmuHO-
KHCJIOTHBIX OCTATKOB, JUIIEHHBIA NEPBBIX TPEX aMUHO-
KUCIOTHBIX ocTaTkoB Cys-Tyr-Cys, 3aMeHEHHBIX Ha Met
[17, 24]. Monexynspnas macca takoro IFN-y cocrasis-
et 16,9 x/la. OH nony4eH MUKpOOHOIOTHYECKUM CHHTE-
30M B peKOMOMHAHTHOM Itamme Escherichia coli n oun-
IICH KOJIOHOYHOU XpoMmarorpadueii. [IpoTuBoBHpYCHYIO
AKTUBHOCTH TECTHPYEMBIX OOBEKTOB UCCIEAOBAIU Iy TEM
OLICHKH BIIMSTHUS pa3BelleHHi MpenaparoB Ha HHTHOUPO-
BaHMe OJIAIIKOOOpa30BaHMs B MOHOCIIOE KIIETOK Vero To-
cie sapaxkenus Bupycom SARS-CoV-2 B noze 100 TCID,
(3x10 BOE) npu 1ByX pa3ivyYHbIX cXeMax MpPUMEHEHUS
00BEKTOB MCCIEOBAHNS — TPOPHUIAKTHIECKON (32 CYyTKH
10 3apaKeHMsI KJIETOK) U JieueOHO (depe3 2 4 mociie BHe-
CEHUSI BUpPYCa K KIIETKaM).

Leabi0 HACTOAIIETO WCCIECAOBAHMS SBISIIOCH H3yde-
Hue HelTpammu3auuu Bupyca SARS-CoV-2 npenaparamu
IFN-y in vitro.
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UMEIOIIe He0OXOIMMBIH OMBIT U JIOMYCK K paboTe ¢ BHU-
pycamu Il ximacca omacHOCTH B OOKCE OMONOTHUYECKON
6e3omacHocTH 3-ro Kjacca 3aliuThl B ycioBusx BSL-3
Ha TEPPUTOPHU BHUPYCOJIOTMYECKOTO JIa0OpaTOPHOTO
xomiiekca PI'BHY  «MHCTUTYT 3KcniepuMEHTaIbHOU
MEIUIHUHBD. MaHUTYSIIAA ¢ OMOMaTepHaIoM BBIIIOJ-
HSUTMCh B COOTBETCTBUHU CO CTaHIAPTHBIMHU OIEpaIOH-
HeIMH Tiponienypamu (COII) nenpiTarenbHON TUTOMAIKH.
JlanHOE uCCIeOBaHUE PErTaMEHTHPOBAIOCH TpeOoBa-
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HUASIMH HOPMATHUBHBIX JTOKyMeHTOB Poccuiickoit dene-
pauuu 1 EBpa3zuiickoro 3KOHOMHUYECKOro coto3a [25-27],
yTBepkAEHHOTrO I1aHa uccnenosanus, COII u pabounmu
UHCTPYKIUSIMH.

Hccnedyemwtii npenapam. Jns npoBeieHUs MUIOTHO-
ro uccienosanus ucnons3osancs IFN-y demoeueckuit
PEKOMOMHAHTHBIN, JHOMUIN3AT AN TPUTOTOBJIICHUS
pacTBopa I BHYTPUMBIIICTHOTO U MTOKOKHOTO BBEIC-
mus 500 000 ME. Iloxydennsle B X0oae MHUIOTHOTO HC-
CJIC/IOBaHUs JTaHHBIE OBUIM HCIIOJBb30BaHBI IS BhIOOpa
koHmeHTpamuii [FN-y denoBedeckoro pekoMOMHAHTHOTO
IUTSE OCHOBHOTO SKCIIEPUMEHTA.

MexyHapoJHOE HENaTeHTOBAaHHOE HaUMEHOBAaHUE:
IFN-y uenoBeueckuil peKOMOWHAHTHBIH.

dapMakoTepaneBTHUYECKAsl TPyHIa: UMMYHOMOIYJIH-
pyroliee CpeacTBo.

JlexapctBeHHas opma: THOGUIN3AT IS IPUTOTOBIIE-
HUS pacTBOpA JJI HHTPaHAa3aIbHOTO BBEICHUS BO (IIAKO-
Hax 1mo 100 000 ME Ha 1 ¢makoH.

Cocras Ha 1 Mi1: deticmsyrowee geugecmeo — IFN-y ge-
noBeueckuit pekomO6uHaHTHEIN — 100 000 EJL; 6cnomoca-
menvbHoe seuecmeo — MaHHUT 14,5 Mr.

Hccneoyemvie konyenmpayuu. KonmeHtparm (pa3sese-
HUS) 00BEKTa UCCIIeIOBAHMS IPH POGHUITAKTHIECKOM cXeMe
npuMeHenns coctapistm 1000, 333, 111, 37 u 12,3 ME/mu,
ampu stede6nOM cxeme — 10 000, 3330, 1110, 370 m 123 ME/
M1 JIaHHBIE KOHIIEHTpALUU TECTUPYEMOTO 0ObEKTa HOITy-
Yyajau B XOHE IOCIIENOBATENbHBIX TPEXKPATHBIX pa3Bele-
HUIA pacTBOpoB ¢ KoHmeHTpammsamu 10 000 ME/mn (pas-
BefleHHE 1-Jed, MCHONIB30BAaHHOTO TIPH JieueOHOHM cxeme)
u 1000 ME/Mn (pa3BeneHue 1-mp, MCHONB30BAaHHOTO TPH
IPOQHIITAKTHYECKON CXeMe ), HaurHas ¢ pa3BeneHus 1 : 3 (paz-
BezeHue 2) no passenenus 1 : 81 (pa3BemeHue 5) Ha muTa-
tenpHOM cpene DMEM ¢ L-rimyramuHOM, TiTHOK030# 4,5 1/1
(25 MM), 0,02 1/ neBodIoKcaIiHa.

Ilpuzomosnenue pacmeopos

Pacmeop pexombunanmnozo IFN-y ons nunomuoco
ucciedo8anus

171 mpUroTOBIEHUS CTOKOBOT'O pacTBOPa COAEPKUMOE
(hmaxona (modummsar, cogeprkanuiit 500 000 ME IFN-y)
pacTBopsuUM B 2 MJI nuTarensHoi cpenslt DMEM, mocne
Yero MOy4eHHBIH pacTBOp U3 (iakoHa OJHOKAHAIBEHBIM
no3atopom nepemeHHoro ooséma BIOHIT Proline mepe-
HOCWJIA B TPOOHPKY, COACPKAIIYI0 8 MJI MUTATCIHHON
cpeast DMEM. TlomyuenHslil ctokoBelil pacTBop IFN-y
¢ xonnenrpanueir 50 000 ME/mn (pa3Benenme 1) mc-
MIOJIB30BANIH JISI IPUTOTOBICHUS TOCIEAYIOMINX AECITH-
KpaTHBIX pa3Be/ieHNi TecTUpyeMoro o0bekTa (pa3Bejie-
Hue 2, 3, 4, 5 ¢ xonnenTpanueit 5000, 500, 50, 5 ME/m).
JecsaTukparHsie pa3BeACHUs TOTOBWIM HA MUTATCIHHON
cpene DMEM, koTopass B 3KCIIEpUMEHTaxX BBICTYIIA-
Ja B pOJM HOCHTENA, a Takke KOHTPOJIHHOTO BEIIECTBA
B KOHTPOJIE BUPYCHOTO 3apakeHUsI.

Pacmeop pexombunanmmuoeo IFN-y 0ns ochosnozo
ucciedo8anus

PactBopsl TecTHpyeMoro o0bekTa ¢ KOHLIEHTPALHS-
mu 10 000 ME/Mi (Ui MCTIONB30BaHUS TIPU JIEYeOHOM
cxeme) 1 1000 ME/Mi (1711 McTionb30BaHus IpH podu-

OPUTUHAJbHbBIE NCCNEAOBAHUA

JIAKTUYECKOM cXeMe) TOTOBUJIM U3 CTOKOBOIO pacTBOpa
TecTupyemMoro obnexra ¢ xkonueHrpamueir 100 000 ME/
MJI ITyTEM JIECATUKPATHBIX pa3baBieHuil. CTOKOBBIH pac-
TBOpP TECTHUPYyEeMOTo 00bekTa ¢ KoHIeHTparueir 100 000
ME/Mi1 nomy4dany mpu pacTBOPEHHH COAEPKUMOTO (hira-
koHa [FN-y genmoBeueckoro peKoMOMHAHTHOTO, JHO(HU-
JU3aT JJi NPUTOTOBICHUS pacTBOpa Uil UHTpaHa3alb-
Horo BeeneHusa 100 000 ME B 1 My nuTatenbHON cpeabl
DMEM.

Koponasupyc SARS-CoV-2. B wuccnenoBaHuu uc-
MONB30BANIM  IITaMM  Oeta-kopoHaBupyca hCoV-19/
Russia/StPetersburg-3524/2020 (GISAID ID EPI
ISL 415710.1), nenoHuUpOBaHHBIA B HCCIEIOBATENb-
ckyto koiekuuto BupycoB GI'BHY «MHctutyT 3Kcne-
PUMEHTAIIBHOM MEIUMLIMHBDY, NPOLIEAMNN TPEXKPaTHOE
MacCUPOBaHME B KyJbType KieTok Vero. TuTpoBaHue
BHpyCa Ha KyJlbType KJIETOK Vero mepes MOoCTaHOBKOM
MIJIOTHOTO M OCHOBHOTO JKCIIEPUMEHTOB IPOBOIMIN
B 6-IyHOUHBIX KyJIbTypanbHbIX MaHmerax. CTOK Bupyca
SARSCoV-2, xpansmuiica npu —25 °C B X0JIOIWIBHUKE
JUTSL DKCTIEPUMEHTOB, pa3Bofmin 1o turpa 100 TCIDSO,
YTO COOTBETCTBYeT 3HaueHuto 3 x 10 BOE.

Kynemypa knemokx u cpedvi. B xadecTBe TecCT-
CHUCTEMBI HCIONb30BAIM MEPEBUBAEMYIO JIMHUIO Kile-
TOK DIUTENHA MTOYKU aPUKAHCKOH 3eEHON MapTHIIIKU
Vero (ATCC CRL-1586). B kauectBe HOCUTENS (KOH-
TPOJBHOTO BELIECTBA) JAJS MPUTOTOBICHHUS KOHEYHBIX
KOHIICHTpAallUi HCHOJb30Bajlachk MHTAaTeNbHAs Ccpena
DMEM xwunkas. Beero mis kaxjaon cxemsl (edeOHON
U MPO(QHUIAKTHYECKOIl) MPUMEHEHUSI B OCHOBHOM 3KC-
MEepUMEHTEe OBUIO MCHOJB30BAHO MO TPU O-TTYHOUHBIX
TUTaHIIeTa ¢ KOH(IIOAHTHBIM MOHOCJIOEM KIJIETOK Vero.
Jlna mpoBeneHus SKCIEPUMEHTAIBLHON pabOThl KIETKU
pacceBaiii B 6-TyHOYHBIE IUTAHIIETHI B NMOCEBHOW JO-
3e 9 x 10° KJIETOK Ha JYHKY, TI0CJIe Yero HHKyOupoBa-
M B TedyeHue 72 4 mpu temmeparype 37 °C Bo Biax-
Hoit armocdepe 5% CO, no GpopmMupoBaHUsS MOHOCIIOS
MOJTHOW KOH(IIOEHTHOCTH NpPHUMEpHO depe3 2472 u.
DKCHEepPUMEHTH MPOBOAWIN TOIBKO IOCIE (POPMHUPO-
BaHUS KJIETOYHOTO MOHOCIOS MOJHOW KOH(IIOEHTHO-
CTH. XapaKTepUCTHKA 3KCIIEPUMEHTAIBHBIX TPy (ITy-
HOK 0-JTYHOYHBIX IIJJAHIIETOB B OCHOBHOM 3KCIIEPHMEH-
T€) MpejcTaBieHa B Ta0JI. 1.

Ouenka npomueosupycnoii akmusnocmu. V13 odpasma
BUpYCCOZEpKAILleH CyCIeH3UH ToToBuiM cepuro 10-kpar-
HBIX MOCJIENOBATENbHBIX PA3BEICHUI, KaXKI0€ pa3Be/lcHre
HAHOCHWJIM Ha KJIETOYHBIH MOHOCIION M HHKYOHUPOBAJIH B Te-
gyeHue 2 4 npu temieparype 37 °C Bo BlakHOW armocde-
pe 5% CO,. larnee BUpYCCONEPIKALILY IO KUIKOCTb U3 JIYHOK
KyJIBTYpaJIbHBIX IUIAHIIETOB YAAISIIN MPH IIOMOIIIN OTHOKa-
HaJIbHOTO 103aTopa nepemerHoro o6séma BIOHIT Proline,
MOCJ€ Yero HAaHOCWIM MONYXHIKYIO HNOKPOBHYIO CpEdy
¢ 0,9% arapowm, TTaHITIeTHl HHKYOHPOBAITH B TeUCHHUE 4 THEH
BO BiakHOU atmocdepe 5% CO,. [To okonyanuu cpoxa uH-
KyOarmu kietkd (ukcupoBamm u okpammBami 0,2% pac-
TBOPOM KpHCTaJuTHIecKoro (uoneroBoro B 10% pactBope
(opmanbaeruia, mocie 4ero B KKI0H JTyHKE ¢ TOMOIIBIO
HMHBEPTUPOBAHHOTO MHUKPOCKOIA BU3YaJIbHO MOACUUTHIBA-
T KOJMYECTBO 00pa30BaBIIMXCA ONAIICK (HAMMEHBIICS
TECTHpPyeMO€e KOJIMYECTBO BUpYCa, MIPUBOJIIEE K 00pazo-
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Tadauma 1. XapakTepucTHKa SKCEPHMEHTAILHBIX I'PYIII OCHOBHOTO HCCJIEI0BAHNS NPH BO3/1eHCTBHH HA KJIETKH TeCTHPYEMBIM
npenaparoM UHTepdepoH raMmMa B NIPOQUIAKTHYECKOI U JieueOHOl cxeMaX MPHMeHeHHUsI

Table 1. Characteristics of the experimental groups of the main study when cells were exposed to the test drug interferon gamma
in the preventive and therapeutic schemes of application

OGo3zuauenue passefenuss | KonmdecTBo JIyHOK 6-TyHOUHBIX KoHueHTpauus TeCTHpyeMOoro
Cxema npuMeHEeHHst (rpymmbr) IUIAHILIETOB C KIETKaMHU OOBEKT HcClIeJOBaHUS obbekTa B TyHKax, ME/mi
Application scheme Dilution designation Number of wells for 6-well Object of study Test object concentration
(group) cell plates in wells, IU/ml
Pa3Benenue 1-np
Dilution 1-pr 3 1000
PazBenenue 2-mp
Dilution 2-pr 3 333
Pazsenenue 3-mp 3 Wutepdepon ramma 11
Dilution 3-pr Interferon gamma
IIpodunaxruyeckas
Preventive Passenenne 4-mp 3 37
Dilution 4-pr
Pa3Benenue 5-np
Dilution 5-pr 3 123
Kontpons BupycHoro Hocwurens (koHTpOnbHOE
3apaXKeHUs 3 BEILIECTBO) 0
Virus infection control Carrier (control substance)
PazBenenue 1-meu
Dilution 1-ther 3 10000
PasBenenue 2-yieu
Dilution 2-ther 3 3330
Pa3Benenue 3-neu HaTepdepor ramma
) 3 1110
Dilution 3-ther Interferon gamma
JleueOnas P 4
Therapeutic azBenieHue 4-ey
Dilution 4-ther 3 370
PasBenenue 5-neu 3 123

Dilution 5-ther

Kontpons BupycHoro
3apaKeHUS 3
Virus infection control

Hocurens (koHTpONIBHOE
BEIIECTBO) 0
Carrier (control substance)

BaHUIO OIHOM OJIAIIKK (30HBI JIM3KCA), MPHHUMAIH 32 WH-
(EeKIMOHHYI0 enMUHUITY (OJIAIIKOOOPa3YIONTYI0 SANHHILY —
BOE)). Tutp Bupyca (T), ucxons u3 KOIMMUeCTBa MOICUH-
TaHHBIX OJIAIIeK (30H JIM3UCA KIETOK), M3BECTHOIO 00BEMA
BHECCHHOT'O BHpYCa W Pa3BENICHUS BUPYCA, PACCUUTHIBAIN

o popmye (1):

N, xDil
T — DJIAUECK s (1)
V
rne N, — xomuuecTBo Onsiek, Dil — passenenne

BHPYCCOJIEPKAIIETO MaTepuana, V' — 00sEM 3apaxkaromeit
JI03bI BUPYCHOTO WHOKYJISTA.

Ha ocHOBaHMYM TOTyYEHHBIX JaHHBIX JJIS KaXKT0W KOH-
HEHTPaNN TECTUPYEMOTO 00bEKTa PACCUUTHIBAIIH JIOITIO
coziepxkanust Bupyca B siyHkax miasiera (C,) no ¢op-
Myie (2) U 10710 MHIHOUPOBAaHUS BUPYCHON aKTHBHOCTH
no dopmyrne (3), a Takkxe EC, ) — 103MpOBKY, BBI3bIBAKO-
LIyI0 CHHKEHHE TUTpa BUpyca Ha 50%.

T
C, = ;p x100%, 2)

%
K6
riae C,, — 015 CoePKaHus BUPYCa B JIyHKE IUIAHILETa,
comepiKaIen TecTUpyeMbIi 00beKT; I’ — THTp BUpyca
B JIYHKE, COJEpKallleld TECTUPYEMBII Oé’beKT B COOTBET-

30

CTBYIOIICH KOHUEHTpauuu; I, — TUTP BUpycCa B JIyHKE
KOHTpOJIIsl BUpycHoro 3apaxkeHus (0 ME/mur).

T
Cinhibition% = (1 - T"p) XIOO%’ (3)

e C, ., — 100N KHTHOMPOBAHMS B?pYCHOfI aKTHB-
HOCTH B JIyHKE IUIAHIIETA, COAEPIKAIMICH TeCTUPYEMBIH
obowekt; T ,p.~ TUTP BUpYCa B JIYHKE, cofiepIKallel TecTu-
pyeMbIii OOBEKT B COOTBETCTBYIONICH KOHIICHTPAIIHU;
T ,— TaTp BUpyCa B JIyHKE KOHTPOJISl BAPYCHOTO 3apaxe-
uus (0 ME/min).

Ananu3 u npeocmaenenue oannvix. Jns Bu3yanuza-
[IMW TOJYYCHHBIX PE3yJAbTaTOB JAHHEBIC 1O TUTPAM BH-
pyca B KaXIoM oOpasiie ObLIH IMPOIOraprupMUpPOBaHBI
(log). ns Bcex MaHHBIX ObLIa MPUMEHEHA OIHcaTeIbHAs
CTaTHCTUKA: TAHHBIC MPOBEPEHBI HA COOTBETCTBUE 3aKO-
HY HOPMAJIBHOTO PACIIPENeICHUs C TOMOIIBIO KpUTEPUs
[MTanmupo—Yunka. JlaHHBIE TOAYMHSUINCH 3aKOHY HOp-
MaJbHOTO paCIpeleNieHus], [UIsi HUX OBLTH PaCCUUTAHBI
cpenHue 3HadeHus (M), COOTBETCTBYIOIINUE UM CTaHAPT-
HbIe oTKJIOHEeHHS (SD).

[Ipun cpaBHEHWU THUTPOB BHpPYyCa MEXKIY KICTKAMH
B JIyHKaX, MOJBEPIIIUXCA BO3ACUCTBUIO HCCIECAYEMBIX
MIpeTaparoB, ¢ JIyHKAMH OTPHIIATEIIBHOTO KOHTPOJIS (CO-
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JeprKallliMU KJIETKH, HeoOpaOOoTaHHBIE IpenapaTamu)
HCTIOJTB30BAIN OTHO(AKTOPHBIH AUCIIEPCHOHHBIN aHATN3
ANOVA c nocnenyronum MonapHeIM CpaBHEHNEM JaH-
HBIX C moMmombio kputepusa Jlanaera. Pasmuuust Obuin
oIpeseseHsl Ipu YpoBHe 3HaunMocTH p < 0,05.

Taxke B xofe aHaimM3a AAHHBIX OCHOBHOTO JKCIIEpH-
MEHTAa Ha OCHOBAHUM MOIYYEHHBIX BUPYCHBIX TUTPOB
Ul KaXKAO0M KOHIIGHTpAaUN OOBEKTa WCCIEeNOBaHUSL
Obula BBIYMCIIEHA JOJNS WHTHOMpOBaHMSA OOpa30BaHUS
BUPYCHBIX OJISIIEK (30H JM3UCa KJIETOK), IOCTPOCHA 3a-
BHCHMOCTH JIOJTM WHTUOMPOBAHHUS OOpPA30BAHHS BHPYC-
HBIX OJSIIIEK OT KOHLEHTPAIMH TeCTHPYEeMOro o0bekTa
U BBIYHUCIICHA ero 3¢ dEeKTUBHAS KOHLEHTPALMK Ha yPOB-
ue 50% (EC, ). Cratuctuyeckuit ananus ObuUl BBINOIHEH
C TOMOIMIBIO TporpaMMHOro obecmeueHus Prism 9.1.1
(GraphPad Software, CIIIA). Paznuuus 6bU1H onpezene-
HBI IIpY ypOBHE 3Hauumoctu p < 0,05.

ITnan ucnvimanusa. llenpio NTHIOTHOTO HCCIIEIOBa-
HUSA SIBJISUICS TIOUCK LIMPOTHI M CTENCHN OHOJIOIMYECKO-
ro neucteus IFN-y, comepxalerocss B TECTHUPYEMBIX
0o0beKTax, B JaHHOW MOJENBbHOM CHCTEME, I03TOMY
Ha IEepBOM 3Tane ObUI MPOTECTUPOBAH LIMPOKUH AH-
arma3oH KOHLEHTpalMi (JECATHKPATHBIX pa3BeIeHHN)
IFN-y — 50 000, 5000, 500, 50 u 5 ME/mu1.

B 0OCHOBHOM 3KClIepHMEHTE OLEHHMBAIH MPOTUBOBHU-
PYCHYIO aKTHBHOCTb TECTHPYEMOTO OOBEKTa, COmep-
xamero pexomMOuHaHTHBIN IFN-y — nmodwmnmsar ams
NPUTOTOBIIEHUS PacTBOpa JUIsl WHTPaHA3aJIbHOIO BBeE-

OPUTUHAJbHbBIE NCCNEAOBAHUA

nerus 100 000 ME, B Goyiee y3KOM quama3oHe KOHIICH-
Tpauui, BBIOpPAHHOM Ha OCHOBaHHH JaHHBIX MUJIOTHOIO
JKCIIEPUMEHTA U TO3BOJISIONIEM 00Jiee TOYHO OIECHHUTH
v npoussecT pacu€r EC, (momymakcumanbHO# s dek-
TUBHOU KOHIICHTPAIINH I TECTUPYEMOTO OOBEKTA).

Pe3yabTarbl

Ilpn npodmmakTryeckoit cxeme BHeceHms IFN-y —
nuoduiMzata Uil NPUTOTOBICHHS pacTBopa IS MH-
TpaHazanbHOro BBenmeHus 100 000 ME B xouneHTpaiu-
sax 1000, 333, 111 ME/Ma xonmu4ecTBo 00pa30BaBIIHXCS
omstmex (Tutp Bupyca SARS-CoV-2) cratuctndecku 3Ha-
YUMO OTJIMYAJIOCh OT 3HAYEHWH THTpa BHUpyca B JYHKax
OTPHUIATETIHHOTO KOHTPOJIS (KOHTPOIISA BUPYCHOTO 3apae-
HHUST), 9YTO CBUJETENLCTBYET O HAJIMYMU POTHBOBUPYCHOM
aKTHBHOCTH TECTUPYEMOTO OOBEKTA IPH JaHHBIX KOHIIEH-
Tpamuax (ogHodakropusiii ANOVA, post hoc xputepuit
[Hannera, pu p < 0,05). Jnsg witocTpanyy MOMyYeHHbIX
PE3YABTAaTOB 110 MHTUOMPOBAHHUIO BUPYC-WHIYITUPOBAHHO-
ro OIIIKO0Opa30BaHus MPU MPOPHUIAKTUICCKOH U Tepa-
MEBTHUECKON cXeMax MPUMEHEHHs TECTUPYEMOro 00beKTa
Ha puc. 1 ¥ 2 npuBeaeHbl H300paKEHHS JIHOK TUIaHIIe-
TOB, COAEPIKALIUX BUPYCHBIE KOJIOHUH — OJISIIKY.

Hauwmensiee konumuecTBo OJsIIek HAOMIOAANOCH TpU
MPOPHUIAKTHYECKOHN CXeMe BHECEHHUS TECTHPYEMOTO 00b-
ekra B KouneHTparusax 1000 u 333 ME/mi.

B Ta6.1. 2 npeacTaBieHsl pe3yasTaThl OLEHKH IPOTH-
BOBHPYCHOH aKTHBHOCTH TIpernapara peKOMOWHAHTHOTO

Puc. 1. Pe3ynsrarsl aHaIm3a NpOTUBOBUPYCHOW aKTUBHOCTH TECTHPYEMOTO 00BEKTa «MHTEP(EPOH raMMa 4eJIOBEUECKU peKOMOWHAHTHBIH,
TMUoGUITU3aT sl TPUTOTOBJICHUS pacTBopa s nHTpaHa3anbHoro BBeneHus 100 000 ME» B otHomenun SARS-CoV-2 npu nedeOHoi cxeme
MPUMEHEHHS 10 HHIMOMPOBAHHIO OJISIIKOOOpa30BaHUS.

Fig. 1. The results of the analysis of the antiviral activity of the test object: Human recombinant gamma interferon, lyophilisate for the prepa-
ration of a solution for intranasal administration 100,000 IU against SARS-CoV-2 in the therapeutic scheme for plaque inhibition.

Puc. 2. Pe3ynbrare! ananm3a NpOTHBOBUPYCHOH aKTUBHOCTH TECTHPYEMOTO 00BEKTa «MHTEP(EpOH raMMa 4elloBeYeCKUi PeKOMONHAHTHBIM,
nrouIU3aT 1UIs IPUTOTOBJICHHS pacTBOpa uist MHTpaHas3aipHoro BBeaeHus 100 000 ME» B otroternun SARS-CoV-2 npu npodunakruye-
CKOM cXeMe IIPHMEHEHHS 10 MHI'MONPOBaHMIO OJISIIKOOOpa30BaHUSL.

Fig. 2. The results of the analysis of the antiviral activity of the test object: Human recombinant gamma interferon, lyophilizate for the prepa-
ration of a solution for intranasal administration of 100,000 IU against SARS-CoV-2 in the prophylactic scheme for the inhibition of plaque
formation.
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Tabsimua 2. Pe3yJibTaTbl 0OCHOBHOI'O HCCJI€I0BAHHS NPOTHBOBUPYCHOI AKTHBHOCTH TeCTHPYEMbIX NpenapaToB HHTepdepoHa raMMa

npu npopuIAKTHYECKO U JieueOHOli cxeMax BBeeHNs1 B oTHomeHnun Bupyca SARS-CoV-2 Ha KyabType KieTok Vero
Table 2. The results of the main study of the antiviral activity of the tested preparations of interferon gamma in the prophylactic

and therapeutic schemes of application against the SARS-CoV-2 virus on Vero cell culture

Turp Bupyca, BOE/mn Coneprxanue Bupyca, %
Virus titer, PFU/ml Virus content, %

Tectupyemblit Cxema Konuenrpanus, cpeanee cpeanee

00BEKT TIPUMEHEHUS ME/mn . . . 3Haq_eHHe N N N 3Haq_eHHe

Object under | Application | Concentration, 1-# 2 3- (n=3), 1-# 2 3-it (n=3),

test scheme TU/ml TOBTOP TIOBTOP TIOBTOP M=SD TIOBTOP TIOBTOP TIOBTOP M<=+SD
It repeat | 2™ repeat | 3™ repeat mean value 1% repeat | 2" repeat | 3" repeat | mean value

(n=3), (n=3),

M+ SD M+ SD

1000 0 0 0 0 0 0 0 0
Unrepdepor - 333 0 0,06 x 10° 0,12 x 10° 0,06 + 0,06 x 1?6* 0,00 1,90 3,80 1,90+ 1,90
ramma poduiakTi- 111 38x10° 45x10° 49x10° 44+£0,6x10%* 11,45 14,24 1551 13,73+2,08
yeckast i
Interferon Preventve 37 124%10° 94x10° 12x10° 1,13£0,16x10% 3735 2975 37,97 35024458
gamma 12,3 2,52%10° 1,96x10° 2,08 x 10° 2,19+£029x 10% 7590 62,03 6582 6792+7,17
0 3,32x10° 3,16 x 10° 3,16 x 10° 3,21 +0,09 x 10°* 100 100 100 100
10 000 0 0 0 0 0 0 0 0
S S S
Unrepdepor 3330 0 1,5x10° 1,6 x 10 1,0+0,9 x 10°* 0 2,78 3,51 3,56+0,81
ramma Jleue6Has 1110 4,6x10° 7,6 x10° 22x10° 1,14+0,93 x 10°* 20,18 14,07 4825 27,50+182
Interferon Therapeutic 370 1,6 X106 22x10° 236x10° 2,05+0,40 x 10 70,18 40,74 51,75  5422+14,9
gamma 123 181X 10° 1,92x10° 2,08x10° 1,94+0,14x10% 79,39 3556 4561  60,83+227
0 228 x10° 54x10° 4,56x10° 4,08+ 1,61 x 10°* 100 100 100 100

Mpumeuanne. *ANOVA, post hoc xputepuii JlaHHeTa, OTIMYKS TUTPOB BHPYCa CTAaTUCTUUECKHU 3HAYUMBI B CPABHEHUH CO 3HAYCHUSIMH OTPHULATEITb-
HOTO KOHTPOJIsI (TUTP BHpyca npH KoHIeHTpauu npenapara 0 ME/mi) npu p < 0,05.

Note. *¥ANOVA, Dunnett’s post hoc test, differences in virus titers are statistically significant in comparison with the values of the negative control

(viral titer at a drug concentration of 0 IU/ml) at p < 0.05.

IFN-y — muodumu3ata 11 MPUTOTOBIICHUS pacTBOpA JIJIs
uHTpanazansHoro BBeneHus 100 000 ME npu npodmnak-
TUYECKOH U JICueOHOM cXeMax BHECCHUS.

M tectupyemoro obOnekra IFN-y wenmoBeueckoro
PEKOMOMHAHTHOTO — JHO(UIN3aTa JUIA IPUTOTOBICHUS
pactBopa 11l uHTpaHa3anpHoro BBeAeHus 100 000 ME
My TEM ammpoKCHUMAaITH TpadrKa 3aBHCHMOCTH MPOIIEHTa
MHIHOUPOBaHUSI OIAIIKOOOPa30BaHMUsI OT KOHIICHTpauy'
TECTUPYEMOIo 00BEKTa C MOMOUIBIO MATHIIapaMeTpuye-
CKOTO ypaBHEHHS (pHc. 3) pacCUMTHIBAIH TOTYMaKCH-
ManbHyH0 3(QexTrBHYy0 KoHueHTpanuioo EC, , xotopas
pu npoUIaKTHUECKOM cxeMe coctaBuiaa 24 ME/mir.

[TpuneueOHOM cxeme mpuMeHeHus IFN-y denoBeueckuii
PEKOMOMHAHTHBIN — JTHOQMIN3AT A HPUTOTOBICHUS
pactBopa il uHTpaHa3ansHoro BeeAeHus 100 000 ME
TakKe 00Jazan MPOTUBOBHUPYCHOM aKTHBHOCTBIO, 3Ha-
yeHuss TUTpoB BHpyca SARS-CoV-2 BO Bcex KOHILIEH-
TPaLUIX TECTHPYEMOTro 0ObEKTa CTaTUCTUYECKH 3HAYH-
MO OTJIMYAJIHMCh OT 3HAUEHHWH B JYHKaX OTPUIATEIEHOTO
koHTpois (ogHOakTopHBIt ANOVA, post hoc xpurepuit
Hannera, npu p < 0,05), 4TO CBHIETEIBCTBYET O BEICOKOU
3P PEKTUBHOCTH HCCIIEAYEMOTO TIpernapara B OTHOIICHUH
MHTHONPOBaHMA OJISIIKOOOPa30BaHUS B JAHHOW TECT-CH-
creme. [lonmymakcumanbHast 3QQeKTUBHAs KOHIICHTpa-

'3aBUCUMOCTD [TOJIM MHTHOMPOBaHUS BHUPYCHOH akTHBHOCTH (00-
pa3oBaHHs OJsIIek) OT KOHIEHTpanuu mnpenapara B ME/mi (A),
OT JJBOMYHOTO Jorapudma KoHIeHTpanuy npenapara (B), M + SD,
n =3 (kak1ast KOHIEHTPAIHS B TPEX IMapauIesix).
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uus Tectupyemoro oobekra (EC, ) mpu neuebHol cxeme
IIPUMEHEHUs COCTaBisuIa MpuonusuTensao 234 ME/Mn

(puc. 4).

Oocyxnenue

CormmacHO TOTY4EeHHBIM pe3ylabTaTaM, PEeKOMOMHAHT-
Heii [FN-y — nmnoduimsar ans npuUroToBIeHUS PacTBO-
pa nns uHTpanazanbHoro BegeHus 100 000 ME mpone-
MOHCTPHPOBAJ HaJHUHE MPOTUBOBUPYCHON aKTHBHOCTH
B HCCIICAYEMBIX KOHIICHTPAIMSX IPU HCIIOIb30BAHUU
B 00eux cxemax NpuMeHeHus (mpoduaakTnyeckas U Te-
pareBTHYECKas).

[Mo pe3ynpraTam SKCIEpUMEHTa MPOQIIAKTHYCCKAS
cXema IpUMEHEHHs TeCTHPyeMoro o0bekTa Oblia Oolee
3¢ dhexkTuBHON, YeM JieueOHasl, 9TO, BEPOSTHO, OOBSICHS-
€TCsi NEePEeCTPOMKON BHYTPEHHHX MEXAaHU3MOB KIETKH
nox nevictBueM [FN-y, T.e. 3alycKoM 3KCIpeccuu pas-
anuHbIX IFN-cTUMynMpyeMBIX T€HOB, BO3EHCTBYIOLINX
B OOJIBIIIEH CTETICHH Ha ATAll BXOAa BUPYyCa B KIIETKY U €T0
penponyKIUIO.

Hambonee w3ydeHHBIMH (haKkTOpaMH MPOTHBOBH-
pycHO#l 3amuThl, uHAyuupyembiMu IFN, sBidroTcs
nporenHkuHaza R (PKR), 2’,5’-onuroanenunarcunra-
3a (2°,5’-OAS) u 6enok Mx1. B gactHoct, PKR sB-
JA€TCS CEPUHTPEOHMHOBOM KHHA30H, YyYacTBYIOLIEH
B KOHTpOJIE HaJ TpaHCKpunuuei u tpancusaueil. PKR
aktusupyercs npu cespiBanuun PHK. IlpotuBoBupyc-
Has aktuBHOCTh PKR cBsi3aHa ¢ €€ cnocobHOCTRIO (hoc-
(dbopunupoBath anbda-cyobenunuity daktopa elF2a



BOMPOCHI BUPYCOJIOTUW. 2023; 68(1)
DOI: https://doi.org/10.36233/0507-4088-150

(eukaryotic initiation factor 2 alpha). B pesynsrare
dbochopunupoBanust HOpMHPYETCS HEAKTHUBHBIM KOM-
wiekc (elF2a-GDP-elF2f), ciocoOHbI OBICTPO WHTH-
6upoBare TpaHckpumnuuio [28]. Takum o6pasom, IFN
MPEACTABISAIOT COOOM ONHY M3 MEPBIX JTUHHH 3aITUTHI
OT BUPYCHBIX MH(EKINA MOCPEICTBOM PETYIAIHNN CO-
TeH IFN-CTUMyIHpyeMBIX T'€HOB, KOTOPbIE UHAYLUPY-
IOT MPOTUBOBUPYCHOE COCTOSHUE B MH(DHIIMPOBAHHBIX
H COCEIHMX KileTKax [29].

ComracHO JAHHBIM JOKJIMHHYECKUX WCCIIETOBAHUH,
H3BECTHO, YTO NpeBapuTeIbHast 00paboTKa IK30reHHBIM
IFN 6nokupyer uadpekmmo SARS-CoV-2 [30-32]. Bos-
neiictue IFN nHrHOMpyeT penukanuio BUpyca u oopa-
30BaHUe MH(EKIIMOHHBIX BUPUOHOB de novo [31]. Takum
00pa3oM, MCCIIEIOBaHHUS iN Vitro 4acTo JEeMOHCTPHUPYIOT
MIPEBOCXOMAIIYI0 TpoduIakTHIecKylo 3(p(eKTHBHOCT
IFN B cpaBHeHuu c jiedebHoi [30-32].

[IpoBenéHHbIe KIMHUYECKHE NCCIIEIOBAHUS TaKXKe T10-
Ka3bIBafoT 3¢ dexTnBHOCTh MpuMeHeHns IFN-y amst mpo-
¢unaktuku [12, 33] u neuenuss OPBU, B ToM umciie BbI-
3BaHHBIX SARS-CoV-2 (COVID-19) [13, 34].

HuTepecno, uro skcnpeccust IFN-y CD4" T-knerka-
Mu B TsokEnbIX ciydasx COVID-19 cHukaeTcs modtu
B 2 pa3a 10 CpaBHEHHWIO C NalWeHTaMH C yMEpeHHOH
(hopmoii 3aboneBanms [35]. Takxke ecTh CBEICHUS O CHU-

OPUTUHAJbHbBIE NCCNEAOBAHUA

Puc. 3. Pe3ynbrar ornjeHky qelCTBUSI Ha MHTHONPOBaHHE
OMIIIKO0Opa30BaHMS P 3aPAsKCHUHU KIICTOYHOTO
monocyos SARS-CoV-2 B noze 100 TCID, (3 x 10 BOE)
B PO HIAKTUYECKOI CXeMe MPHUMEHEHHSI.

Fig. 3. The result of evaluating the effect on plaque forma-
tion inhibition upon infection of a cell monolayer
with SARS-CoV-2 at a dose of 100 TCID,, (3 x 10 PFU)
in a prophylactic regimen.

Puc. 4. Pe3ynsTar oneHKH IeWCTBAS Ha HHTHOUPOBAHHE
OmsIIK000Opa30BaHUS P 3aPasKeHUH KJICTOYHOTO MOHOCTIOS
SARS-CoV-2 B no3e 100 TCID50 (3 x 10 BOE) B neuetHoi
cXeMe MPUMEHEHHS.

Fig. 4. The result of evaluating the effect on plaque for-
mation inhibition when the cell monolayer is infected with
SARS-CoV-2 at a dose of 100 TCID, (3 x 10 PFU) in the

therapeutic regimen.

JKeHUH YpPOBHSI €CTECTBEHHBIX KiIeTOK-KummiepoB (NK-
KJIETOK) U UX CIIOCOOHOCTH K mpoaykiuu [FN-y y manum-
entoB ¢ COVID-19 [36]. YuuTsiBast BO3elCTBHE BUpYCa
SARS-CoV-2 Ha UMMYHHYK CHCTEMY, MOXHO CHAE€IaTh
BBIBOJI, YTO OH B IEPBYIO o4epens mopaxaer T-nmumdo-
uThl, ocoberHo CD4" u CD8* T-kieTku, W IPUBOIUT
K cHmkeHnro BeIpabotku IFN, B Tom gucie IFN-y. B pe-
3yJabpTaTe HAOMIONACTCS HapyILICHHE KJIETOYHOIO MPOTHU-
BOBHPYCHOTO MMMYHHTETA, 3aMETHOE C PAaHHUX CTaJWi
MHQEKINN M0 YPOBHAM ITUTOKHHOBBIX OEJIKOB, a TaKKe
1o HapacTtaHuto TuTpa IgG, 0cCOOEHHO Y TKENMBIX Maln-
€HTOB W y TAlMeHTOB C OBICTPO pa3BUBAIOIIUMCS IIPO-
rpeccupoBanueM 3aboineBanus [37]. CnemoBarenbHO,
MOXKHO MPEANOJIOKHUTh, YTO IMPU XOPOIIEH aKTHUBHOCTHU
3BeHa BPOXKAEHHOTO UMMYHHTETa, aKTHBUPOBAHHBIX IIH-
TOTOKCHYECKHX Makpodarax, rocratousom yposHe IFN,
KOTOpBIE 00€CTIeUNBAIOT IPHOPUTETHYIO 3aIIUTy HA Ha-
YabHON CTaJui MMMYHHOTO OTBETa, OPTaHHW3M CTaHO-
BUTCS YCTOWYHMBBIM K HH(HUIMpoBaHHIo [38].

BriBoabI

CornacHO TOTYYEeHHBIM pe3ylibraTaM, peKOMOWHAHT-
Heiit [FN-y mpogeMoHCTpUpOBan HaIU4HE MPOTHUBOBU-
PYCHOH aKTHBHOCTH B HCCIIEAYEMBIX KOHIIEHTPAIHIX
TIPY MICTIONIb30BAaHUH B 00EHX CXeMax MPUMEHEHHS.
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ORIGINAL RESEARCHES

B nedeOHOI cxeme MpUMEHEHHs Ipenapar pekoMOu-
HaHTHOTO [FN-Yy 0051121 1TpOTHBOBHPYCHONH aKTUBHOCTHIO
B Anamna3one KoHueHtpanuit ot 3333 go 10 000 ME/mu,
NP KOTOPBIX HAOIONANIOCh MaKCHMajlbHOE WHTHOHPO-
BaHue OisimmkooOpazoBanwmst, omuskoe k 100%. ITomymak-
cumainbHasd 3(h(eKTHBHAS KOHLEHTPAIUS TECTHPYEMOTo
npenapara (EC,)) npu se4eOHO# cxeme NPUMEHEHHS CO-
cTaBmiIa npuonusuTensao 234 ME/mi.

IIpu npodunakTHuecKoil cxeme MpUMEeHEeHus mpenapar
pexomOuHaHTHOTO IFN-y 00Hapykun emgé Goree BBICO-
KyI0 IIPOTHBOBHPYCHYIO aKTHBHOCTH IPH KOHILIEHTpAIIH-
ax 111, 333 u 1000 ME/mn. Ioxy4eHo 3HaueHne moiy-
MaKCHMaJbHOW 3(p(heKTHBHOI KOHIIEHTPAIH HHTHOUPO-
BaHMs BHPYC-WHAYIHPOBAHHOTO OJSAIIKOOOpa3oBaHMs,
paBHOe 24 ME/m.

Taxkum oOpazom, HanbHelIIee N3y4eHUE BIMSHUS Tpe-
MmaparoB Ha OCHOBe pekoMmOmHanTHOTO IFN-Yy Ha perpo-
nyknuto Bupyca SARS-CoV-2, BeI3bIBaromero HHpEK-
nuo COVID-19, ¢ nenpo KIMHUYECKOTO MPUMEHEHUs
JUTA TIPO(MITAKTUKY W JIEUEHHS SBISCTCS KpaiHe aKTy-
QIBHBIM U MIEPCTIEKTUBHBIM.
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YactoTta nHpMLUMPOBaHHOCTM ONYXOSU, XKUAKOCTHbIX cpepn rnasa
n cneundcpuyeckum rymopanbHbI UMMYHUTET K reprnecBupycam
y NauneHToB C yBeanbHON MenaHOMOW

Ceetnoea E.B., banaukas H.B., Caaksan C.B., >Kapos A.A., Kpnuesckas I W., CenpuHa N.B.,
MNamannosa H.C., MakowwuHa E.B.

PIrBY «Hay4HbI MeaMUMHCKUIA ccnegoBaTenbCKUA LEHTP rnasHbix 6onesHen um. Menbmronbua» Muxsgpasa Poccuun, 105062,
r. Mocksa, Poccusa

BBepaeHue. [1o HacTosALLErO BpEeMEHN NCCNEeA0BaHNs, HanpaBneHHbIe Ha NPSIMOW NMOUCK BUPYCOB rpynnbl repneca
(BI'T) B MaTepuane onyxonu u cpeaax rnasa, He NPOBOAMITUCD.

Llenb pabotbl — ycTaHOBUTL YacToTy BbigBneHus OHK BIT B 6uomartepuane rnas, kpoBu U NPOBECTM OLEHKY
cneumgmnyeckoro rymopanbHoOro MMMyHUTETa K BO30yAUTENSAM repnecBMpyCHbIX MHMEKUNA Y NauneHToB C yBe-
anbHow menaHomon (YM).

MaTtepuanbi u MeToabl. O6cnegoBaHbl 38 naumMeHTOB € ONyxXonsaMKU yBearnbHOro Tpakta Ha Hannyune [HK Herpes
simplex virus (HSV-1, HSV-2), Cytomegalovirus (CMV), Varicella Zoster virus (VZV), virus Epstein—Barr (EBV),
Human herpesvirus (HHV) 6 n HHV-8 B matepuane onyxonu, cteknosuaHoro Tena (CT), Bnaru nepegHen kamepbl
(BMK) n nnasmbl kposu (MK) meTogoM nonmmepasHom LenHON peakuun B peanbHom Bpemeru (MNLP-PB); npobbi
CbIBOPOTKM KPOBW UCCNEAOBaHbI METOAOM UMMYHodepmeHTHoro aHanuaa (MPA) Ha IgG-, IgM-anTuTtena k BIT.
Pesynkratbl. IHK EBV npucytcteoBana B TkaHu onyxonu B 20,6% cnyyaes, B CT — 4,2%, B NK—2,7%, Bo BIMK —
He obHapyxeHa. IgG-aHTuTena k HSV-1, HSV-2 n CMV o6HapyxeHbl B 97,3% cnyyaes, VZV — 94,6%, HHV-6 —
32,4%, HHV-8 He BbisiBneHbl. PeakTnBaumns xpoHnyeckon nHdpekummn HSV-1, HSV-2 BeisieneHa y 20 o6cnegyembix
(55,6%), CMV —y 14 (38,9%). Mapkepbl xpoHudeckoro nHguumposaHns EBV obHapyxeHbl y BCex nauneHTos,
aTUNWYHOW peakTuBaumm — B ABYX cny4yasx (5,4%).

3akntoyeHue. lNonyyeHHble faHHbIE MO3BONSOT roBopuTb 06 yyactum EBV B pa3sutum onyxonewn yBeanbHOro
TpakTa u HeobXxoAUMOCTU AanbHenwWwero yriy6bnéHHoro nccnegoBaHust 4aHHOW nNpobnemsi.

KntoueBble cnoBa: supychl epynnbl 2epreca; ygeanbHasi MefiaHoMa; nofuMepasHasi UernHasi peakyusi; UMMYHO-
hepmMeHmMHbIU aHanu3
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The incidence of infection in tumor and eye fluid system,
and specific humoral immunity to herpes viruses in patients
with uveal melanoma

Elena V. Svetlova, Natalia V. Balatskaya, Svetlana V. Saakyan, Andrey A. Zharov,
Galina I. Krichevskaia, Irina V. Svirina, Natalia S. Izmailova, Elena B. Myakoshina

Helmholtz Scientific Medical Research Center for Ophthalmic Diseases, 105062, Moscow, Russia

Introduction. Studies aimed at a direct research of human herpes viruses (HHVs) in the tumor material and eye
media have not been carried out so far.

Research goal — to establish the frequency of detection HHVs DNA in the biomaterial of the eye and blood and to
assess the specific humoral immunity to the causative agents of herpes virus infections in patients with uveal melanoma.
Materials and methods. 38 patients with the uveal tract tumor were examined for the presence of DNA of HHV
types 1 and 2 (HSV-1, 2), Cytomegalovirus (CMV), Varicella Zoster virus (VZV), Epstein—Barr virus (EBV) and
herpes viruses 6 and 8 types (HHV-6, HHV-8) in tumor tissue, vitreous body, aqueous humour and blood plasma
by real-time polymerase chain reaction; blood serum was studied by enzyme-linked immunosorbent assay (ELISA)
for IgG and IgM antibodies to HHVs.

Results. EBV DNA was present in tumor tissue in 20.6% of cases, in vitreous body in 4.2%, in blood plasma in
2.7%, and was not found in aqueous humor. Ig G antibodies to HSV-1, 2 and CMV were detected in 97.3% of
cases, VZV —94.6%, HHV-6 — 32.4%, antibodies to HHV-8 were not detected. 20 patients (55.6%) had reactivation
of chronic HSV-1, 2 infection, and 14 (38.9%) patients had reactivation of CMV infection. Markers of chronic EBV
infection were found in all patients, its atypical reactivation was observed in 2 cases (5.4%).

Conclusion. Our findings suggest the possible participation of EBV in the oncogenesis of the uveal tract and
emphasize the need for further in-depth study of this problem.

Keywords: herpes group viruses; uveal melanoma; polymerase chain reaction; enzyme-linked immunosorbent assay
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Beenenue TaHDIMM YyBCTBUTEIBHBIX HEPBOB, a TAaKKe NPOHHKAs

Bupycs! rpymmer reprieca (BI'T) — JIHK-conepkamue
BHPYCHI, CIIOCOOHBIE K MAJHUTENbHOW OeCCHMIITOMHOI
HEPCUCTEHIIMHU B KJIETKaX ¢ IOMOIIBIO0 0CO00TO MEXaHH3-
Ma JIaTeHTHOW WMHQeKnnu. MUurpupys B perHoHaJIbHBIE

38

B T- n B-mumbonutsr nepudeprmueckoit xkposu, BI'T
CIOCOOHBI JUIMTEIEHOE BPEMS COXPaHATHCA B KIIETKAX,
BCTPaMBaThCsl B T€HOM U CHHTE3MPOBATH COOCTBCHHBIC
0eJKH, HCTOIB3Ys (PePMEHTHI KIIeTKH-X03snHa. Hakorure-
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HBI JaHHbIe, 4T0 BI'T crmocoOcTByIOT pocTy 1 porpeccu-
POBaHUIO EJIOTO Psi/ia OIMyXOJIeH pa3IMIHOTO THCTOTEHE-
3a ¥ JoKanu3anuu. Tak, BBICOKHE YPOBHU aHTHUTEN K BH-
pycam Herpes simplex virus (HSV-1, HSV-2), a taxxke
k Cytomegalovirus (CMV) oOHapykeHBI y JIONEH ¢ pa-
KOM TIpeacTaTelbHoON U MonouHou xené3 [1-4]. Human
herpesvirus (HHV) 6 BeicTynaetr koakTopoM pa3BUTHS
paka meWKn MaTku W Ha30(apHUHTEaTbHBIX KapIHOM,
a HHV-8 u3Becten kak kiro4eBoil ¢akTop pa3BuTHA ps-
na yuMdonponudepaTHBHBIX 3a00JieBaHUN, CapKOMBI
Kanomm, anenokaprunoms! (AK) mpencrarensHO xe-
Je3bl U IUIOCKOKJIETOYHOM KapIMHOMBI ropranu [5—8].
Jlnnupyromye MO3UIMH CPEIU OHKOI'€HHBIX IepIIeCBUPY-
coB 3aHnMaer virus Epstein—Barr (EBV), pons xotoporo
B pazsutuu nuMmpom bepxurra, Xomxkuna, NK-/T-kie-
TOYHOM JTMM(OMBI HA3aJILHOTO THTIA, @ TAKXKE paKka HOCO-
IJIOTKH U XKeJyKa yOemuTeabHO JOKa3aHa MHOTOYHCIIeH-
HBIMU uccienoBanusmu [9, 10].

[lepBbie paboTHL, MOCBSIMIEHHBIE W3YYSHHIO POJH
BIT B pa3BuTHM Ia3HON OHKOIIATOJIOTHU, MOSIBUINACH B
1980-e . B nocienaue aBa AeCATUICTHS HHTEPEC K ITOM
npoOJeMe, Cy/s 10 UMEIOIINMCS ITyOJMKAIHsIM B HAyIHOH
JuTeparype, 3HaYUTENbHO Bo3poc. B muTeparype onrcaHbl
KIIMHUYECKHE CITy4Yan OIMyXOJed KOHBIOHKTHBBI, aCCOLUH-
poBanHbIX ¢ EBV, a Takxke nepBUYHBIX BUTPEOPETUHAIIb-
HBIX HEXO/KKHHCKHUX JTUM(OM, TJIe TIPH aHAIN3e BHYTPEH-
HUX cpef 1a3a 6bu1 o6HapyxeH EBV [11-13].

VBeanbHass Menanoma (YM) siBnsieTcs Hambosee 3J10-
KayeCTBEHHON M 4acTO BCTPEYAIOLIEHCS BHYTPUIIIa3HOU
OITyXO0JIBIO, 3a00JIeBaeMOCTh KoTopoii B Poccuiickoit de-
Jiepali focturaer 6—8 ciayudaeB Ha | MIH B3pOCIIOTO
TpynocnocodHoro Hacenenus [14]. Oxomo 90% YM mo-
KanusyeTcs B Xxopuouzee, 6% — B uInapHoM Tene, 4% —
B paxyxke [15]. HecmoTps Ha mepBUYHOE JIeUEHHUE C IPHU-
MEHEHHEM DJHYKJICAllH IJla3a WM JIy9eBOW TEepamuH,
oyt y 50% marumentoB ¢ YM pa3BuBaeTcs MeTacTa-
THYeckas 00sie3Hb [ 16]. BUTanbHbINA MPOrHO3 ¢ MOMEHTA
JIUAarHOCTHKH METacTaTHYECKOTo 3a00JIeBaHMS SBIIAETCS
HeOIaronpUsATHBIM, IIPX 3TOM 001I1ast BBDKUBAaEMOCTb CO-
crapmseT ot 6 o 13 mec [17].

BrepBrie mpennonoxkeHUs O BO3MOXKHOM accoiu-
auu BIT c pasButuem YM Obinmu caemansl B.E.
Damato u coaBtr., n3yunBmumu BiusiaHue EBV Ha
TpaHchopmanuio B-kierox nepudepudyeckoir KpoBH
nanueHToB [18]. Ciyuait oOHapyxeHust reHoMoB CMV
u EBV B coueranuu ¢ Chlamydia trachomatis B omy-
XOJICBOM MaTepualie manruenta ¢ YM ommcal B pabote
C.B. CaaksH u coasr. [19].

T. Valyi-Nagy u coaBT. B UCCIICIOBAaHHH MPEICTABHIN
yOenuTenpHbIe T0Ka3aTeNbCTBA CTUMYIALUN POCTa OITy-
xoneBbIx ki1eTok HHV-1 B kynsType YM [20], onHako me-
XaHU3MBI, CTIOCOOCTBYIOIIIUE POCTY ¥ IIPOTPECCHH OITYX0-
JIM CO CTOPOHBI TEPIIECBUPYCOB, HE PAaCIIN(POBAHEI.

W3BecTHO, uYTO A(P(PEKTUBHOCTH JIEUEHHs 3JI0Kade-
CTBEHHBIX HOBOOOpa30BaHWi, IPOrHO3 3a0oJeBaHUSL
B 3HAYUTEIHHOH CTETIEHU 3aBUCSAT OT COCTOSHHS HMMYH-
HOH cucteMbl manuenTa [21]. bruio mokazaHo, 94To Kak
XPOHHUYECKOE TEUEHUE, TaK U PEAKTUBALIUS XPOHUYECKON
reprecBUPYCHON MHGEKINH y nanueHToB ¢ YM compo-
BOXKIAIOTCSl HEa/JleKBaTHBIMU CIOBUTAaMH B cOCTaBe 3(-

OPUTUHAJbHbBIE NCCNEAOBAHUA

(EKTOPHBIX CYOMOMyINSAIHHA JTUMGPOLUTOB BPOKIAEHHOTO
U aJallTUBHOTO UMMYHHOI'O OTBETA, OTPAXKAIOLUMH OC-
na0sieHre pe3suCTeHTHOCTH OPTaHU3Ma, M MOTYT CIOC00-
CTBOBATh CPBIBY B CHUCTEME MPOTHBOOIYXOJEBOU 3alllu-
Thl M YCUJIEHUIO 3JI0Ka4eCTBEHHOro pocta [22]. OgHako
JI0 HACTOSIILIETO BPEMEHU HCCIEJOBAHUS, HAIIPABICHHBIE
Ha npsamoi nouck BI'T B mMarepuane omyxonu u cpeaax
I1a3a B KOMIUIEKCE C OLEHKOW CIeUu(HUECKOro IyMo-
PaJIBHOTO IPOTHBOBUPYCHOIO HMMYHHTETa Hpu YM,
KOTOpBIE TIO3BOJIMIIN OBl BBISIBUTH B3aHMOCBSI3H BUPYCOB
C OIIyXOJIEBBIM POCTOM, B KIIMHUKE HE IPOBOUIINCH.

KommuiekcHbIit IOAX0 B M3Y4YEHUM NaTOreHe3a Iiia3-
HBIX 3JIOKaYeCTBEHHBIX HOBOOOpPa3OBaHWH IpeICTaB-
JISIeTCSl MEPCHEKTUBHBIM HE TOJIBKO B TEOPETHYECKOM,
HO U B NPaKTHYECKOM acIeKTe, Tak Kak OyJeT crocod-
CTBOBaTh EPCOHU(HKAILINY TUTaHA JICYSHHS U BpadeOHOH
TaKTHUKH BEACHUS O(TAIEMOOHKOJIOTHYECKUX OOMBHBIX.

Ilesan padoThl — yCTaHOBUTH YacToTy BesABIeHUI JJHK
BIT B marepuane omyxolieil, BHyTPEHHUX Cpel Ia3a,
KPOBH U MPOBECTH OIEHKY CHENH(UIECKOTO TyMOpab-
HOTO IMMYHHUTETa K BO30yAUTENAM IeplecBUPYCHBIX HH-
(dexnuii y marueHToB ¢ YM.

MaTepl/la.]'IbI H METOAbI

O6cnenoBansl 38 manueHToB (27 >keHIUH U 11 MyX-
9uH B Bo3pacte oT 14 mo 83 yeT) ¢ omyXoJasMu yBeab-
HOTO TPAKTa.

JlyarHo3 craBWIICS Ha OCHOBAaHUM JaHHBIX CTaHIAPT-
HBIX U CHECIHATU3APOBAHHBIX 0(TATEMOIOTHICCKIX Me-
TOOB HccnenoBanus. CpeqHui ypoBEeHb MPOMUHECHIIUN
omyxoJd (10 JaHHBIM 3xorpaduu) coctaBmi 7,0 = 4,0 Mm,
a auameTp ocHoBaHus — 13,7 + 4,1 mm. Bcem nanuentam
MPOBEACHA DHYKIICAINS MOPaXEHHOTO TI1a3a C MOCIEAy-
IOIIMM TaTOTHCTOJIOTHYECKUM HCCIIeIOBAaHHEM.

VY 33 nmarnuenToB nuaraoctuposana YM (97,1%), B ox-
HOM ciIy4ae MOP(QOIOTHsI OIMyX0oin cooTBeTcTBOBama AK
nurmeHTHoro snutenus cerdatku (I12C). CunbHO BbIpa-
XKEHHYIO0 MUrMeHTanuto umenu 79,4% onyxosneit, B 14,7%
CIIy4aeB MUTMEHT B OIYXOJIM OTCYTCTBOBAJ, U JOCTATOU-
HO PEIKO MUTMEHTalus MMeja ClIa0OBBIpaKEHHBIA Xa-
paktep (5,9%). lannble Mo TUCTONOTHYECKOMY THITY Y M
U ee JTOKaTN3allii IpeICcTaBIeHE B Ta0 1. 1.

Buomarepuan (TKkaHb OITYXONIHM, CTEKJIOBHUIHOE TeEIO
(CT), Bnara mepenneit kamepsl (BIIK)) 3abupancs mo-
clie PHYKJIealu; 3a00p KPOBU MPOBOIWICS B yTPEHHEE
BpeMs B mpooupku ¢upmbel Zhejiang Gongdong Medical
Technology Co., Ltd. (3ATA K3, akrtuBarop cBepThiBa-
HHUST), HOArOTOBKA Mpo0 mna3msl kpoH (1K) u ceiBopoTku
kpoBH (CK) BBITIONHSIIACK 110 CTAaHJAPTHBIM METOIHKAM.

OO6pa31p! MOMEIaIuCh B TPOOUPKY THIa DnneHaopd
U 3aMOPaXMBAIIUCh B KaMepe IITyOOKOH 3aMOPO3KH IPHU
temmnepatype —70 °C.

Ompenenenne reaoma HSV-1, HSV-2, CMV, Varicella
Zoster virus (VZV), EBV, HHV-6, HHV-8 B matepuaine
onyxonmu (n = 34), CT (n = 24), BIIK (n = 21) u IIK
(n =37) mpOBOAMIOCH METOIOM ITOJIMMEPA3HOHN IIEITHOM
peakiuu B peanbHoM BpemenH (IIL[P-PB) (tepmorukiep
CFX96, Bio-Rad Laboratories, Inc., CIIIA) corracHo
HHCTPYKIUAM  (pupMmeI-tipon3Bonutens. Crenudude-
ckuil rymopanbsHbiil otBeT K BIT ounenusanu no Hamu-
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Tadauua 1. Pe3yibraThl IaTOrHCTOIOHYECKOT0 HCC/IEI0BAHUS MAIIMEHTOB € YBeaJIbHOI MeJIaHOMOid, 1 (%)

Table 1. Clinical and histopathological features of uveal melanoma (UM), n (%)

I'ucronornveckuii THIT

Jlokanusanus yBeaabHON METAHOMBI, YHCITO cirydaes (%)
Anatomical location of lesions, number of cases (%)

MCJIIaHOMBI
Melanoma cell type XopuoungajibHas IUInoxopuongajibHas npuaonuiinapHas
choroidal lesion ciliochoroidal lesion iridociliary lesion

Beperenoknerounas 13 (39,4) 5(15,2) 1(3)
Spindle cell type
CMemaHHOKIIETOYHAs 7(21,2) 5(15,2) 0(0)
Mixed cell type
ONUTENNOUTHOKIETOYHAS 1(3) 0(0) 1(3)
Epithelioid cell type
Bceero 21 10 2
In total

Tadauua 2. Yactora BhIsSIBJIEHHSI TeHOMA replieCBUPYCOB B MaTepuaJie OIyX0JIH
Table 2. The frequency of detection of the herpesvirus genome in the tumor material

KonmnuecTBo 06pa3suos omyxoei Buz Bupyca
¢ 00HapYKEHHBIM BO30YIHTEIEM Type of virus Bcero
Number of tumor samples with detected In total
pathogen indicator HSV-1 HSV-2 VZV EBV CMV HHV-6 HHV-8
n - - 7 - 1 - 7
% - - 20,6 - 2,9 - 20,6

guro 1gG-, IgM-antuten B CK (n = 37) meromoM uMm-
MyHO(pepMmeHnTHoro aHanu3a (MPA) (aBromarndeckuit
uMMmyHopepMeHTHbIN ananuzarop LAZURITE, Dynex
Technologies Inc., CIIIA). [ns nocranosku [11[P-PB
n MDA wucnonp3oBanu KOMMEPYECKHE TECT-CHCTEMBI
3A0 «Bekrop-bect», Poccus. Ha ocHoBanuu pesynbra-
TOB CEPOJIOTHYECKOTO MCCIIEOBAHUS OMPEAEIISIA CTa-
U0 M aKTUBHOCTb MH(EKIIMOHHOTO Tpolecca — mep-
BUYHYIO, XpPOHUYECKYIO WM PEaKTUBALUIO XPOHHYE-
ckoil nH(ekunu. OneHKy aktTuBHOCTH EBV mpoBommmm
M0 JTaHHBIM KOMIUIEKCHOTO CEpOJIOTHYECKOTO TECTHPO-
BaHMs, BKiItouaroniero anturena k EA-IgG, EBNA-IgG,
VCA-IgM, VCA-IgG, VCA-IgG-asuanocts. s HSV-
1, HSV-2 u CMV omnpenemstnu tutp IgG-anTturen
K TpeApaHHUM OelKaM C TOMOIIbI0 JHATHOCTHYECKUX
HabopoB AO BTK «bnocepsuc» (Poccust). Y 19 mann-
€HTOB OBUIO MPOBEACHO MapajlieNbHOE HCCIIEA0BaHHUE
tkanu onyxonu, CT, BIIK, I1K na nanuuue JJHK Bupy-
coB, a Takke CK ¢ 1e1bI0 BBISIBIEHUS MapKEPOB aKTUB-
Hoil u xponudeckoil BI'T. Craructuueckas o6paboTka
MIPOBOAMIIACH C UCIIOJIB30BAHUEM CTAHIAPTHBIX AKETOB
npuKiIagHeIx nporpamm Microsoft Excel, BioStat 5.0.
I[pu cpaBHEHUH UCTIOIB30BAJICS KPUTEPHIA 2.

HccnaenoBanne mpOBOAMIOCH TPH JTOOPOBOJIBLHOM
MH(OOPMHUPOBAHHOM COTJIACHH TNAI[MEHTOB WM HMX 3a-
KOHHBIX mpeacTtasureneil. IIpoTokon wuccnenoBaHus
onobpen JlokalbHBIM 3THYECKHM KomuTeToM DPI'BY
«HMHUL] I'b um. T'empmrombray M3 P® (mpoTtoxon
Ne 62 ot 15.12.2022).

Pe3yabTarsl

Xponnueckass wuHumposanHocts HSV-1, HSV-2
u CMV (IgG-antutena) BbISBIEHA B IMOJABISIONIEM

40

OonpmuHCTBE ciydaeB (97,3% OONBHBIX), MapKephl XPo-
Hudeckolt VZV-unpexnun obHapyxeHsl B 94,6% Tect-
npo6 CK, HHV-6 — B 32,4% (12 u3 37 npoO), ipu 3TOM
IgG-anturena k HHV-8 He ObLIM BEISBIICHBI HU Y OJHOTO
13 00CIIeIyeMBIX MTAllUEHTOB, YTO, BEPOSTHO, 00yCIOBIIE-
HO DHJEMHYECKUMH OCOOECHHOCTSIMH PacHpOCTpPaHEHUS
BHpYyca B nommyisanuu [23]. Mapkeps! iepBUYHON HH(DEK-
uun (IgM-anturen) x BIT y oOcnenyeMbIx mamueHTOB
OTCYTCTBOBaJIM. PeakTuBaiuss XpoHHYECKOH HH(EKInu
HSV-1, HSV-2 (anTuTena x npeapanHuM OelKaM BUPY-
COB) BBIsIBIICHA B 55,6% ciyuaeB (20 manuentoB), CMV —
oosiee uem y 1/3 G6onbHbIX (38,9%).

Mapxkepsr nozgaelt mact-uHpexnun EBV (xponude-
CKoe MHHUIHPOBaHKHE) 0OHAPYKEHBI Y BCEX MALMEHTOB;
B OfIHOM ciy4ae (2,7%) ompenemnsiuch TOJIBKO aHTHUTe-
na IgG x kancunnomy antureHy VCA, cBHUIIETENHCTBO-
BaBIIME 00 MMMYHOCYIIpecCHH. MapKepbl aTUIHYHOMN
peaxktuBanuu EBV (EA-IgG, EBNA-IgG, VCA-IgG-
aHTHTeNa) OBUIN BBISBICHHI y ABYX OONMBHBIX (5,4%).

WHUIMpoBaHHOCTH OIMyXOJIel MO pe3yabTaTaM Mo-
JEKYJISIPHO-OMOJIOTHYECKOTO  HCCIIEIOBAHUSI  COCTaBH-
na 20,6%: BO BCEX MOJOKUTENBHBIX MPOOax mMarepuaia
oIyXosu OONbHBIX ¢ YM 061 00HApyKeH TOIBKO T€HOM
EBYV, u B oqnom cityvae (y manuenta ¢ AK I19C) BbisiB-
JIEHO COYeTaHHOe WHPHUIMPOBAHWE MaTepHalia OITyXOJH
EBV u HHV-6 (Taéu. 2).

IIpu uccnenoBanuu BHyTpuDiazHeix cpea JHK EBV
BesBiIeHa B obOpasiie CT (4,2%) y mamuenta ¢ EBV-
MOJIOKUTETBHBIM MaTepHraoM ommyxonu. B mpobax BIIK
reHetndyeckuii Mmarepuan BI'T He oOHapysxeH (Tadd. 3).

Pesynbrarsl [ P-uccnenosanusa [1K mokazanu B ox-
HOM ciryuae (2,7%) nannaue IHK EBYV, onnaxo npu atom
CEPOJIOTHYECKUX MapKepOB aKTUBHOW HMHQEKIUH MU
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TaﬁJmua 3. Pe3y.]'ll>TaTl>l “HP-HCCJ]CI]OB&HHS[ TKaHH OIYXO0JIM, CTEeKJIOBH/IHOI'0 TeJIa, BJIaru nepelmei'l KaMepbl U IVIa3Mbl KPOBH NALIUEHTOB C

Pa3HBIMHU 'HCTOJIOTHY€CKMMU TUIIAMHU OITyXO0JIH

Table 3. Results of PCR study of tumor tissue (TT), vitreous body (VB), aqueous humor (AH) and blood plasma (BP) of patients with differ-

ent histological types of tumor

I JTHK Bo3OynuTenei
N ALMEHT, BOSpact, JeT | p omyxonu Tumor Pathogen DNA
o Patient ID and age
Cell type

(years) TO CT BIIK K
1 1., 72 c EBV - - Ortp.
Cilio.Mix. Neg.
2 P, 64 c EBV - - Ortp.
Cilio.Mix. Neg.
3 4,46 XC EBV Otp. Otp. Ortp.
Chor.Mix. Neg. Neg. Neg.
4 C.,26 XB EBV Ortp. Otp. Ortp.
Chor.Sp. Neg. Neg. Neg.
5 K., 68 XC EBV EBV Otp. Ortp.
Chor.Mix. Neg. Neg.
6 P, 30 XB EBV OTp. Otp. Otp.
Chor.Sp. Neg. Neg. Neg.
7 P, 14 AK EBV, HHV-6 Otp. Otp. Ortp.
A Neg. Neg. Neg.

Ipumeuanne. TO — tkanb omyxonu; CT — crexknoBuanoe Teno; BIIK — Binara nepenneit kamepsl; I1K — mia3ma kposu; LIC — nuimoxopuonaibHas
OITYXOJIb CMELIaHHOKJIETOYHOTO cTpoeHust; XC — OIyX0JIb XOPHOUIEH CMEIIaHHOKJIETOYHOIo CTpoeHus; XB — ormyXoib XopHoHIeH BepeTeHOKIEeTOU-
Horo cTpoeHus; AK — aneHokapruHOoMa; OTp. — OTpULIATEIBHBIN Pe3ynbTaT HCCISN0BAHHSA; IPOUEPK (—) — HCCIEIOBAaHIE HE IIPOBOAUIOCE.

Note. Cilio.Mix. — mixed cell type ciliochoroidal tumor; Chor.Mix. — mixed cell type choroid tumor; Chor.Sp. — choroidal spindle cell type tumor;

A — adenocarcinoma; Neg. — negative; “—” — not tested.

Taoauna 4. YacTora 00HAPY:KEeHHs CEPOTOrHYECKUX MAPKEPOB XPOHUYECKOH U peaKTHBAIIMU XPOHUYECKO repnecBUpycHO nH(pekuun

Y NallueHTOB B 3aBUCUMOCTH OT m{(lmunponam[ocnl OIyXo0J1u, %

Table 4. The frequency of detection of serological markers of chronic EBV infection and its reactivation in patients depending on infection

in tumor tissue, %

IgG-anTurena

Txanb onyxonu JJHK EBV nonoxurenshas (n =7)

Txanb onyxonu JHK EBV orpunarensHas (n = 27)

1gG antibodies EBV DNA positive tumor tissue (total 7), % EBYV DNA negative tumor tissue (total 27), %
HSV-1, HSV-2, CMV, EBV 100 92,6
HSV-1, HSV-2, CMV panane (Mapkepsl 71,4 59,3
peaxkTuBanum)
HSV-1, HSV-2, CMV early (reactivation
markers)
EBV (arunuyHasi peakTUBALMs ) 0 7,4
EBV (atypical reactivation)
\VAY 85,7 92,6
HHV-6 42,9 259

peaKTHBAIIMK BUpyca oOHapyxkeHo He Obuto. IHK VZV
ObLTa OOHApy)keHa B KPOBH OJTHOTO TarmeHTa (2,7%) 6e3
BbIsBIECHUA [gM-anTuren.

IIpu cpaBHUTENBHOM aHaNu3€ MOKa3aTelel CHelu-
(uyeckoro TyMOpaIbHOTO MPOTHBOBHUPYCHOTO OTBETA
B 3aBHCHUMOCTH OT MH(HUIIMPOBAHHOCTH OITyXOJIH 00-
Hapy»KeHO, 4TO CEPOJIOrHYEeCKHE MapKephl peakTHBa-
uuu xponudeckoir mHpexkunn HSV-1, HSV-2 u CMV
y naunueHtoB ¢ JHK-EBV-nonoxurenbHoil omyxo-
JBI0 OTPEJEISUINCH Yallle 0 CPAaBHEHHUIO C TAKOBBIMU
y 6ompHBIX ¢ JIHK-oTpunarenbHoil TKaHBIO OITyXOJIH,
OJHAKO B CHJIy MaJOYHMCIEHHOCTH KIMHUYECKOW BHI-
OOpKH He OBLIO MOJIyYEHO CTAaTHUCTHUYECKH 3HAYUMBIX
pazmmumii (Tadua. 4).

[Tomasnsironiee yrcio EBV-nonoxuTensHbIX 00pa3IionB
YM, 10 IaHHBIM MATOTHCTOJIOTMIECKOTO HCCIICIOBAHUS,
HMEIT0 CMETIIaHHOKJIETOUHOE CTpoeHue (66,6%) ¢ mpeodia-
JIAaHUEM SIUTEIMOUIHBIX KIeToK (0T 60 1o 80% omyxomw,
MIPEACTaBICHHON B TUCTOJIOTHYCCKUX CPe3aX), OCTATLHBIC
OITyXOJI HMMENI BepeTeHOKIeTouHoe crpoenue. 71,4%
onyxonel (Bkmouas AK I19C) oTnuyanuch CHILHOBBIPA-
YKCHHOU mUTMeHTanue, 28,6% — ci1aboBhIpakeHHO MTUT-
MEHTaINeH; OECITUTMEHTHBIX OITyXOJIel cpemu oOpasIos,
B koTophix BeislieHa [IHK EBYV, He o6Hapy»keHo.

Oo6cyxnenue

3n0KkaueCcTBeHHAs TPAHC(HOPMAIHS SBIISIETCS CIIOAKHBIM
MPOIIECCOM, KOTOPBIM 3aBUCUT OT psAJia BHEIIHUX U BHY-
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TpeHHUX QakrtopoB. K HacrosmeMy BpeMeHH HaKoII-
JIeHbl yOenNTeNbHbIE TaHHBIE O TOM, YTO BAXHYIO POJIb
B BOBHHKHOBEHUH, POCTE M IPOTPECCHPOBAHNUH OITYXOJICH
UTPaOT OHKOT'€HHBIE BUPYCHI, THBA3USI KOTOPBIX B KIETKY
MPSIMO WJTH KOCBEHHO M3MEHSET MEXaHHU3MBI PETYISAIINN
nponudeparym.

Hapsiny ¢ 3TuM B nocnenHue n1ecaTUneTus: KOJIU4ecTBO
MH(GEKIIMOHHBIX areHTOB, 00IaAI0NIIX MaJTUTHU3APYIO-
[IMM OTSHIINAJIOM U HHAYIUPYIOMINX 3JI0Ka9€CTBEHHYIO
TpaHc(hOopMannIo KIETOK, yBEIHMYMIOCh. Tak, HarpuMep,
PHK-conepxamue Bupycsl — T-muMboTponHbIil BHpYC
YenoBeka U BHpyc rematuta C — SBISIOTCS HMPUIHHOMN
paszBuTHs T-KIETOYHOTO JIEHKO3a U IUPPO3a NedeHu [24].
JHK-conepxxatue BUpyChl — BUPYC NalMIJIOMBbI YEJI0BE-
ka (BIIY) — BBI3bIBAIOT pak IIEHKH MaTKd, a BHUPYC Te-
naruta B crocoOcTByeT pa3BUTHIO remaToNeLTIOISIPHOR
KapuMHOMBI [25]. Benen 3a 3TuM NOSABWIICS TEPMUH «MHU-
KpOOHBIE U BHPYC-aCCOLMUPOBAHHBIE OITYXOJM», IPUMe-
HSIEMBIH B CIyyae BBISBICHUS B OIYXOJIEBOM TKaHU BO3-
Oynureneit nHpexmn [26].

[lo pesynpraTam HaIIero MCCICOOBAaHUS YaCTOTA HH-
(UIMPOBAHHOCTH ONYXOJIeH YBEaJbHOTO TPaKTa COCTa-
Buwia 20,6% ¢ NpucyTCTBHEM BO BCEX MOJIOKUTEIBHBIX
nmpobax mMarepuana OmyXxoiu OONbHBEIX ¢ YM TOJIBKO re-
HoMma EBYV, uTo no3BossieT 1ymars 0 €ro BO3MOXXHOH poJin
B Pa3BUTHH U MOAJIEPKAHUU POCTA 3JI0KaUECTBEHHBIX
HOBOOOpazoBaHuil. 3a mocneanue roasl nzydenus EBV
BBISICHHIIOCH, YTO BUPYC, IEPCUCTUPYS B JOITOKHUBYILIMX
KJIETKax IaMATH, 9epe3 IKCIIPECCHUI0 COOCTBEHHBIX Te-
HoB jareHTHOCTH (EBNA, BART, LMP u ap.) nogasis-
€T MPOTHUBOOIYXOJIEBbIE BHYTPUKIETOUYHbBIE MEXaHU3MBI
(p53, p63, p73) u IPUBOANT K UMMOPTAIHU3ANNN U 3JI0-
KauecTBeHHOW TpaHchopmanuu mumpormros [27]. Ilo-
Ka3aHo, 4TO YPOBEHb 3KcIpeccuu 44 BUOB HEKOIUPYIO-
nux Mosiekyn MukpoPHK EBV B TkaHsX omyxonu B He-
CKOJIBKO Pa3 MPEBBIMIACT SKCIPECCHIO BUPYCHBIX T€HOB.
MukpoPHK EBYV, HanpsmMyto Bo3IeHCTBYS Ha HEKOIH-
pyromue obmactu marpuuHo PHK xirerkn, momasistor
MpoayKIHio Oenka p53 — perynasTopa MpoOIEcCcoB Kie-
TOYHOTO JeJICHUs U aronTo3a [28]. Bc€ Oonblne mossis-
€TCS TaHHBIX O TOM, YTO JuTHIeckas (aza xu3au EBYV,
KOTOpasi COMpPOBOXKAAETCS OJKCIPECCHEH aKTUBAaTOPOB
tpanckpunuuu (BZLF1 u BRLF1) u cunTe3om Bupyc-
HBIX OETKOB, HEOOXOAMMEBIX i perutukaruu ero JJHK,
CIIOCOOCTBYET BHYTPUKIECTOYHOMY OHKOTEHE3y Hapsmy
C HETIPOIYKTHBHOM JIaTCHTHOM nH(pekuei [29].

B omHOM cimyyae — B Marepuaiie OIMyXOJiH OOJBHOTO
¢ rucroiorndecku mnoxntBepxkaéHaoit AK I[19C — namu
BoIsiBIeHO couetanue JIHK EBV u HHV-6, uto cornacy-
eTcs C JaHHBIMH JINTEPATyphl: TOJOOHBIE TPHMEPHI CO-
yeTaHHON WHGeKwn B kKietkax AK n€rkux mpuBeneHbI
B pabote J.J. Gomez-Roman u coasr. [30]. [TokazaHo, 4yTo
HHV-6 urpaer ko-CTUMYIHPYIOLIYX0 POJIb B Pa3BUTUU
psiia THHEKOJIOTHYECKUX 3a00JICBaHUI U OHKOIIATOTCHE3E
Jop-opraHoB. MIMeroTcs MyONMKalyy ¢ OMHCaHWEM BO3-
MOKHBIX MEXaHU3MOB MallurHU3auuu ¢ yuyactuem HHV-6:
9KCIIpeccHs ero Tpancopmupytomero resa ORF-1 6bu1a
BBISIBIICHA B OITyXOJIEBOM TKaHW, TJe OH Creru(puyecku
CBSI3BIBAJI W TIONABILUT CHHTE3 aHTHOHKOTEHHOTO Oenka
p53 [31]. MonexynspHO-OHOIOTHUECKOE HCCIIEIOBAaHNE
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BHYTPUIVIA3HBIX KUAKOCTHBIX Cpell BbIsIBUIO reHoM EBV
TOJBKO B ONHOM ciydae — B marepuane CT nanueHra
¢ EBV-nonoxurenpHoi omyxonbro. Henb3s MOIHOCTBIO
uckmounTs nponukHosenue J{HK Bupyca Bo BHyTpeHHUE
Cpelbl TIa3a B MpoIecce paciaja OMyXonu (IpH MaTory-
CTOJIOTUYECKOM HCCIIE0BAaHUH B ONMCAHHOM CITy4yae BBI-
SIBJICHBI 30HBI HEKPO3a, cocTaBisitoue conee 50% oobéma
oryxomnu). C Ipyroii CTOpOHBI, BO3MOXEH H MPSIMOH MyTh
3aHeceHust 3Toro Bupyca B CT — MUETOMIHBIMU KIIEeTKa-
MH U3 CHCTEMHOTO KPOBOTOKA, KOTOphIe MuddepeHIupy-
IOTCSI HA MECTE B THAJIOIUTHI — OCHOBHBIE KJICTKH, PH-
HUMAIOIIKE yJacTHe B 00eCTeYeHNH UMMYHOIOTHIECKOM
NPUBUIIETHY U MOAY/SILIMM UMMYHHOTO OTBETA B CPEIHEM
otnene masa [32]. U3sectHo, yro EBV, nopaxas kieTku
PETHKYJIO03HOTENNAIBHON CHCTEMBI, OKa3bIBAET BIMSHUE
Ha (opMHpOBaHUE CHENN(PHYECKOTO TYMOPAJIBHOTO OTBe-
Ta, IPETATCTBYS 00pa30BaHUIO JEHAPUTHBIX KJIeTOK. EBV
yrHEeTaeT Npolecchl ayTodaruy, CHUXAET KOIWYIECTBO
aKTUBHBIX (POPM KHCIIOpOJa W TIPEMSATCTBYET MHUTOXOH-
JIpuaTbHOMY OmoreHesy B AH(D(EpeHIUPYIOMNXCS MO-
HOLIWTAX, BBI3BIBAS neuIuT >Hepruu [33]. AKTUBATOPHI
tpanckpummn Bupyca (BZLF1 u BRLF1) coco6eTByroT
cekperun uaTepneiiknaa (IL) 6 — muToKuHA, KOTOPHIH SB-
JsIeTCsl KOOPAMHATOPOM MMMYHHBIX (pyHKIHH, muddepen-
LUPOBKH I'€MOMOATUYECKUX KIETOK M CTHUMYJISILIMU BOC-
MaJIeHns], a TaKkxke OJIOKMPYeT aronTo3 B KIETKax U ooe-
CTeYMBaeT MX BBDKMBAHUE B YCIOBHSX cTpecca. Bmecrte
¢ 3TuM IL-6 crocoOCTBYeT COXpaHEHHIO KJIETOK, CKIIOH-
HBIX K HEOIUTACTUYECKOMY POCTY, 3aIlUIIast UX OT BO3EH-
CTBHS CUCTEMbI €CTECTBEHHOM THOeNIN KJIETKH U XUMHOTe-
paneBruueckux npemnaparto [34, 35]. Kpome toro, EBYV,
MOPaKAIOMNI KaK AMUTEIHANbHBIE, TaK U JIUM(pOUTHBIE
KJIETKH, criocoO0CTBYeT npoxykiuu 1L-10, yBennauBas ux
BbDKUBaeMocTh, U VEGF (BackynosHaoTenmambpHbie (ak-
TOpPBI pocTa) — (haKkTopa aHTHOTeHEe3a, yCUIIMBasg MeTado-
JIM3M M POCT OIyXOJIM 3a CYET HEeOBacKyapu3auu [36].

3akJjoueHue

Mexanusmbl yuactust BI'T B Manurauzanuu u Gpopcu-
pPOBaHMH HEOIUIACTUYECKOTO POCTa, B TOM YHCJIE MHTPa-
OKYJISIPHOM JIOKAJIM3aIlH, 10 HACTOAIIET0 BPEMEHH OCTa-
FOTCS HEpaCHTH(PPOBAHHBIMH.

Pesynbrarel Hamero ucciemnoBaHHS ITO3BOJISIIOT TO-
Boputh 0 BIT- u B wactHoctn 0 EBV-onocpenosanHoM
Pa3BUTHU OMYXOJICH YBEAILHOIO TPAKTa, U3MEHCHUH UM-
MYHOJIOTHYECKOH PEaKTUBHOCTH MalMeHTOB ¢ YM (4To
MIPE/ICTAaBIACTCS BAXHBIM KaK B TEOPETHUECKOM, TaK
1 B IIPAKTHYECKOM aCTIeKTe) U 0 HEOOXOMMOCTH JTaIbHEH-
HINX UCCIIEOBaHUMN C LENbI0 YIITYOIEHHOTO H3yUeHHUs PO-
JIM TEpPIIECBUPYCOB B TTaTOTeHe3e 3a00JeBaHms, pa3padoT-
KU TepCOHU(UIIMPOBAHHBIX TOIXOMOB K MPO(UIAKTHKE
U JICYEHHUIO 0()TAITbBMOOHKOJIOTHYECKUX OOJBHBIX.
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Lethal cases of lyssavirus encephalitis in humans after contact
with bats in the Russian Far East in 2019-2021
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Introduction. On the territory of Russia four species of lyssaviruses (genus Lyssavirus) were identified, three of
them caused human deaths.

The aim of work: to characterize fatal cases in humans after contacts with bats in the Far East in 2018-2021 and
to perform typing of isolated pathogens.

Materials and methods. Lyssavirus infection was confirmed in samples of sectional material from people who died
in the Amur Region in 2019, in the Primorsky Krai in 2019 and 2021. Diagnostics was performed by fluorescent
antibody test (FAT) and RT-PCR using diagnostic kits of domestic production. Viruses were isolated in a bioassay.
The nucleoprotein sequences were analyzed after 15t passage. The analysis of phylogenetic relationships and the
construction of a dendrogram were performed using the MEGA7 software.

Results. The viruses that caused the fatal cases in humans in the Amur Region and Primorsky Krai share more
than 90% identity to Lyssavirus irkut detected in Russia and China. Together they form a separate monophyletic
cluster with 100% bootstrap support.

Conclusion. On the territory of Russia, monitoring of bat populations for infection with lyssaviruses is relevant.
The material of people who died from encephalomyelitis of unknown etiology within 10—15 days from the onset of
the disease must be examined for lyssavirus infection. It is necessary to develop PCR assays that employ genus-
specific primers. The use of molecular biological methods is promising for improving the diagnosis of rabies and
epidemiological surveillance, as well as increasing the efficiency of the system of biological safety of the population
of the Russian Federation.
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Cnyyaun netanbHOW NUccaBUpPycHOM UHdEKUUn y nogemn
nocne KOHTAKTOB C PYKOKpbINbiMu Ha [lanbHem BocTtoke
Poccuu B 2019-2021 rr.
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BeepeHue. Ha teppuTtopum Poccum Bbinuy BeiSIBNEHb! YeTbipe Buaa nNuccaBmpycoB (popg Lyssavirus), npeacraBsu-
Tenu TPEX N3 HNX ABASNUCb NPUYUHON rmMbenn nogen.

Llenb — oxapaktepun3oBaTb cryyaun rubenu niofgen nocne KOHTaKTOB C PYKOKPbIbIMU Ha TeppuTopun OanbHero
Boctoka B 2018—-2021 rT.  TMNMpOBaTh BblAENEHHbIE MNAaTOreHbI.

MaTepuanbi 1 MeToAbl. JIuccaBMpyCHYH MHAEKLMIO NOATBEPXKAANM B 0bpasLax CEKLMOHHOro Mateprana oT -
aewn, normbwnx B AMypckow obnactu B 2019 r. u B Nprumopckom kpae B 2019 n 2021 rr. luarHocTrky noBogunmn me-
ToAoM chriyopecumpytowmx aHtuten, Real-time MNMUP, ncnone3ys gnarHoCcTukyMbl OTeH4ECTBEHHOIO NPOM3BOACTBA.
Bupycol BbligeneHsl B 6uonpobe. MNMocnegosartensHOCTU HyKNeonpoTenHa aHanvanposany Ha ypoBHe 1-ro nac-
caxa. AHanu3 hnnoreHeTU4YEeCKMX OTHOLLEHNI 1 NOCTPOEHMEe AeHAPOorpamMm BbINonHsNU B nporpamme MEGAY.
Pesynbrathbl. Bbino yctaHoBneHo, 4To BMpYChI, Bbi3BaBLuMe rmbenb nogen B AMmypckorn obnactu u Npumopckom
Kpae, bonee 4yem Ha 90% maeHTUYHbI Nnuccasupycam WpkyT (BUA Lyssavirus irkut), BbIIBNEHHBIM Ha TeppuTOpUn
Poccun n Kutas, n o6pasytoT ¢ HUMU OTAENbHBIN MOHOdUneTnyeckui knactep co 100%-# 6yTcTpen-noaaepxkon.
3akntoyeHue. Ha Tepputopumn Poccum akTyaneH MOHUTOPUHT NONYNALUIA NETYYUX MblLLE Ha 3apaKEHHOCTb NNC-
caBupycamun. CekUMOHHbIN MaTtepuan niogen, normbimx ot aHuedanommenuTa HeyCcTaHOBNEHHOW 3T1ONOrMn B
npegenax 10—15 gHewn ot Hayana 6onesHun, HeobxoaMMO UCCneaoBaTh Ha NUCCaBUPYCHYHO NHekuuto. TpebyeTcs
paspabortka ML P-TecT-cnctem, BknovaroLwWmx pogocneumdunyHble npaiMmepsl. lNprumeHeHne monekynspHo-6uono-
rMYeCcKnUX METOAOB ABMNSETCA NEPCNEKTUBHBLIM B NiaHe pasBuTUS AMarHOCTMKM BelueHCcTBa ANsi COBEPLLUEHCTBOBA-
HWUS 3NMOEMUONOrMYECKOro Haasopa M MoBbIWeHNs 3M(EKTUBHOCTN CMCTEMbI BUONOrMYecKon 3aLmTbl Hacene-
Husa Poccuinckon ®enepaumm.

Knro4eesie cnoea: Poccusi; nuccasupyc beweHcmsa, nuccasupyc Vipkym; nuccasupycHbil s3HUueganum; pyKo-
Kpbirible
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Poccun B 2019-2021 rr. Bonpockl Bupyconorun. 2023; 68(1): 45-58. DOI: https://doi.org/10.36233/0507-4088-156
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duHaHcupoBaHue. ViccnegoBaHue BbIMOMHEHO 3a CYET rocyaapCcTBEHHOMO BroaxeTa.

KoHdbnukT nHTepecoB. ABTOpbI 3asIBNSAT 06 OTCYTCTBUM KOH(MKTA UHTEPECOB.

OTnyeckoe yTBepxaeHue. ABTOpbI NOATBEPXKAAKT COOMOAEHNE UHCTUTYLMOHANbHBIX U HauMOHanbHbIX CTaHOapToB
No MCNonb30BaHMI0 NabopaTopHbIX XUBOTHLIX B cooTBeTCTBUM ¢ Consensus Author Guidelines for Animal Use (IAVES,
2010, July 23). UccnepoBaHue npoBoannock Npu Ao6poBonbHOM MHEPOPMUPOBAHHOM COTflacuM 3aKOHHbIX NpeacTaBu-
Tenew naumeHToB. [NpoTokon nccnegosaHns ofgobpeH ATndeckum kommtetom PBEYH «Omckuin HUW npupoaHo-oyarosbix
MHekumin» PocnotpebHaasopa (npoTtokon 6/H ot 27.01.2021).
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Introduction

Lyssaviruses are widespread neurotropic RNA viruses
that infect warm-blooded animals and humans, causing
fatal encephalitis or rabies (also known as hydrophobia,
lyssavirus encephalitis). In humans, infection causes
acute encephalitis, usually resulting in death within 10—
15 days after the onset of clinical symptoms of the dis-
ease. The worldwide distribution of lyssaviruses that are
highly pathogenic for humans and mammals, their almost
absolute lethality, and absence of treatment for developed
disease place lyssaviruses at the top of the agenda for hu-
man and animal health [1, 2].

Lyssaviruses belong to the genus Lyssavirus, the fami-
ly Rhabdoviridae and the order Mononegavirales, which
currently includes 17 species recognized by the Interna-
tional Committee on Taxonomy of Viruses [3]:

— Lyssavirus rabies (rabies virus, RABV);

— Lyssavirus lagos (Lagos bat virus, LBV);

— Lyssavirus mokola (Mokola virus, MOKV);

— Lyssavirus duvenhage (Duvenhage virus, DUVV);

— Lyssavirus hamburg (European bat 1 lyssavirus,
EBLV-1);

— Lyssavirus helsinki (European bat 2 lyssavirus,
EBLV-2);

— Lyssavirus australis (Australian bat lyssavirus,
ABLV);

— Lyssavirus irkut (Irkut virus, IRKV);

— Lyssavirus caucasicus (West Caucasian bat virus,
WCBYV);

— Lyssavirus khujand (Khujand virus, KHUV);

— Lyssavirus aravan (Aravan virus, ARAV);

— Lyssavirus shimoni (Shimoni bat virus, SHIBV);

— Lyssavirus bokeloh (Bokeloh bat lyssavirus, BBLV);

— Lyssavirus ikoma (Ikoma lyssavirus, IKOV);

— Lyssavirus lleida (Lleida bat lyssavirus, LLEBV);

— Lyssavirus gannoruwa (Gannoruwa bat lyssavirus,
GBLV);

— Lyssavirus formosa (Taiwan bat lyssavirus, TBLV).

One more virus, the Kotalahti bat lyssavirus (KBLV),
remains a tentative species until its species status is con-
firmed [3]. By 2023, 15 of 17 confirmed species had been
isolated from chiropters. Lyssavirus mokola and Lyssavi-
rus ikoma are the only two lyssaviruses that have not been
found among bat species so far [4-7].

Chiropters are a major reservoir of lyssaviruses. Their
diversity and global distribution contribute to the bio-
logical diversity of pathogens, being highly favorable
to the emergence of new species of viruses. Over the
last 20 years, 8 new species have been discovered in
Europe, Asia, and Africa. Human deaths were reported
from 7 species: RABV — about 60,000 deaths a year,
resulting from infection from terrestrial mammals, and
2-3 cases a year, resulting from infection from bats in
North America; EBLV-1 — 2 cases; EBLV-2 — 2 cas-
es, ABLV — 3 cases, DUVV — 3 cases, IRKV — 1 case,
MOKYV -2 cases [8—13].

The rabies lyssavirus (Lyssavirus rabies) is the most
widespread species, being well represented both geo-
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graphically and by the species diversity of infected mam-
mals supporting the virus circulation. It circulates in pop-
ulations of terrestrial mammals, mainly among carnivo-
rous mammals (the order Carnivora) worldwide and in
populations of chiropters (the order Chiroptera) in North
and South America. Lyssavirus rabies is responsible for
most of the deaths of humans and animals. Other species
of lyssaviruses occur only outside America; they seem to
have a limited geographical distribution and a narrower
range of hosts. In Europe, including the European part of
Russia, 5 species of lyssaviruses have been identified in
addition to the rabies lyssavirus; 6 species in Africa, 1 spe-
cies in Australia, and 5 species have been identified in
Asia, including the territory of Russia [7, 11, 12, 14].

The rabies lyssavirus circulates in natural foci across
Russia [15, 16], primarily in populations of wild canines
(the family Canidae) — foxes, corsac foxes, racoon dogs,
wolves, arctic foxes [17-21].

In Russia, two novel lyssaviruses have been discov-
ered among chiropters. The Irkut lyssavirus (Lyssavirus
irkut) was isolated from a greater tube-nosed bat (Mu-
rina leucogaster) in the Irkutsk Region in 2002 and the
West Caucasian bat lyssavirus (Lyssavirus caucasicus)
was isolated from a common bent-wing bat (Miniopterus
schreibersii) in the Krasnodar Territory [22, 23].

Most of the hydrophobia cases reported in the coun-
try from 1534 to 2018 were caused by infection through
contacts with wild and domestic carnivores (the dog,
cat, wolf, fox, racoon dog, etc.) [24]. The molecular and
genetic typing of the viruses isolated from the individu-
als who died after the contacts with the above animals
showed that they belonged to the Lyssavirus rabies spe-
cies [15, 25, 26].

Two documented cases of human death, which were as-
sociated with bats, were an exception. The first case was
reported in the Belgorod Region in 1985. The European
bat lyssavirus type 1, presently known as the Hamburg
lyssavirus (Lyssavirus hamburg), was isolated from a de-
ceased 11-year-old girl [3]. The rabies-related Yuli virus
was isolated by professor M.A. Selimov [27] and stud-
ied under the supervision of doctor of medical sciences
S.V. Gribencha at the Ivanovsky Institute of Virology.
The second case was reported in 2007; the Ozernoe lys-
savirus, an analog of the Irkut virus, was isolated from a
deceased 20-year-old girl in the Primorsky Territory [28].

Another two human deaths caused by bites of chirop-
ters have been reported in Russia. In both cases, the spe-
cies of lyssaviruses were not identified; the death from
lyssavirus infection was diagnosed using clinical and
epidemiological data. The first and the earliest reported
case of human death occurred in Voroshilovgrad (present-
ly Lugansk, the Lugansk People’s Republic of the Rus-
sian Federation) in 1977, when a bat bit a 15-year-old girl
[29]. The second case was reported in Molodogvardeisk
(the Lugansk People’s Republic of the Russian Federa-
tion) in 2002: A bat bit a 34-year-old man [30].

Thus, out of 4 species of lyssaviruses detected in Rus-
sia — Lyssavirus rabies, Lyssavirus hamburg, Lyssavirus
irkut, Lyssavirus caucasicus — representatives of the first
three species caused human deaths. The last three species
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were isolated from bats: Lyssavirus hamburg was found
only in Europe, Lyssavirus irkut — in Russia and China,
Lyssavirus caucasicus — in Russia and Africa[12, 31, 32].
During 1977-2007, four human deaths following bites of
chiropters were reported.

In 2018-2021, in the Far East Region of Russia, three
new cases of human lyssavirus infection after contacts
with bats were reported. These cases are discussed in this
article.

The purpose of the study was to describe the cases as-
sociated with human deaths after contacts with chirop-
ters in the Far East in 2018-2021 and to classify isolated
pathogens.

Materials and methods

Lyssavirus infection was confirmed using autopsy sam-
ples from patients who died in the Amur Region (Bla-
goveshchensk) in June 2019, in the Primorsky Territory
in September 2019 (Fokino) and in August 2021 (Zavet-
noe village). Based on the clinical and epidemiological
data, the first two cases were diagnosed with encephalitis
of unknown origin (meningoencephalitis of unclear eti-
ology, unspecified viral encephalitis); the last case was
diagnosed with acute encephalitis of lyssavirus etiology,
severe disease.

The specific rabies virus antigen was detected by the
fluorescent antibody test [33] using polyclonal anti-rabies
immunoglobulin labeled with fluorescein-5-isothiocya-
nate (FITC-immunoglobulin) manufactured by the Fed-
eral Center for Animal Health (FCAH).

Rus(Amur)8947H 2019, Rus(Primorsky)8949H 2019,
and Rus(Primorsky)9220H 2021 viruses were isolated
by bioassay using white outbred mice weighing 8-12 g,
which were inoculated intracerebrally with 0.03 ml of
a 10% Hanks solution-based brain suspension from the
deceased patients [34]. The specific death of mice from
rhabdovirus was confirmed by detection of its antigen by
the fluorescent antibody test performed on impressions of
animal brain. The infective activity of the viruses in the na-
tive material as well as at the 2"¢ and 4" passages was mea-
sured through intracerebral inoculation of 0.03 ml of brain
suspension from the deceased patients in 10-fold dilution
in Hanks solution from 10! to 1077 The virus titer was cal-
culated using the Reed-Muench method [35]. The authors
confirm the compliance with the institutional and nation-
al standards for using laboratory animals in accordance
with the Consensus Author Guidelines on Animal Ethics
and Welfare for Editors (IAVE, July 23, 2010). The stud-
ies were approved by the Ethics Committee of the Omsk
Research Institute of Natural Focal Infections of Rospo-
trebnadzor (protocol without number dated Jan 27, 2021).

The real-time RT-PCR (reverse transcription poly-
merase chain reaction) was performed to detect the rabies
virus RNA using reagent kits from Syntol (Moscow) and
Fractal Bio (St. Petersburg) and the Rotor-Gene 6000 ther-
mocycler.

The viral RNA was extracted from the brain of the
mice that died during the 1% passage, using the TRIzol
reagent (Invitrogen Life Technologies, United States)
in accordance with the manufacturer’s instructions. The
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synthesis of cDNA (complementary) in RT-PCR was per-
formed using random hexanucleotide primers included in
the Reverta-L reverse transcription kit (InterLabService,
Moscow).

Overlapping fragments were amplified to identify the
primary nucleotide sequence of the nucleoprotein gene
fragment [36]. To obtain PCR-fragments of isolated
Rus(Amur)8947H 2019, Rus(Primorsky)8949H 2019,
Rus(Primorsky) 9220H 2021 viruses, we used pairs
of primers described earlier by Heaton et al. [37] for
the gene encoding nucleoprotein: JW12-JW6 (DPL),
JW6 (M), JW6 (E), and then f1 and r1 described by Liu
et al. [38]. The amplification was performed using the
Axygen MaxyGene II thermal cycler (Axygen Scientific
Inc., United States).

The presence of the PCR product of the required length
was detected using electrophoresis in 1.5% agarose gel
(1x TAE (tris-acetate buffer)) with ethidium bromide.
The purification of PCR products and their concentra-
tion were performed using Agencourt AMPure XP para-
magnetic beads (Beckman Coulter Life Sciences, United
States) in accordance with the manufacturer’s recommen-
dations.

The purified PCR product was sequenced using the
above pairs of primers and the BigDye™ Terminator
v1.1. Cycle Sequencing Kit, followed by the analysis of
the reaction products using the SeqStudio genetic analyz-
er (Thermo Fisher Scientific Inc., United States).

The structure of the resulting chromatograms was an-
alyzed with the help of the Chromas 2.6.6.0 software
(Technelysium Pty Ltd, Australia). The obtained frag-
ments of the virus genome were aligned in BioEdit 7.0.5.3
(Informer Technologies, Inc., United States). The length
of the obtained products of amplification of nucleopro-
tein lyssavirus gene fragments was 1258 nt (the genome
position — 71-1328 in relation to Reference Sequence
NC_001542.1).

The search for homologous nucleotide sequences was
performed using the BLASTN 2.12.0+ program in the
NCBI database!.

The analysis of phylogenetic relationships of the
obtained nucleoprotein sequences and construction of
dendrograms were performed by the neighbor-joining
method with MEGA7 software [39], using deposited
sequences of NV gene fragments from the GenBank data-
base (n =51).

The statistical analysis of the results was performed by
standard methods using Microsoft Office Excel 2016.

Results

Russia is characterized by the existence of natural fo-
ci of rabies, in which the virus circulation is supported
by wild carnivores represented primarily by the Canidae
family [18, 21]. However, since 2019 the situation that is
not typical of Russia has been observed: over three years,

IStandard Nucleotide BLAST. Available at:
nlm.nih.gov/Blast.cgi?’PROGRAM =
GeoBlast&PAGE_TYPE = BlastSearch.

https://blast.ncbi.
blastn&BLAST SPEC =
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three cases of human death caused by bites of chiropters
have been reported — all of them occurred in the Far East.

The first victim of chiropters was a 36-year-old man.
In May 2019, he was in his country house in Blagovesh-
chensk in the Amur Region. When he was putting on a
work mitten, he was bitten twice in his ring finger by
a chiropter hiding in the mitten. The bite caused minor
bleeding. The injured man cleaned out the wound by
himself and did not seek any medical care. The disease
started developing on the 21% day after the bite. A coma
developed on the 10" day of the disease. Death occurred
on the 15" day of the disease.

The second victim was a retired man of 73 years old.
He was attacked by a bat in Fokino in the Primorsky Ter-
ritory at the end of August in 2019. The man was working
in his garage. The chiropter attacked him and bit him in
his neck. He did not go to see the doctor. The incubation
period was around 15 days. Death occurred on the 2™ day
of the disease.

The third victim was a 35-year-old man. Being at the
river in Zavetnoe village in the Chuguev District of the
Primorsky Territory in the middle of June 2021, he was
bitten by a bat in his upper lip. He cleaned out the wound
by himself, seeking no medical care. He became ill on
the 52" day after the bite. A coma developed on the 5%
day of the disease. On the 8" day, he died.

In all the victims, the disease developed as meningoen-
cephalitis complicated with hyperthermic syndrome (up
to 3940, 39, and 37.2°C, respectively), intoxication, sei-
zure syndrome, speech disorder, impaired consciousness,
pronounced cardiovascular insufficiency, respiratory failure,
and brain disorder. Cerebral edema was observed in all the
cases. In the first case, there were pulmonary edema and
bilateral pneumonia; in the third case — pronounced gener-
alized myoclonia, opsoclonus, myoclonic eyelid retraction,
bulbar syndrome, tetraparesis, thrombosis of central retinal
veins of both eyes, keratoconjunctivitis. In the first case, the
patient was checked for surrogate alcohol poisoning and
pneumonia; in the third case — for ischemic stroke.

OPUTUHANbHbBIE NCCNTEAOBAHUA

The characteristics of lyssavirus infection in patients
bitten by bats in the Far East Region are summarized in
Table 1. The species of chiropters that caused infection in
the above cases were not identified.

The autopsy material from the deceased was deliv-
ered to the Reference Center for Rabies Monitoring at
the Omsk Research Institute of Natural Focal Infections
of Rospotrebnadzor, following Rospotrebnadzor Order
No. 1116 of 1/12/2017. It should be noted that thanks to
the vigilance of healthcare workers and the operation of
the Reference Center, these cases attracted attention of
researchers who were able to identify the etiology of in-
fection.

The material was tested using the real-time PCR reac-
tion and the reagent kit from Syntol (Moscow) for detec-
tion of rabies virus RNA. The kit was licensed for medi-
cal application. The test system is designed for detection
of specific RNA of the rabies lyssavirus (the species Lys-
savirus rabies — classical rabies virus) by two channels —
Yellow and Orange. The recorded increase of the signal in
one of the channels is indicative of the presence of specif-
ic RNA genome fragments of the above pathogen in the
tested sample.

The autopsy material from the patients who died after
being bitten by chiropters was tested along with positive
samples from wild carnivorous animals.

In samples from all the deceased patients, the positive
signal indicating the presence of the rabies pathogen in
the autopsy material was received by the yellow channel
(Fig. 1 a, b, c¢). The presence of pathogens in samples
from terrestrial wild carnivores were traditionally record-
ed as positive by the orange channel (Fig. 1 d).

The test kit from Fractal Bio, which is designed for vet-
erinary purposes and adapted for detection of the classi-
cal rabies lyssavirus, did not detect the specific lyssavirus
RNA in samples from humans, while all the samples from
carnivores were tested positive.

Using the available data proving the circulation of the
classical rabies lyssavirus in populations of terrestrial

Table 1. Features of cases of lyssavirus infection in victims of bat bites in the Far East region in 2019 and 2021

Taoauna 1. Oco0eHHOCTH cily4YaeB JUCCABUPYCHOH MH(EKIUH Yy MOCTPAIABIIUX MOC/Ie YKYCOB JeTy4YMMH MblIIaMu B /[a/1bHEBOCTOYHOM

pernone B 2019 u 2021 rr.

Date of contact . . .. . Timely appeal for medical help
. . . . Incubation period | Clinical period
with source of infection Sex, age Region " . N CBoeBpeMeHHOe
HKy6aHI/IOHHI)II/I Knnnnueckuit
Jlara koHTaKTa Ilon, Bo3pact Pernon oOparenue
HEPHOJ epHOJL L
C HCTOYHHUKOM I/IH(i)CKI_II/II/I 3a MCUIIMHCKOH ITOMOLIBIO
Mid May 2019 Male, 36 years Amypckast 00macTs, 21 days 15 days Did not apply
Cepenuna mast 2019 . Myxuuna, 36 net BiaroBemenck 21 nuen 15 nueit He oGparuancs
Amur region
Blagoveshchensk
End of August 2019 Male, 73 years Primorsky Krai About 15 days 2 mHs Did not apply
Konen aBrycra 2019 1. Myxunna, Fokino Oxoro 15 mHew 2 days He obparmmancs
73 roma IIpumopckuii kpaid,
T'O 3ATO ®okuHO
Mid June 2021 Male, 35 years Primorsky Krai, 52 days 8 days Did not apply
Cepenuna uronst 2021 . MyxuuHa, 35 net Chuguevsky District, 52 muHs 8 nHei He oGparmancs

Zavetnoe village
IIpumopckuii kpaid,
Yyryesckwuii paiioH,

c. 3aBeTHOE
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carnivores, we assumed that the agent of lyssavirus in-
fection, which was detected by the test kit from Syntol,
could belong to the species different from the classical ly-
ssavirus and that the pathogens could belong to the same
phylogroup I as the classical lyssavirus.

The specific rabies virus antigen was detected in brain
impressions prepared with autopsy material from the de-
ceased, using the immunofluorescence test with polyclon-
al anti-rabies immunoglobulin from FCAH (Fig. 2). The
specific fluorescence intensity in two samples (Fig. 2 a,
c) was graded as 4 (clearly visible yellow-green fluores-
cence) and in one sample (Fig. 2 b) — as 2 points.

The viruses named Rus(Amur) 8947H 2019, Rus(Pri-
morsky)8949H 2019, and Rus(Pr1m0rsky)922OH 2021
were isolated during the bioassay with white outbred
mice infected intracerebrally. The incubation period for
the Rus(Amur) 8947H 2019 isolate was 10—13 days (on
average 11.5 = 0.3), for Rus(Primorsky) 8949H 2019
— 7-10 days (on average 8.6 &+ 0.7), for Rus(Primorsky)
9220H_2021 — 6-8 days (on average 7.1 + 0.1) (Table 2).

ala

e/c

All the animals infected with primary material became
ill, presenting clinical signs, mostly paralysis and pare-
sis. Other signs included lethargy, weakness, convulsive
seizures, decreased activity and mobility. The death of
animals occurred within a day. The death of mice from
lyssavirus infection was confirmed by detection of a
specific antigen in the impressions prepared using the
brain of the animals that died or were euthanized when
the clinical signs reached the highest level.

The isolated viruses were passaged using white out-
bred mice weighing 8-12 g. At the 3 passage, the in-
cubation period for Rus(Amur)8947H 2019 and Rus(Pri-
morsky)8949H 2019 pathogens reduced to 5 days, and
for Rus(Primorsky) 9220H_2021 — to 4-5 days. The ti-
ter of the Rus(Amur)8947H 2019 virus that was 4.4 lg
LD50,,, in the primary material reached 4.7 Ig LD50,
at the 40 passage. For the Rus(Primorsky)8949H_ 2019
virus, the infective activity was 4.6 1g LD50, . in the pri-
mary material and 5.6 1g LD50, . at the 6 passage. The
titer of the Rus(Primorsky) 9220H 2021 virus in the pri-

o/b

2/d

Fig. 1. Results of testing of samples from people who died after being bitten by bats and material of wild carnivores in the Real-time PCR
reaction with a set of reagents for the detection of rabies virus RNA from Syntol LLC using specific detection channels: Yellow: ¢ — human,
Amurskaya region, 2019; b — human, Primorsky Krai, 2019; ¢ — human, Primorsky Krai, 2021 and Orange: d — samples of wild carnivores,

Amur Region, 2019. In illustrations a, b, ¢, d curves are to positive reactions for biomaterial samples. C+ — positive reaction control.
The X-axis indicates normal fluorescence. The Y-axis indicates the number of cycles.

Puc. 1. Pe3ynbrarsl AnarHoCTUKH 00pa30B OT JIIoeH, HOTHOIINX 1OCTIe YKYCOB PYKOKPBUIBIMH, I MaTepHalla OT JUKHX XUITHUKOB B [TIIP
Real-time ¢ Habopom pearentos aiis BoisiBiaenus PHK Bupyca 6emencrsa or OO0 «CuHTOIY 10 KaHaiaMm JAeTekuuu crenupuku: Yellow:
a — genoBek, AMypckas oonacts, 2019 r.; 6 — yenosek, [Ipumopckuii kpait, 2019 r.; ¢ — yenosek, [Ipumopckuii kpait, 2021 r. u Orange:
2 — XUIIHBIC MJICKOMTUTAOIINE, AMypcKas 001acTh, 2019 1. KpuBbie Ha HILUTIOCTpAIMSX @, 6, 8, 2 COOTBETCTBYIOT MOJIOKHUTEILHBIM PEaKIIH-
M JuIs 00pasoB 6rnoMareprana. K+ — momoxkurenbHslil kKoHTposb peakiwd. 1o ocu X ykazana HopmansHas ¢moopecrenmus. [To ocu Y
YKa3aHO KO-BO LIUKJIOB.
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ala

6/c

OPUTUHANbHbBIE NCCNTEAOBAHUA

o/b

2/d

Fig. 2. Specific immunofluorescence of rabies lyssavirus antigen in brain imprints obtained during MFA using polyclonal Ig (FGBI “Federal
Centre for Animal Health”). The prints were made from primary material (brain): @ — human, Amur Region, 2019; » — human, Primorsky
Territory, 2019; ¢ — human, Primorsky Territory, 2021; d — healthy white mice. Olympus CX41 microscope, x10 eyepiece, x100 objective,
DP 72 documentation system, oil immersion.

Puc. 2. Cnermumaeckas IMMyHO(ITyOpeCIeHINs aHTUTeHA JINCCAaBUPYCOB OSIISHCTBA B OTIIEYaTKaX FOJOBHOTO MO3Ta, ITOTyIeHHAst Me-
TOOM (PITyOpeCHUPYIONIMX AHTHTEI C HCHOJIb30BaHUEM nojnkiIoHansHoro Ig (PI'BY « BHUM3XK»). Otnevarku caenaHbl ¢ EpBHYHOTO
Marepuraina (TOJIOBHOU MO3T): a — 4eNoBek, AMypckas obmacts, 2019 1.; 6 — yenosek, [Ipumopckwmii kpait, 2019 r.; 6 — yenosek, [Ipumopckmii
Kpaii, 2021 r.; 2 — 3gopoBsie 6enbie Mbim. Mukpockorn Olympus CX41, okynsip %10, oosextus x100, cuctema gokymentupoanust DP 72,
MacisHast IMMEpCHSI.

mary material was 4.3 Ig LD50, . and 5.4 1g LD50, , at
the 4™ passage (Table 2).

Amplification and sequencing of Rus(Amur)8947H_2019,
Rus(Primorsky)8949H 2019 and Rus(Primorsky) 9220H
2021 isolates yielded the fragments of nucleoprotein gene
sequences, the length of which was 1258 nt (accession num-
bers in GenBank: OQ377548 — 0Q377550).

Usingthe BLASTN 2.12.0+ program, we have found that
sequences of Rus(Amur) 8947H 2019, Rus(Primorsky)
8949H 2019, and Rus(Primorsky) 9220H 2021 viruses
were identical to those of Irkut lyssaviruses: the Ozer-
noe virus isolated from the individual who died in the
Primorsky Territory in 2007 had 98.17-99.68% identity;
the IRKV-THChinal2 virus isolated in 2012 from a bat
in China (Tonghua, Jilin province) had 98.17-98.97%
identity; the FX17 virus isolated in 2017 from a dog in
China (Fuxin) had 98.01-98.81% identity; the Irkut virus
isolated from a bat in Irkutsk in 2002 had 92.75-93.15%
identity (Table 3).

The similarity with the Hamburg lyssavirus (EBLV-1,
isolate 13424, Spain, 1989) was 79.08-79.28% and with
classical rabies lyssaviruses — 76.75—77.64% (Table 3).

It has been found that the viruses responsible for human
deaths in the Amur Region and the Primorsky Territory
form a distinct monophyletic cluster with lyssaviruses be-
longing to the Irkut species with 100% bootstrap support
(Fig. 3).

Discussion

The described three deceased patients did not demon-
strate any typical clinical picture of rabies (hydrophobia,
aerophobia, photophobia), which would be indicative of
the lyssavirus etiology of encephalitis. Considering the
increasing severity of the disease and based on the clini-
cal and epidemiological data, one patient was diagnosed
with unspecified viral encephalitis, while for two other
cases, the epidemiological anamnesis served as the basis
for diagnosing encephalitis of lyssavirus etiology.
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Table 2. Characteristics of the isolated lyssaviruses that caused the death of people after being bitten by bats

Tabnuua 2. XapakTepucTHKA BbIAeJeHHBIX JHCCABHPYCOB, BBI3BABIIMX I'HGeJIb JII0J€il 0c/Ie YKYCOB PYKOKPBLILIMU

Rus(Primorsky)8949H 2019 Rus(Primorsky) 9220H_2021

Characteristics Rus(Amur)8947H 2019
Xapakrepucruka
Incubation period at 1 infection (111(')1;3 ?la };S)
Muky6annoHHbIN epuo npu 1 3apakeHun 10-13 et
(8B cpennem 11,5)

Incubation period at passage 3 5 days
WuKyOaoHHbIN nepruoj Ha 3-M maccaxe 5 nuei
Incubation period at passage 5 4-5 days
WHKy6anuoHHbIN EpHOJ Ha 5-M Maccake 4-5 nueit

Virus titer in primary material

Tutp BUpyca B IEpBUYHOM MaTepHase 4,41gLD50, ,,

4-ro maccaxa
passage 4
4,71g LD50,

Virus titer at the level
Tutp Bupyca Ha ypOBHE

7-10 days 68 days
(mean 8.6) (mean 7.1)
7-10 nueit 68 nuen
(8B cpenneMm 8,6) (8 cpennem 7,1)

5 nHen 4-5 nueit

5 days 4-5 days

4-5 nuen 4-6 nuen
4-5 days 4-6 days

4,6 Ig LD50, 4,3 1gLD50,,
4-ro maccaxa
passage 4
541g LD50 .

6-ro maccaxa
passage 6
5,6 g LD50, .

Table 3. Search for nucleotide identity of obtained sequences using BLASTN 2.12.0+
Ta6auna 3. [Tonck HIEHTHYHOCTH HYKJIEOTH/I0B MOJY4eHHbIX CHKBEHCOB ¢ momouibio BLASTN 2.12.0+

Viruses
Bupycsl

Identity of nucleoprotein genome fragments

(1258 n.p., position 71-1328 relative to RefSeq NC_001542.1), %
Jlost MIeHTHYHOCTH (PParMEeHTOB I'eHOMa HYKJICONIPOTEeHHA
(1258 n.0., mo3unus 71-1328 orHocutensro RefSeq NC _001542.1), %

Irkut lyssaviruses (IRKV)
JIuccasupycel Upkyt (IRKV)

1 Ozernoe, 2007 98,17

2 THChinal2, 2012 98,17

3 FX17,2017 98,01

4 Irkut (NCBI RefSeq), 2002 93,15
Lyssavirus hamburg

(EBLV-1, isolate 13424, Spain, 1989) 79,16
(EBLV-1, uzomsr 13424, Ucnanus, 1989 1)

JInccaBupycel 6emeHctBa (RABV) 77,24-76,75

Rus(Amur) 8947H_2019

Rus(Primorsky) 8949H 2019  Rus(Primorsky) 9220H 2021

99,68 99,13
98,89 98,97
98,73 98,81
92,83 92,75
79,08 79,28
77,64-77,24 77,53-77,04

The fatal case with distinct clinical manifesta-
tions was reported in Zavitinsk in the Amur Region
in 2020. A 45-year-old woman died after being bitten
by a dog. The case was not laboratory confirmed as
the material was collected improperly. However, pro-
nounced hydrophobia, aerophobia, photophobia, hy-
perthermia, hypersalivation, aggressiveness, the fact of
a dog bite made it possible to conclude that the wom-
an’s death was caused by rabies based on the clinical
and epidemiological data.

Note that a contact with chiropters may not be noticed
by an individual; therefore, the epidemiological anamnesis
will not have any data regarding this contact. The infection
caused by lyssaviruses that are different from classical ra-
bies can develop without typical clinical signs. There are
reports mentioning atypical symptoms of human rabies
caused by chiropter bites (The World Health Organiza-
tion, 2018), thus making it difficult to diagnose the disease.
Therefore, if a patient’s death is caused by acute enceph-
alomyelitis of unknown etiology within 10-15 days from
the onset of the disease, the autopsy material must be tested
for lyssavirus infection. In the Sanitary Rules and Regu-
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lations SanPiN 3.3686-21, in the Sanitary and Epidemio-
logical Requirements for Prevention of Infectious Diseases
(section XXII), we updated the rules for rabies prevention
and emphasized the significance of the above tests.

The south of the Far East is known as a natural focal
region [40] where rabies lyssaviruses circulate in popula-
tions of foxes and racoon dogs. From time to time, wolves
become involved in the epizootic process. During differ-
ent periods of epizootic outbreaks, 40-60% cases of ra-
bies are reported among domestic dogs [20, 21].

Over the last 20 years, in the Far East a total of 11 hu-
man deaths caused by encephalitis of lyssavirus etiology
have been reported. In 3 cases, the sources of the rabies
lyssavirus were domestic dogs and in 4 cases — wild car-
nivores (a fox — 3 cases, a wolf — 1 case) [20]. Chiropters
were the source of the Irkut lyssavirus in other 4 cases
[28], including the cases described in this article.

The Irkut lyssavirus was first isolated from a great-
er tube-nosed bat (Murina leucogaster) in Irkutsk
in 2002 [23]. In 2007, a human death caused by the above
lyssavirus was reported in Ozernoe village in the Pri-
morsky Territory [28] (Fig. 4).
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OPUTUHANbHbBIE NCCNTEAOBAHUA

Fig. 3. Phylogenetic dendrogram obtained by the Neighbor-Joining method for 51 isolates of lyssaviruses of known species based on the
alignment of the nucleoprotein gene sequences (&, 1258 bp). The nodes indicate the percentage of duplicate trees (bootstrap support, %) in
which associated taxa are grouped together in the bootstrap test (1000 repetitions). The values of the bootstrap support indicators reflect the

stability of the topology of the dendrogram and are significant at values > 70%. The analysis was performed in MEGA7 software.

Puc. 3. OunoreHernyeckas neHaAporpamMMa, oiydeHHas MerogoM Neighbor-Joining st 51-ro n3omsra IMCCaBUPYCOB H3BECTHBIX BHIOB
Ha OCHOBAHMH BBIPAaBHUBAHHS MOCIIEI0BATEIFHOCTEH TreHa HykieonporenHa (I, 1258 H.0.). B y3nax ykazaHa goins TyOnupyromux IepeBbeB
(GyTcTpen-niognepixka, %), B KOTOPBIX aCCOLMMPOBAHHbIE TAKCOHBI CTPYIIIIMPOBaHEI BMecTe, B OyTcTpern-tecte (1000 moBTopoB). 3HaUSHUS

noka3aresnei Oy TCTpen-nogaep>KKH OTPaXKaroT YCTONYHBOCTh TOMOJIOTHU JEHAPOTPAMMBI M JOCTOBEPHBI MPH 3Ha4eHHsX > 70%. Anamus

BbInonHeH B MEGAT7.

The above virus has been detected not only in Russia.
In 2012, the Irkut lyssavirus was isolated from a great-
er tube-nosed bat in Jilin province (Jilin) in the center of
Northeast China [38]. The repeated discovery of the patho-
gen in the same species of chiropters can be indicative of
its species specificity. A few years later, in 2017, in the
Fuxin County in China, the Irkut virus was isolated from a
dead domestic dog that had bitten a human [41]. It was the

first evidence of possible transmission of the Irkut bat virus
to terrestrial carnivores and from them — to humans.

The identity analysis with the BLASTN program and
the phylogenetic analysis have demonstrated that the
obtained sequences of the Rus(Amur) 8947H 2019,
Rus(Primorsky)8949H 2019, and Rus(Primorsky)
9220H 2021 viruses isolated in 2019 and 2021 are clus-
tered with IRKV lyssaviruses and are identical to repre-
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Fig. 4. Cases of detection of Irkut lyssavirus (IRKV) in chronological order: 2002 — Russia, Irkutsk, Bat; 2007 — Russia, Primorsky Krai,
Yakovlevsky district, Ozernoye village, human; 2012 — China, Jilin province, Bat; 2017 — China, Fuxin County, domestic dog; 2019 —
Russia, Amur Region, Blagoveshchensk, human; 2019 — Russia, Primorsky Territory, Fokino, human; 2021 — Russia, Primorsky Krai,

Chuguevsky district, Zavetnoe village, human.

Puc. 4. Cityuan Bersasienus muccasupyca Mpkyt (IRKV) B xpononornaeckom nopsiake: 2002 — Pocenst, UpkyTck, 6onbIoi TpyOKoHOC;
2007 — Poccus, [Ipumopckuit kpaii, SIkoBiaeBckuii paiio, c. O3épHoe, yenoek; 2012 — Kurait, mpoBunuus ['npuH, 60111110 TPyOKOHOC;
2017 — Kuraii, oxpyr ®@ycuns, nomamnss cobaxa; 2019 — Pocensi, biarosemenck, AMypckast o6iacts, genosek; 2019 — Poccus, [Ipumop-
ckuii kpaii, 'O 3ATO doxkuno, yenosek; 2021 — Poccus, [Ipumopckuii kpait, UyryeBckuii paiioH, ¢. 3aBeTHOE, YEIOBEK.

sentatives of the species by more than 90%. It is known
that the identity threshold for N gene nucleotide sequenc-
es, which is responsible for delineation of all lyssaviruses
into species, is 82% [42]. The similarity with other spe-
cies (EBLV-1 and RABV) ranged from 79.28 to 76.75%,
thus demonstrating that the detected viruses belonged to
the IRKV species.

The analysis of phylogenetic relationships, which was
performed with the MEGA7 software for sequences of
the N gene fragment in all the known species of lyssavi-
ruses from GenBank (1258 nt, n = 51), showed that the
viruses that caused human deaths in the Amur Region
and the Primorsky Territory form a distinct monophyletic
cluster with Irkut lyssaviruses with 100% bootstrap sup-
port (Fig. 3).

All the IRKV viruses, though they were found in rela-
tively distant geographical locations, are closely related
(Fig. 3, 4). There were at least three human deaths caused
by rabies transmitted by bats in Northeast China: in the
Tonghua County in the 1990s and in 2002, and in the city
of Longjing in 2010. These cases were diagnosed only
clinically, without laboratory confirmation. The species
of chiropters responsible for the human deaths were not
identified. Reports about incidents of bat attacking hu-
mans were rare [38]. Earlier, in Asia, a few non-charac-
terized cases of lyssavirus infection in chiropters were
reported [11]. In 1967, in Thailand, lyssavirus antigens
were detected in two Malayan short-nosed fruit bats
(Cynopterus brachyotis) using the fluorescent antibody
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test [43]. In 1978, the lyssavirus was detected in the
grey-headed flying fox (Pteropus poliocephalus) in India
[44]. These data imply the possibility of wider distribu-
tion of the Irkut lyssavirus. It can have wide distribution
across the geographic range of the greater tube-nosed bat,
including Siberia and the Far East. Other species of chi-
ropters can be involved in the circulation of the pathogen.

At this stage, we have shown the benefits of using mo-
lecular and genetic methods for detection of representa-
tives of the genus Lyssavirus, which do not belong to the
classical rabies lyssavirus; we have pointed out the sig-
nificance of their application for interpreting human fa-
tal cases associated with encephalitis of unclear etiology
and assessed diagnostic capabilities of PCR test-systems
from Russian manufacturers. The successful detection of
non-classical rabies lyssaviruses using a Russian diag-
nostic kit was an exceptional example, as all the available
Russian PCR test-systems are designed specifically for
detection of the classical rabies lyssavirus.

For example, the PCR test-system from Syntol, which
was used for diagnosis, was designed for detection of
the specific RNA of the classical rabies lyssavirus by
detection of two genome regions: the region encoding
the nucleoprotein (V) gene and the region encoding the
gene of RNA-dependent RNA polymerase (L). In this
assay, all classical rabies viruses were detected by the
channel identifying nucleoprotein fragments. The spe-
cific fragments of lyssavirus RNA from the patients
who died following bat bites were identified only by
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the L gene detection channel, while the nucleoprotein
region was not detected by this test system. Therefore,
we assumed that the Syntol test system detected another
lyssavirus, which did not belong to the classical rabies
lyssavirus and possibly belonged to phylogroup I (see
below). At the same time, another assay designed for de-
tection of the nucleoprotein region of the classical rabies
virus common in Russia did not detect the above viruses
and demonstrated the absence of its ability to identify
the above pathogen.

During the virological study, viruses were isolated us-
ing the white outbred mouse bioassay; their specificity
was confirmed by the fluorescent antibody test with poly-
clonal anti-rabies immunoglobulin. The test was success-
ful, as the N gene is highly conserved; it induces forma-
tion of cross-reacting and complement fixing antibodies,
while lyssaviruses of different species demonstrate broad
antigenic cross-activity at the level of detection of the N
protein antigen [3]. Therefore, standard diagnostic tech-
niques designed for detection of the nucleoprotein (for
example, the fluorescent antibody test), through reaction
with the polyclonal anti-rabies immunoglobulin, can be
used for detection of all lyssaviruses without species dif-
ferentiation, using the same diagnostic kits.

Based on genetic distances and serological cross-ac-
tivity, lyssaviruses are divided at least into three phy-
logroups. Phylogroup I is comprised of RABV, DUVYV,
EBLV-1, EBLV-2, ABLV, ARAV, KHUV, IRKYV, BBLV,
GBLV, TWBLYV, KBLV. Phylogroup 2 includes LBV,
MOKY, SHIBV. The other species — WCBYV, IKOV,
and LLEBV - cannot be included in any of these phy-
logroups. Each phylogroup is characterized by relative
conservation of glycoprotein antigens inducing the pro-
duction of virus-neutralizing antibodies responsible for
antiviral immunity (the identity of amino acids in the
ectodomain is >74%). Cross-neutralization between ly-
ssaviruses belonging to different phylogroups is absent
(the identity of amino acids in the ectodomain is <62%).
As aresult, commercially available vaccines and immu-
noglobulins against rabies, which are based on strains of
the classical virus, generally induce immune protection
against lyssaviruses of phylogroup I rather than other
lyssaviruses [7].

The Irkut lyssavirus belongs to phylogroup I [7]; there-
fore, the existing anti-rabies products should provide
protection against it. However, the experimental find-
ings of American and Chinese studies have shown that
commercial biopharmaceuticals against rabies do not
provide 100% protection against the infection caused by
IRKYV, which would be as reliable as the protection against
infection with the classical rabies lyssavirus [45-47].

Conclusion

1. During 1977-2021, seven human deaths from bat
bites were reported in Russia: two deaths were reported
in the Lugansk People’s Republic, Lugansk (Voroshi-
lovgrad) and Molodogvardeisk; one death — in the Bel-
gorod Region, Belgorod; one death — in the Amur Region,
Blagoveshchensk; three deaths — in the Primorsky Terri-
tory, Ozernoe village, Fokino, Zavetnoe village.

OPUTUHANbHbBIE NCCNTEAOBAHUA

2. Out of four species of lyssaviruses circulating in Rus-
sia — Lyssavirus rabies, Lyssavirus hamburg, Lyssavirus
irkut, Lyssavirus caucasicus — representatives of the first
three species caused human deaths; the last three species
were isolated from bats.

3. The reported human deaths caused by lyssavirus
infection in the south of the Far East Region imply that
the role of chiropters in epidemiology of this infection
was underestimated in Russia and suggest the possibility
of under-diagnosis of lyssavirus infection after contacts
with these animals.

4. In Russia, bat populations must be monitored for in-
fection with lyssaviruses, taking into consideration that
the Irkut lyssavirus has been detected in the greater tube-
nosed bat in Russia and China, thus implying the possible
species specificity of the pathogen.

5. The epidemiological and public health authorities
must be aware of the possibility of chiropters to trans-
mit lyssaviruses. With a high species diversity of bats and
rapid emergence of new species of lyssaviruses, none of
the Russian regions can be considered free of these patho-
gens.

6. Considering the difficulty of clinical diagnostics of
the etiology of encephalitis caused by lyssaviruses that
are different from the classical rabies lyssavirus, the au-
topsy material from the patients who died from enceph-
alomyelitis of unknown etiology must be tested for the
presence of the lyssavirus pathogen within 10-15 days
from the onset of the disease.

7. The Russian commercial diagnostic kits for the fluo-
rescent antibody test are efficient for detection of the Irkut
lyssavirus antigen. The Russian PCR-based test-system
from Syntol can be used for detection of the Irkut lyssa-
virus, but there is need for diagnostic kits that employ ge-
nus-specific primers. Molecular and biological methods
offer good prospects for improvement of rabies diagnosis
and further improvement of epidemiological surveillance
and effectiveness of the system of biological protection of
the population in Russia.

8. The fact that the identified pathogens belong to the Ir-
kut virus implies that the Russian vaccines available on the
market provide effective protection against this pathogen.
Nevertheless, the evaluation of the existing immunobio-
logical products in terms of their effect on the Irkut virus
and the development of new products remain priority tasks.

9. Summarized data on detection of the Irkut lyssavirus
and the proven facts of its transmission to dog populations
increase the urgency of vaccination of domestic animals
to prevent any risk of their infection with this pathogen.

10. There is an urgent need for improvement of rabies
awareness and educational campaigns to prevent contacts
of the population with rabid animals, including bats, as
well as for better encouragement of timely seeking med-
ical attention if bitten by animals. The injuries caused by
chiropters must be reported and documented.
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BeeneHue. Anuaemunyeckuin napotut (3M) — BUpYCHoe 3aboneBaHne, NMetoLLee BbICOKYIO COLManbHyo 3Hauu-
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Mumps virus (Paramyxoviridae: Orthorubulavirus: Mumps
orthorubulavirus) genotyping as a component of laboratory
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Introduction. Mumps is a viral infection of high social significance. National program «Elimination of measles and
rubella and achievement of a stable sporadic incidence of epidemic mumps in the Russian Federation (2021-2025)»
sets the aim of gradual integration of mumps surveillance into the existing measles and rubella surveillance system. One
of the key components of surveillance system is a laboratory confirmation of mumps cases. There are two approaches
for laboratory confirmation of mumps cases, based on serological or molecular genetic methods. The aim of the work is
molecular genetic characteristic of the mumps viruses (MuVs) circulated in the Russian Federation in 2022.

Materials and methods. Samples of swabs from the inner surface of the cheek of 11 patients with mumps were
collected for the study. Viral RNA was isolated directly from the samples. The isolated RNA was used as a matrix
for RT-PCR. PCR products were sequenced using the Sanger method, and phylogenetic analysis was performed
using the MEGA-X software.

Results. The MuV genotype G was detected in all samples. Phylogenetic analysis showed the presence of two
virus genetic groups G-1 and G-2 that were significantly different from the viruses circulating in other countries.
Conclusion. The identification of two MuV genetic groups in a limited area suggests a high genetic diversity of
the pathogen.
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BBenenne

Onuaemuueckuid napotut (O11), BeI3bIBaeMBIN OHO-
nménusiM Bupycom (BOII), aBnsercs 3aboneBanuem,
yIpaBsieMbIM CPEICTBaMH CIEHU(PHUECKON BaKIHMHO-
npo¢pnirakTuky. BHeapeHWe B MpakTUKy 31paBoOXpa-
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HEHUS OTEYECTBEHHON TPEXBAJNCHTHON BaKUMHBI IS
nporIaKTHKU KOpH, KpacHyxu U DIl SBHUIOCH OMHOI
13 IPEeANOChUTOK A npuHATUA B 2021 . HaMoHaJIbHON
MpoTrpaMMbl «DIIMMHUHAIIAS KOPU M KPACHYXH, JOCTH-
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Puc. 3. Pe3ynbrars! huIoreHeTHIecKoro aHaiuu3a pparMenTa reHa gag, KOAUPYyIoNIero 6eok p24, MeTooM MaKCHMaJIbHOTO ITPaBIOMOI0-
ousi: Al — knactep, cOpMHPOBaHHBIH HYKJICOTHIHBIMU MocienoBaresibHocTsiM BUU-1 cy6-cyoTrna Al; A6 — kiactep, IperMyILECTBEHHO
C(bopMI/IpOBaHHLH/I HYKJIEOTHIHBIMH nocnenoBarenbaocTsiMH BUY-1 cy6-cyoruma A6; CRF 02AG+CRF63_02A6 — KJactep, chopmupo-
BaHHBIH HyKJICOTHAHBIMHU MocienoBaTenbHocTsMI BIY-1 pekoMOrHAHTHBIX Gopm CRF_02AG 1 CRF63 02A6; CRF63_02A6 — nozkna-
cTep, cq)opMI/IpOBaHHLIH HYKJIEOTHAHBIMH MOCTIeN0BaTenbHOCTIMA BUU-1 pexombunanTHoit hopmbl CRF63 02A6 G — knacrep, chopmu-
POBaHHBIN HYKJIEOTHIHEIME TOCTeR0BaTensHOCTME BUU-1 cy6tuma G; Ru — moaknactep, chopMUpPOBAaHHEIH HyKIEOTHIHBIMH MOCTEN0-
BarensHOCTSIMUA BU-1 cybrrma G, nomysenasiMu B Poccnn; C — kimactep, chOpMUPOBaHHBIH HYKJICOTHAHBIMH ITOCIIEJOBATEIbHOCTIMHI
BUY-1 cybruna C; B — knactep, copMupoBaHHbIil HyKICOTHAHBIME TochenoBateapHocTaMu BUU-1 cy6Tuna B.

Fig. 3. Maximum-likelihood phylogeny of the fragment of gene gag encoding the p24 protein; A1 — the cluster formed by the nucleotide
sequences of sub-subtype A1 HIV-1; A6 — the cluster mainly formed by the nucleotide sequences of sub-subtype A6 HIV-1; CRF_02 AG +
CRF63 02 A6 — the cluster formed by the nucleotide sequences of HIV-1 recombinant forms — CRF 02 AG and CRF63 02A6 CRF63 02A6
— the subcluster formed by nucleotide sequences of HIV-1 CRF63_02A6 recombinant form; G — the cluster formed by the nucleotide sequences
of subtype G HIV-1; Ru — the subcluster formed by the nucleotide sequences of HIV-1 obtained from Russia; C — the cluster formed by the
nucleotide sequences of subtype G HIV-1 subtype C; B — the cluster formed by the nucleotide sequences of subtype B HIV-1.

HUTEBHO TOJIBKO y Cy0-cyOTHIIa A6 IMOTHOCTBIO KOHCEP-
BaTUBHBIMU ObLTH 52 mosunmu AK, a Tonbko y cyOTuna
B — 23, mpu aTOM OBLTO BEIBIIEHO 29 MyTalMii CO CTaTH-
CTHYECKH 3HAYMMBIMH Pa3InIAsIMHU B 4aCTOTE BCTpedae-
MoctH B 24 nozunmsx AK (Taou. 3).

CpaBHeHHE TTpoQHiIel €CTECTBEHHBIX MOTMMOP(U3MOB
cy0-cyoTrnmnoB A6 n Al mokazano, uto 93 u3 231 nozummu
AK B Genke p24 y 000MX BapHaHTOB BHpYca OBUIH MOJTHO-
CTBIO KOHCEPBAaTUBHEL. JIOTIOHUTEILHO TOJBKO y Cy0-Cy0-
THna A6 OTHOCTHIO KOHCEPBATUBHBIMU ObLTH 39 MO3HIIHN
AK, aTonbko y cy0-cyorumna Al — 19, mpu 3ToM OBLIO BBISIB-
JIeHO 29 MyTaluii Co CTaTUCTHYECKH 3HAYUMBIMH Pa3IIAgH-
SIMH B 9aCTOTE BcTpedaeMocTd B 25 nosummsix AK (Taoi. 4).

72

AHanu3 MyTauuid JEKapCTBEHHOH YCTOHYMBOCTH
K JIeHaKamaBupy y BapuantoB BUY-1, mupkynupyio-
mux B Poccuu, B ImocienoBaTeNbHOCTAX, 3arpyKeH-
HBIX U3 0a3bl gaHHBIX Los Alamos, BeIsBUI 4 cirydas
HaJW4usl MYTaluid JI€KapCTBEHHOW yCTOWYMBOCTH
T107S, U3 HUX TpU MOCIEAOBATEIBHOCTU MpPHUHAJJIE-
xanmu cyorunmy G W ogHa — peKOMOWHAaHTHOH (opme
CRF03 _A6B. Kpome sToro, nBe moclieqoBaTeIbHO-
CTH COZIepXaJIi ajJbTepHATHUBHBIC 3aMEHBI B 3HAUNMOM
T107 no3unuu AK: 3amena T107V Opurta oOHapyxe-
Ha B MOCJEOBATEILHOCTH PEKOMOMHAHTHOM (HOpPMBI
CRF02_ AG u3amena T107A — B mociienoBaTeIbHOCTH
BHpyca cyotuma G.



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2023; 68(1)
DOI: https://doi.org/10.36233/0507-4088-161

ORIGINAL RESEARCHES

Tadauna 2. AMHHOKHCJIOTHBIE O3HINH B 0ejike p24, B KOTOPHIX AMHHOKHCJIOTHI B KOHCEHCYCHBIX MOCJI€10BATeILHOCTAX BAPHAHTOB
BHU 1, uupkyaupywomux B Poccnn, oTiimyanucs 0T aMMHOKHCIOT B pepepenc-niociienosarebHocTd HXB2 (K03455), 1 aMmuHOKHCI0THI
B COOTBETCTBYIOIIMX MO3HIMAX KOHCEHCYCHOH MocIe10BaTeIbHOCTH cyoTina B*

Table 2. Amino acid positions in p24, in which the amino acids of the consensus sequences of HIV-1 variants circulating in Russia differed
from the amino acids in reference sequence HXB2 (K03455), and the amino acids in the corresponding positions of the consensus sequence

of subtype B*

Peruon HXB2 A6 CRF63_02A6 CRF03_A6B CRF02_AG G B
B-LLIl"ll/lm,Ka 16 I6A I6A 16A I6A 16A IeL
p-hairpin Vil VT VIIT VI - - -

Al4 Al4S Al4S Al4S Al4S - -
115 115M 115M 115M 115M - -
H1 V27 V271 V271 V271 V271 - -
H2 S41 — S41T - - - -
H3 T54 T54M T54M T54M T54M - -
T58 TS81 T581 TS8I T581 - -
H4 E71 E71D E71D E71D E71D E71D -
T72 - - - - T72A -

V83 V83L V83T V83L - V83L V83L
CypA-cBsi3bIBaroIas V86 V86A - V86A - V86P -
CypA binding loop H87 H87Q - H87Q - H87Q -
191 I91F 191N I91F - - -
A92 A92P A92P A92P A92P - -
H6 Gl16 - - - - GI116T -
N120 N120S - N120S N120S N120S -
H7 E128 E128D — E128D - - -
1135 - 1135V - 1135V - -
L136 - - - - L136M -
IDR T148 T148V T148V T148V T148V T148V -
MHR R154 - R154K - - R154K/R -
Y169 Y 169F Y 169F Y169F Y 169F Y 169F -
S178 S178T S178T S178T S178T S178T -
H9 E180 E180D - E180D - - -
N183 - - - - N183G -
E187 - - - - E187D -
H10 T200 - T200S - T200S - -
K203 K203R K203R K203R K203R K203R -
A208 A208G A208G A208G A208G A208G -
G225 - - - - G225S -

Ipumeuanne. *I[Ipoyepk — aMHHOKKCIIOTAa COOTBETCTBYET aMHHOKHCIIOTE B pepepeHc-nocnenosarensHoctd HXB2 (K03455).

Note. *Dash means that the amino acid corresponds to amino acid in the reference sequence HXB2 (K03455).

[Ipn wccnenoBaHMM KIMHWYECKHX OOpasIoB, MOTY-
yeHHbIX 0T BUY-nHDUIMpPOBAaHHBIX MaIMEHTOB, CYO-
TUN-CHenn(UIHOCTD BUPYCOB, YKa3aHHas B Ta0I. 1, mox-
TBEPXKANacCh AaHAJIM30M ITOMYYCHHBIX HYKJICOTHIHBIX
MOCJIeA0BATEIBHOCTEH 00JacTH TeHa gag, KOMUPYIOIINX
Oernok p24, ¢ npumenenneM nporpammel COMET-1 [49]
1 OHJIAWH TPOTPaMMBI OIpEIeNIeHNs PEKOMOMHAHTHBIX
¢opm RIP (RIP 3.0 submission form (lanl.gov)). MyTa-
nui JekapcTBeHHOM ycroitunBoct BIU-1 k nenakama-
BHpPY B KIMHWYECKUX 00pa3iiax 00HapykeHO He OBLIO.

[lomydeHHBIE HYKICOTHIHEBIE MOCIEAOBATEIHFHOCTH
ObLTH menonupoBanbl B GenBank moj perucTpaioHHbI-
Mu Homepamu OP726083 — OP726112.

O6cy:kaenue

B skxoHomuyecku pa3Buthix cTpaHax Epomsi, CIIA
n AscTpamuy, rae reHorunupoBanue BUY mmpoko uc-
MOJIb3YETCS B PYTUHHOH IIPAaKTUKE, a B IOCIEIHEE Bpe-
Msl aKTHBHO IPUMEHSIOTCSI U METOABI ITOJHOTEHOMHOTO
CEKBEHMPOBaHMs, Hamboiee pacrpocTpaHéH cyorun B,
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Tadauma 3. Yactora BcTpeyaeMoCTH MyTanmii (eIMHUYHBIX 3aMeH) B Oesike p24 BapuantoB BUU-1 cy6-cyoTunos A6 u cydoruna B, %
Table 3. Frequency of mutations (single substitutions) in p24 variants of sub-subtype A6 and subtype B HIV-1, %

YacToTa BCTPEYaeMOCTH YacToTa BCTPEYaeMOCTH Yacrora BCTPE4acMOCTH
Myraust Frequency Myrauus Frequency Myrauus Frequency
Mutation Mutation Mutation
A6 B A6 B A6 B

16A 99,5 0 T54M 95,5 T148V 88,5 20,1
IeL 0 76 T58I 96 0 R154K 17 28,4
VIIT 38 0 E71D 99 2,2 Y169F 100 0
VIII 20 0,4 V83L 75 86,5 S178T 98 11,8
Al4S 82 0,9 V86A 81,5 6,1 E180D 67 30,6
Al14P 7 29,3 H87Q 100 24,9 K203R 89 0,4
I15M 64 2,6 I91F 82 0 P207S 26,5 0
I15L 6,5 27,9 91v 1,5 24,5 A208G 97 21
V271 100 28,8 A92P 97,5 6,1 G225S 13 22,7
S41T 31 18,3 N120S 80,5 24,5 - - -

Ipumeuanue. MyTanusMu cuuTaIy 3aMeHBl B yKa3aHHBIX NO3UIMSAX B CpaBHeHUH c pedepeHc-mrammoMm HXB2. JKupHbIM mpu(TOM BEIIEICHBI
MO3ULIUH, B KOTOPBIX 3aMeHbI y cy0-cyOTumna A6 Berpeyanucs Oomee yeM B 80%, nipu 3ToM y cyotuna B oOHapyeHbI He ObLIn.

Note. Mutations were defined as substitutions in the indicated positions in comparison with the reference strain HXB2. The positions in which substi-

tutions in the A6 subtype were found in more than 80%, while absent in the subtype B, are shown in bold.

Tadanua 4. Yactora BeTpeyaeMocTH MyTauMii (eIMHHYHBIX 3aMeH) B Oesike p24 BapuaHToB cyo-cyoTunos A6 u A1 BUY-1, %
Table 4. Frequency of mutations (single substitutions) in p24 variants sub-subtypes A6 and A1 HIV-1, %

YacToTa BCTpPe4aeMOCTH Yacrora BCTPEYaeMOCTH YacToTa BCTPEeIaeMOCTH
Myraums Frequency Myraums Frequency Myraums Frequency
Mutation Mutation Mutation
A6 Al A6 Al A6 Al

VT 38 5 V&3L 75 88,3 T148V 88,5 95,6
V111 20 61,7 V86A 81,5 6,7 R154K 17 91,1
Al14S 82 30,6 H87Q 100 25 S178T 98 85,6
Al14N 0 26,1 I91F 82 2,2 E180D 67 26,1
I15M 64 7,8 A92P 97,5 81,1 N183G 0 66,1
I15L 6,5 71,1 L111P 0 76,7 T200S 8 80
V271 100 94,4 I115L 0 21,7 K203R 89 79,4
A31G 5 26,1 N120S 80,5 48,9 P207T 2 36,7
S41T 31 3,9 NI120G 5,5 39,4 G225S 13 26,7
T54M 95,5 83,3 E128D 71,5 89,4 - - -

IMpumeyanue. MyTauusiMi CUUTAIN 3aMEHBI B YKa3aHHBIX MO3MIMAX B cpaBHeHHH ¢ pedepenc-mrammom HXB2. XKupHbiM mipuTOoM BbIJCTECHB
MO3UIMH, B KOTOPBIX 3aMEHBI y cy0-cyOTHna A6 BcTpedaiuch B 4 U Gonee pasa Jaiie.

Note. Mutations were defined as substitutions in the indicated positions in comparison with the reference strain HXB2. The positions in which substi-

tutions in the A6 subtype were found >4 times more often are shown in bold.

[I03TOMY MMEHHO OH B HACTOsIIEe BpeMs SBISIETCS Hau-
0ollee MUPOKO M3YYEHHBIM BapwaHTOM [6, 7]. Momeky-
nspHas snuaemuonorus BUY-undexnuu B Poccun nmeer
YHUKaJIbHBIN XapakTep, olHako reHotunupoanue BUY-1
Ha HACTOSIIMH MOMEHT HE SIBIISICTCS 00s3arelnbHBIM [4]
Y IPOBOAMTCS, KaK MPABUJIIO, TOJIBKO 10 TeHY pol, KOTOPHIit
KO/IMPYEeT OCHOBHBIE OEJTKU-MHIIICHH aHTHPETPOBUPYCHON
tepanmn. [ToTHOreHOMHOE CEKBEHUPOBAHNE B HEOOIBIITIX
MacmTabax MOTyT ce0e MO3BOJUTH JIUIIb CAMHIYHBIC J1a-
Ooparopuu B paMKax BBIITOJHEHHs HAyYHBIX MPOEKTOB.
Taxkum 00pa3om, (hparMeHTH TeHOMa 3a TpeeslaMi TeHa
pol y BapuantoB BUY, mupkynupyromux B Poccun, octa-
IOTCSl MAJIOW3yYeHHbIMU. BMecTe ¢ TeM B MUpe aKTHBHO
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NpOAOIDKaeTCsl pa3paboTKa HOBBIX aHTHPETPOBHPYCHBIX
npenaparoB [33, 50, 51] u TepaneBTUYECKUX BaKIMH
[36, 37, 52, 53], HalleJIeHHBIX Ha aJlbTEPHATUBHBIC OEII-
ku-mumenn BUY, B ToM 4rcie Ha KariCHaHbIH Oeok p24
[33, 36, 37]. Ota pabora ObLIa TOCBAIIECHA U3YYSHHUIO OCO-
OeHHOCTel KarncuaHoro Oenka p24 y Bapuantop BIY-1,
LUPKYTUPYIOIIKX Ha Tepputopuu Poccun.

B pesynsrare (QUIOTEHETHYECKOTO aHajm3a OBLIO
chopmupoBaHo 6 kmacrepoB — Al, A6, CRF02 AG +
CRF63 02A6, G, B u C (puc. 1), uTo cBHIE€TEIHCTBYET
0 CYIIECTBYIOIIEH TeTepOreHHOCTH (PparMeHTa reHa gag,
KOTUpYIomIero 0enok p24, MeXIay pa3TuIHbBIME BapHaH-
tamu BUY-1 u o Hanuuuu ominuuid y Bapuantos BUY-1,
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mupKynupyronmux B Poccuu (cyo-cyoTrma A6, pekomMOu-
HaHTHBIX opm CRF63 02A6, CRF_03AB, CRF02 AG
u cyotuna G), ot Haubonee n3yuyeHHoro cyoruna B.

[ocnenoBarenbHOCTH PEKOMOMHAHTHOM (hopmbI
CRF _03AB crpynmnupoBajiuch C MOCIEI0BATEIbHOCTIMHU
cyotnna A6, tak kak CRF _03AB sBnsercd mpoayKTom
pexoMOuHanmu cyo-cyoTrmna A6 u cyotuna B u B oOmactu
rena gag CRF_03AB cootBerctByeT cy0-cyoTHITy A6 [54].

U3 22 mocnmemoBarenbHOCTEH  PEKOMOMHAHTHOM
dopmer CRF63 02A6 20 chopmupoBamu oOmuil Kia-
crep ¢ nocuenosarenpHocTAMH CRF02 AG, Tak Kak
CRF63 02A6 sBnAoTCA MPOLYKTOM pEKOMOMHALIUU
CRF02_AG u cyotuma A6 [55]. Tem He MeHee TTOCTIEN0-
BarenbHOCTH CRF63 02A6 cdhopmupoBain OTAETbHBIN
noaxnactep B kinacrepe CRF02 AG+CRF63 02A6, uto
CBUJIETENILCTBYET O HAJIMYUU HEKOTOPBIX OCOOCHHOCTEH
B 001acTH TeHA gag, KOTUpyomel 0emok p24, ommmyaro-
mux CRF63 02A6 ot CRF02_AG.

B knacrepe G 24 u3 25 nocnenoBareinbHOCTEH, MOJTY-
YEeHHBIX OT MaIueHToB u3 Poccun, copMupoBamm Kiary.
JloTIoMHUTENbHBIN aHAIN3 JaHHBIX JIUTEPATYPHI IOKA3aIL,
YTO 3T TOCJIEI0BATEIBHOCTH OBUIN MOJTYYEHBI OT MallH-
€HTOB, MH(UIMPOBAHHBIX BO BpEMs HO30KOMHAIBHOMH
Bermbimku B 1988—1990 rr. Ha tore Poccun [ 14, 56].

B KOHCEHCYCHBIX NOCIEI0BaTEIbHOCTAX BapUaHTOB
BUY-1, nupkynupyromux Ha Tepputopuu PO, Ol 00-
HapykeHbl 3aMeHbl AK B 31-if MO3MIMK OTHOCHUTEIHHO
pedepencHoit mocnenosarensHocTH HXB2 1 KOHCEHCYC-
HOW mocietoBaTenbHOCTH cyoTrma B (Tadm. 2). [Ipu atom
3aMEHbI OBLIH BEISBICHBI TPAKTHYECKH BO BCEX yUaCTKax
p24, 3a uckmouennem HS, H8 u H11, uto cornacyer-
Cs ¢ JaHHBIMH O TOM, 4TO HanOojee KOHCepBaTHBHBIMHU
cTpyktypamu B rpynne M BHY-1 gensrorcs obiactu
HS5 u H8 [34]. Haubompimee yuciio 3aMeH OOHAPYKEHO
B oOmactu CypA-CBSI3BIBAOIIEH METIIH, TOTAAa KaK B pe-
ruone MHR Opun HaliZieHbI 3aMEHBI TOJIBKO B ABYX Caii-
Tax — 154 1 169. B 11enoM KOHCEHCYCHBIE MTOCIIEI0BaTEb-
HocTH Oenka p24 BapmantoB BUY-1, nupkymupyrommx
Ha Tepputopuu PD, conepxanu kak o0IIMe 3aMEHBI, TaK
U OTJIMYMSI, KOJIMYECTBO M KaYECTBO KOTOPBIX MEHSIUCH
B 3aBHCHMOCTH OT BapHaHTa BHPYCa, IIPH ITOM KaXKIbIi
BapHaHT BUPyCa UMEI YHUKAIBHBIN MPOQIIH 3aMEH.

[Ipu cpaBHeHUU mpoduici nomuMopdu3MoB cyd-cyo-
tuna A6 u cyOtuma B, cy6-cyotnmos A6 n Al Obutn
OTIpeNeTICHBl JTOCTOBEPHBIE CTATHCTUYECKH 3HAYMMEIC
OTJIMYUS], KOTOPBIE CBUACTEIBCTBYIOT O HAJIWYUM HH]U-
BUIYaJIbHBIX 0COOCHHOCTEH B Tpoduie moauMophusmMa
cyO-cyOoTuna A6 M reHeTH4ecKoM pa3HooOpasuu Oernka
p24 BHYTpH cyOTHTIA A.

OtnenpHO ciieyeT OTMETHTh Tpu Mytamuu (V86A,
H87Q, I91F), xotopsie y cy0-cyoTuna A6 BBISABISUIINCH
oouee yem B 80% ciryuaes, U B 4 1 OoJiee pasa yaire, 4eM
y cyoTuna B u cy0-cyoTuma Al (tabm. 3 u 4), BcnencTaue
YEeTo UX MOKHO 0003HAUUTH B KAUECTBE XapaKTEePUCTHIEC-
CKHX 3aMeH 1T cy0-cyoTuna A6. Myrtanuu V86A, H87Q,
I91F pacmomaratorcst B obmactu CypA-cBsI3bIBatOIICiH
MIeTIH, KOTOpas OTBEYaeT 3a B3auMozeiicTBue p24 ¢ kie-
TOYHBIM O€JIKOM IIUKIO(PHIMHOM A, IPEAOTBPAIAIOIINM
orpannuenne perutukanun BUY-1 mytéMm OnmoxupoBKH
kierounoro ¢axropa TRIMSa [34, 57]. I1pu sTom panee
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OBLIO TOKa3aHo, 4To 3aMeHa H87Q cHibkaeT ¢ dexTns-
HOCTH CBSI3BIBaHMA P24 ¢ nukiopmimHoM A [41].

Taxke MOMOTHUTENHHO HEOOXOAWMO BBIIENHUThH 3a-
MeHy B 92-m nonoxxenun — A92P, kotopasi BcTpedanach
y cy0-cyotunoB A6 u Al B 97,5 u 81,1% ciydaeB coot-
BETCTBEHHO, B TO BpeMs Kak y cyotuna B — mums B 6,1%
cinydaeB. Panee ObuTO Mmokasano, uto 3aMmeHa A92E Biu-
sieT Ha peruimkanuio supyca [41]. Xors naHHBIX O 3Ha-
guMocTy MyTaunu A92P moka HeT, 3Ty 3aMeHy cleayeT
OTMETUTH JUIsl TaTbHEHUIIETO N3yUEHUsl.

IIpu uccnenoBaHNM HAIWM4YUS MyTalUi JIEKApCTBEHHOU
YCTOMYMBOCTH K JICHaKanasupy y BapuantoB BUY, nupky-
Jupyronmx B Poccuu, B mocneoBaTeIbHOCTSX, 3arpysKeH-
HBIX 13 0as3el maHHeiX Los Alamos, B ogHo# u3 7 mocie-
JoBarenbHOCTel pexomOuHanTHOW (opmel CRF03 A6B
U B TpEX U3 25 mocnenoparenbHOCTeH cyoTHa G Oblia 00-
HapyxeHa myTtauus T107S. [locnenosarensnoctu BUY-1
cyoruna G, cormacHoO MPUIOKEHHBIM K HUM OITHCAHHSIM,
OBUTH TIOTy4YeHBI OT Pa3HBIX MAIMEHTOB, XOTSI U UHUIH-
POBaHHBIX B pe3yJbTaTe OIHON HO30KOMHAIEHOM BCITBIII-
ku [56]. Hammuue equangnoit mytanuu T107S He puBo-
JUT K Pa3BUTHUIO JIEKAPCTBEHHOM YCTOWYMBOCTH K JIEHAKa-
maBUpY, HEOOXOMUMO codeTanue ¢ myTanueit Q67H [44],
OIHAKO HEM3BECTHO, MOXKET JIM TOJ BO3AEHCTBUEM JIEHA-
karaBupa Hanmuuue T107S ycKkopuTh BOBHUKHOBEHHE MY-
taruu Q67H. Kpome Toro, obpammaer Ha ceOsi BHUMaHHE
BeisiBnierne T107S y CRF03_AB B oot u3 7 mocnenosa-
tenpHOCTEH (14,3%), a'y cyoTina G — B Tpéx u3 25 (12%).
Hebompiiass BBIOOpKA MOCIEMIOBATEIHPHOCTE HE ITO3BO-
JSIET ONpeaeNuTh yacToTy BeTpedaemoct T107S y atnx
BapuantoB BUY-1, Tem He MeHee MmoyueHHbINH pe3ysbTar
MOXKET TTOCIIOCOOCTBOBATh JaJbHEHIIIEMY HCCIIEJOBAaHUIO
pacrpoCcTpaHEHHOCTH MYTalUi JEKapCTBEHHOH YCTOM-
YUBOCTH K JICHAKallaBUPY Yy PEKOMOWHAHTHOW (OpPMBI
CRF03_A6B u BapuantoB BNY-1 cy6tuna G, mmpkynm-
pyromux Ha teppuropuu PO.

B ximHMuYecknx oOpasiax, MoJTy4YeHHBIX OT MallUeHTOB,
MyTalliy JIEKApCTBEHHON YCTOMYMBOCTH K JICHaKallaBH-
py oOHapyxeHBI He ObUTH. B 1e10M pe3ynbsrarsl aHamu3a
CBUJICTENILCTBYIOT O HU3KON BEPOATHOCTH MPEACYIIECTBO-
BaHMsI MyTallMi JEKapCTBEHHOH YCTOMYMBOCTH K JICHAKA-
nasupy y Bapuantos BUY-1, nupkynupyromux B Poccun,
YTO COMIACYETCs C OOIEMUPOBLIMU JaHHBIMU [34, 46].

3akJ/roueHue

B pesynbrare mpoBenEHHOTO MccaeqoBaHUs 0003Haue-
HBI ocoOeHHOCTH Oenka p24 y BapmantoB BUY-1, mup-
Kynupyoonmx Ha Teppuropun Poccun. [[ns nHamOonee
MIUPOKO pacipocTpanénHoro B Poccun cy6-cyotuma A6
OTIpeZIeIIeHbl XapaKTepPUCTHYECKIE 3aMEHBI 1 0003HAYEHBI
JIOCTOBEpHbIE OTIMYHUS €CTECTBEHHBIX MOINMOP(HU3MOB
OT Hanboee OMM3Koro eMy cyo-cyotumna Al u Hanboee
xoporro m3ydeHHoro cyoruna B. [lomydeHHBIe JaHHBIC
CMOTYT OBITh yUYTeHBI IIPH pa3paboTKe aHTHPETPOBUpPYC-
HBIX IMPENapaToB M TEPaNneBTUUECKUX BAKIMH HA OCHOBE
Oemka p24 B Oymymem. [lokazaHo, 94TO TIpENCyIECTBOBA-
HUE MyTalWi JIEKAPCTBEHHOM YCTOMUUBOCTH K JICHAKala-
BUpPY y Bcex BapuaHnToB BUY-1, IMpKynupyromx Ha Tep-
puropun Pd, manosepositHO. IIporso3 npumeHeHust JieHa-
KaraBupa B Oyayiiem B Poccun B 11e710M 01aronpusTHBIN.
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XaHtaBupychbl (Hantaviridae: Orthohantavirus), unpkynupyrouime
cpeamn HacekomosaaHbIX Ha [lanbHeM BocToke Poccum
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BBepeHue. HacekomosiaHble ABNAIOTCA HOBbIM NPUPOAHBLIM pe3epByapoM XaHTaBupycoB (Hantaviridae), Lumpoko
pacnpocTpaHEHHbIX MO BCeMy MUPY. YeTbipe B1uaa xaHTaBnpycoB, acCOLMMPOBAaHHBIX C Bypo3ybkamu, BbiSBIEHbI
B ABYyX pernoHax JanbHero Boctoka P®: aBa reHeTnyecknx BapuaHTa Bupyca Seewis (SWSV), Bupycekl Lena River
(LENV), Kenkeme (KKMV) 1 Yakeshi (YKSV).

Llenb pa6oTbl — nccnegoBaHue reorpacmyeckoro pacnpocTpaHeHUs xaHTaBMpycoB cpeam bypo3ybok poga Sorex
B t0kHOM YacTu [JanbHero BocToka.

MaTepuanbl n metoabl. O6pasLbl NEroYHOM TkaH Bypo3y6oK, OTMOBEHHbIX B YETLIPEX aAMUHUCTPATUBHBIX pe-
rmoHax JanbHero Boctoka, nccnegosanu Ha npucytcTeue PHK xaHTaBMpyCcoB B NONUMMEpPa3HON LEMHOW peakLmm
¢ obpatHon TpaHckpunumen (OT-MNLP). dunoreHeTnyeckuii aHanma NonyyYeHHbIX NocneaoBaTenbHOCTEN BUPYCHO-
ro reHoma nNpoBOAUNYM € ncnonb3osaHvem nporpammel MEGA-X.

Pe3ynbraTthbl. YCTaHOBNEHa LMPKYNALUS XaHTaBupycoB B Bypo3ybkax poga Sorex B EBpelickoi aBTOHOMHOW 06-
nactu, Xabaposckom, lNMpumopckom kpasix n B CaxanuHckon obnactu. Ha octpose CaxanvH Hamu 6bin obHa-
PY>XEeH HOBbIN reHeTn4Yeckuii BapmaHT Bupyca YKSV 1 ero HOBbIi NpUpodHbIA HOCUTENb — Kortuctast Byposybka
(S. ungiuculatus). Moka3saHo, 4To BapmaHT ARTV-Sc Bupyca SWSV uupkynupyet Ha nobepexbe XabapoBcKoro u
Mpumopckoro kpaés cpeau S. caecutiens. Bupycel KKMV n SWSV (BapuaHT ARTV-St) o6HapyxeHbl B EBperickom
aBTOHOMHOW obnactu cpean S. roboratus v S. tundrensis COOTBETCTBEHHO.

3akntouyeHue. YCTaHOBNEHO pacnpocTpaHeHe XaHTaBnpycoB B 6ypo3ybkax poga Sorex Ha Bcew nccrnegoBaHHoON
Tepputopuun flansHero Boctoka Poccun. MNonyyeHHble pesynstaTthl CBUAETENbCTBYIOT O KOIBOMOLUN XaHTaBUpy-
coB SWSV, KKMV 1 YKSV ¢ ux npupogHbIMM HOCUTENSAMW B apeanax ux obuTtaHums.

KnioueBble cnoBa: xaHmasupyc, HacekoMosiOHble; bypo3ybka, churoeeHemuyecKul aHanu3
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Shrew-borne hantaviruses (Hantaviridae: Orthohantavirus)
in the Far East of Russia
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Introduction. Insectivores are newly recognized hantaviral reservoir worldwide. Four distinct shrew-borne
hantaviruses (family Hantaviridae) have been identified in two regions located in southern and northern part of the
Russian Far East, two genetic variants of Seewis virus (SWSV), Lena River virus (LENV), Kenkeme virus (KKMV)
and Yakeshi virus (YKSV). Here, we describe geographic distribution of shrew-borne hantaviruses in southern part
of the Russian Far East: Jewish Autonomous region, Khabarovsk Krai, Primorsky Krai and Sakhalin region.
Materials and methods. Lung samples from shrews of genus Sorex, captured in the four regions of Far Eastern
Russia, were examined for hantavirus RNA using reverse transcription polymerase chain reaction (RT-PCR).
Phylogenetic analysis of the partial nucleotide sequences of viral genome was conducted using MEGA X software.
Results. New genetic variant of YKSV was identified in new reservoir host, long-clawed shrew (S. ungiuculatus)
from Sakhalin Island. Genetic variant of SWSV, ARTV-Sc, has been found to circulate among S. caecutiens on
the seacoast of Khabarovsk and Primorsky Krai. KKMV virus and second genetic variant of SWSV, ARTV-St, were
found in S. roboratus and S. tundrensis, respectively from Jewish Autonomous region .

Conclusion. Sorex-borne hantaviruses were found in all studied regions of Far Eastern Russia. Our results
demonstrated co-evolution of SWSV, KKMV, and YKSYV viruses throughout the geographic distribution of its hosts.
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BBenenue

XaHTaBUPYCHI, MpUHAAJIEKAIINE ceMeicTBY Hantavi-
ridae pona Orthohantavirus, IIMPOKO PacIpOCTPAHCHBI
BO MHOT'MIX PETHOHAX MHUPA U SABJISIOTCS BO3OYIUTEIIMU
IBYX KIMHUYECKHX (opM 3a00iieBaHUS YeIOBEKa — Te-
MOPParn4ecKkoil JTUXOpPaAKH C TMOYEYHBIM CHHIPOMOM
U XaHTaBUPYCHOTO KapIUO-JIETOYHOTO CHHApOMA, ISt
KOTOPBIX MEXIYHapOIHBIM COOOIIECTBOM XaHTaBHPY-

80

COJIOTOB TIPEUTaraeTCs HWCIOIb30BaTh HOBBIA OOt
TepMUH — XaHTaBHpycHoe 3aboneBanue [1]. Co Bpe-
MEH OTKPBITUS IIEPBOTO XaHTaBHpyca OT IOJIEBOI MbI-
U TPBI3YHBI OTpsifa Rodentia CUMTAINCH OCHOBHBIM
MPUPOAHBIM PE3EPBYapOM XaHTABUPYCOB, OIHAKO HC-
CJIEJIOBaHUs MOCIIEJHUX JIET YCTAaHOBHIHM OoJiee Imupo-
KU KPYr MIICKOITMTAIOIINX XO35€B, BKIIIOYAsT HACEKO-
MOSITHBIX (oTpsia Eulipotyphla) m pyKOKpbUIBIX (OTpsi
Chiroptera) [2].
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AKTHUBHOE M3yYeHHE XaHTaBHPYCOB B HOBBIX MPUPOI-
HBIX pe3epByapax, X BHJIOBOTO COCTaBa, paclpocTpa-
HEHWs M TNATOTCHHOTO IMOTEHIMaia NMPHUBEIO K OTKPHI-
THIO 26 HOBBIX XaHTABHPYCOB CpEIH HACEKOMOSIHBIX
n 7 BUIOB CPEAM JIETYYMX MBIIIEH B reorpauyecKu
yAan€HHBIX pailoHax Ha Tpéx koHTHMHEHTax [3]. Haubo-
Jiee BaKHBIM (DaKTOM SIBHJIOCH CEPOJIOTHYECKOE JT0Ka3a-
TEJIECTBO MHPHUIMPOBAHUS JIOACH XaHTaBUPYCaMH, IIUP-
KYJIUPYIOIIMMHU CPEd HACEKOMOSIHBIX U PYKOKPBUIBIX
B Asun u Adpuke [4, 5].

B Poccuun uccnenoBanus MpOBOAMINCH HAa TEPPUTO-
puM a3uarckoil yactu crpansl. B Cubupn cpenn Hace-
KOMOSITHBIX OBUIM OOHApy>XEHbI TISITh XaHTaBUPYCOB:
CuBuc (SWSV), Anraii (ALTV), Apteibam (ARTV),
Kenkeme (KKMV), Axagem (ACDV). Bupyc SWSV,
NIepBOHAYANEHO BBISABJICHHBIH Ha TeppUTOpuH EBpombI
0T OOBIKHOBEHHBEIX Oypo3yOok (Sorex araneus), mwapo-
KO pacrpocTpaHéH Ha Tepputopun Cubupu or OMCKoi
obmactu 1o o3zepa baiikan [6]. SWSV 0Ob1 00HapykeH
B HECKONBKHX BHAaX Oypo3yOok poma Sorex, BKIIOYast
OOBIKHOBEHHYI0, TYHAPSAHYIO (S. tundrensis) u KpyImHO-
3yoyto (S. daphaenodon). B nonmomuenue k SWSV, ot-
HOCcsmmemycs K pony Orthohantavirus, B OOBIKHOBEHHON
Oypo3yOke B PecyOnuke Anrait u Tomckoit o6mactu 011
OTKPBIT paHee HEU3BECTHBIM 3HAYUTENBHO OTIINYAOIIHI-
csl BHPYC, Ha3BaHHBIN Bupycom Adnraii (ALTV) [7, 8].
OUIIOreHETUYECKHI aHAJIN3 110Ka3ajl, YTO HOBBIA BUPYC
HauOoyiee OMM30K K pomy Mobatvirus, BKIIOYAIOIIEMY
B OCHOBHOM XaHTaBHPYCHI OT JIETYYHX MBIIIEH, 4TO yKa-
3bIBa€T Ha MEXBHIOBOW MEPEXOJ B XOAE €0 IBONIOLUHU
[8]. B momynsamusax cpemHux Oypo3yOok (S. caecutiens)
Pecnyonuxu Antait u KpacHospckoro kpast Obu1 00Ha-
pyxxeH Bupyc Aptsibam (ARTV) [9]. CornacHo HOBOIt
kinaccudukanyuu, Bupyc ARTV oTHecéH Kk OTACIEHOMY
reHerndyeckomy Bapuanty ARTV-Sc supyca SWSV [10].
Ha Tepputopun Anraiickoro kpast cpeay IIoCKOdeper-
HBIX Oypo3y0ok (S. roboratus) BeIsiBICH Bupyc Kenkeme
(KKMYV), BriepBble HaliIcHHBIH B TOM K€ BH/I€ HOCHTE-
neit B Peciybmnuke Caxa [11, 12]. HenaBHue uccienosa-
Hus cubupckux kpotoB (Talpa altaica) Ha Tepputopuu
3anmagHolt CHOMPH YCTaHOBHIIN CPeIU HUX [UPKYIISIIIO
paHee HensBecTHOro Bupyca AxazeMm (ACDV) [13].

Ha JlansHem Boctoke Poccuu B 10kHOM 4dacTu Xa-
OapoBckoro kpas u PecrmyOnmmke Caxa ObLTH BEBISIBJICHEI
U WAGHTU(DUIUPOBAHBl YEThIpe BHJA XaHTABHPYCOB.
CoBMecTHast IMPKYISAIUA AByX 3HAUUTEIBHO pa3iinya-
ronmuxcsa Bupycos Jlena (LENV) u Bapmanta ARTV-Sc
Bupyca SWSV Oblna o6HapyxeHa B MOMYJIALMSIX CPea-
Hell Oypo3yOku (S. caecutiens) B XabapOBCKOM Kpae
u PecnyOomuke Caxa [7, 14]. Ha ocHoBe momydeHus
M aHalu3a IMOJHOPa3MEpHBIX TE€HOMOB BBIIBUHYTa I'H-
nore3a, 4to xaHTaBupycbl ALTV u LENV Bo3HuKIU
B XOJI€ IBOJIONNHU B PE3yJbTare MEXBHIOBOTO Iepexoa
MIPEIKOBOTO XaHTaBUpPyca JETYyYHX MBIIMIEH K Haceko-
MOSIIHBIM W €T0 TIOCJIEAYIOIero paclpoCTpaHeHHs cpe-
1 O0ypo3yOok poma Sorex Ha Tepputopuu EBpazum [8].
Bropoil reHeTHYeCKH pasNHYarOIMKCS BAPUAHT BUpYyCa
SWSV, panee HasbiBaecMmbiii ARTV-St, Obi1 00HApYXEH
cpenu S. tundrensis Ha tore XabapoBckoro kpas [14].
B Xab6aposckoM kpae u Pecriy6nuke Caxa cpean miocko-
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YepenHbIX Oypo3yOoK ycTaHOBICHA LUPKYISLMS BUpYyca
KKMYV, a B XabapoBCKOM Kpae B TaeKHBIX Oypo3yOkax
(S. isodon) 6bu1 Haiinen Bupyc Yakeshi (YKSV), panee
BBISIBIICHHBIN B TOM € HOCHUTEIE Ha IPUTPAaHUIHOM Tep-
putopuu Kuras [11, 14, 15].

Llesabio ucciaenoBanus ObIJIO JalbHEHIIEe H3ydYeHUE
LIUPKYISILUN XaHTaBUPYCOB CPEAN HACEKOMOSIHBIX Ha
Tepputopun JlaneHero BocToka, X BHJOBOrO cOCTaBa
U pacrpoCTpaHeHHUS.

MarepuaJjibl 1 METOIBI

OKCIIEAUIIMA TIO0 OTIOBY MENKHUX MIIEKOIHUTAI0-
mux u cOopy oOpa3lmoB OBUTH TPOBEACHBI B IEpH-
on 2011, 2015-2017 rr. Ha Tepputopuu anbuero Boc-
Toka Poccun. OTIIOB METKHUX MIICKOMUTAIONINX U O0TOOp
00pa3IoB OCYMIECTBISUIN B COOTBETCTBHU C TIPOTOKOJIOM
M PEeKOMEHJAIMAMH 10 Oe30macHOi paboTe COTIacHO
MY 3.1.1029-01 (ytB. 06.04.2001 1.). ABTOpEI TTOATBEP-
KJIAIOT COOITIO/ICHNE HHCTUTYIIMOHAIBHBIX U HAIIMOHAb-
HBIX CTaHJIAPTOB IO MCIIOJIB30BaHUIO Ta0OPATOPHBIX KH-
BOTHBIX B cooTBeTcTBHU ¢ Consensus Author Guidelines
for Animal Use (IAVES, 2010, July 23). OtobpaHHbIe
TKaHHU JETKUX TOMEINaly B KUIKAK a30T Ju0O0 B cTa-
ounmmsupyronii pactBop RNAlater (QIAGEN GmbH,
I'epmanus) nns mocienyromiero Boiaenenus PHK u eé
aHaJM3a METOJIOM TIOJIMMEPa3HOM IEIMTHON PEeaKIiu ¢ 00-
parHoit TpaHckpunmmeit (OT-IILP). [lna moarsepxkae-
HUS TaKCOHOMHYECKOW MPUHAIUIEKHOCTH Oypo3yOoK,
oTIpeneNi€HHOI SKCIepTaMH-300JI0TaMH, OBUIO TIPOBEAe-
HO OmpeAeNicHIe U CpaBHEHHUE ¢ 6a30ii qanHbX GenBank
¢parmenTa rena nutoxpoma b mutoxonapuansHoit JTHK.

Bupycuyto kIHK (kommieMeHTapHYI0) CHHTE3UPOBa-
mu ¢ ucnonb3oBanneM OT Thermo Scientific RevertAid
Premium Reverse Transcriptase (Thermo Fisher Scientific,
CIIA) n ponocnenuduaeckoro mpaiimepa HPS (5’-TAG-
TAGTAGACTCC). IlpoaykTsl IByXpayHIOBOW aMILIH-
(UKaIMK TTONTyYajIH C UCTIONh30BAHUEM JIBYX CEpHI Mpai-
MEpOB TI0 CTaHAAPTHOMY HPOTOKONY C HCIONB30BaHHEM
Hot start Taq JJHK-moimumepass! mpon3BoacTBa (HGUPMBI
«Cub3u3arim» (HoBocubupcek). [Tepsas cepus npaimMepoB
W YCIIOBHS TIPOBEACHUS peaky ObLIM OIMCAaHBI paHee
[16], Bropas cepust mpaiiMepoB OblIa BEIOpaHa aBTOpamMu
u onrcana B pabore L.N. Yashina u coasr. [8].

BripaBHHBaHWE HYKJICOTHIHBIX ITOCIIEIOBATEIHLHO-
cTel ocymecTBIsAn ¢ nomoinsto anroputMa MUSCLE
B porpamme MEGA X [17]. nsg noctpoenus ¢uiore-
HETHYECKHUX JIePEBHEB HMCIIOIB30BAaH METOJ MaKCHMalb-
Horo mpaspononodus (Maximum Likelihood) ¢ moze-
npi0 3Bomror GTR + G + 1. Berauciaenus mpoBoguim
st 1000 ureparuii.

Pe3yabTarhl

B nepuon 2011 u 2015-2017 rr. B EBpeiickoii aBTO-
HomHoi obnmactu (EAQO), IIpumopckom m XabapoBCKOM
Kkpasx, CaxaarHCKoW 001acTH ObUIO OTIIOBIIEHO 43 Oypo-
3yOku (puc. 1, Tadmmua). Bee o6pasipl ObIM pOTECTH-
poBansl MetoroM OT-IILIP ¢ mcnonb3oBanueM mpaiime-
poB juia L-cermenTta reHoma. XanTtaBupycHas PHK Obuia
BEIIBIICHa B oOpasmax oT 13 Oypo3yOoK, OTIIOBICHHBIX
BO BCEX HCCIICIOBAHHBIX PETMOHAX B 7 W3 9 BBHIOpAHHBIX
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TOYEK: OKpecTHOCTSX bupobumkana, Jlennnckoro, Huko-
naeBku (EAO); Toxu u Jlargpmm (XabapoBckuii Kpai),
Bnagusoctoka (IIpumopckuit kpait), Xonmcka (Caxanus-
ckas obmacte) (tabmuia). PHK-monoxwurenbHbl 00pa-
3er] ¢ ocTpoBa CaxajauH JIOTOJTHUTENEHO aHATN3UPOBAIN
C HCHONB30BaHHUEM IMPaMEpoOB K S-CETMEHTY TeHOMA.
[lonmy4yeHHble HYKICOTHIHBIE MOCIEIOBATENbHOCTU Je-
MOHMpPOBaHEI B Oanke maHHBIX GenBank mox HOMepa-
mu MG888369 — MG888373, MG888375, MG860921,
MZ062428 — MZ062433, ON858829. dunorecHernue-
CKMI aHaJM3 4acTUYHOM 426-HyKJIEOTHIHOM Mocie0Ba-
TEJIBHOCTHU T€HA IIUTOXpoMa b HACHTU(HUIIMPOBAT HOCHUTE-
Jiel Bupyca kak S. tundrensis, S. caecutiens, S. roboratus
u S. unguiculatus (Homepa B O6anke maHHpIXx MG888386,
MG888400 — MG888401, ON858826 — ON858828).
OumoreHeTHUSCKUN aHadM3, OCHOBAaHHBIA Ha (par-
MeHTaxX 346 HYKJICOTHIHBIX OCTaTKoB (H.0.) L-cermeH-
Ta TeHOMa, BbIABHI cpeau HOBbIX PHK-u3onsToB Tpn
BHJIa XaHTaBUPYCOB: BapuaHThl Bupyca SWSV (ARTV-
Sc u SWSV-St), KKMV u YKSV (pue. 2). Ananu3 Hy-
KIEOTHUAHBIX IociemoBarenpHocte 6 PHK-mszomaros
oT S. caecutiens MoKa3aJl UX MPHUHAIECKHOCTb K BUPY-

cy SWSV (ARTV-Sc), paHee BBISIBICHHOMY OT CPEIHHUX
Oypo3y0OK B OKPECTHOCTSIX XabapoBcka u B PecmyOmike
Caxa [7, 14]. YcTaHOBI€HO, UYTO HOBBIE BUPYCHEIE TTOCIIE-
JIOBaTeIbHOCTH OT S. caecutiens 00pa3yoT JABE I'€HETH-
YeCKHe MOATPYNIIbI, OTINYAIONINECS N0 HYKJICOTHIHBIM
nocienoBareabHocTIM Ha  8,5-9,8%. PHK-u30msaThI
oT cpenHux Oypo3yOOK, OTJIIOBIIEHHBIX Ha MOOEpekbe
Xabaposckoro u Ilpumopckoro kpaés, OIM3KH K TCHETH-
YeCcKOMY BapuaHTy BUpyca M3 OKpecTHOCTeH Xabapos-
cka (Galkino-Sc2712) u orimuatorcss or PHK-u3onsaros
BHUpyca u3 reorpaduuecku Oonee ymanéunoit Pecmy-
omuku Caxa (MSB8558) ma 12,7-15,0%. PHK-uzonst
Nikolaevka-Sc667 w3 EAO Haumboiee OIU30K BTOPOM
JAIbHEBOCTOYHON MOATPYIITE, BKIIOYAIONIEH 00pasIbl
n3 borpliexexmupcekoro 3amoBegHHKAa XabapOBCKOTO
kpas (Khekhtsir-Sc1126).

HoBple HyKJICOTHIHBIE TIOCIEAOBATEIEHOCTH BHPY-
ca SWSV, obnapyxennsie B oOpa3nax ot S. tundrensis
(Bapuant ARTV-St) u3 EAO, rpynmupyrorcs ¢ mocie-
JIOBaTeIbHOCTHIO OT TOTO ke Buaa Hocuteneil (Galkino-
St2714) u3 XabapoBcka, ypOBEHb UX PaziIH4us HE TIpe-
BbimaeT 5,6%. Paznuuune PHK-u3zomsToB Bupyca SWSV

Puc. 1. Pacnonoxxenne Touek omioBa Ha Teppuropun JlansHero Bocroka Poccnu (Brittouast panee npoBeiEHHBIE UCCIIEIOBAHNS), TAe Obln
BBISIBIICHBI HH)UIIMPOBAHHBIE XaHTaBUpycaMu Oypo3yOku pona Sorex: 1) Jlenunckoe, 2) bupobumkan, 3) Hukonaeska, 4) Xexuup, 5) ['anku-
HO, 6) Jlannpimm, 7) Toxw, 8) okpectHOCcTH BriaguBoctoka, 9) XonMck. VneHTiduIMpoBaHHEIe XaHTaBUPYCH 0003HaYeHH! 1iBeToM: SWSV/
ARTV-Sc (cunnit), SWSV/ARTV-St (zenenstit), KKMV (cune-3enensiit), YKSV (mamunossiit), LENV (kpacHsblii).

Fig. 1. The locations of the collection sites in the Far East of Russia (including previous studies), where hantavirus-infected shrews of genus
Sorex were captured: 1) Leninskoye, 2) Birobidzhan, 3) Nikolaevka, 4) Khekhtsir, 5) Galkino, 6) Lili, 7) Toki, 8) suburbs of Vladivostok
City, 9) Holmsk. Detected hantaviruses are designated with following colors: SWSV/ARTV-Sc (dark blue), SWSV/ARTV-St (green), KKMV
(blue), YKSV (magenta), LENV (red).
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Puc. 2. dunoreneruueckoe nepeBo, 0TO-
Oparkarolee B3aHMOCBSI3H POCCUICKIX
PHK-130514TOB XaHTaBUPYCOB, aCCOLU-
HpPOBaHHBIX ¢ Oypo3yOkamu pona Sorex

(3enéuplif mpudT), BRIABICHHBIX HA
Jansuem Boctoke Poccun, n mramMmmoBn

XaHTaBUPYCOB U3 JIPYTHX PETHOHOB MH-
pa OT HACEKOMOSIIHBIX, TPBI3YHOB U JIe-
Ty4uX MbIEH. /lepeBbs MOCTPOEHBI HA
ocHOBe (hparmeHTa L-cermenra reHoma
METO/IOM MaKCHMAaJIbHOTO MPaBIOO0-
Ous ¢ ucnoaszoBanueM momaead GTR +
I + T, uHnekchl moanep kK1 pacCUMTaHbI

qust 1000 mosropos. XKupHbIM mpugTom
U KPY’KKOM BBIJIENICHBI HCCIIEOBAHHbIC

PHK-u30514TB! XaHTaBUPYCOB.

Fig. 2. Phylogenetic tree of Sorex-borne
hantaviruses (colored in green) identified
in the Far East of Russia in relationship
to strains from insectivores, rodents and
bats from other regions of the world.
Tree, generated by maximum-likelihood
method, was based on the L segment
sequences, under the best-fit GTR + 1 +
G model with 1000 bootstrap replicates.
Strains from this study are shown in bold
lettering and circles.
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Tabauua. BeisiBiieHne HHQUIUPOBAHHBIX XaHTaBUpycaMu 0ypo3yook pona Sorex merogom OT-IIIP na JansHem Boctoke Poccun

Table. Prevalence of hantavirus infection as determined by RT-PCR in Sorex species in the Russian Far East

YHCIIO MONOKUTEIBHBIX/
Pernon Mecro otiioBa Bun Ton uccaenoBadHbix PHK Bupyc
Region Trap locality Species Year Hantavirus Virus
Positive/Tested for RNA
EBpeiickas aBTOHOMHast Jlenunckoe S. tundrensis 2016 2/5 ARTV-St
o6nacTb Leninskoye
Jewish Autonomous region Bupobumxan S. tundrensis 2016 2/5 ARTV-St
Birobidzhan
HuxonaeBka S. tundrensis 2016 172 ARTV-St
Nikolaevka
S. caecutiens 2016 12 ARTV-Sc
S. roboratus 2017 1/1 KKMV
[Ipramypckoe S. tundrensis 2017 0/2 -
Priamurskoye
S. caecutiens 2017 0/2 -
XabapoBckuil Kpait Toxu S. caecutiens 2011 1/4 ARTV-Sc
Khabarovsk Toki
Krai .
S. caecutiens 2017 1/1 ARTV-Sc
Bannno S. caecutiens 2011 0/1 -
Vanino S. daphaenodon 2011 0/1
S. unguiculatus 2011 0/1
S. caecutiens 2017 0/3
Jlangpimu  Landyshi S. caecutiens 2011 1/1 ARTV-Sc
IIpumopckuii kpait BnaguBocTtok S. caecutiens 2015 2/6 ARTV-Sc
Primorsky Krai Vladivostok
CaxanuHckas 001acTh Xonmck S. unguiculatus 2015 1/6 YKSV
Sakhalin region Holmsk
OT ABYX BUJIOB HOcHUTenel —S. caecutiens u S. tundrensis — O0cyxneHue

cocraBwiio 19,3-20,9% nana Hykneotuansix u 1,7-2,6%
JUTSI aMAHOKHUCIIOTHBIX TIOCIIEIOBATEIHLHOCTEH.

AHanu3 HyKJIEOTHAHOW MOCJIEeN0BaTeIbHOCTH, MOJY-
YEeHHOM M3 TKaHeh NErkux S. roboratus, OTIOBIEHHOM
B EAO (Nikolaevka-Sr963), ycTranoBun e€ mpuHamiiex-
HOCTH K BUpycy KKMV (puc. 2). HoBas HykieoTumHas
MOCIIeIOBAaTEIbHOCTh OTIMYANIaCh OT paHee OIyOiH-
KoBaHHBIX W3 XabapoBcka (Galkino-Sr700) n Kwuras
(Fuyuan-Sr326) na 0,7-2,9% u 3HaUMTEIHHO CHUIBHEE
(15,7-17,6%) — ot Teorpaduuecku yaalIEHHbIX U30ISITOB
n3 Anraiickoro kpas (Solton-Sr54) n PecryOmukn Caxa
(MSB148794). Paznuune aMHHOKHUCIIOTHBIX MTOCJIEIOBA-
TenpHocTel coctaBuio 0,9—-1,7%.

BupycHas mociienoBaTensHOCTD, BBISIBICHHAS OT KOT-
TrcTort Oypos3yoku (S. unguiculatus) c octpoBa Caxanus,
(UIIOreHeTHYECKN TPYIIHUPYETCS ¢ M30JIATaMH BHpYyca
YKSV ot S. isodon, panee HaliIcHHEIMH B OKPECTHOCTSIX
Xabaposcka (Khekhtsir-Si71, Khekhtsir-Si373) u Kurae
(Si-210). YpoBeHb pasauuus H30J9TOB Bupyca YKSV
OT pa3HBIX MPUPOIHBIX HOCUTENEeH cocTaBw ais L-cer-
MenTa 16,0-18,6% ans HykineoTuaHbIxX u 2,8-3,5% — mis
AMUHOKHCJIOTHBIX [OCJIEOBAaTeNbHOCTEH. AHAIU3 IO-
clleZioBaTeNbHOCTH S-cerMenTa reHoma (730 H.0.) HOBO-
ro m3omsara Sakhalin-Su353 BeisaBun 18,9-20,4% myxite-
OTUIHBIX U 3,5% aMUHOKMCIIOTHBIX PAa3JIMYUi B CpaBHE-
HUH C TTOCNIEI0BATEILHOCTSIMH OT S. isodon.

&4

Cpenu OTIIOBJICHHBIX CPEAHUX Oypo3yOoK He ObLI 00-
HapykeH Bupyc LENV, uto Morio OBITE CBsSI3aHO C oTpa-
HAYCHHBIM YHUCIIOM WCCIICIOBAaHHBIX >XUBOTHBIX. Co-
[JJACHO HAIIMM JaHHBIM, YPOBEHb WH(UIIUPOBAHHOCTHU
Oypo3ybok Bupycom LENV otHOCHTENTHHO HHU30K [14].
Panee Bupyc LENV 0Obu1 oOHapy:keH B OIHOM o0Opasie
or S. caecutiens, OTIIOBICHHBIX B OKPECTHOCTAX Xaba-
poBcka, B To BpeMs kak ARTV-Sc HaiilieH B IsTH U3 TeX
ke 59 mccnemoBanHbIX 00pa3oB. OqHA W3 BO3MOXKHBIX
NPUYMH — pa3inyHas YyBCTBHUTEIBHOCTH K BHpyCam
y IPUPOJHBIX HOCUTENEH 3a CUET pa3HON 3BOIIOLIMOHHON
nctopuu. Bupycer SWSV, KKMV u YKSV ¢unorene-
THUYECKU OTHECEHHI K pony Orthohantavirus. Jlonrospe-
MEHHasl KO3BOJIOIMS Mexny BupycoM SWSV (BapuaHT
ARTV-Sc) 1 ero xo311HOM 00€CIIEYNBACT TYUIIYIO BOC-
MPUUMYHMBOCTh HOcutTens kK Bupycy SWSV (ARTV-Sc)
o cpaBHeHUIO ¢ LENV (pon Mobatvirus), nis xotopo-
T'O BBIBJICH MEXBHIOBOW MepedpoC OT IPyroro Xo3simHa
B XOJI€ BOIIOIMOHHOM UCTOpUH. DTa rumoresa TpedyeT
JanbHeHIe IpoBEepKH, BKITIOUas H30JISIIHIO BUPYCOB.

3akjaoueHue

TakiM 00pa3oM, HaMU MOKa3aHO HIMPOKOE PacIpoCTpa-
HeHue xantaBupyca SWSV (Bapuant ARTV-Sc) B momyms-
IUSIX CpemHUX Oypo3yOOK B HOBBIX O4yarax Ha TEPPUTOPUU
EAO, Xab6aposckoro u I[Ipumopckoro kpaée W BHPYCOB
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SWSV (Bapuant ARTV-St) u KKMV B EAO cpenu TyH-
JPSIHBIX W IDIOCKOYEPEITHBIX Oypo3yOOK COOTBETCTBEHHO.
Ha octpose Caxamne oOHapy>keH HOBBIH BapHaHT BHpyca
YKSV u ero HOBBIH MPUPOIHBIA HOCUTEND — S. unguiculatus
B JIOTIOJIHEHHE K paHee MU3BECTHOMY HOCHTENO S. isodon,
HaceJIIeMy MAaTepuKoByr0 4acTh [lambHero Bocroka
Poccuu. IlomyueHHble pe3ynbTaThl CBUAETENBCTBYIOT O KO-
sposroiu xantasupycoB SWSV, KKMV u YKSV ¢ npu-
POIHBIMHU HOCUTEISAMHU B apeajax UX OOUTaHMS.
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BNAOUMUP UTOPEBUY 3ITOBUH
(x 80-neTuio co AHA poxaeHUs)

6 staBaps 2023 1. oTnpasaHoBai cBoi 80-JIeTHU 100U-
neit Braguvup Uropesud 3mo0uH — KpYyITHBII BUPYCOJIOT,
akanemuk PAH, npodeccop, TOKTOp MEAUIIMHCKUX HayK,
mIaBHBIM HaydHbld coTpynHUK OI'BY «HUL] snunemuo-
JIOTMA ¥ MHUKPOOHMOJIOTUN WMEHH MOYETHOTO aKaJeMHKa
H.®. I'amanen» Munsgpasa Poccun.

C umenem B.U. 31m00uHa CBA3aHO pa3BUTHEC B HAIICH
CTpaHe MOJEKYSIPHON SIHIEMHOJIOTHH MH(PEKINOHHBIX
3aboneBanuii. OCHOBOI [UIS pa3BUTHS JAaHHOTO HAIPaB-
JIEHWsl CTald MHOTOJIETHHE MCClefoBaHMs Brnaanmupa
Uropesmnua, mpoBomuMble B 00IaCTH 3THOJIOTHH, MOJIE-
KyJSIpHOH OWOJNIOTHH, 3MUAEMUOJOTHH, NMPO(UIAKTUKU
BHPYCHBIX U OakTepuanbHbIX HHeknmid. B.W. 3mooun —
MIPU3HAHHBIN CIIENUAINCT B 00IACTH MOJIEKYIIAPHOH A1IH-
JIEMHOJIOTHH KJemmeBoro sHuedanura. Ero nccnenosa-
HUSl MO3BOJIMJIM CYIIECTBEHHO PACIIUPUTh MOHUMAaHUE
M3MEHYMBOCTH BHpYCa KIIEMIEBOTO dHIedannTa Ha Tep-
puropun OpiBiiero CCCP u e€ BIMSHUSA Ha 3MUAEMHUO-
joru4eckoe Oiaromnonydne U 3pGeKTUBHOCTh MPUMEHSI-
€MBIX CPEICTB MPOMIAKTHKH KIIEIIEBOTO dHIedannTa.
bnaronaps pa3paboTke AMAarHOCTUYECKHX TECT-CHUCTEM,
cOOpy M MCCIIEOBaHUIO YHUKAJIBHON KOJUICKIIMU HU307Is-
TOB BUpYCa, COOPAaHHBIX B Pe3yJbTaTe MHOTOYHCIECHHBIX
JKCTIEANLIUI, BCECTOPOHHEMY aHAJIN3Y 3MUAEMUYECKOTO
nporecca 1 oleHke 3QPEeKTUBHOCTH CPEICTB PYTUHHON
1 dKCTpeHHOo# npodunaktuku, B.U. 3mo6un chopmynm-
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pOBall IPEJIOKEHUSI 10 COBEPLIEHCTBOBAHUIO CTpaTe-
THUHU U TaKTHKHU TPO(OUIAKTHKH KIEIIEBOTO dHIEhaINTa,
MHOTHE M3 KOTOPBIX OBUTH BHEAPEHBI B MEAUIUHCKYIO
IIPAKTUKY U CO3JaJIH MPOYHYIO OCHOBY AJISl JaJIbHEHIINX
WICCIIEIOBAaHUH B JTAaHHOW OOJIACTH.

[Tocne oxonuanust B 1968 . CBepAnoBCKOro rocynap-
CTBEHHOT'O MEAULIMHCKOTO UHCTUTYTA 10 CIIEHUATbHOCTH
«CaHHUTapHbIA Bpaw» Bruaagumup MropeBuu B TeueHue
TpEéX Jer paboTal Mo pacHpeAeNCHUIO INIaBHBIM CaHU-
TapHBIM BpauyoM Meney30BCKkoro paiiona bamkupckoit
ACCP, ogHako mo3nHee Hepemen Ha JOMKHOCTh MJIaj-
mero HayyHoro coTpygHuka B CepmioBckumii HUN
BupycHbIXx wuHpekmuii M3 PCOCP. B stor mepuon
OH TIOJTOTOBMIJI KaHIUIATCKYIO JUCCEPTAINIO 110 CIeH-
ATBHOCTH «BHPYCOJOTUS» HA TeMy «M3ydeHue U oleH-
Ka T€HETHMUYECKUX MPU3HAKOB LITAMMOB BHUpYCa IOJIHO-
MUEJNTA, BBIJCICHHBIX B MEPHOA TPUMEHEHUS KUBOU
MOJIMOMHUENIUTHON BakIHbD» (1978). B ombiTax in vitro
¥ Ha Moaenu oOe3bsH B.M. 37100uHBIM OBUIH ITONTyYe-
HBI YOeTUTENbHBIC JTaHHBIE O PEBEPCUU BHPYICHTHOCTH
BaKIMHHBIX IITAMMOB JI0 YPOBHSI AMKOTO IOJIHOBUpYyCa
IPU UX LUPKYJIALUU CPEIU HEBAaKLIMHUPOBAHHBIX JETEH.
Octpast Ui 37paBOOXpaHEHUS TEMa OKa3ajJoCh OYEHBb
BXHOH NJIs1 ONPEACNICHUs] CTPATEruy U TaKTHKHU dpajiu-
KaIlM 3TOTO 3a00JeBaHMs HE TOJBKO B Hallel CTpaHe,
HO ¥ 3a py6exom. JlanpHelmme ncenenosanus B.U. 3mo-
OvHa OBLTM MOCBSIICHBI MPEUMYIIECTBEHHO BHpYyCaM
KOMILJIEKCa KJIEIIEBOrO SHIe(alnuTa U Ha MEPBOM dTarle
ObUTH pa3BepHYTHI Ha 0a3e BO3MIABIIEMON MM J1abopaTo-
pPHH TPaHCMUCCHBHBIX BUPYCHBIX nHGpekmii (1980).

B 1984-1988 rr. pabota 110 U3y4YEHUIO KJICHIICBOTO JH-
nedanura Opn1a mponomkeHa B Omckom HWUU mpupon-
HO-OYaroBbIX MH(MEKIMH, T COBMECTHBIE UCCIICOBAHUS
¢ corpyaankamu HoBocnbupckoro nHCTUTYTa OMOOpTraHu-
geckoit xumru CO AMH CCCP npusemn B.M. 3n06una
K pa3paboTKe MeTona MOJEKYISIpHOU THOpUIN3aluu Hy-
KJIEMHOBBIX KHCJIOT JJIs1 onpe/ieNieHus 1 muddepeHnnanuu
BHPYCOB KOMIUIEKCA KJIEIIEBOTO SHIE(haINTa W JIPYTHX
(hmaBuBUpycoB. B 3TOT mepuox M30IATHI BHpYyCa, MOIY-
YEHHBIE B PE3YJIbTaT€ MHOTOUNCIICHHBIX 3KCIETUIIMOHHBIX
pabor B.W. 3n00mHa, cTanM OCHOBOHM YHHKAaIbHOH KOJI-
JIEKIMY BHpPYCa KICIIEBOr0 dHIIe(aanTa, 0XBaThIBAIOIICH
BECh reorpaduieckuii apeas BUpyca Ha TEPPUTOPHU ObIB-
mero CCCP. 3naunrtenpHasl 9acTh IITAMMOB ObLIA JIETIO-
HUpOBaHa B [ OCylapCTBEHHYIO KOJJIEKLMIO BUpYCOB. Pe-
3yJBTaTOM paboT CTaJI MHOTOYHCIICHHBIE OTEYECTBEHHBIE
7 3apyOeKHBIE ITyOIWKAINH, aBTOPCKHE CBHUIETEIHCTBA
U MIATEHTHI, a TaKKe TOKTOPCKAasl AUCCEPTALHs 10 CHelH-
AIBHOCTH «BHPYCOJIOTHS» Ha TeMy «MoekymsipHo-0no-
JIOTUYECKOe OTpezeieHe M reHeTnaecKas Audepentm-
alys BUpyca KieleBoro sHiedanuray (1992).
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B stot nmepuon B.U. 3m06uH cTaj npu3HaHHBIM CIIeIIHA-
JIFICTOM TIO Tipo0IIeMe KIICIIEBOTO dHIIe(aTnTa 1 MOy I
MIpUIIAIIEHNe Ha JOJKHOCTh AupekTopa MHcTHTYTa nH-
JIEMHOJIOTHH M MuKpoOuonorun Bocrouno-Cubupckoro
aayaroro 1earpa CO AMH CCCP (Upkytck). OH puHsiT
npurnamenue (1988) u npoBén peopraHU3aLuio CTPYKTY-
PBI HHCTUTYTA, BHEAPUI AKTYaJIbHYI0 HAY4YHYIO TOBECTKY
Y HOBEHIIIME METO/IbI HCCIIe0BaHus. FIMEHHO B 3TOT nepu-
OJ1 UM BIEpBbIE OBLIO CPOPMHUPOBAHO HOBOE HAyYHOE Ha-
NPaBJICHUE — MOJIEKYJISIpHAs SMUAEMHONIOTHS KIIEIEBOTO
sHue¢anuTa. BriepBple KOUIEKTUBOM IO PYKOBOJCTBOM
B.W. 3n0o0nHa BBIABIEHBI U OMMCaHbI T€HOTUIIHI BUpYCa
KJICILIEBOTO 3HIIE(aINTa, C IIOMOIIBIO KIIACCHIECKUX 1 MO-
JEKYIAPHO-ONOIOTHYECKIX METO/IOB H3ydYeHa OOoJbIast
KOJJIEKLMSI IITaMMOB, HM30JMPOBaHHBIX Ha TEPPUTOPUHU
Hallleil CTpaHbl, a TaKXkKe PsAAa 3apyOSKHBIX TOCYAAPCTB.
Bt pa3BEpHYTHI HCCIeAOBaHUS 1O MTpodiieMe codeTaH-
HBIX BHUPYCHBIX, OaKTepHaIbHBIX, PUKKETCHO3HBIX U MPO-
TO30HHBIX MH(EKIMH, MePEeHOCHMBIX HKCOZOBBIMHU KIle-
mami. Ha ocHOBe BHEIpEeHHS HOBBIX JKCIIPECC-METOOB
nccnenoBanus B MpkyTcke Obuta opraHu3oBaHa 3¢Qek-
THBHAs SKCTPEHHAas NpoQuiIakTHKa KIEIIEeBbIX HHEKINH,
MTO3BOJIMBINASL CYIIECTBEHHO CHHU3UTH 3a00JIEBa€MOCTb.
OIHOBPEMEHHO ¢ HayYHOU U aJMUHUCTPAaTUBHOM paboTOit
Bragumup HropeBuu ymensin ©onblioe BHAMaHHE IIOA-
TOTOBKE HAY4YHBIX KaJpOB U IpenoaaBaHuio: B 1994 r. um
OblTa OCHOBaHA M BO3IVIaBJIEHA Kadeapa 3MUAEeMHOIOI NI
u G6aktepronoruu MpkyTcKoro rocyqapcTBEHHOTO MHCTH-
TyTa yCOBEPIIECHCTBOBaHUA Bpauei, a ¢ 1995 r. oH cran
IIPeroiaBaTh MOJIEKYIISIPHYIO BHPYCOJIOTHIO Ha Kadenpe
¢dm3nKo-xumMuueckoli Ouonornu MpkyTckoro rocymap-
cTBeHHOrO yHHBepcuteta. B 1995 1. B.U. 3n06un momy-
yui yu€Hoe 3BaHue npogeccopa, a ¢ 1997 . u3bpan uie-
HOM-KoppecroHaenTom PAMH.

B 2002 1. B.H. 3106uH nepeexan B MOCKBY U CHadaia
nepemién Ha paboty B IHCTUTYT MOJIMOMUENNTa U BUPYC-
HBIX 3HIEedamuToB PAMH, rie 3aHnMan mTomKHOCTE 3a-
MECTHTENS JUPEKTOpa MO HAyYHOU padoTe W BO3IIIABIISI
71a00paToOpHIO SMHUAEMHOIOTHH U NMPOQUIAKTUKY JHIIE-
(anuros, a mo3muee B HUU Bupyconorum um. /1.1. Usa-
HoBckoro PAMH, rne pykoBoami naboparopueii uMmy-
nonoruu (2006-2009). Pabotsr sToro nepuoaa ObLIn mo-
CBSILEHBl aHAJIN3y COBPEMEHHOHN SMHAEMHOIOTHUECKON
0OCTaHOBKH TI0 TIPHUPOIHO-0YarOBBIM BUPYCHBIM HH(EK-
uusm B Poccuiickoil @enepanny U OTAEIbHBIX PETHOHAX,
oleHKe 3(HEKTUBHOCTHU CTPATET MU M TAKTUKH IPpodutak-
THKH, a TAK)Ke UCTIOJIb3YEMBIX B IPAKTHKE BAKIMH U TIpe-
[1apaToB aHTHUTEN AJIS SKCTPEHHOH MPOQUIaKTUKU U Je-
YeHUs! KJeleBoro sHuedanuta. VIMeHHO B 3TOT IEpHO
B.1. 3100mH pa3paborain mpemiokeHus Mo YCOBEPIIICH-
CTBOBaHMIO MPOPHIAKTHYECKOTO KOMILIEKCa KIIEIEBOTO
sHIEeATNTa, UMEIOIINX LIETbIO TOBBICUTh PE3YIbTATHB-
HOCTh NPOQHIAKTHIECKHX MeponpusaTHid. lIpoBonumsie
HCCIIEIOBAHUS BHECIIM CYIIECTBEHHBIN BKJIa/] B Pa3BUTHE
MEIUIMHCKON HayKH M 3ApaBOOXPAHEHUs, BCIIEACTBUE
gero B 2004 r. B.1. 31006uH Obi1 M30paH akageMHUKOM
PAMH.

B 2009 . B.W. 3n06uH BepHycs B UpkyTck, riie cHavYa-
Ja 3aBemoBall KaQeapoil MUKpPOOHOIOTHH, BUPYCOIOTHH

IOBUNEVHBIE JATbI

U UMMYHOJOTHH VPKYTCKOro rocylapCTBEHHOTO MEIu-
LIUHCKOTO YHUBepcUureTa, a B 2013 1. opranu3oBai U Bo3-
rnasun HUM 6roMennImHCKUX TEXHOJIOTHH B CTPYKType
HpxyTckoro rocyqapcTBEHHOIO MEAMIIMHCKOTO YHUBEP-
cutera. B 2013 r. B.J. 3100uH noxy4min yaéHoe 3BaHUE
akanemuka PAH. B atoT nepuon nox pykoBoactsom Bia-
mumupa HropeBnua NpomoipKuiIack akThBHas pabora
0 Tpo0JIeMe MOJIEKYIIIPHOM 3MHUAEMHUOIOTHN KIIEIEBO-
ro sHuedanuTa. B 2022 . B.J. 31061H cHOBa BEpHYI-
cs1 B MOCKBY, Il 3aHSUT AOJKHOCTD IIABHOT'O HAYyYHOT'O
corpynHuka B ®I'bY «HUII snuaemuonorun u MUKpo-
Ononoruu uMeHu mouétuoro akagemuka H.®. amanen»
Munzapasa Poccun, rae npogomkaer akTHBHO paboOTaTh
[0 HAIPABJICHUIO MOJEKYJISIPHON AMMJIEMHUOJIOIHMM HH-
(heKIMOHHBIX 3200JICBAaHHA.

Axanmemuk PAH B.W. 3mo0un sBisieTcss aBTopoM 00-
nee 900 Hay4yHBIX paboT, B ToM uncie 19 moHorpadumit
U pyKOBOACTB, 10 aBTOPCKMX CBUAETENBCTB U MaTEHTOB
Ha U300peTeHus. 3a Bc€ BpeMs OH MOATrOTOBMII 11 mOK-
TOpOB U 13 KaHIUIATOB HAyK; SIBISIETCS YIEHOM pElaK-
LUOHHBIX KOJUIETUH KypHAIOB « Bompockl BUpycOnorum»
(Mocksa), «ONUAEMHONIOTHS U BaKIIMHOMPOPHIIAKTHKA)
(Mockga), «Ilpuknagnas saToMonorus» (Mocksa), «Cu-
Ooupckuit MmeguuuHCKU xypHam» (Mpkytck), «KypHan
nHpeKIHoHHOW mnaronorum» (MpKyTck); opraHnzoBai
PSI KPYIHBIX POCCHICKUX M MEXIYHAPOTHBIX HAYYHBIX
KOH(EpeHINH; SBJSUICS UIEHOM OJKCIIEPTHOIO COBETa
BAK, xoHcynbsTUpOBan BeceMupHyto opranusanuio 3apa-
BooxpaHeHmsI, paboras B bomrapuu, Cep6un, bocHun
u I'epnerosune, Maxkenonuu, YkpauHe, Y30eKHCTaHe,
Tamxukucrane, TypkMeHUN.

3a Hay4dHBIE JOCTI)KEHHS U UX BHEAPEHHE B 37PABOOX-
panenue B.W. 3106uH HarpaxxaéH menansio MoHTOIHH,
Mmenanbio Pecryomikn FOsxnast OceTtrs, Menansio UMEHH
PoGepra Koxa (I'epmanust), Menanpio MMEHH aKajeMUKa
B.H. IToKpOBCKOro, BEIOMCTBEHHBIMU IIOYETHBIMU I'pa-
MOTaMH M JUIJIOMAMU POCCHUMCKOIO M PETHOHAIBLHOTO
YPOBHS; YIOCTOEH MOYETHBIX 3BaHUU «3aciTy KEHHBIH
nestens Hayku Poccuiickoit denepammu» u «3acoyxeH-
HBIH AesTens Hayku PecryOmuku Bypstusy, «[louéTHbri
npodeccop YpalbCKoi TOCYNapCTBEHHOW METUITMHCKOM
axagemum» (2012), «Ilouétasrit mpodeccop XapOHHCKOTO
Meauimackoro yauepcutera (KHP)» (2013), «Ilouér-
HBIH Tipoeccop MenuimacKoro yHuBepeuteta B Jla Lu-
He (KHP)» (2014), «Ilouérnsnii npodeccop Mpkyrckoro
rOCYy/IapCTBEHHOTO MEIUIIMHCKOTO YHUBepcuTeTay (2018);
sIBIIsiETCS JlaypearoM HaydHoi mpemun PAMH no moneky-
IsipHOM Bupyconorun uMenu B.M. JKnanosa, npemuu ry-
OepHaropa MpkyTckoii oonacTu B cepe HayKH M TEXHHKH,
TaKKe yIOCTOEH 30JI0TOTO 3Haka M OmaromapHocTH Bce-
MHPHOI OpraHH3aIiy 3[paBOOXPAHEHHs 3a BKJIa]] B UCKO-
pEHEHUE MOIMOMUENINTA B peruoHe EBpomnbl.

Konnexmue ®@I'BY «HHUI] snudemuonocuu u Muxpo-
ouonocuu umenu nouémuozo axademuxa H.D. [ama-
neuy Munsopasa Poccuu u unenvi peoxonnesuu scypHana
«Bonpocul supyconozuuy nosopasnsiiom Bradumupa Heo-
pesuua c obuneem u Hcenarom emy 300p0o8us, 00N2UX iem
JHCU3HU, YCNEUHOU HAYYHOU U MBOPHECKOU OesimelbHOCTILL.
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CssaTocnaB NeoprneBsny Yewumk

(01.01.1930 -

30 mexabps 2022 r. Ha 93-M TOAY KH3HH CKOHYAJICS
npodeccop, JOKTOp METUIMHCKUX HAyK, 3acIyKEHHBII
Bpau Poccuiickoit deneparun CasitocnaB [eoprueBuu
Yemuxk.

Casarocnas ['eopruesny pommics B 1930 . B Bure6cexkoit
obmactu. OxoHUMNT MUHCKHM MEIMLIMHCKANA HHCTUTYT
B 1953 ., KIMHUYECKYIO OPIMHATYPY IO CIIELUATbHOCTH
«uH(peKIoHHbIe 6one3an» — B 1957 . B ButeOcke.

Hayuno-npaktudeckast —aestensHOCTh — CBsITOCTaBa
leoprueBnua Ha mporsxkeHnu 64 ser Oblla cBA3aHa
¢ Hucturyrom Bupycosorun um. M. BanoBckoro
PAMH, tne oH mpomén claBHBIA IMyTh OT acHUpaHTa
1o ipoeccopa. C 1988 mo 2008 T. ABJISUICS pyKOBOTUTE-
JIeM OTJieJIa BUPYCHBIX T'€lIaTHTOB W KIIMHUYECKOH BUPY-
COJIOTUU MHCTUTYTA.
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30.12.2022)

C.I'. Yemmk ObUT M3BECTHBIM M aBTOPUTETHBIM YUEHBIM
B oOmacTu BUpPYCHBIX WHGEKIWH denoBeka. Mm Obiia
paszpaboTaHa KOHIICTIIIUSA BUPYCHO-0aKTepHaIbHBIX acCo-
[Ualni KaK TPUYMHHBIX (DaKTOPOB THEBMOHUU Yy JIETEH.
Buenpena B mpakTtuueckoe 3ApaBOOXpaHEHHE CHCTEeMa
TUATHOCTHKH U JICUCHHS TSLKETBIX (POPM CMEIIAHHBIX BU-
PYCHBIX U BUPYCHO-O0aKTepUaNbHBIX 3a00JeBaHUIl opra-
HOB JIBIXaHUS Y I€TEH, 9TO TTO3BOJIIIIO YITYUIITUTE HCXOIBI
3a00MeBaHUI U YMEHBIIUTH JETANIbHOCTD. Kpyr Hay4HBIX
uHTepecoB Csarocnasa [eoprueBnya BKIHOUaI BOIIPOCHI
JICYEHUS HE TOJNBKO Pa3IIUYHBIX PECIUPATOPHBIX WH(EK-
Ui, HO U BUPYCHBIX I'eHaTUTOB, LIUTOMETAJOBUPYCHOM
UH(EKIHU B QYHKIIMOHATIBHOM CHCTEME «MaTh — TIalleH-
Ta — IUIO/» W JPYTUX TePIIECBUPYCHBIX MH(DEKITHIA.

C.I'. Yemuk — aBTop 250 HayuyHBIX MyOIHKAIMHA U cOaB-
TOP OTAEJBHBIX IVIaB B PYKOBOJICTBaX MO HH()EKITMOHHBIM
oonesnsm. Mim monrorosiens! 2 gokropa u 10 xanamma-
TOB MEIUIIMHCKHX HayK.

C.I. Yemmk BE1 aKTHBHYIO OOIIECTBCHHYIO IEATCIIh-
HOCTb, Ha TIPOTSDKEHUH 25 JIET SBISUICS TIABHBIM JIETCKAM
uHpekironucToM. brarogaps ero yuactuto B Mockse Obl-
Jla JIMKBUIMPOBAaHA MIIAIEHUYECKAsi CMEPTHOCTb OT BUPYC-
HOTO TenaruTa B w Hayarsl mMpopuIaKTHIECKUE TTPUBUB-
KU IIKOJIbHUKaM B Bo3pacte 13—14 met. CymiecTBeHHbII
BkJax CesitocnaB [eoprueBuy BHEC B OPraHU3ALMOHHYIO
paboTy MO NHWKBHUIAIMY TOJIMOMHEINTA, SBISUICS TIPEI-
celarereM IKCIIEPTHOTO COBETA M0 TUATHOCTUKE OCTPBIX
BSUTBIX Mapanuyeil y neredi. CeatocnaB [eoprueBuy ObL1
YIIEHOM PEaKIMOHHOTO COBETa XypHaioB «H(peknmnon-
Hble Oone3Hmny, «Jlerckue Oose3nn» u «buornpenapars.

Hayunast, BpaueOHast 1 OOIECTBEHHAs JIESATEIHHOCTD
C.I'. Yenmka Oplra OTMEYEHA TOCYJapCTBOM ITPHCBOCHH-
€M 3BaHHUs 3acily’KEHHOT0 Bpada Poccuiickoit @enepanuun
1 3Ha4YKoM «OTIIMYHUK 3APABOOXPAHECHUSY.

s tex, kro monrue roasl padbotan co CBATOCIABOM
T'eoprueBuuem, 370 HEBOCIIOIHUMAS U TSKENAs yTpara.

Ceemnas namame o Ceamocnase I eopeuesuue nascezoa
COXPAHUMCS 8 HAWUX CEPOYAX.
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